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Abstract

Using newly available information on euro area sectoral holdings of securities, this paper
investigates to what extent the presence of institutional investors affects volatility and liquidity
in secondary bank bond markets. We find that non-bank financial intermediaries, in particular
money market funds (MMFs), have a positive impact on secondary bank bond markets’
liquidity conditions, at the cost of significantly increasing volatility of daily returns. The effect
translates to more than a 19% improvement in liquidity conditions and up to 57% increase in
daily-return volatility, assuming MMFs hold about 10% of the notional amount in the
secondary market of a representative euro area bank bond. The effect is relative to the
impact the non-financial private sector has on markets. Investment funds, insurance
corporations and pension funds are found to similarly affect market conditions, though to a
lesser magnitude. We find a trade-off between volatility and liquidity, where the stronger
presence of institutional investors at the same time improves liquidity and increases volatility.
The results suggest that possible structural shifts in investor composition matter for market

conditions and should be monitored by financial stability authorities.
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Non-technical summary

Views diverge to what extent the presence of institutional investors, such as insurance
corporations, pension funds, money market funds and investment funds does affect
conditions in the markets in which these institutions are investing. Financial market
supervisors and risk overseers are in particular concerned about how the presence of certain
types of investors affects market liquidity and volatility conditions from a financial stability
perspective. Some investor types, such as banks and securities dealer providing services as
market makers, are expected to affect market conditions positively. Other types, such as
pension funds and insurance companies, are presumed to have a benign effect on market
conditions, as they are believed to provide stable investment flows. Still others, such as
open-end investment funds, are expected to adversely affect liquidity and volatility conditions

due to their procyclical trading behaviour.

One can think of a number of factors, such as investment horizon, liquidity or leverage
constraints, affecting institutions’ trading behaviour in a potentially beneficial or detrimental
manner for conditions in the underlying markets. But it remains an empirical question
whether the presence of institutional investors does affect market conditions and in which
direction the effect would manifest. The analysis presented in this paper tries to assess this
guestion employing a rigorous econometric strategy. The non-financial private sector serves
hereby as a benchmark against which to assess whether the presence of institutional
investors affects volatility and liquidity conditions in bank bonds markets. The results thus
help evaluate whether additional risks to financial stability can arise through institutionally
intermediated, rather than direct investments by the non-financial private sector. Moreover,
the paper identifies sectors that have a larger and more significant effect on market

conditions, possibly requiring closer monitoring of their activities.

The focus on secondary bank bond markets allows us to gain insights from a segment where
the link between banks and market-based finance is particularly close and potentially
relevant from a systemic risk perspective. Conditions in secondary bank bond markets will
determine the premia demanded by agents in primary markets, thereby affecting future bank
funding conditions. Conversely, stress in the banking sector will affect the bank bond market

with possible repercussions for the wider financial system.
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By limiting the dataset to unsecured bank bonds, which are not eligible under the ECB’s
asset purchase programme, a direct effect by the central bank’s purchases on liquidity and
volatility measures at ISIN-level can be avoided. While we cannot exclude that market
conditions are indirectly affected by the ECB’s purchases through spillovers or a rebalancing
effect, we do control for asset purchases in the regression specifications to the extent that

they homogenously affect each ISIN at the country and quarterly level.

Drawing mainly from cross-sectional variation in the holdings of individual bank bond
issuances, the paper finds that institutionally intermediated investments do significantly affect
volatility and liquidity conditions in secondary markets. This effect is particularly pronounced
for the presence of money market funds (MMF), but also significant for insurance
corporations and pension funds, as well as investment funds, suggesting that structural shifts
towards higher intermediated investments can alter liquidity and volatility conditions in bank
bond markets. The observed effects resulting from higher presence of institutional investors
are however not necessarily detrimental for market liquidity. On average, larger holdings of a
given issuance by MMF result in improved liquidity conditions as measured by the bid-ask
and effective spreads. At the same time, price volatility tends to be higher in issuances where
there is a stronger presence of the latter. Overall the results suggest that a trade-off exists
between volatility and liquidity in the presence of institutional investors. The stronger
presence of institutional investors at the same time improves liquidity and increases volatility.
The results may be explainable by typical trading patterns, where institutional investors are
expected to trade at higher frequencies resulting in lower transaction costs for the securities
they trade.

From a policy perspective, it is not clear how the benefits of higher liquidity should be
weighed against the cost of higher volatility. The higher volatility may just be a side-effect of
more frequent trading due to the improved price discovery offered by a liquid market, which
in turn can lead to quicker and possibly stronger price adjustments reflected by higher price
volatility. What can be concluded, however, is the non-negligible impact of institutional
investors on market conditions. The results presented for the MMF sector provide a case in
point. The presence of these highly competitive, well-informed investors that specialise in the
short-end of the bank bond market improves liquidity conditions. If these investors were to
limit their trading in certain securities, liquidity can be expected to be lower with a possible
negative impact on bank funding costs and ease of rolling-over debt. Should this scenario

persist or become recurrent, rational agents may demand higher premiums from primary
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bond issuances in order to compensate for the lack of liquidity in secondary markets and the
likelihood that the assets may be harder to sell during downturns. This in turn could constrain
the funding opportunities for credit institutions, leading to spillovers from the market side.
Authorities responsible for monitoring financial stability must therefore be concerned not only
with cyclical developments affecting liquidity, but also with possible structural shifts in the
investor composition, in particular the withdrawal of investors known to be actively trading

and contributing to higher liquidity.
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1. Introduction

How do institutional investments affect conditions in secondary bond markets? This question
has become ever more pertinent as the assets managed by institutional investors, such as
investment funds, insures and pension funds have been growing strongly, while market
liquidity conditions seem to have deteriorated compared to the levels prior to the global
financial crisis. The rising share of institutional investments is also relevant from a financial
stability perspective. As some of the global risk overseers have noted, the locus of financial
stability risks seems to have shifted from banks to non-bank financial institutions and from
solvency to market liquidity risks (IMF, GFSR, April 2015).

The common view held by financial market supervisors and risk regulators stipulates the
presence of some types of institutional investors affecting the underlying market conditions.
Market makers for instance have a clear objective of influencing market conditions and are
thus expected to have a beneficial effect on the market. Other types of financial institutions
are seen as having a more benign effect on market conditions, such as pension funds and
insurance companies, as these investors are expected to provide stable investment flows.
Still others, such as open-end investment funds, are believed to adversely affect liquidity and
volatility conditions if they trade in a procyclical manner. For instance, Feroli et al. (2014)
argue that investment fund flows can drive up asset prices as a by-product of the
performance race, while return chasing can reverse sharply and affect price volatility, such
as during the 2013 ‘taper tantrum’ episode.

While traditional asset pricing models assume that prices are determined by news rather
than order flows, recent contributions to theoretical and empirical modelling account for
concentration in ownership and the presence of certain types of investors (e.g. Koijen and
Yogo, 2015; Ben-David et al., 2015). For our purpose, cross-sectoral heterogeneity in the
updating of beliefs and the magnitude of trades in response to new information shall be
sufficient to explain why some economic sectors are affecting liquidity and volatility more
than others. Such heterogeneity is well documented in the literature, which finds significant
links between institutional ownership and stock pricing (e.g. Zhiguo, Kelly, and Manel, 2017;
Adrian, Etula and Muir, 2011). Another strand of the literature explores how ownership
constraints affect stock liquidity (e.g. Dang et al., 2018; Kini and Mian, 1995; Szewczyk,
Tsetsekos and Varma, 1992).
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We expect intermediated investments to affect conditions in secondary bond markets (i) if
new information is not processed and reacted upon uniformly across the holding sectors and
(ii) if some sectors are more important than others in transmitting news to the market. Our
analysis thus presumes that certain factors might rationally restrict investors’ reactions to
news and hence their trading behaviour, which in turn, affects liquidity and volatility in the
securities held or traded. Such restrictions can result from informational advantages, sector-
specific regulatory constraints, but also from investment horizons and risk aversion (Agarwal,

2007) or frequency of trading.

Previous studies show that institutional participation in the U.S. stock market helps explain
cross-sectional variation in stock market liquidity, with the number of institutions that own and
trade a stock relating positively to the stock’s liquidity (Blume and Keim, 2012). The focus of
our analysis is on the presence of various types of institutional investors in bank bond
markets and their possible impact on volatility and liquidity conditions in the underlying
markets. Our approach draws inference from a large and recent dataset containing
institutional and non-institutional holdings of bank debt securities. It does not seek to verify
specific trading patterns, but more generally investigates the effect of certain types of
institutional investors being present, i.e. holding and possibly trading securities in the
secondary market for bank-issued bonds. The paper thus contributes to the newly emerging
literature which makes use of granular statistics on securities holdings aggregated at sector

level (e.g. Timmer, 2016; Steins Bisschop et al., 2016).

Using information on euro area sectoral holdings of securities (SHSS), our dataset allows us
to distinguish between different types of institutional investors in order to test whether their
presence has a significant effect on the underlying market conditions. In particular, we look at
mutual funds, money market funds, as well as insurance corporations and pension funds’
contribution to volatility and liquidity of the securities they hold. Information at the securities’
level (ISIN) allows us to distinguish between security-specific factors affecting liquidity and
volatility as well as market-wide factors. Using quarterly observations, we analyse the period
from Q4 2013 to Q1 2016.

We restrict our sample to the market for non-secured bonds issued by banking institutions.
This market is sizable and constitutes a potential channel for contagion, as witnessed for
instance during the US financial crisis when banks were not able to roll-over their debt due to

perceptions regarding the secondary market turmoil. Debt instruments are a key source of
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funding also for the euro area banking sector and a smooth functioning of secondary markets
for bank-issued bonds is vital for the funding of euro area banks. A better understanding of
the factors affecting liquidity and volatility in these markets is thus paramount for the
monitoring of risk at the interplay between institutional investing and bank funding. Moreover,
restricting our sample to non-secured bank bonds avoids a blind spot in the dataset, where
we cannot identify central bank purchases of securities eligible under the ECB’s extended
asset purchase programme (EAPP). This ensures that market conditions for securities in the
sample cannot be directly affected by central bank purchases, even though indirect effects

may still play a role.

From a financial stability perspective, it will be important to account for volatility and liquidity,
separately as they can evolve in different directions. Volatility of an asset may be low simply
because it is not frequently traded and hence not liquid. Vice versa, highly liquid assets may
experience higher volatility in an environment of volatile news flow and with price discovery
taking place through trading of the liquid asset. However, volatility and liquidity — our main
variables of interest — are also simultaneously determined in the market. When investors
respond to the news flow, this will likely affect prices, hence volatility, but it also affects

liquidity measures which poses a challenge to our empirical strategy.

A second challenge relates to the possibility that causality can also run in the opposite
direction. A sector may choose to invest in securities which display more or less volatility or
have certain liquidity levels, in line with their risk averseness and potential regulatory
constraints, rather than the presence of institutional investors affecting conditions in the
underlying markets. Not least, the presence of simultaneity as well as reverse causality calls

for an adequate identification strategy.

To address the endogeneity problem we employ an instrumental variables (IV) approach
implemented through an iterative GMM model. In the case of volatility, two types of excess
volatility measures are used as an instrument to capture both the cross-sectional and time-
series dynamics of excess volatility. Liquidity is instrumented using residual maturity for each
security and an off-the-run binary variable constructed using the entire SHSS universe.
Because the volatility and liquidity instruments are most likely important determinants for
their endogenous variables, these are also used in the cross equations whenever they are

not instruments. Finally, the sectoral holdings are instrumented using their first lag to address
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the potential reverse causality, as these holdings on average display little changes from one

quarter to the next*, which should serve towards the relevance criterion of the instruments.

Overall, we find that institutional investments do significantly affect volatility and liquidity
conditions in secondary bank bond markets. This effect is particularly pronounced for the
presence of money market funds (MMFs), but it is also significant — although to a lesser
extent — for other types of investment funds, insurance corporations and pension funds. Our
results suggest that a trade-off exists between volatility and liquidity in secondary bank bond
markets linked to the presence of institutional investors. Larger holdings by the institutional
investors result in lower transaction costs as measured by the bid-ask and effective spreads.
At the same time, price volatility tends to be higher in issuances where there is a stronger
presence of institutional investors. The stronger presence of institutional investors thus, at
the same time, improves liquidity and increases volatility. The results may be explained by
typical trading patterns, where certain types of institutions are expected to trade at higher
frequencies resulting in tighter spreads and thus lower transaction costs for the securities
they trade. Likewise, the higher volatility can be explained by more frequent updating of
portfolio choices by these investors resulting in more frequent price changes. The presence
of institutional investors seems desirable from a market micro-perspective, as it shall benefit
liquidity and price discovery. But the associated higher volatility can also have a negative

bearing on financial stability.

The remainder of the paper is organised as follows. Section 2 describes the dataset and the
construction of some key variables used to measure volatility and liquidity in the paper.
Section 3 presents our empirical strategy in light of the research questions — the main
findings from our empirical analysis are discussed and some robustness checks are

provided. Section 4 concludes.

2. Data

Our dataset spans the period from Q4-2013 to Q1-2016 and merges several data sources in

order to augment bond holding information with issuance-specific market data and ISIN

4 See Appendix C for results regarding persistency.
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characteristics, such as coupon size, yield-to-maturity, maturity of the issuance, seniority,
ratings, etc. The main variable of interest to our analysis describes the patterns of sectoral
holdings and is calculated as the amounts held by a particular sector relative to the issuance
volume of a specific security. To derive such information for a number of relevant sectors and
securities we make use of the bank bond data contained in the SHSS. This dataset offers a
bird’s eye view on the amounts held of all such outstanding bonds for which at least one
sector from an euro area country has some holdings. The SHSS is a proprietary database® of
the Eurosystem, which collects on a quarterly basis ISIN-level information regarding sectoral
holdings of debt and equity securities in the euro area. The statistics contain information on
net holdings calculated as gross acquisitions minus disposals during each quarter’s
accounting period.® This highly granular dataset is further enhanced using the ECB'’s

Centralized Securities Database (CSDB) with issuance-specific characteristics at ISIN-level.

While we can distinguish between holding patterns of individual ISINs, information regarding
the agents holding the securities is aggregated at the sector-country level. For example, for
some given bond, one can see how much of the issuance is held by the investment fund
sector in Germany, or by the household sector in Italy, and track these holdings throughout
the life of the security. The main sectors included in our analysis comprise credit institutions
(CI), governments including social security funds (Gov), investment funds excluding money
market funds (IVF), money market funds (MMF), insurance corporations and pension funds
(ICPF), other financial institutions’ (OFI), the non-financial private sector® (NFPS), and a
residual comprising all holdings outside the euro area (U) for which no sectoral breakdowns
are available. Our dataset contains both euro area and non-euro area issuances, though we
are able to differentiate between the countries of the issuers allowing us to construct different

sub-samples and control for regional differences.

The dataset allows us to observe inter-sectoral re-allocations but does not show intra-

sectoral shifts in the securities held.® Accordingly, our analysis aims to identify the sectors

5 See Who holds what? New information on securities holdings, ECB Economic Bulletin, Issue 2/2015.

6 Netting over the accounting period implies that short-selling of securities will reduce the net amounts held,
potentially creating a negative net position.

7 Other financial institutions refer to financial vehicle corporations (FVCs), and other financial institutions that are
not contained in the previous breakdowns.

8 The non-financial private sector (NFPS) comprises households, non-financial corporations and institutions, as
well as non-profit organisations.

9 An intra-sectoral re-allocation would maintain the same presence of the sectors in an ISIN’s market, albeit within
each sector the composition of holdings may vary across entities.
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that drive market conditions not the individual institutions themselves. To further focus the
analysis on sectoral patterns, and to allow for a sample as broad as possible, we aggregate
the country holdings at the euro area level and exploit the variation in the holdings between

sectors.

We retrieve the holdings data in euro denominated nominal amounts in order to ensure
comparable features and to avoid valuation and foreign exchange effects over the studied
period. We then convert the holding figures to ratios in percentage points of the total amount
outstanding at the date of issuance in order to avoid any scaling effects across ISINs. Partial
bond buybacks or early redemptions amounting to a fraction of some given issuance cannot
be identified in our sample since time series data on outstanding amounts is not available.
This should not pose a problem for the identification of euro area sectors’ impact because
the relative figures are constructed using a denominator which is fixed in time to the date of
issuance. Any early partial redemption will therefore be interpreted in the model as a
reduction of relative holdings of the sectors which exercised their redemption rights. This
goes along simultaneous with an increase in the amounts held by the extra-euro area
sectors, which are accounted for as a residual and are used primarily for control purposes in

the analysis.

For the second pillar of our dataset, we source ISIN-specific information from commercial
market data vendors. Specifically, we collect daily clean price'® information for every ISIN
using Thomson Reuters Datastream and subject to availability. For volatility, we construct the
quarterly average of monthly standard deviations in the daily log-returns of bond prices. For
liquidity, we construct two common measures based on quotes and observed transaction
prices. As a first liquidity measure, we use quarterly average of the bid-ask spread
standardized by the prevailing daily mid-price. This measure is used as a proxy for the
transaction cost dimension of liquidity. Lower liquidity is typically associated with a higher
bid-ask spread and therefore higher round-trip transaction costs. The second measure,
quarterly average of effective spreads!?, is often used in practice as a reflection of the depth
and breadth dimension of market liquidity. A less liquid market is typically associated with a
shallower order book allowing the transaction price to move farther away from the mid-price.

The two measures thus capture some key dimensions of market liquidity. A lack of turnover

11 Effective spreads are computed as: Effective Spreads; = 2 - |Price; — Mid price;|, where every period ¢
represents a business day.

11 Effective spreads are computed as: Effective Spreads; = 2 - |Price; — Mid price;|, where every period ¢
represents a business day.
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data in European bank bond markets prevents us from expanding the list of measures to this

further dimension of market liquidity.

Some attention has been given to controlling the quality of the dataset and to removing
outliers. Observations for which euro area holdings totalled above 100% or below 0% of the
amount outstanding have been dropped. These cases could in principle be due to
lending/borrowing or repos/reverse repos with sectors outside the euro area, considering the
SHSS data reflects net acquisitions over the accounting period without distinguishing
between securities sold from own inventories or borrowed in the market. But since we cannot
reliably confirm that these extreme observations are not in fact the result of reporting issues,
we remove them from the sample. Similarly, if aggregate euro area holdings of an ISIN
double from one quarter to the next then rebound in the following quarter, we suspect the

observation to be a reporting error and exclude it from the sample.

On the market data side, we drop daily price observations that are below 10 pp of the
notional amount (i.e. trading at an unreasonable value below par) or above 300 pp (i.e.
trading at an unreasonable value above par) as we deem these values implausible. We
further remove observations for which the price does not vary for three business days in a
row, or changes from a day to the next by more than 50 pp, to ensure our data reflects to the
best extent possible real market conditions. In constructing the volatility and liquidity
indicators at the quarterly level we are mindful not to induce a small sample bias. It is
important to note that some of these bank bonds may not trade every day. But since we
cannot distinguish whether the lack of trades for some ISINs are due to reduced market
activity or poor data coverage of the issuance, and in order to have accurate estimates of
liquidity and volatility at the quarterly level, we drop quarterly observations for which these
measures are constructed with less than 20 business days’ worth of price data. This
procedure results in a sample that includes the most frequently traded issuances. In the
interest of ensuring that our findings remain robust in light of the data cleaning procedures,
the main model specification is in addition tested using an alternative dataset, which relaxes
several of the above restrictions imposed on the market data (see Appendix C).

Finally, we remove from our sample all bank covered bonds (CB) and asset-backed
securities (ABS), since the volatility and liquidity conditions for them may have been directly
affected to an unknown extent by purchases under the ECB’'s Covered Bond Purchase
Program 3 (CBPP3), and the Asset-Backed Securities Purchase Program (ABSPP),
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respectively. The remaining bank debt types are not included in any of the ECB’s asset
purchase programs. An analysis of the sectors driving their liquidity and volatility conditions is
feasible, provided any potential spillovers from outstanding non-standard policy programs are

controlled for using time and regional fixed effects.

After mapping the sectoral holdings with market data, performing quality checks on the
matched observations and removing CB and ABS, the estimation sample comprises a total
of 93,894 ISIN-quarter observations. Further breakdowns of the coverage by period are
provided in Table 9, which shows a significant decrease from the total observations available
in the SHSS universe. This is primarily due to the lack of pricing data for smaller issuances,
which may not be traded on a frequent basis. While in terms of unique worldwide issued
ISINs this means we cover about 9% of the SHSS database, in terms of amounts
outstanding our estimation sample covers about 51.57% of the total sample. After our data
quality checks have been applied, the results should be representative of bonds which are
traded frequently in secondary markets. Table 10 shows the quarter-by-quarter coverage in
terms of ISINs and amounts outstanding for each of the sub-samples analysed. As expected,
our analysis indeed covers the larger and more widely traded issuances. Additional tables

and summary statistics for our sample variables can be found in Appendix B.

3. Empirical strategy and main findings

From a financial stability perspective, both liquidity and volatility conditions are of interest as
they interact with each other and jointly determine market conditions, including fire-sale
properties of any traded asset. Nevertheless, it will be important to account for them
separately in the empirical framework as volatility and liquidity can evolve in different
directions. Volatility of an asset may be low simply because it is not frequently traded and
hence not liquid. Vice versa, highly liquid assets may experience higher volatility in an
environment of volatile news flow and with price discovery taking place through trading of the
liquid asset. Our empirical strategy should thus account for the impact low market liquidity
could have on price returns, as well as the effect volatility can have on order book quotes
which are the basis for certain liquidity measures. To this end, we pursue two main

equations: in the first, we model volatility as a function of liquidity, sectoral holdings and
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controls, as seen in equation (1). In the second we switch the roles of liquidity and volatility to

dependent variable and regressor respectively, as in equation (2).

Volatility;, = By + Py - Liquidity; + Holdings' W + Z' A + 52 (1)
Liquidity; = yo + vy - Volatility;, + Holdings',,® + Z';;A + siltiq )

Where: Holdings is a 7x1 vector containing the relative sectoral holdings of each ISIN / at
quarter ¢ for the CI, Gov, IVF, MMF, ICPF, OFI and U sectors. ¥ &, A and 4 are equation

specific column vectors of parameters, and Zis a vector of controls.

Note that due to the fact the relative holdings sum up to 100% of the amount outstanding
each period, one sector must be excluded from every equation in order to avoid a perfect
multicollinearity problem in the estimation. We have chosen to exclude the non-financial
private sector (NFPS), thereby making this our baseline against which to assess all other
sectors. Our analysis should then be interpreted as the impact the other sectors have on
market conditions, compared with the NFPS. The choice of the NFPS as a baseline is
motivated by our interest in the marginal effect of institutional investments on volatility and
liquidity compared to non-intermediated investments. Direct investments by the NFPS are
potentially less distortive to market conditions due to a reduced propensity to trade, risk-
management and other considerations that might affect the behaviour of institutional
investors more strongly. Indeed, financial motive driven transactions of the non-financial
private sector may be delegated to specialized intermediaries, such as credit institutions,
investment funds and money market funds, and therefore should be captured by the latter

sectors instead.

We control through the vector Z for ISIN-specific characteristics, including seniority, bond
rating, price at issuance, yield to maturity, whether the bond is issued in a currency other
than the Euro, whether the bond is a hybrid, its last coupon rate, the coupon type, the
issuance maturity expressed in years, amounts outstanding in Euros, and the euro area
sectoral concentration of holdings using a Herfindahl index. Macro aggregate and news
driven shocks are accounted for through time-fixed effects and any time-constant
unobservables are dealt with through fixed effects at the regional level.

ECB Working Paper Series No 2276 / May 2019 13



Regarding the latter, we differentiate between securities issued by banks located in non-EU
countries, EU countries excluding the euro area, and three groups of euro area countries'?
classified depending on whether they experienced significant credit rating downgrades post-
2008. Group A is used as a baseline in our estimation and comprises countries that have not
experienced significant sovereign rating downgrades: Austria, Belgium, France, Luxembourg,
Estonia, Malta, Lithuania, Latvia and Slovakia. Group B includes countries which have
experienced significant rating downgrades post-2008: Cyprus, Greece, lIreland, Italy,
Portugal, Slovenia and Spain. Finally, Group C includes countries which have not
experienced significant downgrades, similar to Group A, but additionally have accumulated
positive TARGET2 balances since the European debt crisis: Germany, Finland and the

Netherlands.

3.1 Estimation strategy

Our estimation strategy aims to overcome potential endogeneity issues one would face in
using standard panel methods on (1) and (2). On the one hand, volatility and liquidity are
simultaneously determined by market participants. When investors update their beliefs and
preferences this usually affects prices, hence volatility, but it also affects the order book and
thus our quote-based measures of liquidity. In addition, holdings of securities and
volatility/liquidity conditions in their markets are likely affected by reverse causality. In other
words, while the distribution of holdings across sectors may determine market conditions,
economic agents will choose their portfolio allocations every period based on a number of
factors, which may include volatility and liquidity of the invested securities according to
investor preferences or external constraints on risk-taking. The issue may be further
exacerbated by the fact that we observe the data at quarterly frequency which allows

sufficient time for the causal relationship to manifest in both directions.

To address the endogeneity problem, we employ an instrumental variables (IV) approach
implemented through an iterative GMM model. Alternative designs such as difference-in-
difference or regression discontinuity would be suboptimal as they do not allow us to analyse

the impact of all sectors on market conditions at the same time. Instead they would restrict

12 Adapted from the ECB’s Financial Integration Report (April 2016).
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the analysis to one or several sectors at a time, depending on the exogenous event or
constraint considered. The former would also impose a parallel trend assumption, namely
that the treated and non-treated groups would follow the same pattern caeteris paribus — an
assumption that may be problematic for a pooled euro area analysis where long-run trends in

core country sectors may not match the ones in the periphery.

The model's set-up leads to eight potentially endogenous?® variables per equation that need
to instrumented, i.e. the 7 sectors and one liquidity or volatility measure for equation (1) or
(2), respectively. Aside from the baseline, we consider seven holding sectors in order to
allow the interpretation of the results to be relative to the NFPS only**. In addition, we
consider both liquidity in equation (1), and volatility in equation (2), with the view to properly

disentangle the effect of the holdings from other market forces.

In order to ensure the reliability of our model-based conclusions we pursue a conservative
approach to IV estimation and inference. The standard approach to IV estimation is the two-
stage least squares model (2SLS), which is a special case of GMM estimation where the
weight matrix, (Z’Z)~1, is constructed using the vector of exogenous variables Z. In light of
the above, our main specification is an equation-by-equation iterative GMM model (iGMM).
Contrary to 2SLS, the iGMM will update its weight matrix, (Z'u,1;'2)1, at each iteration k+1
using the previous iteration’s residuals, i, until two consecutive matrices converge. This
should ensure the moment conditions underlying the estimation are not arbitrarily set, and
limit any potential bias of our conclusions. Furthermore, for the same conservative rationale,
our main model uses standard errors clustered at the issuer level in order to assess the

significance of parameter estimates.

The following provides the rationale of our instrument choices considering the relevance and
exogeneity criteria. In the case of volatility and liquidity, we use two instruments for either

variable, ensuring overidentification.

In the case of volatility, the first instrument uses for each ISIN the number of days within a
quarter that exhibited volatility above that of the euro area iBoxx sovereigns index, expressed
in percentage of total trading days per quarter. The second instrument is computed in a

similar manner using the number of days a bond exhibited volatility above the ISIN’s entire

13 The 7 sectors and one liquidity or volatility measure for equation (1) or (2), respectively.
14 The outside euro area sector (U), and to some extent the other financial institutions (OFI) have limited
interpretability since both are constructed as residual holdings.
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sample average. These Vs should capture the cross sectional and time series dynamics of
excess volatility for each bank bond we analyse. Such features should be highly
representative of each bond’s volatility, while the way they are constructed should avoid the
simultaneity shared with the liquidity measures because changes in the number of days a
bond exhibits excess volatility are orthogonal to price levels and, therefore, to quote based
liquidity proxies employed. In other words, when price quotes move and affect the spread
measures, we have no reason to expect the excess volatility of a bond will respond in any
particular direction or that it is simultaneously determined. This is because the underlying
benchmark of each excess measure can itself change and can lead to any type of dynamics

for the resulting excess volatility IVs.

In the case of liquidity, we instrument using residual maturity and an off-the-run binary
variable constructed using the entire SHSS universe. The latter takes value one whenever
there exists a bond with a more recent issue date and the same tenor, from the same issuer.
Residual maturity and off-the-run status are well known factors that affect liquidity in bond
markets (see Pasquariello and Vega, 2008) and both are independent of the simultaneous
changes in volatility conditions due to their deterministic nature. The underlying reasoning is
that liquidity is expected to decrease in time, as the residual maturity approaches zero, due
to newer issuances being available in the market from which market participants can extract
higher returns in exchange for maturity risk. A level shift in liquidity conditions is also

expected once a newer debt instrument from the same issuer is available to investors.

Because the volatility and liquidity instruments are likely important determinants for their
endogenous variables, we will use them in the cross equations whenever they are not
instruments. Specifically, the excess volatility measures, which are instruments for the
volatility regressor in the liquidity equation (2), will be used as regressors in the volatility
equation (1). Similarly, the residual maturity and the off-the-run dummy, which instrument
liquidity in the volatility equation (1), will be determinants of the left-hand side liquidity
variable in the equation (2).

Finally, for the holdings of the included sectors we instrument using their first lag to address
the potential reverse causality. We observe that sectoral holdings do not on average change
dramatically from one quarter to the next, and this persistence should serve towards the
relevance criterion of the instruments. With respect to the exogeneity criterion, we note that

contemporaneous decisions regarding holdings may be affected by current market dynamics,
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while past holdings cannot be reverse caused by realizations of volatility and liquidity from
the future. Market participants could of course forecast conditions and form expectations, but
they will not know for a fact these features until the uncertainty is resolved one quarter
ahead. This should ensure that our instruments for holdings are both relevant and

exogenous and can thus lead to consistent parameter estimates.

To support our premise regarding the relevance criteria, Appendix C provides throughout
Tables 14-25 the first-stage regression results for the main specifications of our model (i.e.
the iterative GMM estimates) for each of the available issuance samples: worldwide,
European Union and euro area, respectively. We can note that the instruments indeed
exhibit high statistical significance in the reduced-form equations, with magnitudes

comparable across samples. A further discussion of the results can be found in Appendix C.

3.2 Main findings

Institutional investments do significantly affect volatility and liquidity conditions in secondary
markets. We find that in terms of impact on market liquidity conditions several sectors play a
key role regardless of the sample considered, as can be seen in Tables 3, 5 and 7 in
Appendix A. In particular, the Gov, ICPF, IVF and MMF sectors are all highly significant and
seem to positively affect market liquidity conditions, in the sense of narrowing spreads (i.e.
their coefficients are negative) if they are prevalent in the market of a particular bond. At the
same time, price volatility tends to be higher in issuances where there is a stronger presence

of institutional investors.

Our model specifications benefit from a large cross section from which we draw our
inference, after controlling for heterogeneity in bond characteristics. Overall, the results
suggest that a trade-off exists between volatility and liquidity in the presence of institutional
investors, for both samples considered. We perform our analysis on sub-samples with
different geographic coverage, including the overall sample of worldwide issuances for which
the euro area has holdings, as well as on the EU-only issuances and the euro area-only
issuances subsamples. We observe some differences in the magnitude of the results which

we report below, although the main findings remains robust across sub-samples.
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The stronger presence of institutional investors therefore improves liquidity and increases

volatility at the same time.

MMFs are consistently the strongest contributors to liquidity compared to other sectors and in
the markets where they are active. Relative to the non-financial private sector, MMF narrow
on average the standardized bid-ask spreads by approximately 0.03 (0.05) for every 10 pp.
share they own in the market of a bond, for the worldwide (euro area issuance) sample.
Effective spreads would similarly be improved by approximately 0.03 and 0.04 for the
worldwide and EA samples, respectively. These effects may seem small, but they are
economically significant taking into account that they refer to daily conditions, which are
usually not prone to ample swings from one day to the next. For example, on the worldwide
sample the bid-ask spreads (effective spreads) have a median of 0.2079 (0.2143), while on
the EA sample the bid-ask (effective spreads) have a median of 0.2271 (0.2226). To put this
result into perspective, it implies that should the MMF presence stand at 10% of total amount
outstanding in the market of a representative bond with liquidity characteristics similar to the
worldwide sample median, this would lead to an increase in the worldwide daily relative
liquidity conditions for such a bond (in the sense of narrowing spreads) by 15.58% for bid-ask

spreads, and by 12.97% for effective spreads.

Other sectors play a similar role for bid-ask (effective spreads). In particular, governments
including social security funds amplify liquidity in relative terms by 7.98% (8.72%), ICPF by
4.44% (6.3%), and IVF by 4.69% (4.66%). A broader overview of the relative impact on
liquidity and volatility conditions for a representative bond with market features similar to the
worldwide sample is depicted in Table 1. Here we can further observe that the OFI sector, as
well as the residual comprising all sectors outside the euro area (U) may play a role towards
liquidity as well. Nevertheless, these findings are weaker as they are not confirmed for both

liquidity dimensions.
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worldwide sample

Table 1: Relative impact on worldwide daily liquidity/volatility conditions, for the case of a 10
pp. presence in the market of a representative bond with features similar to the median of the

Bid-Ask/Mid Effective Volatility, Bid-Ask/Mid Volatility, Effective
spreads controlled for Spreads controlled for

Cl | not significant not significant not significant not significant
Gov -7.98% -8.72% not significant 8.90%
IVF -4.69% -4.66% 5.30% 5.80%
MMF -15.58% -12.97% 15.12% 15.02%
ICPF -4.44% -6.30% 3.92% 6.92%
OFI | not significant -7.51% not significant 9.44%
U | not significant -5.82% 4.73% 7.79%

Where: Cl = Credit institutions, Gov = Governments including social security funds, IVF = Investment Funds excl.
Money Market Funds, MMF = Money Market Funds, ICPF = Insurance Corporations and Pension Funds, OFI =
Other Financial Institutions, U = all other non-EA sectors. The effects are relative to the impact of the Non-

financial Private Sector baseline.

For the euro area sample (EA), the relative impact of MMF on daily conditions for a
representative bond with characteristics akin to the median is significantly amplified. This is
to be expected, as the euro area sectors are more likely to hold and transact bank bonds
issued by euro area entities than other worldwide issued securities. We can see in Table 2
that within the Eurozone, daily bid-ask spreads (effective spreads) driven by this sector
narrow by as much as 20.82% (19.41%), while the other sectors maintain magnitudes
roughly on par with the previous worldwide issuance sample, with the exception of
Governments which shrink in importance. As before, credit institutions, OFI, and extra euro
area sectors are found to have no consistent impact on liquidity when cross checking both
liquidity measures. This lack of significance for the extra-EA residual does not imply external
sectors have no effect on market conditions. Instead, it is likely that the effect of more
prominent sectors is averaged out in the presence of less significant ones, since all non-EA

sectors are bundled together and cannot be disentangled in this analysis.

Our results thus underpin the important role of euro area MMF in the market for short-term
debt financing of euro area banks and, in particular, the role MMF play in enhancing market
liquidity conditions in bank bond markets. While the non-financial private sector may be less
rationally restricted, e.g. due to regulatory or other balance sheet constraints, it may face
informational disadvantages compared to institutional investors and higher trading costs

resulting in less trading, which in turn results in lower liquidity and volatility in the securities
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held by the non-financial private sector. The institutional sectors which are more actively

trading may, on the other hand, contribute positively to liquidity.

Table 2: Relative impact on daily liquidity/volatility conditions, for the case of a 10 pp. presence in
the market of a representative bond with features similar to the median of the EA sample
Cl | not significant -2.20% not significant not significant

Gov -5.15% -6.83% not significant 19.94%
IVF -4.93% -3.27% 10.34% 9.42%
MMF -20.82% -19.41% 36.45% 57.15%
ICPF -4.13% -4.67% 6.85% 13.72%
OFI | not significant -9.66% not significant 28.45%
U | not significant -5.35% not significant 16.38%

Where: Cl = Credit institutions, Gov = Governments including social security funds, IVF = Investment Funds excl.
Money Market Funds, MMF = Money Market Funds, ICPF = Insurance Corporations and Pension Funds, OFI =
Other Financial Institutions, U = all other non-EA sectors. The effects are relative to the impact of the Non-

financial Private Sector (NFPS) baseline.

Improving transaction cost and depth/breath of the market conditions most likely requires
intensive trading on a certain market. For this reason, transaction prices, and their returns
might in turn become more volatile in the short run contrary to expectations that more liquid
markets are also less volatile. While MMFs primarily act as liquidity enhancers if they are
prevalent in bank bond markets, Tables 1 and 2 suggest also that they are the main volatility
amplifiers relative to the NFPS. The IVF and ICPF sectors again play a similar but less
prominent role, while the OFI and U sectors are either not mutually confirmed by the two
liquidity controls or, in the case of the U sector on the worldwide sample, have limited

interpretability in light of the residual nature.

A possible explanation for this finding is that higher volatility may just be the result of more
frequent trading by MMF, which in turn can lead to quicker and more frequent price
adjustments resulting in higher price volatility. Such responsiveness can be relevant in
particular in the highly competitive markets in which MMF operate. Considering that MMF are
allowed to only hold bonds with a short residual maturity, those intermediaries are likely to
adjust portfolios whenever bonds mature or longer-dated bonds become eligible for
purchase. Moreover, any redemptions from MMFs possibly translate into security purchases
or sales, while other types of investors may adjust their main investment portfolio less

frequently at the sector level.
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The impact of the various financial sectors on volatility, with the exception of credit
institutions, is sizable for all samples considered. For example, should MMFs maintain a
presence in a market of 10% of the outstanding value, we find they can amplify daily volatility
conditions by as much as 57.15% if the euro area sample is considered and effective
spreads are controlled for. The effect is nevertheless dampened on the worldwide sample to
about 15.02%, suggesting other foreign sectors have a more important role in their local
markets and accounting for the fact euro area entities have a smaller presence

internationally than locally.

It is worth noting that our findings regarding liquidity and volatility conditions suggest the
average size of holdings of each sector is not the key determinant of its market footprint. In
fact, as can be seen in Figure 1, Panel A, the largest holders of euro area issuances are on

average the credit institutions themselves, the non-euro area sectors a whole, and the NFPS.

Figure 1: Distribution of euro area issuance holdings for all sample periods, by sector

Panel A. Average holdings of bank bonds, by sector Panel B. Histogram of MMF and NFPS non-zero
holdings
EA MMF ww [N EAMMF [ EANFPS |
EAIVE1.00%  EaicPF 5
7.00% 9.16% = )
EA : 0 Rk — MMF average holdings, 1.00 pp.
NFPS _____EAOFI % L NFPS average holdings, 17.61 pp.
17.61%_—2 0.82% 5 7
o)
EA Gov ~—_non-EA 3w
0.71% 25.62% | g"
Lt ;—.,:n—n::i:l_rnﬂ
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.pp of holdings

Where: Cl = Credit institutions, Gov = Governments including social security funds, IVF = Investment
Funds excl. Money Market Funds, MMF = Money Market Funds, ICPF = Insurance Corporations and

Pension Funds, OFI = Other Financial Institutions, U = all other non-EA sectors.

It may seem puzzling that sectors that hold a relatively small amount of securities can be
such important drivers of market conditions. A more detailed look at the MMF sector and
NFPS reveals a vast heterogeneity of holdings which can be hidden by a simple average.
Indeed, our exemplified 10 pp. holdings at the expense of the baseline NFPS sector could
easily be accommodated considering the distribution of holdings we observe on our sample

(Figure 1, Panel B). The histogram shows that while in general MMFs hold small amounts
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overall, whenever they are invested in a certain issuance their holdings can exceed 10% and

in some cases go as high as 100% of outstanding amounts.

3.3 Robustness

For robustness considerations we cross-check our findings with a standard Two-Stage Least
Squares (2SLS) model, as well as with a panel method counterpart which aims to strip out
any relevant fixed effects at the ISIN level should they not be captured by the regional
dummies. The latter takes the form of a Random Effects (RE) 2SLS model augmented with
Mundlak correction terms® which will take care of any unobserved fixed effects under the
assumption of linear dependence to the model's regressors. The model is estimated using
Baltagi's Error Components 2SLS (EC2SLS) model, which is an efficient Random Effects
estimator for 2SLS, while the Mundlak correction (i.e. time averages of all exogenous
regressors) will capture any ISIN fixed effects subject to the assumption of linearity imposed
on these unobservables. A Mundlak corrected implementation is necessary in our case due
to the fact a First Difference (FD) or a Fixed Effects Estimator (FE) approach would eliminate
a large number of relevant time-constant regressors, due to the differencing or demeaning
step respectively and would thus fail to account for relevant information in the conditional
means. More precisely, seniority, the foreign currency dummy, the regional issuance
dummies, the CoCo dummy and coupon types dummies would all be removed, and a bias
may arise for the rating dummies which have the same rating'® throughout the life of an
issuance. Failing to account for these factors would, for example, see the model treat in the
same way the liquidity and volatility dynamics of a senior bond to a subordinated bond from
the same issuer, which is likely not the way the market perceives or makes holding decisions
of such issuances in practice. For this reason, RE and Mundlak are the next-best approach
one could take to cross-check that any fixed effect components are indeed stripped out in the

main iGMM model.

Regardless of the estimation approach, the results from the main model (iIGMM) are

confirmed for all sub-samples considered. Indeed, our main model is the most conservative

15 See Mundlak (1978), Baltagi (1981) and Baltagi et. al. (2006)
16 E.g. a higher rated bond that keeps the same rating throughout the life of the security will be treated in the
same way by the FD or FE estimator as a bond that has kept the lowest rating from issuance to maturity.
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of all three specifications, and our conclusions about individual sectors are drawn only if the

significance is confirmed for both the liquidity measures tested’.

An alternative specification using system GMM or 3SLS estimation has also been
considered. Nevertheless, in light of the fact such estimation would require a large set of
exclusion restrictions to ensure the parameters are not reduced form estimates (i.e. each
equation would need at least 8 exogenous variables unique to it) the approach has been
deemed less feasible than single equation specifications. The trade-off for our chosen
approach comes at the expense of standard errors, since equation-by-equation estimation is
less efficient than its system counterparts, but this choice should again lead to more

conservative inference results.

4. Conclusions

Drawing mainly from cross-sectional variation in the holdings of individual bank bond
issuances, we find that institutionally intermediated investments do significantly affect
volatility and liquidity conditions in secondary markets. This effect is particularly pronounced
for the presence of money market funds, but also significant for insurance corporations and
pension funds, as well as investment funds, suggesting that structural shifts towards higher
intermediated investments can alter liquidity and volatility conditions in bank bond markets.
The observed effects resulting from higher presence of institutional investors are, however,
not necessarily detrimental for market liquidity. For example, larger holdings of a particular
issuance by money market funds (MMF) result in lower transaction costs as measured by the
bid-ask and effective spreads. At the same time, price volatility tends to be higher in
issuances where there is a stronger presence of institutional investors. Again, MMF stand out
in the results as their presence affects volatility more than any other sector. Overall the
results suggest that a trade-off exists between volatility and liquidity in the presence of
institutional investors. The stronger presence of institutional investors at the same time

improves liquidity and increases volatility. The results may be explainable by typical trading

17 |.e. Bold figures in Tables 3-8 showcase this aspect.
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patterns where institutional investors are expected to trade at higher frequencies resulting in

lower transaction costs for the securities they trade.

From a policy perspective it is not clear how the benefits of higher liquidity should be
weighed against the cost of higher volatility. Higher volatility in the presence of institutional
investors might just be a side-effect of more frequent trading, which in turn can lead to
quicker and more frequent price adjustments resulting in higher price volatility. Our analysis
shows, in any case, a non-negligible impact of institutional investors on market conditions.
For instance the presence of MMFs, which are highly competitive and well-informed
investors specialised in the short-end of the bank bond market, seems to improve liquidity
conditions. If these investors were to refrain from trading in certain securities, liquidity can be
expected to be lower. Possible structural shifts in the investor composition, in particular the
withdrawal of investors known to be actively trading and contributing to higher liquidity, thus

matter for market conditions and should be monitored by financial stability authorities.
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Appendix B: Estimation sample coverage, summary statistics and

data sources

Table 9: Distribution of SHSS ISIN-quarter data points

without .
date market data or under ECB . with markgt data Total
non-standard purchases (in the estimation sample)

201394 94,181 10,846 105,027
2014q1 96,917 10,727 107,644
201492 98,963 10,613 109,576
201493 99,058 10,546 109,604
201494 96,435 10,497 106,932
201591 97,122 9,957 107,079
201592 97,257 9,873 107,130
20153 95,228 9,538 104,766
201594 82,241 2,169 84,410
201691 99,976 9,128 109,104

Total 957,378 93,894 1,051,272

Table 10: Estimation sample coverage

Coverage in terms of amount outstanding, pp. Coverage in terms of number of ISINs, pp.
date EA EU estol - Allworld EA EU estol - Allworld
2013g4 34.63 42.36 76.84 50.29 7.16 8.16 41.93 10.33
2014q1 36.62 45.21 75.50 52.61 6.66 7.87 40.60 9.97
2014q2 36.91 44.83 76.09 52.80 6.29 7.50 41.28 9.69
201493 38.65 45.72 76.16 54.03 6.34 7.37 41.08 9.62
2014qg4 39.53 4591 77.27 55.04 6.38 7.43 41.31 9.82
2015q1 40.00 45.62 77.81 55.51 5.83 6.95 42.41 9.30
2015q2 41.00 44.69 75.89 54.28 5.58 6.73 43.13 9.22
2015q3 40.03 43.34 74.99 53.39 5.49 6.43 45.60 9.10
201504 13.52 16.89 62.27 31.77 0.59 0.99 33.78 257
2016q1 41.40 44.97 53.17 48.38 4.90 5.92 33.03 8.37
All periods 37.23 43.08 71.54 51.57 5.61 6.65 40.42 8.93
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Table 11: Summary statistics. Worldwide issuance sample, Q4 2013 - Q1 2016 period

Variable Observations Mean Median S.D. Min Max Q1 Q3
ClI (pp) 93,894 22.80 0.67 36.90 0.00 100.00 0.00 29.22
Gov (pp) 93,894 0.47 0.00 4.26 0.00 100.00 0.00 0.00
NFPS (pp) 93,894 10.14 0.00 25.73 0.00 100.00 0.00 1.22
IVF (pp) 93,894 6.95 0.93 14.67 0.00 100.00 0.00 6.89
MMF (pp) 93,894 1.01 0.00 7.34 0.00 100.00 0.00 0.00
ICPF (pp) 93,894 7.21 0.00 20.71 0.00 100.00 0.00 0.90
OFI (pp) 93,894 0.73 0.00 5.52 0.00 100.00 0.00 0.01
U (pp) 93,894 0.01 0.00 0.14 0.00 10.43 0.00 0.00
Volatility (pp) 93,894 0.17 0.10 0.24 0.00 8.94 0.03 0.22
Bid Ask/Mid (pp) 87,954 0.39 0.21 0.62 0.00 22.40 0.10 0.47
Effective spread (pp) 85,366 0.34 0.21 0.38 0.00 3.00 0.10 0.44
Excgs\s/e"rcé'iztr':'Lyernec'm’:ﬂt(o(fs 93,893 2459  0.00 36.15 000 100.00 0.0  44.44
Excesf)\)’v?]'i‘itr'#teyr:‘eéztr']"&) g; 93,893 3778 3333 3330 000 10000 156  64.06
Herfindahl index 93,894 0.35 0.11 0.41 0.00 1.00 0.00 0.80
Amount outstanding (in EUR mn) 93,894 444.09  198.81 749.71 0.00 80633.53 34.50 623.81
Residual maturity (days) 93,894 3,12458 941.00 12,804.76 0.00 perpetual 412.00 1,871.00
Issuance maturity (years) 93,894 54.24 6.51 351.17 0.25 perpetual 5.00 10.01
Issue price 93,894 99.10 100.00 4.58 65.73  102.04 99.71 100.00
Yield to maturity (pp) 82,859 1.87 0.96 3.26 -1.50 52.70 0.34 2.38
Last coupon rate (pp) 84,008 3.02 2.75 2.13 0.00 30.69 1.25 4.38
Issuance in non-Euro Clé:r?mnrriz 93.894 0.49 0 0.50 0 1 0 1
ECB rating 1 dummy 93,894 0.35 0 0.48 0 1 0 1
ECB rating 2 dummy 93,894 0.37 0 0.48 0 1 0 1
ECB rating 3 dummy 93,894 0.21 0 0.41 0 1 0 0
ECB rating 4 dummy 93,894 0.07 0 0.25 0 1 0 0
Unavailable seniority dummy 93,894 0.10 0 0.29 0 1 0 0
Secured debt dummy 93,894 0.10 0 0.30 0 1 0 0
Senior Unsecured debt dummy 93,894 0.69 1 0.46 0 1 0 1
Subordinated debt dummy 93,894 0.11 0 0.32 0 1 0 0
CoCo dummy 93,894 0.00 0 0.06 0 1 0 0
Fix coupon dummy 93,894 0.66 1 0.47 0 1 0 1
Floating coupon dummy 93,894 0.27 0 0.44 0 1 0 1
Indexed coupon dummy 93,894 0.00 0 0.07 0 1 0 0
Zero coupon dummy 93,894 0.05 0 0.22 0 1 0 0
EA country dummy 93,894 0.53 1 0.50 0 1 0 1
non-EA but EU country dummy 93,894 0.16 0 0.37 0 1 0 0
non EU dummy 93,894 0.47 0 0.50 0 1 0 1
Group A EA country dummy 93,894 0.10 0 0.30 0 1 0 0
Group B EA country dummy 93,894 0.06 0 0.24 0 1 0 0
Group C EA country dummy 93,894 0.37 0 0.48 0 1 0 1

*Note: perpetual bonds are assigned residual maturity value of 99,999 (days) in the sample.

ECB Working Paper Series No 2276 / May 2019 36



Table 11 (cont'd)

Variable Observations Mean Median S.D. Min Max Q1 Q3
Q4 2013 dummy 93,894 0.12 0 0.32 0 1 0 0
Q1 2014 dummy 93,894 0.11 0 0.32 0 1 0 0
Q2 2014 dummy 93,894 0.11 0 0.32 0 1 0 0
Q3 2014 dummy 93,894 0.11 0 0.32 0 1 0 0
Q4 2014 dummy 93,894 0.11 0 0.32 0 1 0 0
Q1 2015 dummy 93,894 0.11 0 0.31 0 1 0 0
Q2 2015 dummy 93,894 0.11 0 0.31 0 1 0 0
Q3 2015 dummy 93,894 0.10 0 0.30 0 1 0 0
Q4 2015 dummy 93,894 0.02 0 0.15 0 1 0 0
Q1 2016 dummy 93,894 0.10 0 0.30 0 1 0 0
Table 12: Summary statistics. EU issuance sample, Q4 2013 - Q1 2016 period
Variable  Observations Mean Median S.D. Min Max Q1 Q3
Cl (pp) 65,184 31.52 5.41 40.69 0.00 100.00 0.00 75.00
Gov (pp) 65,184 0.63 0.00 5.07 0.00 100.00 0.00 0.00
NFPS (pp) 65,184 14.21 0.04 29.76 0.00 100.00 0.00 4.80
IVF (pp) 65,184 7.65 0.32 16.26 0.00 100.00 0.00 7.47
MMF (pp) 65,184 1.06 0.00 7.31 0.00 100.00 0.00 0.00
ICPF (pp) 65,184 8.72 0.00 22.55 0.00 100.00 0.00 2.27
OFI (pp) 65,184 0.79 0.00 6.02 0.00 100.00 0.00 0.01
U (pp) 65,184 0.01 0.00 0.14 0.00 10.43 0.00 0.00
Volatility (pp) 65,184 0.16 0.09 0.24 0.00 8.94 0.03 0.20
Bid Ask/Mid (pp) 61,569 0.40 0.23 0.64 0.00 22.40 0.11 0.48
Effective spread (pp) 60,308 0.35 0.22 0.38 0.00 3.00 0.11 0.46
Excess volatility relative
to EA Sovereign benchmark (pp) 65,183 21.86 0.00 34.40 0.00 100.00 0.00 35.38
Excess volatility relative to 65,183 37.05  33.33 3353  0.00 100.00  0.00  63.64
own time mean (pp)
Herfindahl index 65,184 0.48 0.43 0.41 0.00 1.00 0.02 0.95
Amount outstanding (in EUR mn) 65,184 375.58 100.00 683.75 0.00 13410.00 20.00 490.98
Residual maturity (days) 65,184 3,188.42 888.00 13,237.70 0.00 perpetual 375.00 1,819.00
Issuance maturity (years) 65,184 57.70 7.01 363.28 0.25 perpetual 5.00 10.01
Issue price 65,184 98.92 100.00 5.03 65.73 102.04 99.73 100.00
Yield to maturity (pp) 55,330 1.70 0.75 3.59 -1.50  52.70 0.26 1.88
Last coupon rate (pp) 57,391 2.80 2.50 2.02 0.00 30.69 1.13 4.10
Issuance in non-Euro 65,184 0.32 0 0.47 0 1 0 1
currency dummy
ECB rating 1 dummy 65,184 0.35 0 0.48 0 1 0 1
ECB rating 2 dummy 65,184 0.40 0 0.49 0 1 0 1
ECB rating 3 dummy 65,184 0.19 0 0.39 0 1 0 0
ECB rating 4 dummy 65,184 0.06 0 0.25 0 1 0 0

*Note: perpetual bonds are assigned residual maturity value of 99,999 (days) in the sample.
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Table 12 (cont'd)

Variable Observations Mean Median S.D. Min Max Q1 Q@3
Unavailable seniority dummy 65,184 0.09 0 0.29 0 1 0 0
Secured debt dummy 65,184 0.11 0 0.32 0 1 0 0
Senior Unsecured debt dummy 65,184 0.70 1 0.46 0 1 0 1
Subordinated debt dummy 65,184 0.09 0 0.29 0 1 0 0
CoCo dummy 65,184 0.00 0 0.07 0 1 0 0
Fix coupon dummy 65,184 0.62 1 0.48 0 1 0 1
Floating coupon dummy 65,184 0.32 0 0.47 0 1 0 1
Indexed coupon dummy 65,184 0.01 0 0.08 0 1 0 0
Zero coupon dummy 65,184 0.04 0 0.20 0 1 0 0
EA country dummy 65,184 0.77 1 0.42 0 1 1 1
non-EA but EU country dummy 65,184 0.23 0 0.42 0 1 0 0
Group A EA country dummy 65,184 0.15 0 0.35 0 1 0 0
Group B EA country dummy 65,184 0.09 0 0.29 0 1 0 0
Group C EA country dummy 65,184 0.53 1 0.50 0 1 0 1
Q4 2013 dummy 65,184 0.12 0 0.33 0 1 0 0
Q1 2014 dummy 65,184 0.12 0 0.33 0 1 0 0
Q2 2014 dummy 65,184 0.12 0 0.32 0 1 0 0
Q3 2014 dummy 65,184 0.12 0 0.32 0 1 0 0
Q4 2014 dummy 65,184 0.11 0 0.32 0 1 0 0
Q1 2015 dummy 65,184 0.11 0 0.31 0 1 0 0
Q2 2015 dummy 65,184 0.10 0 0.30 0 1 0 0
Q32015 dummy 65,184 0.10 0 0.30 0 1 0 0
Q4 2015 dummy 65,184 0.01 0 0.11 0 1 0 0
Q1 2016 dummy 65,184 0.09 0 0.29 0 1 0 0
Table 13: Summary statistics. Euro area issuance sample, Q4 2013 - Q1 2016 period
Variable Observations Mean Median S.D. Min Max Q1 Q3
ClI (pp) 50,213 38.09 12.64 42,75 0.00 100.00 0.00 9542
Gov (pp) 50,213 0.71 0.00 569 0.00 100.00 0.00 0.00
NFPS (pp) 50,213 17.61 0.08 3255 0.00 100.00 0.00 12.54
IVF (pp) 50,213 7.00 0.00 16.10 0.00 100.00 0.00 6.00
MMF (pp) 50,213 1.00 0.00 7.11 0.00 100.00 0.00 0.00
ICPF (pp) 50,213 9.16 0.00 2342 0.00 100.00 0.00 2.24
OFI (pp) 50,213 0.82 0.00 6.25 0.00 100.00 0.00 0.01
U (pp) 50,213 0.01 0.00 0.13 0.00 7.33 0.00 0.00
Volatility (pp) 50,213 0.15 0.08 0.22 0.00 8.94 0.03 0.18
Bid Ask/Mid (pp) 47,496 0.40 0.23 0.65 0.00 22.40 0.11 0.48
Effective spread (pp) 46,765 0.35 0.22 0.38 0.00 3.00 0.11 0.46
Excess volatiity relative to EA 50,212 2019 000 3344 000 10000 000 31.82

Sovereign benchmark (pp)
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Table 13 (cont'd)

Variable Observations Mean  Median S.D. Min Max Q1 Q3
Excess volatiity relative to 55 ) 36.96 3333  33.66 000 10000 0.00  63.64
own time mean (pp)
Herfindahl index 50,213 0.57 0.66 0.39 0.00 1.00 0.15 1.00
Amount outstanding (in EUR mn) 50,213 310.50 66.67 596.04 0.01 13410.00 15.30 333.33
Residual maturity (days) 50,213 2548.90 829.00 11276.88 0.00 perpetual 356.00 1689.00
Issuance maturity (years) 50,213 43.55 7.01 309.05 0.82 perpetual 5.00 10.01
Issue price 50,213 98.99 100.00 5.16 65.73  102.04 99.80  100.00
Yield to maturity (pp) 42,811 1.65 0.69 3.72 -1.50 52.70 0.26 1.72
Last coupon rate (pp) 43,805 2.68 2.50 1.93 0.00 30.69 1.00 4.00
Issuance in non-Euro g5 595 022 0.00 041 000 100 000  0.00
currency dummy
ECB rating 1 dummy 50,213 0.31 0.00 0.46 0.00 1.00 0.00 1.00
ECB rating 2 dummy 50,213 0.42 0.00 0.49 0.00 1.00 0.00 1.00
ECB rating 3 dummy 50,213 0.20 0.00 0.40 0.00 1.00 0.00 0.00
ECB rating 4 dummy 50,213 0.07 0.00 0.25 0.00 1.00 0.00 0.00
Unavailable seniority dummy 50,213 0.11 0.00 0.31 0.00 1.00 0.00 0.00
Secured debt dummy 50,213 0.05 0.00 0.21 0.00 1.00 0.00 0.00
Senior Unsecured debt dummy 50,213 0.76 1.00 0.43 0.00 1 1.00 1.00
Subordinated debt dummy 50,213 0.09 0.00 0.28 0.00 1.00 0.00 0.00
CoCo dummy 50,213 0.00 0.00 0.06 0.00 1.00 0.00 0.00
Fix coupon dummy 50,213 0.61 1.00 0.49 0.00 1.00 0.00 1.00
Floating coupon dummy 50,213 0.33 0.00 0.47 0.00 1.00 0.00 1.00
Indexed coupon dummy 50,213 0.01 0 0.09 0 1 0 0
Zero coupon dummy 50,213 0.04 0 0.20 0 1 0 0
Group A EA country dummy 50,213 0.19 0 0.39 0 1 0 0
Group B EA country dummy 50,213 0.12 0 0.32 0 1 0 0
Group C EA country dummy 50,213 0.69 1 0.46 0 1 0 1
Q4 2013 dummy 50,213 0.13 0 0.33 0 1 0 0
Q1 2014 dummy 50,213 0.12 0 0.33 0 1 0 0
Q2 2014 dummy 50,213 0.12 0 0.32 0 1 0 0
Q3 2014 dummy 50,213 0.12 0 0.32 0 1 0 0
Q4 2014 dummy 50,213 0.11 0 0.32 0 1 0 0
Q1 2015 dummy 50,213 0.11 0 0.31 0 1 0 0
Q2 2015 dummy 50,213 0.10 0 0.30 0 1 0 0
Q3 2015 dummy 50,213 0.10 0 0.30 0 1 0 0
Q4 2015 dummy 50,213 0.01 0 0.09 0 1 0 0
Q1 2016 dummy 50,213 0.09 0 0.28 0 1 0 0

*Note: perpetual bonds are assigned residual maturity value of 99,999 (days) in the sample.
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Appendix C: Additional robustness checks

First stage regressions

Each model specification from Appendix A contains eight endogenous variables: seven
sectoral holding variables, as well as one liquidity measure or the realized volatility variable,
depending on which one of equations (1) or (2) is tested. Consequently, the first stage of the
GMM or 2SLS estimations encompasses eight reduced-form regressions, where each

endogenous variable is regressed on instruments and exogenous variables.

Due to the way the Z matrix!® is constructed in standard instrumental variables models, all
instruments will enter the first stage regressions in place of the endogenous variables, since
otherwise the endogeneity issue would persist in the first stage and fail to remove the

correlation between the error term and the instrumented (fitted) variable.

The results of the first stage regressions corresponding to the main iterative GMM
specifications are provided below in Tables 14-25 for the Worldwide, EU and euro area
issuance samples, respectively. The results for the 2SLS and EC2SLS models are similar

with regard to significance and magnitudes.

Since the first stage regressions are reduced-form, due to the fact they are projections of the
endogenous variables onto a space orthogonal to the error term, little insight can be gained
from the analysis of the estimates. However, it can be noted that the regressors which are
the envisaged instruments for the endogenous variables are all highly statistically significant,
and showcase meaningful magnitudes. The estimates of interest are marked in bold fonts in

the below tables.

For example, for the worldwide issuance sample, each year (approx. 260 business days)
closer to maturity widens the standardized bid-ask spread by 0.09 (approx. 15% of one
standard deviation). Similarly, the effective spread is widened by 0.1 (approx. 26% of one
standard deviation). The off-the-run status has the expected sign, increasing bid-ask
spreads by 0.0162, and effective spreads by 0.0506 whenever the bond is off-the-run.

Regarding the excess volatility measures, it should be noted that there is a scale difference
between them and the realized volatility of returns measure we are after. While the latter

18 The Z matrix contains all instruments and exogenous variables of an instrumental variable
approach model.
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exhibit a median of 0.1 pp. and a maximum of 8.94 pp. on the worldwide issuance sample,
the excess measures are by construction bounded by 0 pp. and 100 pp., where 100 pp.
means all days within a quarter have exhibited higher realized returns volatility of the ISIN
relative to the comparison measure (i.e. the iBoxx benchmark or own historic volatility).
Therefore, for each standard deviation increase of the excess volatility benchmark (own
historic volatility) the realized returns volatility responds by an increase of about 0.01 — 0.12

pp. (0.03 pp.) or in relative terms, about 5.12% - 49.56% (12%) of one standard deviation.

The one quarter lagged holdings showcase high persistence (coefficients above 0.9), with
the exception of the extra-euro area regressions, where the lagged holdings show an effect
in excess of 0.5. This is to be expected, as the latter is an aggregation of various

unidentifiable sectors which could distort their persistence profile.

The magnitudes of all these instruments, coupled with the fact their estimates are highly
statistically significant, supports the relevance criteria. Nevertheless, we would caution on
the use of these estimates for anything else than judging the quality of the instruments, as
the first stage models have no structural grounding and may therefore be mispecified from a

causal point of view.
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Results using less conservative market data restrictions

In the interest of using a sample which is free from outliers, our main results are estimated
using a dataset which enforces several restrictions on the market data side. Some of these
constraints may lead to a sample populated by the most liquid issuances. As a robustness

check, we verify that the relationships we identify hold also for an unfiltered sample.

To this end, we construct an alternative sample, where the observations that contain prices
which do not vary for three days in a row, as well as quarters for which we do not have at
least 20 business days’ worth of data are no longer eliminated from the sample. This leads
to a gain of 24,958 ISIN-quarter observations relative to the original dataset, with the
guarterly distribution depicted in Table 26. The drop in the number of observations for
201504 is still present, despite a gain of 118 data points and is driven in both cases by data

availability at the source.

Table 26: Distribution of SHSS ISIN-quarter datapoints, unrestricted market data

without with market data
date market data or under ECB non- Total

standard purchases (in the estimation sample)

201394 92,110 12,917 105,027
201401 93,828 13,816 107,644
201492 95,706 13,870 109,576
201493 95,742 13,862 109,604
201494 93,705 13,227 106,932
201501 94,578 12,501 107,079
201592 94,885 12,245 107,130
201503 92,670 12,096 104,766
20154 82,123 2,287 84,410
201691 97,073 12,031 109,104
Total 932,420 118,852 1,051,272

Table 28'° shows that the results for the liquidity equation are by and large in line with the
original iterative GMM specifications for all issuance samples considered. The main sectors
identified as relevant for the liquidity and volatility conditions of secondary bank bond
markets, IVF and MMF, are highly statistically significant and their effect is slightly larger,

albeit within the same order of magnitude as the main sample results.

The volatility equations for the alternative sample are presented in Table 29. The estimates
for the main sectors identified by our analysis maintain their statistical significance and sign
for this sample, while their magnitudes are smaller. This effect can be explained by the fact

the new data points, which are primarily based on prices that do not exhibit variation from

19 Figures are bolded only if the results are statistically significant for both liquidity measures tested and for all
samples considered.
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day to day, have a downward biasing effect on the volatility measure since the latter is the

realized standard deviation of daily returns (see Table 27).

Table 27: Mean and median of market conditions variables by sample; original sample values in parentheses

EA

EU

Worldwide

Mean: Bid-Ask/Mid price
Median: Bid-Ask/Mid price
Mean: Effective Spread
Median: Effective Spread
Mean: Volatility

0.5432215 (0.3956833)
0.2893209 (0.2271355)
0.7719597 (0.3492168)
0.3003359 (0.2226167)
0.0014937 (0.1459716)

0.5636658 (0.3978056)
0.3028342 (0.2260259)
0.7593806 (0.3497587)
0.3112443 (0.2218015)
0.0016667 (0.1588018)
0.0007813 (0.0863194)

0.5487845 (0.3889574)
0.2759487 (0.20795)

0.7293757 (0.3383855)
0.2861933 (0.2143902)
0.0017929 (0.1724935)
0.0007933 (0.0992256)

Median: Volatility 0.0007325 (0.0787342)

However, in relative terms, the volatility results are comparable. Using the new sample’s
median, for example, we can see that for the worldwide issuances a 10 pp. increase in the
holdings of the IVF sector (for the case of a representative bond with volatility at the median
of the new sample) leads to an increase in the realized volatility of 12.86% (13.61%)
depending on which liquidity measure we use as a control. For the original sample, this

effect was somewhat smaller at 5.3% (5.8%).

Similarly, for the case of MMFs, a 10 pp. increase in holdings leads to an increase of 24.58%
(13.36%) in volatility, whereas the original sample places these figures around 15.12%
(15.02%). The remaining sectors and issuance sub-samples see a relative effect in line with
the main findings, albeit adjusted in magnitude due to the new scaling induced by the non-

varying data points.
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