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“Whether central banks' large-scale asset purchases succeed in reducing term
premiums hinges upon whether the preferred habitat hypothesis holds.”

Haruhiko Kuroda, Governor of the Bank of Japan

1.Introduction

The origins of market segmentation and preferred habitat theories go back to the 1950s and
1960s and the seminal papers of Culbertson (1957) and Modigliani and Sutch (1966). The key
idea is that investors value certain assets for reasons other than expected return or risk, so
that they have a preference for certain asset classes or, in the case of bonds, maturities. This
has the general implication that local demand and supply conditions can become important
in price determination, as investors require compensation for changing their asset holdings
in response to shocks.! In recent years, this theoretical result has become a central part of the
narrative around the transmission of central bank quantitative easing (QE) policies through
the so-called portfolio balance channel and the view that this mainly works by reducing term
premia. More broadly, preferred habitat behaviour has important implications for a number
of other literatures where the investor structure matters, including debt management
(Andritzky, 2012), the role of different investors in absorbing or amplifying price shocks
(Timmer, 2018) and in the price formation process (Koijen, Richmond and Yogo, 2020).

In this paper we examine preferred habitat behaviour in the UK government bond (gilt)
market using a newly available, highly granular dataset provided by Euroclear UK and
International, which contains detailed account-level information on gilt transactions and
portfolio holdings. The gilt market is often thought of as being influenced by preferred habitat
investors because of the large gilt holdings of institutional investors like pension funds and
life insurers, so it provides a natural laboratory for examining this kind of behaviour.? Since
we do not have information on other asset holdings outside the gilt market, preferred habitat
is defined by an investor exhibiting a specific maturity preference for gilts. We interpret this
in terms of the investor’s preferred portfolio duration habitat, given that nearly all investors
hold a portfolio of different bonds and that gilts are typically coupon bonds, so that duration
provides a more appropriate measure of interest rate risk. A focus on duration is also
consistent with the desire of some investors to match the long duration of their liabilities.

This paper makes three important contributions to the literature. The first is to classify
investors according to their investment behaviour, based on their gilt transactions and gilt
portfolio holdings during 2016 and 2017. Using cluster analysis applied to the average
portfolio duration of individual investor accounts and the observed range of that average

! This requires there to be some market imperfection that prevents the activities of arbitrageurs offsetting the
effects, see discussion below.

2 Greenwood and Vayanos (2010) discuss how pension reforms in the UK induced a large increase in pension
fund demand for long-dated gilts, which led to dramatic effects on the term structure of gilts yields in 2005
and 2006.



portfolio duration over the sample, we find that investors can be classified into distinct
groups, some of which display the behavioural properties that theory would associate with
preferred habitat investors. Moreover, these preferred habitat investors are present across
the yield curve rather than being limited to any specific segment. By matching our data with
other information sources, we also show that our identified groups of preferred habitat
investors include institutional investors, like life insurers and pension funds, which are
commonly thought of as exhibiting preferred habitat behaviour. This acts as a cross-check on
our identification methods, but also provides some support for studies in the literature that
use sectoral data to examine the impact of preferred habitat demand, by making the
assumption that certain sectors can act as proxies for preferred habitat investors.

Our second contribution is to examine the other behaviours associated with preferred habitat
investors. We estimate how sensitive the demand of our investor groups is to price changes,
finding evidence that the price elasticities of our identified preferred habitat investors are
lower than for other investor groups, as theory would suggest. We also find evidence that
our preferred habitat investor groups turn over their security holdings less than other investor
groups, which is another implication of the theory. As well as being interesting in their own
right, both findings support our identification methods.

The third contribution of the paper is to use our investor group classifications to examine a
case study; namely, the effects of the Bank of England’s £60 billion of gilt purchases during
August 2016 to March 2017, so-called QE4. Using our identified investor groups, it appears
that groups identified as preferred habitat investors sold a greater proportion of their
holdings to the Bank than other groups. These results appear consistent with the operation
of the so-called portfolio balance channel but, because the holdings of our sample of
identified preferred habitat investors represent a relatively small share of outstanding
government debt, we cannot reliably infer how important the incidence of preferred habitat
was in explaining the aggregate impact of QE4 across the yield curve.

The rest of this paper is structured as follows. Section 2 discusses how preferred habitat
investors are described in theory and tested for in practice. Section 3 describes the properties
of our main dataset and the sample we use in subsequent analysis. Section 4 discusses our
clustering methodology and the main criterion we use to examine preferred habitat
behaviour. Section 5 provides our empirical results, which identify four preferred habit
investor clienteles from the data and, using other data sources, attempts to match which
sectors they come from. Section 6 looks at the price sensitivity of the different investor
categories we identify. Section 7 examines the Bank of England’s gilt market purchases in
August 2016 to March 2017 and contemporaneous changes in the holdings of different
investor groups. Section 8 summarises our main conclusions.



2. Preferred habitat investors in theory

In order to understand preferred habitat investors in theory, the natural starting point is the
classic papers by Culbertson (1957) and Modigliani and Sutch (1966), referred to in Section 1
above.

Culbertson’s paper was intended to offer “a first approximation to a realistic theory of the
behaviour of the term structure of interest rates”, where “substitutability between short-
term and long-term debt on the part of both borrowers and lenders ... is limited in extent”.
This has the consequence that “when the maturity structure of debt supplied to the economy
undergoes a substantial short-run change ... this is reflected in the rate structure”. Culbertson
doesn’t refer to preferred habitat investors explicitly, although his theory clearly relies on
lenders and borrowers preferring securities with specific maturities.

In their paper on the Kennedy Administration’s “Operation Twist”, Modigliani and Sutch
(1966) develop a model, referred to as Preferred Habitat theory, which is a modified version
of the Market Segmentation Hypothesis due to Culbertson (1957). As well as incorporating
risk premia (as in Hicks (1939)), Modigliani and Sutch allow for the fact that different agents
may have different habitats, rather than just wanting to turn their portfolio into cash in the
short term, raising the possibility of preferred habitats existing in different parts of the yield
curve. Risk aversion leads investors to prefer to stay in their maturity habitat, unless other
maturities compensate for the risk and cost of moving out of it. In this model, the risk
premium can be negative or positive depending on supply and demand in the particular yield
curve segment. As a result, the spread between long and short rates will be influenced by
“the supply of long- and short-term securities by primary borrowers (i.e., by borrowers other
than arbitrageurs, relative to the corresponding demand of primary lenders, to an extent
reflecting prevailing risk aversion, transactions costs, and facilities for effective arbitrage
operations)”.

Although popular with market practitioners, preferred habitat theories were often criticised
for their lack of micro foundations, and mainstream finance theory with its faith in the role of
arbitrage and market efficiency tended to dismiss their relevance for asset pricing.® As a
result, the topic of preferred habitat had largely been banished from serious academic
research by the time of the global financial crisis in 2007-2009.*

3 The empirical evidence for the hypothesis has also been mixed, with the perceived failure of the Fed’s
attempt to twist the shape of the yield curve in the 1960s (“Operation Twist”) often cited as evidence against
the theory (see Modigliani and Sutch (1966)). More recent analysis of this intervention has been more
favourable (see Swanson (2011)).

4 The literature on the optimal portfolio choice problem of a long horizon investor (e.g. Merton (1969, 1971
and 1973) and Stiglitz (1969)) can also be thought of as providing a theoretical grounding for long-term
preferred habitats. This is made explicit by Wachter (2003), who shows that as risk aversion approaches
infinity the optimal portfolio reduces to a bond maturing at the terminal point, which she claims formalizes the
preferred habitat intuition of Modigliani and Sutch (1966). See also Riedel (2006) for another theoretical
attempt to justify preferred habitat behaviour.



With that crisis, however, these theories were dusted off and often took centre stage when
analysing the impact of central bank asset purchases (Quantitative Easing, aka QE), as alluded
to by Kuroda (2015). In order for QE, or more generally innovations in the relative stocks of
financial assets, to affect financial prices through a so-called portfolio balance effect (Tobin
(1961, 1963, 1969) and Brunner and Meltzer (1973)) there must be some degree of imperfect
substitutability between financial assets. Preferred habitat behaviour, whether motivated by
regulation or investment mandates, provides an underpinning for expecting assets to be
imperfectly substitutable and therefore has become closely associated with the view that
asset purchases by central banks affect the term premia on government bonds. Taking this
as its starting point, a large empirical literature has emerged looking at the financial market
effects of QE and debt management shocks (for recent surveys see e.g. Bhattarai and Neely
(2016) and Haldane et al (2016)).

At more or less the same time, an emerging theoretical literature was making progress in
incorporating preferred habitat behaviour into equilibrium macroeconomic models.
Although the authors do not explicitly reference preferred habitat, an early influential paper
by Andres, Lopez-Salido and Nelson (2004) incorporates similar behaviour into a dynamic
stochastic general equilibrium model by assuming there is asset market segmentation. More
specifically, their model includes two sets of households: households who are restricted to
only invest in long-term bonds, who can be thought of as preferred habitat investors, and
unrestricted households who can invest in both short and long-term securities. With the
important addition of portfolio adjustment costs, which provides a role for real money
balances to matter, the model embodies an additional channel for the central bank to affect
the real economy besides changing the expected path of future short rates. Similar
approaches are developed in papers by Chen et al (2012), Harrison (2012), Sudo and Tanaka
(2018) and Ray (2019).

In another influential paper with a modern finance perspective, Vayanos and Vila (2009, 2021)
embed preferred habitat behaviour into a no-arbitrage model with heterogeneous agents. In
their model, preferred habitat investors demand bonds with specific maturities and do not
arbitrage across the term structure. That role is played by arbitrageurs whose carry trades
across the term structure smooth through interest rate and demand shocks. Depending on
the degree of risk aversion of arbitrageurs,® shocks to demand are either smoothed across
the term structure or exhibit more localised effects. But, unless arbitrageurs are
unconstrained and risk neutral, demand shocks from preferred investors can have an impact
on yields through local supply effects and an additional duration channel, which stems from
arbitrageurs requiring compensation for the amount of duration risk they face. If central
banks are thought of as preferred habitat investors then the model has a simple read across
for looking at the impact of QE. If central banks target their purchases at the holdings of

5 The Vayanos and Vila paper is part of the larger ‘limits to arbitrage’ literature, which looks more generally at
how real-world arbitrage may be constrained in practice by lack of capital and its implications for explaining
various financial market anomalies (see the review in Gromb and Vayanos (2010)).



preferred habitat investors, there will need to be a significant fall in yields in order to
encourage them to invest in other assets.

Despite the renewed interest in preferred habitat behaviour and the importance of it for
understanding the effects of unconventional policy, there is little hard evidence on its
prevalence in different financial markets. The origins of the theory of preferred habitat
behaviour were largely theoretical, corroborated if at all with only indirect evidence from the
behaviour of market prices, rather than with direct evidence on investor behaviour. More
recent analysis, often examines the relationship between yields and aggregate measures of
net debt supply (e.g. Greenwood and Vayanos (2014), Li and Wei (2014), Strohsal (2017)).
Sometimes the demand of preferred habitat investors is proxied by the sectoral asset holdings
of specific financial institutions (e.g. Zinna (2013), Fukunaga, Kato, and Koeda (2015),
Boermans and Vermeulen (2018), Greenwood and Vissing-Jorgensen (2018), Kaminska and
Zinna (2019), Koijen et al (2021)), but the assumption that these institutions - typically
overseas official investors, insurance companies and pension funds - exhibit preferred habitat
behaviour is not directly tested. One attempt to identify habitat preference from investor
behaviour can be seen in Koijen et al (2017) who investigate the existence of home-bias in
the Euro Area government bond market. This is a different form of habitat preference to the
duration preference we will consider in this paper, however, and Koijen and co-authors only
have access to data at the sectoral level. The availability of micro data on individual investor
behaviour makes it possible for us to go further.

3. Data

As discussed above, in order to examine the behaviour of individual investors in the gilt
market, we make use of a newly available dataset provided by Euroclear UK and International
(henceforth EUI). As the central securities depository for all UK government securities, EUI
has information on both transactions and stocks at a highly granular level. Specifically, we are
able to observe the end of day stock holdings of each account in the CREST system® at the
individual ISIN level and all settled transactions between accounts, again at the level of
individual ISINs. When aggregated, the daily stock holdings covered by our dataset represent
more than 99% of the total stock outstanding, on any given day.

The accounts that make up the CREST system are classified in one of three ways; proprietary
accounts, segregated client accounts or omnibus accounts. In the first two instances, the
account represents a single underlying investor. The distinction between them is that, in a
proprietary account, the underlying owner of the securities also manages the account in the
CREST system. In a segregated account, the underlying owner of securities employs a
custodian to interact with the CREST system on their behalf, although they remain the owner

6 The CREST system settles exchange-traded and Over-The-Counter (OTC) securities transactions for UK, Irish,
Jersey, Guernsey and Isle of Man equities, warrants and covered warrants and for UK government bonds and
money market instruments. It has been owned and operated by Euroclear UK and International since 2002.



of the securities and make the related investment decisions. In the case of an omnibus
account, a single custodian will pool the securities of multiple clients into a single account,
usually for reasons of efficiency. Within our dataset, 58% of the conventional gilt stock, by par
value, is held in accounts that are either proprietary or client segregated and can therefore
be safely associated with a single underlying investor.”

By combining the stock and transaction information for these accounts with publicly available
data on the ISINs themselves, we are able to construct a range of portfolio characteristics for
each investor through time, such as their weighted-average duration, the size and diversity of
their portfolio and how frequently they trade. Summary statistics of a number of these
variables are presented in Table 1.

Table 1: Summary statistics on conventional gilts in EUI dataset, Jan 2016-Dec 2017

Full Excluding Excluding Omnibus
sample omnibus omnibus accounts
accounts accounts and
APF
# unique ISINs 48 48 48 48
Data on end of day stocks
# accounts 7,329 6,650 6,649 679
Average stock held per 159 119 66 553
account (Emn)
Average # ISINs held by each 3.7 3.1 3.1 9.2
account
Average weighted average 6.6 6.3 6.3 9.2
duration
Data on settled transactions
# accounts that trade 4,761 1,917 1,916 2,844
Average # trades per day? 6,638 6,552 6,542 2,948
Quantity traded per day 109 108 106 44
(£bn)

Our sample covers a two-year period between 4 January 2016 and 31 December 2017 and
focuses on the conventional gilt market, which had a nominal value of just over £1 trillion at
the end of 2017 and an average maturity of 13.75 years. Over the period we consider, we
have 9.8 million day-ISIN-account observations and 3.4 million trades.

4. Identifying investor groups

4.1 A metric for duration preference
To assess whether or not there exist investors in our dataset with a preferred duration
habitat, we need a metric with which to measure this preference. In the theoretical literature,

7 While some institutions hold multiple accounts it seems safe to conclude that they follow different
investment mandates and can therefore be viewed effectively as independent investors.
8 Only trades for which a qualifying account is on at least one side of the trade are included.



preferred habitat investors are often defined in terms of their preference for holding bonds
with specific maturities, which could be anywhere along the yield curve. In the highly stylised
model of Vayanos and Vila (2009, 2019), this is taken to the extreme — by assuming that
preferred habitat investors only demand the bond corresponding to their maturity habitat.
But, as the authors acknowledge, this is solely for analytical convenience.

In reality, most investors are likely to hold a portfolio of bonds, as is confirmed by our data on
individual accounts. It therefore makes sense to think of preferred habitat as relating to the
maturity of the investor’s portfolio, rather than that of a single bond. At the same time, gilts
typically pay coupons, so that duration is a better measure of interest rate risk than maturity.
This, together with the fact that some investors may be aiming to match the duration of their
gilt portfolio to their liabilities, would suggest using average portfolio duration as the
benchmark measure of preferred habitat.” It follows that those investors who target a
particular maturity habitat will attempt to minimise fluctuations in their portfolio’s average
duration.

In our benchmark analysis, we measure the duration habitat preference of each investor by
the weighted average duration of their gilt portfolio and the strength of this preference by
the 10-90 percentile range of the weighted-average duration of the same portfolio over the
sample. Conceptually, if the latter statisticis low then the investor does not allow the duration
of their portfolio to vary much and could therefore be said to have a preferred habitat. If an
investor allows the average duration of their portfolio to vary significantly from month to
month then it would seem self-evident that they do not have a preference for achieving a
specific time invariant duration.

It might be objected that we would naturally expect some investors to exhibit less variation
in the duration of their portfolios than others, but this would not necessarily indicate the
existence of preferred habitat behaviour. Rather it could be a result of a typical distribution
of values. Figure 1 plots the frequency distribution of the weighted average duration range of
each portfoliol® and brings out the point that the data would be poorly described by fitting a
single distribution; a point that the more formal analysis that follows confirms. The investors
we identify as having a narrow range for their duration habitat are not simply those who
would naturally appear in the tail of any single distribution, but rather are separable and
distinct from the other investors. More formally, the methodology we use to identify investor
groups does not impose multiple distributions, so if the data was most accurately represented
by a single Gaussian distribution, it would return that result.

The results we will go on to present are robust to using alternative measures of the stability
of the weighted average duration of an investor’s portfolio, including the stricter 0-100

9 We measure duration using modified duration, but the results are robust to using Macauley duration.
10 For this analysis we exclude a number of accounts, as discussed below in Section 4.3.



range and the standard deviation, and also to using average portfolio maturity rather than
duration.

Figure 1: Frequency distribution of weighted average duration range
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4.2 What habitats are investors targeting?

While the range of average duration can tell us whether or not an investor is operating within
a narrow duration habitat, it does not tell us what that habitat is. For this, we need to augment
our metric to include a location variable; for instance, the mean weighted average duration
of each investor, around which the range is formed. Figure 2 plots each investor’'s mean
weighted average duration against the range over which it varies. From this, it is clear that
there is a wide range of target habitats, with investors collectively targeting all parts of the
yield curve and to a more or less narrow extent. For instance, investor A (shown in the figure
in red) has a mean weighted-average duration of 2 years and a range around this of a little
less than 6 months. This means their implied preferred habitat is between 21 and 27 months.
Alternatively, investor B has a mean weighted-average duration of 20 years and a range
around that of approximately 2 years implying their preferred habitat is between 19 and 21
years. Investor C has the same mean weighted-average duration as B, but allows their
portfolio duration to vary significantly more around that mean, ranging over the sample from
between around 9 years and almost 30 years. This suggests investor C is happy for their
portfolio to have a relatively flexible habitat.



Figure 2: Differing preferred habitats of investors
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4.3 Identifying investor groups: Gaussian mixture model

To identify groups of ‘similar’ investors within our sample we employ a clustering algorithm:
a Gaussian Mixture Model (GMM). This procedure models the data on the assumption that
observations are generated from one of J underlying multivariate normal distributions. We
chose GMM due to its relative flexibility compared to other popular clustering algorithms
such as K-means. In particular, it allows for more flexible estimation by allowing for different
variances across groups. While this procedure allows for the possibility of multiple groups,
there is nothing inherent in the methodology that requires there to be multiple distributions
in the data.

For each CREST account, we define a vector y; of length D of the account’s portfolio
characteristics (D=2 in our benchmark case). Assuming that y; is drawn iid from one of the set
of J multivariate normal distributions, we pose the problem as a model (as in Lucas,
j takes
the value one in the case of membership of an account with normal distribution j and zero

Schaumburg and Schwaab, 2016) with latent discrete indicator variables z;, where z

otherwise. The model can then be written:

1 1
— 2 2
Vi = Zq . [V + Z] €i1 + ...+ Z]. H] + Z] Si]
W “ )
vector of Indicator if i is member Mean rpand
. L Covariance of
D characteristics of cluster 1 characteristics

characteristics

cluster 1 cluster 1

where €;;~N(0,1).



In order to estimate the mean and variance-covariance parameters, we maximise the log
likelihood given the account’s realised characteristics. Defining ; = Pr(z;), the log likelihood
is:

n ]
log(L(®)) = ) log )" m. d(yilu; 3
i=1 =1

Subject to Z]!zlnj = 1 and where ¢ denotes the standard normal density. Because this is

complex to solve numerically, we employ the expectation maximisation (EM) algorithm until
the solution converges. As Dempster et al (1977) show, this algorithm strictly improves the
log likelihood at each iteration. Because this can converge to a local optimum, it is common
practice to run the algorithm many times with different starting values to gauge the stability
of the optimum. To avoid a local solution, we repeated the exercise with different and random
initial mean and variance-covariance parameters. To estimate the optimal number of clusters
J, we employed the use of the Bayesian information criterion (BIC), such that our optimal
number of groupings, J, maximises the likelihood function subject to a penalty for the
possibility of overfitting, although we apply some judgement in considering the optimal
suggestion of other information criterion.

We estimated the model for accounts based on the vector of characteristics described above:
each account is described by the weighted average duration of the portfolio and the 90-10
guantile range of the weighted average duration over the sample period. We estimated the
model many times and found that our results were not dependent on initial conditions. In
addition, we found that the optimal number of groups J - that maximises the BIC - is 7. These
groups are described in more detail below.

Before fitting our benchmark model we first removed a number of accounts from our sample.
Most importantly, we exclude three groups of well-identified investors that have specific and
unique motivations for their behaviour in the gilt market: the Bank of England (which is
dominated by the Asset Purchase Facility), the Debt Management Office and Gilt-Edged
Market Makers (GEMMs). We also remove omnibus accounts as the diversity of the
underlying multiple investor base means that these accounts’ aggregate portfolio behaviour
cannot be interpreted safely as that of a single, representative investor.!! Ultimately, we fit

1 We also remove a tail of small and inactive accounts that hold fewer than 3 ISINs in sum across the
entire sample and rarely trade (fewer than 4 trades in the entire 2 years). These accounts are small in
terms of the stock holdings they represent. Our key results are robust to their inclusion, but they add
additional noise. We also ran the clustering algorithm with varying degrees of strictness for removing
inactive accounts, or particularly noisy and volatile accounts, as an additional check to confirm the
robustness of the central grouping.

10



our GMM to data on 926 accounts, which hold around 13% of outstanding stock, on average.
When combined with the holdings of the Bank of England, the Debt Management Office and
the GEMMis, this means our classified investor groups hold, on average, 58% of the total stock
of conventional gilts.

5. Identified groups of investors

5.1 Preferred habitat investors

The resulting clusters are shown in Figure 3 below, for our benchmark estimation with seven
groups. We find that investors can be classified into distinct groups, some of which more
closely display the behavioural properties theory associates with preferred habitat investors.
Four groups of investors exhibit varying degrees of preferred habitat behaviour. One distinct
group (labelled STPHI, for short-term preferred habitat investors) focuses on the short end of
the yield curve (less than 5 years duration). Two other groups focus more on the medium
term segment of the yield curve: less than 15 years duration (labelled MIDPHI, for medium-
term preferred habitat investors) and duration in a very narrow arrange around 10-12 years
(labelled MIDPHI2, for medium-term preferred habitat investors). There is one group of
preferred habitat investors that mainly target a duration at the long end of the yield curve (on
average greater than 15 years, labelled LTPHI, for long-term preferred habitat investors). The
three other investor groups identified exhibit much larger variation in their portfolio
durations, consistent with “arbitrageur” behaviour, which we denote STARB, MIDARB and
LTARB to reflect their relative preferences in terms of duration space (short-term, medium-
term and long-term).

Table 2 shows summary statistics for each of these seven groups. Preferred habitat investors
at the short end of the curve (STPHI) maintain a very narrow weighted-average duration over
the sample period. This would suggest an extreme preferred habitat from which they do not
deviate by more than plus or minus 3 % months. There are 115 investors classified as most
likely belonging to this group and they hold the largest average stock of gilts among the 7
identified groups. Investors in the MIDPHI group allow the range of their portfolio’s duration
to vary by slightly more, by plus or minus 5 % months. This suggests a slightly less extreme
form of preferred habitat, but is still remarkably narrow and far below the full sample average.
The third group of preferred habitat investors (MID2PHI) also exhibits a much more stable
portfolio duration than the average investor in our full sample, with a range of plus or minus
6 %2 months. What is striking about this group is the tight concentration of the portfolios of
these investors just above 10-years duration on average. The final group of preferred habitat
investors we identify (LTPHI) keep their portfolio duration in a larger but still relatively narrow
range of about 2 years, but collectively their preferred duration habitat targets a much larger
range of the yield curve.

Investors in the final three groups make up about a third of the investors in our analysis by
number, but hold relatively little in terms of end of day stocks on average. They allow the

11



duration of their portfolios to fluctuate dramatically over the sample period with ranges of
around +/- 3, +/- 4 and +/- 5 years respectively. It would be hard to interpret this observed
behaviour as in any way consistent with having a preferred duration habitat and it seems
more consistent with arbitrageur behaviour.

It is noticeable that as well as holding larger amounts of conventional gilts on their balance
sheets on average, the preferred habitat investor groups conduct fewer trades and churn
their portfolios less than the other investors, something that would also be consistent with
theoretical preferred habitat behaviour (see Table 2).

Our first result is therefore that there are identifiable groups of different investors within the
gilt market, and that some of these exhibit behaviour consistent with having a preferred
duration habitat.

Figure 3: Clustering of investors based on the 10-90 range of portfolio duration (Y-
AXIS) and mean portfolio duration (X-AXIS)
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Table 2: Summary statistics on identified clusters

STPHI MIDPHI MID2PHI LTPHI STARB MIDARB LTARB
# accounts 115 146 95 263 89 131 87
Mean
weighted
average
duration
Mean
weighted
average 0.7 11 1.3 3.9 6.2 8.1 10.3
duration
range
Mean stock

held (£bn) 50.2 18.2 19.7 35.5 7.6 7.1 3.3

2.7 7.1 10.5 14.5 6.5 14.6 19.6

Average

trades over 147 535 214 597 1556 986 422
sample

Average

churn* 2.9 18.6 7.8 30.11 104.3 43 43.2

* Measured by turnover as a multiple of the investor’s maximum balance sheet size over the sample.

5.2 Who are preferred habitat investors?

It is often assumed in the related literature that investors in certain economic sectors behave
as preferred habitat investors. For instance, pension funds and insurance companies and
domestic and foreign official investors are often assumed to behave in this way (see e.g.,
Zinna (2013), Fukunaga, Kato, and Koeda (2015), Boermans and Vermeulen (2018),
Greenwood and Vissing-Jorgensen (2018), Kaminska and Zinna (2019)). At best this may be
motivated in terms of investment mandates or regulatory pressures, but typically it is taken
as self-evident. Our data and analysis allow us to test the validity of this assumption more
formally.

One limitation of the EUI data we use is that it contains limited counterparty information on
the CREST account. Accounts are identified with a unique alpha-numeric code and, while we
know whether or not that code is associated with a single investor, for many we are unable
to go beyond this. To uncover counterparty information, we therefore match this dataset to
the regulatory, transaction-level ZEN database, maintained by the Financial Conduct
Authority (FCA). The ZEN database contains details on all secondary market trades of UK-
regulated firms, or branches of UK firms regulated in the European Economic Area. This
dataset covers the same time-period and provides information on the trade: the instrument
traded, counterparty identification of the buyer and the seller, the (clean) price and the
notional amount traded.
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We proceeded to match identical transactions in the EUl data and ZEN data. This allows us to
uncover the identity of the counterparties that are uniquely identified and that belong to a
CREST account associated with a single investor. Not all investor accounts are uniquely
identified, although in some cases we were able to apply judgement to identify the end-
investor. Using this matching exercise and data the Bank of England holds as a regulator, we
reliably uncover the underlying investor behind 440 accounts in the EUI data (48% of the
individual investor accounts).

At the sectoral level there are some clear patterns. Pension funds, insurers and foreign central
banks are all largely identified by our behavioural classification as preferred habitat investors.
This goes some way to validating the commonly made assumption to proxy preferred habitat
investors with these sectors. However, there are also some definite sectoral differences, most
notably where they sit on the yield curve. Figure 4 shows that foreign central banks are
present at the shorter end of the yield curve, largely targeting duration habitats of 5 years or
less. Pension funds on the other hand tend to target duration habitats of 15 years or greater.
Insurance companies sit somewhere between the two. This may seem intuitive when one
considers the differing motivations and business models of these sectors. The implication is
that while using certain sectors as proxies for preferred habitat investors is in general valid,
one should be careful about how those sectors are chosen and which part of the market is
being evaluated. Holdings by foreign central banks, for instance, may have less relevance to
supply and price dynamics at the long end of the curve than holdings by pension funds.

Figure 4: Sectoral mapping of investor groups
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Notes: Point size is scaled by average quantity of investor gilt holdings.
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6. Preferred habitat investors and price sensitivity

6.1 A stylised motivation for reduced price sensitivity

It is possible to illustrate how a habitat preference can lead to reduced price sensitivity by
making a simple modification to standard portfolio theory to allow deviations from the
preferred asset mix to impose a loss of utility.

We begin with the generic 2-asset case, where the assets are denoted A and B. We assume
an investor maximises a standard quadratic utility function in the mean and variance of the
portfolio return, but has a target weight of asset A in their portfolio, wy, so that deviations
from this target impose a loss of utility.

We can then write their utility function as
k _
E(U) = E(RP) — EVar(RP) —Twy — Wy]?

where E(RP) is the expected return on the investor’s portfolio, k is the parameter that
represents risk aversion, Var(RP) is the variance of the portfolio, w, is the portfolio share
of asset A, w, is the optimal share of asset A in the portfolio and I' denotes the cost the
investor faces in deviating from their optimal asset share.

Assuming the two asset weights sum to one, we can expand out the expression for utility to
give
k
E(U) =waE(Ry) + (1= wa).E(Rp) — 3 [W2a2 + (1 —w,)?02 + 2w, (1 —
wys) Cov(Ry, Rp)] — Twy — Wyl?
Differentiating this expression with respect to w, and setting to zero, we get

O = E(Ry) — E(Rg) — = [2ws0} + (1 — wa)?20% +2(1 — 2w,) Cov(Ra, Rp)] +
A

ZF[WA - WA] =0

Rearranging and solving for w,, we have

. E(Ry) —E(Rp) + 2T'w, + k(0% — Cov(Ry, Rp))
4 k(o2 + 0% — 2 Cov(Ry, Rg)) + 2T

As in the standard case (as outlined by Markowitz (1959, 1991) among others), the optimal
weight of asset A in the investor’s portfolio is a positive function of the spread in the expected
return of asset A over asset B, a positive function of the unhedged risk in asset B (the last term
in the numerator) and a negative function of the risk in the resulting portfolio, scaled by the
degree of risk aversion (the first term in the denominator). However, there are now some
additional terms which depend on the cost the investor places on deviating from their optimal
asset share.
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If we now differentiate with respect to the return spread, we have

0wy B 1
d(E(Ry) — E(Rp)) k(c? + 02 —2 Cov(Ry, Rg)) + 2T

It follows that the weight of asset A increases as the expected rate of return on A rises relative
to asset B. But the introduction of preferred habitat behaviour results in the additional term
in the denominator of this expression, which means that the asset share responds less to
changes in relative returns as the preferred habitat of the investor towards a particular asset
increases (ie for larger values of I'), ie preferred habitat investors are less price sensitive.

If we assume the investor can only invest in gilts then the two assets would represent
different maturity bonds. While highly stylised, the desire for holding a specific weight of
asset A could be motivated by a wide range of objectives and this format allows us to
abstract from the specifics of each and analyse the core consequences. A strong habitat
preference for a particular maturity would be reflected in a high value of I and lower
sensitivity to expected gilt price movements. It would also be reflected in lower volatility in
the maturity, or duration, of the corresponding portfolio. As an example, it could be that
asset A is more liquid, and so for balance sheet management reasons, or regulation, the
investor wishes to hold a given fraction. Alternatively, our framework also encompasses the
case in which the investor is looking to match the characteristics of their liabilities (duration,
for example) and the weight, Wy , is the asset mix which best does that.

6.2 Testing price sensitivity

We test the hypothesis that investors with a stronger habitat preference are less sensitive to
(relative) price changes by estimating the following specification on daily data for our 2-year
sample (2016-2017).

Qjit=a+ BiDiFj;_41+6 +¢&

where @ ; + is the absolute net change in investor i’s holdings of bond j as a fraction of their
holdings on the previous day and F; ;_ is the lagged absolute fitting error of bond j, based on
daily spot yield curves fitted using the variable roughness penalty (VRP) methodology.? The
fitting error is intended to capture the relative cheapness or dearness of the bond on a given
day and as such can be viewed as a relative price. We look at both the quantity and fitting
errors in absolute space because our interest is the extent to which investors change their
portfolios, not necessarily the direction in which they change them. Absolute values also
enable us to overcome the issue that, absenting a change in the total supply of a bond, a
positive change in the holdings of one investor must be offset by an equally negative change
in the holdings of other investors in the market.

12 For details on the VRP methodology, see Anderson and Sleath (2001).
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Importantly, we allow f3; to vary by investor group by interacting F; ;_; with a set of dummies
indicating whether or not a particular investor belongs to each of our 7 previously identified
groupings. Estimating the group coefficients in this way is superior to aggregating at the group
level for a number of reasons. First, it allows us to capture intra-group trading, which could
be an important part of rebalancing. Second, it appears more defensible to assume that
investors are price takers at the individual level, rather than at a higher, aggregate level. Along
with the lagged nature of our explanatory variable, this implies the risk of endogeneity from
trading positions driving fitting errors is negligible.

Lastly, we control for bond fixed effects, 8]-.

This specification therefore amounts to testing the average relative price elasticities of each
group of investors identified in our earlier analysis.

The results of the regression are presented in Table 3. They show that, as a bond becomes
cheaper or dearer relative to the curve, investors respond by changing their holdings of it by
more; the coefficient on F, f;, is positive and significant. Of more interest to our question
though is the pattern of coefficients on the interactive terms. What they show is that investors
that are in groups that our cluster analysis identifies as having tight preferred habitats are
significantly less sensitive to the relative cost of the bond than investors in groups identified
as arbitragers; the interacted coefficients are significantly negative and significantly different
to those of the arbitrageur groups. In each of the preferred habitat groups, the sum of the
benchmark coefficient and the interacted term is negative which implies that these groups
actually reduce the amount they change their portfolio as the fitting error increases. To be
clear, this is not suggesting they move against the market in a countercyclical manner, but
rather that, as a bond becomes either cheaper or more expensive, these investors become
less sensitive to changes in its relative price. Within the arbitrageur groups, the degree of
price sensitivity varies, but notably, those that have the least stable portfolio durations are
the most sensitive to changes. This supports the conclusion that they are reacting to smaller
fluctuations in price differentials and seeking to arbitrage them where possible, while our
preferred habitat groups require a larger degree of compensation to make the same
adjustments to their portfolios.
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Table 3: Regression results

(Intercept) 0.495***
(0.01)

F 0.04%**
(0.002)

STPHI *F -0.075*+*
(0.002)

MIDPHI *F -0.06***
(0.002)

MID2PHI*F -0.047***
(0.002)

LTPHI*F -0.051***
(0.002)

STARB*F -0.029%**
(0.003)

MTARB*F 0.016***
(0.005)

# obs: 142,050

Robust standard errors clustered at the
bond-investor group level.

Fixed effect coefficients not shown.

Source: Data on yield errors based on Bloomberg Finance L.P., Tradeweb Data and Bank Calculations
7. Preferred habitat investors and portfolio rebalancing: QE4 in the UK

Following the UK referendum on leaving the EU in June 2016, the Bank of England announced
a package of monetary policy actions on 4 August 2016 to stimulate the economy, including
a fourth round of government bond purchases (QE4). Between August 2016 and March 2017
the Bank of England purchased £60bn of conventional gilts as part of this new round, taking
the total stock of QE purchases to £425bn. It also purchased a further £8bn as part of its policy
of reinvesting the proceeds of maturing gilts purchased in previous rounds. These purchases
were implemented through a programme of reverse auctions.

The Bank’s QE4 gilt purchases provide an interesting case study for understanding the
investment behaviour of preferred habitat investors in response to a shock to net bond
supply. Inan accounting sense, the Bank’s purchases would have been matched by sales from
other agents in the economy, or an increase in the total stock of gilts outstanding. Past
communications by Bank MPC members (e.g. Fisher (2010)) have stressed that the intention
of QE was to buy assets from the non-bank sector, and specifically from pension and insurance
funds. If the Bank’s purchases came from relatively price insensitive investors with a
preferred habitat, it seems possible that they will have viewed the bank deposits they

18



received in exchange as an imperfect substitute and looked to rebalance their portfolios into
assets closer to those bonds. This ‘portfolio rebalancing” will have led to an increase in the
demand for other assets and thus a more generalised increase in asset prices and reduction
in yields.

We can examine this episode using our estimates of the gilt holdings of different investor
groups to produce a simple accounting of the counterparts to the Bank’s purchases. The
behaviour around the Bank’s auctions is shown in Figure 5, which applies a same-day
accounting decomposition to the net change in conventional gilts for the 81 reverse auctions
the Bank ran during August 2016 to March 2017. We include all gilts so that we capture the
net sellers of all gilts on the day of each auction. During the period, the Bank of England
bought on average £0.8bn on each auction date. Comparing the observed changes in gilts
holdings, by what might have been expected had the reaction been proportionate to the
relative stock holdings of each investor group, suggests that the Bank’s purchases seem to
have come to a much larger extent than expected from the MID2PHI category of preferred
habitat investors. This analysis obviously abstracts from the behaviour of omnibus accounts,
which combine the behaviour of a number of individual investors. This explains why the sum
of the observed change in gilt holdings across all investor groups (£0.33 billion) is considerably
smaller than the average auction size of £0.8billion.

Figure 5: The same day reaction to QFE auctions (averaged across all QE4 auctions),
all conventional gilts

0.1-
0.0-

Observed change
0.1- Expected change

Average change per auction day (£bn)

STPHI MID PHI - MIDZ PHI LT PHI ST ARB MID ARB LT ARB
Investor Group

This result is also apparent when repeating the analysis for net change over the full window
of the purchase programme shown in Figure 6. The conventional gilt holdings of the MIDPHI2
group of investors seem to have declined disproportionately, suggesting they sold a relatively
large share of the gilts bought by the Bank over the period.

The decline in holdings of preferred habitat investors seems consistent at face value with a
wider portfolio balance channel (such as found in earlier QE episodes, see e.g. Joyce, Liu and

19



Tonks, 2017), although information on where these investors invested instead and a plausible
counterfactual would be necessary for a full assessment. The fact that purchases appear to
have come relatively more from preferred habitat investors rather than other investors
suggests their impact on the yield curve may have been larger than otherwise, given their
lower price elasticity of demand. However, a fuller empirical analysis of the relationship
between investor holdings and the impact on yields across the term structure is not possible,
as our data does not allow us to identify the gilt holdings of those individual investors whose
gilt holdings are aggregated together in omnibus accounts, which are a significant part of the
market.!3

Figure 6: Change in stocks of investor groups over the QE4 period (3 Aug 2016 - 13
Mar 2017), all conventional gilts
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8. Conclusions

Using cluster analysis and a newly available and highly granular dataset on investor behaviour
in the gilt market, we are able to show that there are distinct clienteles of investors in the
market for UK government securities. Some of these investors display the behavioural
properties theory would associate with preferred habitat investors. We find that these
investors show a portfolio duration habitat and that they are less sensitive to price
movements than the other investor groups. Moreover, by matching our main dataset with
other sources, we find that they include institutional investors, like life insurers and pension
funds, which are typically thought to exhibit preferred habitat behaviour.

In a separate exercise, we use a simple accounting decomposition to show that one of the
main counterparts to the Bank of England’s gilts purchases, during its QE4 purchase
programme over August 2016 to March 2017, was a reduction in gilt holdings of the groups

13 This is not an issue for our earlier analysis that looks at classifying and analysing the impact of individual
investors, and it still allows us to make confident statements on the portion of the market that we are able to
see in our data.
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of investors we classify as exhibiting preferred habitat behaviour. The fact that some of these
investors appear to have rebalanced out of the securities purchased by the Bank is consistent
with QE purchases operating to some extent through the so-called portfolio balance channel,
although more data would be necessary to make a comprehensive assessment.
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