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1. Introduction

The UK government bond market (the gilt-edged boratket, or gilts) has been the main
financial market within which the Bank of England/®netary Policy Committee (MPC) has
undertaken its programme of asset purchases, fusygledntral bank money creation, known
as Quantitative Easing (QE). By the end of the mesent phase of QE in March 2013, the
Bank of England had completed £330 billion of pasds of gilts, amounting to just over

one-third of the total nominal stock outstanding.

Existing research on the effects of the QE progranmmthe UK has focussed either
directly on the impact on various macroeconomicreggtes, or indirectly on the economic
effects by examining the implications for the eawmyoof certain bond and other financial
market effects. The aim of this paper is to examvhether there are side effects, beneficial
or detrimental, for the bond market itself of itifge the prime vehicle for the asset purchase
programme. While the potential for the existenceside effects of the asset purchases has

been acknowledged by policy-makers, for example,

“The MPC did not explicitly use these purchasesigmal future intentions,
... . Nor were its actions focussed on improving thectioning of gilt
markets where liquidity premia, even in stressete$, were considered to
be small.” (Joyce et al, 2011)
there has been no direct attempt to identify wheskhieh effects were experienced during the

UK QE programme.

This research question is important because ofother key function of the gilt
market; it is the main debt instrument used to ftimel UK government’s spending deficit.
The stated aim of the UK Treasury’s debt managemelity objective is:

“to minimise over the long term, the costs of megtthe Government’s
financing needs, taking into account risk, whilstse@ring that debt
management policy is consistent with the aims ohetary policy”. (UK
Debt Management Office, 2013).

If QE affects the market in ways that could alsduae the cost of debt issuance, these would
be clear beneficial side effects of QE. By contrdsQE adds to the costs of debt issuance
then this potentially compounds the economic wded QE is attempting to fix. We are

particularly motivated to understand such side atffdbecause of the separation of policy



responsibilities between the UK Treasury and thekBaf England. As the Bank of England
has operational independence in the conduct of tapneolicy, the Treasury has no choice
but to accept the consequences of QE activity HHierdosts of debt issuance. The Treasury
may feel further constrained in that, in order ttotlamage the objectives and the credibility
of the Bank’s QE policy, it may choose not to utake any mitigating activity within its
debt issuance programme. Our study, therefore sseeldentify whether there is evidence

that QE may have put any pressure on the costslfissuance.

The approach that will be taken to identify theeseffects of QE is to examine the
behaviour of the returns to gilt investment and ¢bets of trading for gilt investors in the
periods of QE and compare these to the situatidordend between phases of QE. If the
(secondary) gilt market is a more attractive inwvesit prospect as a result of QE then this
should feed through to a lowering of the costshim primary gilt market. By contrast, if QE
activity creates or maintains pricing anomaliess thould discourage investors and raise
issuance costs. Thus, a key objective of our sisidg assess whether QE led to beneficial
side effects for either the investors in or issuérgilts.

In meeting this objective, this study makes a neimbf contributions to our
understanding of the effects of QE and of the fienétg of the gilts market. While other
studies have considered the immediate market ceacto QE activity, this study examines
the behaviour of gilt returns and transactionsoser the fullness of the recent QE and non-
QE phases. In addition, this paper is the firstgpap analyse all three of the QE phases
undertaken so far in the UK permitting comparistmbe drawn across the entirety of the QE
exercise. Specifically, we partition our analysisifour sub-samples, a period prior to QE,
the first phase of QE (QE1), the period betweenetie of QE1 and the start of the second
phase, and the period of time since the startet#dtond phase (QE2) until two months after
the end of the third phase (QE3).

We first examine the time series behaviour of g#turns in each sub-sample to
determine whether QE activity was generating artyrnebehaviour that is indicative of
market inefficiencies, and whether this could bgoamted with the phases of QE. We find
that the QE1 period was characterized by the demamce of significant first-order
autocorrelation in returns, indicative of an impgoent in pricing efficiency. By contrast, we
find that in the periods following QE1 and includiQE2 and QE3, the market displayed



significant negative second and third-order cotieta However, simple market timing
trading rules designed to exploit this autocorietatould not generate profits in excess of
transactions costs measured by the bid-ask spgdadg no reason to doubt the continued
efficiency of the market. This result is furtherestgthened by the fact that bid-ask spreads
themselves were reduced to around one-half of greHQE levels with the onset of the asset

purchase programme and have remained at these lleveds in the more recent sub-samples.

The use of individual bonds returns enables usdarly identify those effects of QE
that are within the gilt market and those effebtst may be between the gilt market and other
financial markets. We explore the theoretical cldsmthrough which QE may affect the gilts
market and in doing so provide a framework withihielr the results from analysing
individual bonds can be used to distinguish witmarket effects from cross-market effects.
While the use of individual bonds has been a featilso of prior event studies, our study of
the dynamics of individual gilt returns also enables to contribute to the relatively sparse
literature that has examined the effects of charigethe market structure and of major

economic events on the return dynamics and effigierd the UK bond markét.

Our most distinguishing contribution is to examthe effects of QE conditioned on
the issuance activity that is happening aroundpilmehase auctions. Previous studies that
have mostly used an event study method have itipl@ssumed that the event periods for
each bond are not systematically influenced byradlegvity relating to the bonds. However,
as we show, purchase auctions and bond issuancetis®s occurred on the same day and
sometimes did not. We explore a regression baspagh that permits the examination of
multiple factors on the bond returns. Specificalye examine whether the market is
disrupted on the days of the asset purchases thesasé&Jsing the regression framework,
accommodating the observed autocorrelations anttaterfor other events, such as bond
issuance and QE announcements, we find that giltkl@enerate a significantly large excess
return on purchase auction days, whether or ngtdhe the particular bond being purchased.
On average this excess return is equivalent to pesfentage point return (above the mean
return) on an annualized basis. What is strikinth& this effect is almost identical through
both QE sub-samples, suggesting that the assehases are having similar effects on the

gilt market during later phases of QE as they hadnd QE1. Moreover, there is some

1. For example, Steeley (1992) examined the imphtiie 1986 deregulation of UK financial marketstbe dynamics of
the gilts market, while Steeley and Ahmad (2001gneixed the impacts of various changes to the nticrctsire of the
market during the 1990s and the market’s safe hatatus during the Asian crisis and dot.com episode
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evidence that a simple timing rule designed to wa&pthis excess return would have earned
profits in excess of the costs of transacting. Tikisome small suggestion that the pricing
efficiency of the bond market is being disruptedthy activity of QE. We show that by the
end of QE3, however, this pricing anomaly is nogemable to exceed transactions costs,
indicating that the market had been able to eliteitiae earlier disruption from QE purchase
activity. This is in part due to the reduction preads over the phases of QE that we show is
strongly related to the sustained presence of thekBof England as a purchaser in the
market. The fact that QE activity also reducedtiteask spreads in the market demonstrates
an important trade-off between securing improveséat operational efficiency (costs of

trading) and price efficiency (eliminating retunmoenalies).

Of course, economic policy makers might argue ithiatentirely the intention of QE
to distort the yields in the bond market, but wewhhat this is clearly not without side
effects. If secondary market investors are ablmase short-term excess returns during QE,
then bonds may be being issued on less favourabhest(for longer-term investors) than
would otherwise be the case. As the phases of Qe awecompanied by much issuance
activity, as part of a programme to recapitalize hnking sector, there were many occasions
where issuance activity and QE purchase activityewiaking place on the same day. It is
possible, therefore, that bonds may not have bekhat as fair terms as would otherwise
have been the case. This could generate reluctamdbe part of longer-term investors to
participate in gilt issuance auctions leading tpotential rise in the costs of debt issuance.
Overall, our analysis shows that QE has had cleatgntifiable side effects for the
operational and price efficiency of the gilt markabd that these have been mostly

favourable. Any unfavourable effects appear to Haeen temporary experiences.

The remainder of the paper is structured as folloMe next section briefly reviews
the UK QE operations, explores the economic théway underpins the mechanisms through
which QE can influence bond market efficiency ameréafter issuance costs, and reviews the
prior related empirical evidence. Section 3 deswithe data and some comparative summary
statistics of the bond returns across the diffef@htrelated sub-samples. Section 4 presents
the analysis of the dynamics of gilt returns, tngdcosts and profits from autocorrelation
based trading rules, for the same sub-samplesioBegtreports the results of the regression
analysis of the effects of gilt purchase aucti@mtrolling for other market activity. Section
6 describes the results of further trading ruldstelesigned to exploit the potential return

anomalies relating to QE activity that are ideetifiby the regression analysis. Section 7
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considers the factors that affect trading costinduhe phases of QE both to check that these
are not confounding the return regression resaiftd,also to determine what has caused their

sustained reduction since the beginning of QE.i&@e& summarizes and concludes.

2. The Operation and Bond Market Effects of Quantie Easing in the UK

The quantitative easing program in the U.K canib@ed into three periods of activity. The
first period, QEL, is between March 2009 and JanR@10, when £200 billion was spent to
purchase assets, mostly gilts. The majority of gavent bonds purchased was bonds with
maturities of between 5 and 25 years. By the entheffirst QE round 40% of the stock
outstanding of 3-10 year maturity bonds were pwetda50% of the 10-25 year maturity
bonds, and 15% of the more than 25 years matuoitgl® were purchased. Other assets such
as commercial paper and corporate bonds were alsohgsed by the Bank but in
significantly smaller quantities, and these wermdpsold back into the market by December
2009. At the meeting of the Monetary Policy Comegtheld on the'of February 2010, the

members decided not to increase the limit for gsgethases further.

In October 2011 the second round of quantitativeingabegan (QEZ2) after the
members of the Monetary Policy Committee votednicrease the limit of asset purchases
further by £75 billion. A further increase of £5{libn was announced in February 2012 and
the purchases were accomplished by thfeo® May 2012. Thus, the second round of QE
program can be characterized by £125 billion oeapsirchases between October 2011 and
May 2012. After only a two-month gap the QE assetipase facility was restarted again. On
the 8" of July 2012, the MPC announced a further £50Gidpillof gilt purchases, to be
completed by November 2012, QE3. Although the QiR @E3 phases have been separately
distinguished in some recent survey papers, Jdayak(8012) and Martin and Milas (2012),
the short gap between them may mean that thisdigth is not preserved in the future. To
obtain comparable sample sizes for QE and non-Qsgshin this study, we choose not to
distinguish between the QE2 and QE3 phases.



2.1 The effects and side-effects of QE: Theoretioakiderations

Quantitative easing has three main channels threvgbh it can affect the economy. The
first is a signaling channel. The use of QE dematss a commitment to low interest rates
and monetary easing more generally, and this &ylito boost investment and consumption.
The second is a liquidity channel. In this case, ghrchases of gilts from the banks, by the
Bank of England, enhance their reserve levels, gshatld then facilitate greater lending to
commercial activity. The third channel is a portidbalance channel, whereby the purchases
of gilts may lead to an increase in asset pricdschvleads to both wealth effects and lower
costs of capital, that in turn boosts the econormgough increased investment and
consumption. As well as the direct upward pressuragilt prices that may arise from the
Bank’s purchases, there can arise an additiongpf&ieffect” to increase the prices of other
assets if the sellers of the gilts do not regaeddash received as a perfect substitute for the
gilts sold, and use the cash to purchase othetsaddes process may continue until all asset
prices have been bid upwards to rebalance assHolmps to accommodate the increased

cash balancés.

The nature of the portfolio balance channel wagimaily described by Tobin (1961,
1963, 1969) and Brunner and Meltzer (1973). Theyped that central banks, by varying the
relative supplies of assets with different matastiand liquidity, could affect the relative
yields on those assets due to imperfect substitityald hus, following an asset supply shock,
relative prices and yields would adjust to restequiilibrium. The preferred habitat and
segmentation theories of Culbertson (1957) and ijiedi and Sutch (1966), where
investors have preference for a particular rangmaiurities along the yield curve, implies

that an imperfect substitutability may exist alsthwm the bond market itself.

While these theories generate useful comparatiagcspredictions of the possible
effects of QE on yields, they do not directly addrahe possible effects on the return
dynamics and trading costs that are the focusisfstiady. However, in combination with the
theoretical results in Ross (1989) a possible trasson mechanism from QE actions to
return dynamics can be developed. Ross (1989) asedtarbitrage martingale theoretical
asset pricing framework to establish that the magei of price changes reflects the rate of
information flow into an efficient market. If thearket is absorbing information too slowly,
then price adjustments may be too small, and ses@price movements are likely to be

2. See Benford et al (2009) for more detail on hasheof these QE transmission channels operates.
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positively correlated. By contrast, if the markstdverreacting to information, then price
adjustments may be too large, generating negatitecarrelation until the genuine signal
within the information is deciphered. Thus, if metriparticipants display differential speeds
of processing the implications of QE activity, thdans can generate dynamic regularities in
bond returns. As the QE purchase auctions wereegepented events, it would not be
surprising if market participants had difficultyitially in processing the implications of these

events, at least temporarfly.

In addition to the effects on return dynamics,fihesence of the Bank of England as a
large buyer may improve the functioning of the gilirket, making it easier for participants
to sell gilts, particularly during stressed corwht. Together the transactions costs and
inventory-based theoretical models of market micuosure would suggest that the
increasing market activity would reduce the likebl of gilt traders holding undesirable
inventory positions, which in turn would reduce #@eads that are the compensation for
providing immediacy in transactioiBy the end of QE1, for example, the Bank of Englan
owned as much as 60 percent of the outstanding stbcsome gilts, with an average
ownership across the market of around 30 percdrg. dwnership of gilts by the Bank of
England across the sample is shown in Figures 1 2andverage ownership increased
between QE1 and the later QE phases, but not signify (p=0.18), while the ownership
shares during the phases of QE are significantijhdr than for the period in between
(p<0.01). This dip in ownership share betweenphases of QE, in Figure 1, is a result of
the issuance activity increasing while QE was pdu$éis increase in issuance can be seen
in Figure 2. The extensive participation by the BahEngland in the market should improve
liquidity and, in turn, reduce the bid-ask sprealisese reductions in spreads may also feed
through to reductions in (positive) return autoetation. If transactions costs fall, then
smaller price anomalies can be traded upon prayitdb prices are adjusting too slowly,
because transactions costs are prohibiting a moreyt adjustment, then the lowering of
transactions costs should deliver an increase enspieed of price adjustment. This should

reduce positive autocorrelation in returns.

3. The possibility of differential speeds of infation processing is a key feature of behavioralamations of asset pricing
behaviour, see, for example, Barberis et al (1998 role of informational asymmetries (in knowledag opposed to
processing ability) in generating protracted efeoh asset prices, and bid-ask spreads, is a kayréeof models of
financial market microstructure, going back to Bagefpseud. Treynor) (1971), Copeland and Galai 8)9&losten and
Milgrom (1985) and Kyle (1985).

4. The role of transactions costs in the deterrionabf spreads was first formalized by Demsetz 8)9&arly inventory

based models of market microstructure include Gar(h876), Amihud and Mendelson (1980) and Ho armd §it980).
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Since an efficient financial market provides a faice for both investors and issuers,
the removal of sluggish or exuberant price adjustsiés likely to be beneficial to both types
of participant, if this encourages greater partitign in the market that improves liquidity

and further drives down spreads in a virtuous eircl

Moreover, if the market itself becomes more ativacto investors relative to other
assets, as result of the removal of pricing anasaiind the reduction in spreads, then this
could raise the demand for gilts still further dedd to a lowering of the financing costs for
the Treasury; a beneficial side effect of QE. Bytcast, if QE has generated pricing
anomalies or increased spreads, against what rbaykixpected given the discussion earlier
in this section, then the gilt market might be sslattractive long-term investment prospect
and so issuance costs may rise. Issuance costsalsmayise if there is a contemporaneous
over-supply of gilts into the market, which wouldatlease prices and increase yields. Such a
situation presents a potentially destabilizing scien of issuing debt to fund the QE

programme, rather than to meet the fiscal deficit.

Since QE coincided with a huge fiscal deficit gbu about by the need to
recapitalize the UK banking sector, there was aehuoigt issuance of gilts during the QE
period. This can be seen in Figure 2 that showsxtpansion of the gilt market on a monthly
basis from 2004 until 2013, the cumulative netassme (expansion of the total debt) to that
month, and the proportion of the total stock owhgdhe Bank of England by that month.
Because of this extensive issuance activity, whigh alongside QE and with it was
ultimately part of the broader economic policy meas being adopted in the post-crisis
period, it becomes an empirical question as to drethe phases of QE led to a fall or an
increase in yields, and thus the cost of governrdeht issuance. This is also the reason for

controlling for issuance activity in the analysfgeturn behaviour in response to QE activity.

With the Bank of England having independence tad#ethe stance of UK monetary
policy, the Treasury effectively has to accept whiat are the consequences of QE activity
for the costs and risks of debt issuance of QEvigtiwhile it is in the broader economic
interests that QE does not raise the costs of wshbiance, the Treasury may have been
willing to accept any (temporary) rise in the cosfsdebt issuance if this ensures the

credibility of the Bank of England’s monetary paglic



2.2 Prior empirical findings of the effects of QE

Using an event study method, Meier (2009) findst tite first round of QE purchases
reduced the 10-year yield on gilts by at leastdB6Q basis points. Joyce et al (2011) find that
gilt yields were reduced by as much as 100 basiggby the purchases. However, studies
by both Glick and Leduc (2011) and Meaning and Zhodl11) find considerably smaller
effects closer to 50 basis poiit3his difference may reflect the different choiagsevent
windows between the studies. Glick and Leduc (2G#®) Meaning and Zhu (2011) use a
single day event window, whereas Joyce et al (20%&)a two day window. Doubling the

event window appears to double the reduction itdgie

Joyce and Tong (2012) use high-frequency data tam@e the effects of
announcements of QE activity, such as decisiomaise the threshold, and also the purchase
auctions on the vyields of individual gilts. Theividence suggests that the key QE
announcements also reduced vyields by around 108 pasts on these days. They also
identify local supply effects of gilt purchase aans, whereby the yields of gilts fall
temporarily in response to the quantity of giltsued and also to those of near maturity
substitutes. The yields also responded after tletaauto the amount of information that the

auction itself conveyed about the supply of gilts.

Breedon et al (2012) examine the impact of QEthenUK bond market by using a
macro-finance model to construct a counter-facpiedltl curve. By comparing the difference
between the observed yield curve and their estimiaehat the yield curve would have been
in the absence of QE, they too find a reductioyigéhds resulting from QE of around 50 basis

points at the 10 year maturity.

There are relatively fewer studies considering@i2 and QE3 periods. Joyce at al
(2012) found that yields actually rose slightly idgrQEZ2, but only by amounts well within
the margins of international yield movements arotimel same period. Meaning and Zhu
(2011) also suggest that QE2 did not reduce govenbrbond yields. However, a study

Banerjee et al (2012) that used changes in auati@turity sectors to assist in the

5. However, Glick and Leduc (2012) report strongféects of asset purchases on US bond yields ainard00 basis points
for the 10 year maturity. Other studies of the@&en US bond yields, which encompass a rangeosEments of between
30 and 100 basis points, include Gagnon et al (R@Amico and King (2010), Doh (2010), Krishnanmtwytand Vissing-

Jorgensen (2011) and Neely (2012).

6. Other models of the yield curve have been useekaimine the impact of US QE by, for example, H@miand Wu

(2011) who found a 13 basis point yield reduction S QE2 and Bauer and Rudebusch (2013) who fonn@Qabasis

point reduction in the 10 year yield for QEL.



identification of supply surprises indicates tha effects of QE2 were of similar sign and
magnitude to those of QE1. Some preliminary eveémtlys analysis in Martin and Milas

(2012) undertaken while QE3 was still in progresdidgated that yields fell at most by 12
basis points.

In summary, the existing evidence suggests thatagdet purchases engineer short-
lived changes in bond yields. This is broadly cstesit with the successful operation of a
portfolio balance transmission mechanism througthéowider econom{.Only a portion of
the existing empirical work considers individuahis, with much looking at the yield curve
that may obscure some of the finer detail. Thealye in this study is to not only focus on
individual bonds, but to do so from the viewpoirft whether there are beneficial or
detrimental side effects from QE activity, whichre aeither concealed within previously

observed effects on yields or are in addition astheffects.

3. Data and Summary Statistics

We use a sample of 46 UK government bonds thaéatdlely span the period January, 1
2004 to May 18, 2013. This is a period of 2362 trading days. Bhads selected comprise
all the conventional style gilts that had at leastears of data available during the sample
period and a maturity of at least three years. fhinee years to maturity limit ensures that
each bond both meets the two years of data reqaiteand is not affected by a “pull-to-par”

effect on price as the bond approaches maturity.

We divide the sample period into four sub-pericalgtovide comparative statistics
for periods before, during and between episodeguahtitative easing. Sub-period A, which
runs from January®] 2004 to March 10, 2009 is a pre-QE sub-period. Sub-period B, which
runs from March 1 2009 to January 26 2010, spans the first round of the QE programme
(QE1). Sub-period C, which runs from Januar{' 2010 to October™ 2011, is the period
between the first and second rounds of QE. Sulmgedi, which runs from October 10
2011 to May 18 2013, contains the second and third rounds of QE2(and QE3) and the
short interval between thefn.

7. Studies of the wider economic impacts of Qehm WS and UK include Baumeister and Benati (2010)zaeet al (2010),
Kapetanios et al (2012), Chung at al (2012), Bridges Thomas (2012) and Lyonnnet and Werner (2012).

8. To facilitate some out-of-sample tests, in $ect below, we also sub-divide the QE2&3 period,d¢e the QE3 phase as
an out-of-sample test period relative to QE2.
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The set of 46 bonds in the sample is shown in TAbdnd represents a range of
maturities in the market from 3 years out to thary2060. The coverage across each of the
four sub-periods, which is shown in the table, delseon the maturity of the bond and when
it was issued. There are 17 bonds that are includatl four sub-periods.

We analyze the statistical properties of retuadsudated from the log daily change in
the closing clean price. This data are collectedhfDatastream. Detailed summary statistics
of the returns are contained in Table A.1, in thp@ndix, which is divided into four sections
corresponding to the four sub-sample periods. Boispn Figures 3 and 4 summarize the
(annualized) mean and standard deviation propesfiéise returns across the set of bonds in
each sub-sample. The impact on the mean returthe aharket entering the first phase of QE
is dramatic, with a fall from a median (of the @@®ction of mean returns) of 1.4 percent per
year (excluding coupon income) before QE to a med&turns of -5.5 percent per year
(excluding coupon income) during the first phas®&. In the post QE1 period, the median
return exceeded 8 percent per year, which suggfestshe ending of the first phase of QE
was seen good news for the bond market. Duringséo®nd and third phases of QE, the
median return was little different to its level qarito the first QE period, at 1.6 percent per
year. However, the box plots in Figure 5 show thatdistribution of mean returns was more
negatively skewed during this latter period. Meatums in each of the four sub-periods are
statistically significantly different from each eth(p<0.01) in all cases except for the QE2&3
phase, which is not significantly different frometRre-QE1 phase (p=0.26).

By contrast to the behavior of the mean returns, dtandard deviation of returns
increased when the gilt market entered the firgsphof QE. This increase is statistically
significant, (p=0.052). The median annualized séati@leviation of returns prior to QE1 was
5.1 percent per year. This increased to 7.9 perdaering the QE1 phase. Post-QE1, the
volatility in the market has remained higher thenpre-QE levels, at around 7 percent per
year. The skewness of returns also changes upenrenthe first phase of QE. The median
skewness is negative during this period but istpasboth before QEL1 and afterwards. The
skewness statistics for the individual bonds inl&afh1 show that the skewness change has a
regularity related to maturity. Prior to QE, shtetm bonds appeared negatively skewed,
while longer term bonds were positively skewed. iBgirQE1, all bonds exhibit a negative
skew in their returns. After QE1, but before QHEfg skew in returns changes sign for all but
three of the bonds. During QE2 and QES3, the skesvimeseturns remains positive for shorter

term bonds but becomes negative for longer terndfomhe excess kurtosis for the bond
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returns is also related to maturity, but is notiobsly responding to the phases of QE. The
shorter term bonds have the highest kurtosis asde¢Hects the relatively high proportion of
zero returns that these bonds exhibit as theirtlipfadiminishes as they get closer to
maturity. Although the three-year cut-off for inslan in the sample is designed to remove
pull-to-par effects, it is clear that some remairthe few shortest bonds in each of the sub-

sample periods.

4. Empirical Analysis of Bond Returns

4.1 Return Autocorrelation

A sufficient condition for an efficient securitiesarket is that prices behave randomly, and so
the analysis of the impact of QE on the returnthenGilt market begins with an examination
of their autocorrelation properties. We consideo tstatistics that capture the relationship
between successive returns, the autocorrelatioffideat and the variance ratio. Evidence
against the null hypothesis that returns are ramg@®eanerated is provided by evidence of
statistically significant non-zero autocorrelatianghe daily returns series. Autocorrelations

of daily returns can be calculated from the samapt®correlation function

Z’{;f(rt — 1) (T4 —T)

S v

(1)

wherer, = In(p;/p;—,) are the log daily returns calculated from cleaicgs, p;; the mean
return isr; T is the lag in days; antlis the sample size. Under the null hypothesis ofoa
(and normally distributed) variables, approximaté¢lyAC (t)~N(0,1). For the pre-QE sub-
sample, this means that autocorrelation coeffisi@mtexcess of 5.5 percent are likely to be
significant, unless bonds have shorter sample gemoe to being issued or redeemed during
this period. Similarly, the approximate criticallwas are 13.2 percent, 9.5 percent and 9.8
percent for the QE1l sub-sample, the post-QE1l smipigaand the QE2&3 sub-sample,
respectively. The autocorrelation coefficients @so be collectively, and cumulatively,

analysed using the Ljung-Box (1978) statistic, wmhg calculated as
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and is distributegr?,.

For random returns, the variance of returns medsaoeoss ever longer horizons
increases linearly with that horizon period. Foamyle, the variance of returns measured
across two days should be double the variancetofi® measured across a single day. Thus
departures of the following variance ratio statistiom unity provide evidence of non-
random behavior. In particular, the variance ratatistic,VR(2), that compares one and two

day return variances is given by

3)

wherer;(2) = r; + ., is the two day return. The use of long horizortsrres, such as in
variance ratio statistics, reduces the number skepfations unless overlapping returns are
considered. Lo and MacKinlay (1988, p.50) deriviest statistic and sampling distribution
for a variance ratio using overlapping observatioaad further refine the sampling
distribution to accommodate heteroscedasticity rigiry variance) in the returfisThis
statistic, denotedMhet, is distributed standard normal and so departiroes randomness

are given by absolute values of the statistic itess of 1.96.

The autocorrelation and variance ratio statistmseach bond in each of the four sub-
samples, are given in Table A.2 in the appendigufgs 6-8 summarize the autocorrelation
statistics across the bonds in each sub-sampl#&ddirst three lags, using box plots. Most of
the bonds during the pre-QE period display sigaiiicfirst order autocorrelation. This result
is confirmed by the variance ratio tests. This eotcelation is slightly larger for shorter term
bonds than medium term bonds, which may refleesadual pull-to par effect in the shorter
term bonds. The QE1 period is remarkable for hawvingsignificant autocorrelation. The

post-QE1 period has significant negative secon@roaditocorrelation among the medium

9. This sampling distribution exploits the restiatt the variance ratio for g-horizon returns isn@dr combination of the
first g-1 autocorrelation coefficients, and that trariance of autocorrelations can be computechgbeene relatively weak
additional assumptions, see Lo and MacKinlay (19889), and also Taylor (1986, p.116-121).
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and longer term bonds, while almost all of the mdthe QE2&3 period have significant

negative third order autocorrelation.

At first glance, these contrasting autocorrelastatistics indicate that during the QE1
period, the gilt-edged market was closer to arcieifit market than it had been prior to this or
has been subsequently. The elimination of thisautelation following the commencement
of QE is consistent with the presence of the Bankngland in the market driving down the
spreads. This reduction in the cost of trading esrto encourage trading that acts to
eliminate the sluggish price adjustment that gdedréghe autocorrelation. However, while
the absence of autocorrelation is consistent witarket efficiency, the presence of
autocorrelation does not necessarily imply inedindy. Unless the observed autocorrelations
can be exploited for profit, the market cannotdégarded as inefficient. Before turning to this
specific issue, we also consider whether thereegelar events in the gilt-edged market that
could give rise to the observed patterns in théydaiurns. In particular, we examine the
pattern of issuance and QE-related purchase asctammoss days of the week. Gilts were
issued regularly throughout the sample, and wittreasing frequency in the more recent
three sub-samples, to fund the deteriorating fiscanomic position in the UK. During the
phases of QE, bonds were being purchased by thk 8akngland, on a pre-announced

timetable.

The details of the purchase auctions were annouaicédm on the Thursday prior to
the week of the auctions. The maturity ranges afdsp the size and timings of the issues
were little changed from week to week, and so auncparticipants had a fair degree of
certainty as to which gilts would be being purcliabg the Bank of England several weeks

ahead of the Thursday announcements.

The pattern of issuance and purchase auction cly$e seen in Figures 9 and 10.
Gilts are issued mostly on Wednesday, Thursday amday, with relatively more on
Wednesdays or Fridays. The purchase auctions dtineghases of QE were mostly on
Mondays, Tuesdays and Wednesdays, with relativadyenon Mondays and Wednesdays
during the QE1 period. The activity during the Qgtfase is particularly high, with almost
half of the Wednesdays experiencing bond issuandesound four fifths of the Wednesdays
experiencing purchase auctions. They key observaithat the patterns of either issuance or
purchase auctions are similar across the four aoipkes, suggesting that neither issuance
patterns nor purchase auction patterns are strontgrders to explain the autocorrelations
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observed in the market. The lack of a strong ecanoationale for the autocorrelations
perhaps indicates that they are unlikely to be &blee exploited for economic profit. They
may have simply been within the limits of price aradies that can be sustained within the
magnitudes of transactions costs. We now turn dyreio the issue of whether these

anomalies could have been exploited for profit.
4.2 Autocorrelation based trading rule tests

In this section we describe some simple tradingswhat can be used to determine whether
the significant autocorrelations observed in thié miarket could have been exploited, to
produce returns in excess of a buy-and-hold (pe¥sivategy or a risk-free investment. The
rules are simple timing rules that exploit the matnen or reversion in returns identified by

the autocorrelation.

For significant positive first lag autocorrelatigpersistence), the following is an
appropriate "active" trading strategy. It invohasesting in the gilt over the current day if
the return of that gilt was positive during thepoais day, and liquidating the position (and
investing in cash or a risk-free asset) if the giturn was negative during the previous day.

The end of sample value of $1 invested in thigsgaover the entire sample period is given

by,

Jr(Active) = eXi=1 aere+(1-ao)rfe (4)

where rf;, is the risk-free rate, and the timing variad)ds given by

1 ifr,_;>0
Olt = {0 ith_l < 0} (5)
at_l ith_l == O

This terminal wealth can be compared to that fropassive investment in the same portfolio,

and also in the risk-free asset, that is,
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Jr(Passive) = eZi=1Tt (6)

Jr(Risk-free) = eXl=17ft @)

This rule does however generate a high tradingugaqy among the gilts, and trading
costs (even just the bid-ask spread) may make de unprofitable. The percentage
deduction from the daily returns that equates #renihal values of the active and static
investment strategies can be viewed as an upperdbon the costs that can be incurred by
the active investment rule to leave it with a retgreater than the static rule. Specifically,

this break-even cost is given bywhere

ln(]T (Active)) — ln(]T(Passive))
Cc =
S

(8)

wheres is the number of one-way trades within the sarppléod.

The timing rule as described above exploits moomant that is, positive
autocorrelation in returns. It is relatively simgle redesign the rules to exploit negative
autocorrelation, mean reversion. For example, fgative third order autocorrelation, the

timing variablea,, becomes

0 ifr_3>0
Olt = {1 ith_3 < 0} (9)

A1 ith_3 =0
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so that positive [negative] return signals a dally] order ahead of the return 3 periods later.
The timing variable for negative second order amtiedation is constructed similarly, but

using returns with a two period lag.

The results of the application of the trading rides summarized in Table 2, while the
distribution of payoffs across all the gilts in hasub-sample can be seen in Figure 11. The
left side of the table shows the results for the-QE period, when the market was
characterized by positive first lag autocorrelatiéim immediate implication of the trading
rule tests is that, on average, investment in giitaluced a small capital gain, of around 5
percent, over this 5 year period. The active tinmng beat the passive strategy in 16 of the
31 cases, but was not significantly better thaneuadting a risk-free investment over the
period (p=0.127). By partitioning the set of borigween those that exhibited significant
autocorrelation, upon which the timing rule wasdyasd those that did not, it is possible to
generate an “out-of-sample” subset of bonds withicwhto make some additional
comparisons. If the timing rule works as well “@itsample” then this is stronger evidence
against an efficient market. In this case, theneasignificant difference between the active
trading strategy for each subset of bonds (p=0.36d) while there was significant positive
autocorrelation in the bond market ahead of thep@&od, this does not seem to generate

performance in excess of a risk-free deposit rate.

The middle panel of the table shows the resultstierpost QE1 period, when the
market was characterized by negative second ondecarrelation, in particular among the
medium to longer term bonds. In this case, thevacstrategy has significantly greater
performance than the passive strategy (p<0.001),the passive strategy is significantly
higher performing than a risk-free deposit. For &2the 30 bonds, the active strategy
outperforms the passive strategy, with a meanréifiee across all bonds of 5.35 percent over
this 21 month period. The active strategy is sigaiftly better for the bonds that exhibited
significant autocorrelation (p<0.001), with thesample bonds generating a return of almost
29 percent on average over the 21 months comparadréturn of just 8 percent for those
without significant autocorrelation, where the ratdid not significantly exceed that of the
passive strategy. This result validates the tinilg as an appropriate vehicle to exploit the

observed autocorrelation.

The right side panel of Table 2 considers the pedoring which the QE2 and QE3
episodes took place, and when negative third oadgocorrelation was observed in the
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majority of the bonds’ returns series. In this cadso, the active strategy produced an
average return in excess of the passive stratdggraund 9 percent over the 20 month
period, (p<0.001). Twenty four of the thirty onendg exhibited an active strategy that was
greater than the maximum of the risk-free ratehergassive strategy. The performance of the
in-sample bonds was significantly better than tloatthe out-of-sample bonds, (p<0.001),

and the out-of-sample bonds both underperforméskanee deposit.

Overall, there is evidence that in the post QElioper gilts exhibiting strongly
significant negative autocorrelation of second hirdt order can be exploited to produce
returns in excess of buy-and-hold returns. Howether timing rules to generate these returns
require very frequent trading, at close to evetyeotday in most cases. From equation (8),
the per one-way trade, break even transactions casge from 1 to 11 basis points, with the
values increasing in the maturity of the bond. Fegli2 shows the range of bid-ask spreads
observed for the bonds in each of the sub-samples spreads are computed from the close
of day bid and ask prices available on the ThontS&on platform, and averaged across the
sub-sample. The box plots in Figure 12 presentdis&ibution of these average spreads
across the range of bonds in the sub-sample. Inwbesub-periods where the bonds with
significant autocorrelation produced returns usangactive timing strategy that exceed that
of a passive strategy, the median bid-ask spreatasnd 6 basis points, with an inter-
guartile range of between around 3 and 10 basistgdin the post QE1 period, only three
bonds had break-even transactions cost levels éxgepé basis points, and in the QE2&3
period, only 8 of the bonds had break-even cosléethat exceeded median spreads. Since
these bonds are those of longer maturity and tmeadpdata also indicate that spreads
increase with maturity, it appears very unlikelgttlexcess profits could be generated from
exploiting the negative autocorrelation in bondires arising since the end of the first phase
of Qe

The spread data in Figure 12 also indicates that itlcreased market activity
associated with QE has reduced average spreatls igilt market by around 5 basis points.
The difference between average spreads (using ¢itbanean or the median) is statistically
lower by the end of the phases of QE than it wasrgo QEL1 (p<0.04). This is a clear
improvement in the operational efficiency of therked arising from the lowering of spreads.

10. Joyce et al (2012) using data for just the @Efod also find that gilt spreads increase withurity. Their average
spreads, which are measured only on days of pugcaastions, are around 2-3 basis points lower thahwe observed
across all trading days in this period.
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This also acts to improve pricing efficiency, sindemeans that otherwise unprofitable

pricing anomalies can now be traded away.

So, even if an investor had correctly guessed ttnege trading rules would work
during the different sub-samples, there is no iathn that they would have made excess
returns after taking into account transactions o$hus these apparent changes in the
dynamics of bond returns across the phases of @Ewdhin the limits of what can be
sustained by the levels of transactions costs. &\thi¢ broad return patterns arising after the
end of the QE1 period are not suggestive of angrieation in market efficiency and,
indeed, the reduction in spreads indicates somare@ment, it is possible that the regular
market events themselves, such as issuance orgsareluctions, could affect the market. We

turn now to this question.
5. Regression tests of the effects of bond manketts

While the distribution of issuance and purchasessscdays of the week, shown in Figures 9
and 10, did not seem likely to generate the autetaiions observed in the daily returns data,
it is still possible that these days may provideividual opportunity to earn excess returns.
Short run excess returns to investors imply thatdsanay not be being issued on a fair basis.
This could have negative reputational effects ttatld raise the costs of issuance if longer

term investors fear that they are receiving unfdolv yields.

To examine this possibility, we use a regressiaseld analysis. While previous
studies have considered an event study approactxdamining the effects of purchase
auctions, for example, Joyce et al (2011) and Mepand Zhu (2011), the dependence of
their results on the event window length suggelsét there is value in examining other
approaches. The regression approach that we adkpthas the advantage of permitting
multiple factors to be considered simultaneousiyparticular issuance activity. The previous
event studies implicitly assume that the charasties of the event windows are constant
across bonds, whereas some bonds may have exmetiemstiance within the event window

while others may not have had this happen.

We estimate the parameters of the following regoessquation for each bond in

each of the four sub-sample periods.
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(10)

where r; is the return to a bond on dgyand the lagged values as explanatory variables are
to control for the effects of the autocorrelatiamsamined in the previous sections of the
paper. All but one of the remaining variables areng indicator variables, taking the value 1
if the event occurs and zero otherwise. The vagié)l indicates days on which bonds were
issued into the market, either new issues or sesgnafferings. The variabl@I, indicates
the days on which this particular bond had issuaaxtersity. The advantage of using the
regression based approach is that it is possibilectade these controls for issuance activity
within the examination of the effects of QE relaga@nts. Figures 9 and 10 show that during
the QE1 phase more than 45 percent of Wednesdaysréd new issues of gilts. Asset
purchases occurred on over 80 percent of the Wddgsesduring the same period. By
contrast, a similar intensity of asset purchaseMomdays was not accompanied by any
issuance activity. The issuance indicator variablesused to control for this heterogeneity.
We use variables that indicate both issuance spdoifthat bond and also of issuance in
general. Price effects of specific bond issuanae teeen discovered previously in studies of
gilt issuance auctions by Breedon and Ganley (2@8@)Ahmad and Steeley (2008), which
document a price fall response on auction daysghwbould be exploited for profit, together
with some evidence that this is anticipated. Weeekghis variable to display a negative sign.
The general issuance indicator variable is usedajture any general disruptive market
impacts from issuance, and can also provide evaehevhether bond prices are influenced
by supply changes of other bonds, as would be medun a portfolio balance transmission
channel. The sign of this variable could be positor negative depending upon the
segmentation of the market and the signals genklatehe issuance activity. If issuance is
seen as a signal of continuing fiscal deterioratithen any issuance could reduce bond
prices. If the market is highly segmented, theuasse of other bonds could raise the
(relative) price of other bonds. If the market & @t all segmented, then issuance is also

likely to reduce the prices of bonds, which all eppto be close substitutts.

11. In an earlier draft of this paper, a variablasvincluded to indicate whether issuance was bisgtion rather than
auction. Syndication as an issuance method wastigated during the financial crisis to “facilitathe primary market
distribution of long-dated conventional and indaxéd gilts ... (to) better to align supply with demdiafor such securities
from key investor groups” (DMO, 2009, p.27). Syradion was used on just eleven days within the 2&@ dn which
bonds were issued during the full sample of 236 dAs the variable was not significant for any @oit has now been
removed from the specification of equation (10).
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The possibility of capturing the operation of atfmio balance channel specifically
within the QE asset purchase activity is achievedlistinguishing three types of purchase
activity among the indicator variables. The vamaBl, indicates the days on which any
bonds were purchased (by reverse auction) throbghAsset Purchase Facility (APF)
mechanism of QE. The variab®P; indicates the days on which this particular boras w
being purchased through the APF mechanism. ThahlarPS, indicates days on which a
close substitute bond was being purchased by thek B& England. We define a close
substitute bond to be one within the same offigiaturity segment of the market. These are
defined as ultra-short term (0-3 years), short-t€BA7 years), medium term (7-15 years),
long term (15 years and beyorld)The variableOP; is designed to capture the specific price
effects of QE purchases. This specific increasthendemand for a gilt from the Bank of
England is expected to raise the gilt price, ashe®sn documented in the event studies of QE.
If the bonds classified as close substitutes atedad close substitutes, then we would expect
the bond price to rise on their purchases, thafoisthe coefficient onPS; to be positive.
When the Bank of England purchases particular hoagsortfolio balance effect within the
bond market would suggest that the cash receivethéobonds would be spent on substitute
bonds, so increasing their price also. If theyraoeclose substitutes, such that the market is
even more finely segmented than the official maguranges might imply, then we would not
expect a price response. If general purchase gcfivot specifically of that bond or a close
substitute) raises the price of the bond, this satgythat gilts are collectively seen as close
substitutes and that the market is not at all seg¢ede This would also imply that portfolio
balance effects are working more strongly acrosstadasses, than within the gilts market.
Using the different purchase indicators in this wdnerefore, enables us to identify where

portfolio balance effects are most likely to be king.

The variableQ EA; indicates the days of major policy announcemesitgting to QE,
such as the starts and ends of phases, and adjustroghe limits of the bond purchases. The
announcements are summarized in Table 3. JoyceTand (2012) have distinguished
between QE related announcements and the actuabA&tion activity in their event studies
and find that both have a positive effect on pri8g.including an announcement indicator
variable, we can control for these effects during examination of the effects of the

12. This approach to defining substitutability éells D’Amico and King (2010).
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purchases, which was not possible in the eventysfummework. The variableVPC;
indicates those days on which a meeting of the Utmetary Policy Committee (MPC)
made its monthly announcements. The varidiitg indicates those days (only in the pre-QE
period) on which the MPC changed the base intast These variables enable us to
distinguish between the announcements of the MRfemeral (conventional monetary policy
announcements), specific conventional monetary cpolthanges,BR;, announcements
relating to unconventional monetary polic@EA;, and specific unconventional monetary

policy actions (the purchase indicator variablesdssed above).

The variableSH, measures the share of the gilt that is in the osime of the Bank of
England. Figure 1 shows that these ownership shamgsfrom under 10 percent to over 60
percent and so controlling for these very substadifferences in the free float of individual
gilts when examining the effects of QE activity mseprudent?

The results from estimating equation (10) are giveiable 4. During the pre-QE1
sub-sample, Panel A of the table, there is evidéhaeon days of general issuance and on
days that the MPC held its monthly meetings, tiierns to gilts significantly exceeded their
average across the sub-sample. To gauge the eaos@nificance of this, we calculate the
annualized excess return (above the sub-samplage/eeturn) implied by these significant
indicator regression coefficients. On issuance ddke annualized return is over 30
percentage points more than it is during the sulypéa as a whole, while on MPC days, the
annualized excess return is almost 20 percentaggspdhese are both significantly above
the average return (p<0.01). Neither own issuacteity nor base rate changes appeared to
influence returns in this pre-QE1 period. This sglg that both were already factored into

the gilt returns.

During the QE1 period, reported in Panel B of €a#) there are significant event
indicators for the days on which a particular batsélf experienced further issues or APF
activity, but the signs of the coefficients on thesriables are mixed, which does not suggest
the presence of an empirical regularity. There segen long term bonds that exhibit
significant negative coefficients on the indicdiarthe purchase activity in a substitute bond.

This would indicate a high degree of segmentatighiwthe long term bonds. Within other

13. Joyce and Tong (2012) also control for the sizihe free float in their analysis. In a previalrsaft, we had included a
variable that measured the excess of purchaseataaiixer issuance activity within a month. Whilendiar in spirit, using
the ownership share variable instead provides & tigitly defined and higher frequency measure.
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maturity ranges, there is little evidence of areetfffrom the purchases of close-by maturity
bonds. This suggests that portfolio balance meshanimay struggle to operate within a
maturity range, but may have more success acrofigityaanges within the gilts market.
Within the QEL1 period, the most consistent effedears to be for the set of medium to long
term bonds for which APF activity in general apgdargenerate a significant increase above
the average return. The regression coefficiengisvalent to an annualized excess returns
averaging 38 percentage points. This strong efbéageneral purchase activity is further
evidence that portfolio balance channels may haweersuccess across asset classes rather

than within the gilts market itself.

In the post QE1 period, Panel C of Table 4, thee a few bonds that exhibit
significant different returns on days of own isstgnbut again the signs are mixed. One
bond’s returns responded significantly to QE anmeument days, but this is within the
bounds of chance. Overall, in this period betwéenend of QE1 and the start of QE2, there

is no evidence of significant distortions occurrtogyilt returns.

The QE2&3 sub-sample, reported in Panel D of Tdblghows that issuance activity
of any kind is either well anticipated by the madrke quickly absorbed into prices well
within the trading day. As was seen in the QElqakrthere is a group of medium to long
term bonds that are responding positively to ddySR¥- activity in general, again supporting
the possibility of a portfolio balance channel asrasset classes. While there are some
counter examples, a group of long term bonds dysplatrong positive relationship between
their return and the purchase of substitutes. Thigvidence that the portfolio balance
mechanism might have more opportunities within@&2&3 phase than it had during QE1,

with long term bonds appearing to be substitutable.

From across all of the sub-samples from the beggmoi QE1, we also note that the
share of gilts owned by the Bank of England dodgsappear to be influencing returns nor do
further announcements by the MPC either in regaord3E or of the results of their monthly

meetings.
6. Trading rule tests of bond market event effects

While the regression analysis can provide evidesceo which QE related factors appear to

be driving returns and, as expected we find thathmase activity raises prices, it cannot
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directly tell us whether these responses in retug@esent anomalous pricing. Such
anomalous pricing could then indicate that QE @gtiwas disrupting the efficiency of the

market, that in turn might affect issuance costse implied annualized returns on certain
event days, which were found to be substantiallyvalthe average return for the particular
sub-sample are indicative of possible excess rgfuyat an analysis of trading rule profits

and transactions costs is again necessary to isstavidence of inefficiency.

In this section, we examine the profits from sienpining rules designed to respond
to the market events, where the regression coeffisiare suggestive of anomalous pricing.
The timing rules work in exactly the same mannefoaghe autocorrelation based analysis,
except that now the rule requires the gilt to beighd (or sold, if the indicator variable
regression coefficient is significantly negative)tlae end of the day prior to the event day
and sold at the end of the event day. Of the edays, only the QE announcements and base
rate changes are of unpredictable timing and athereof these generated any significant
effects, with the exception of two bonds in the tmesent two sub-samples, the event days
that we analyse can be considered as known in adygrermitting the operation of the

timing rule.

The results of this timing rule analysis are sumpea in Table 5. The distributions
of payoffs from the timing rules across the induadl gilts in each sub-sample are shown in
Figure 13. In the earlier application of the timinde, a form of out-of-sample testing was
achieved by using a hold-out sample of bonds frathimthe overall cross section of bonds
for a given time period. This hold-out sample whese bonds that did not display any
significant autocorrelation. In the current contgke hold-out sample would be those bonds
that did not show a reaction to the event day bégiaHowever, since the timing rule is
suggested by regression results that use the sotirxsample period, even the hold-out bonds
are not out-of-sample on a time series basis. duige for a time series out-of sample test,
we re-test any rules that generate significantifgr@¢after transactions costs) within sample,
on a separate later sub-sample for which the ratertot been pre-tested or underpinned by

the results of the earlier regressidhs.

14. When this procedure was applied to test théitprisom the rules based upon observed autocdivelaSection 4.2
above, no evidence of inefficiency could be detbatéthin sample and so no (time series) out-of-danipsting was
conducted.
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In the period prior to QE1, Panel A of Table 5,amtive timing rule that had bought
gilts a day ahead of an issuance day (of thabgi#tny other gilt) and sold them at the end of
the issuance would have generated a return 25magee points higher than a buy-and-hold
position across the sub-sample. This differensggisificant (p<0.001). This is so whether or
not the bonds in the sub-sample actually had aifgigntly positive coefficient on the
issuance indicator variable in the regressionsabld 4, Panel A. However, for the cross-
section hold-out sample bonds, the returns werg amrginally better than a risk-free
deposit (p=0.088). An active timing rule that bougiits ahead of MPC meeting days and
sold them at the end of the day of the MPC meetwogld have generated a return 20
percentage points higher than a buy-and-hold posidcross the same sub-sample. This
difference is also significant (p<0.001). Againistis so whether the bonds are in-sample
(exhibit a significant regression coefficient) out@f-sample. The difference in the
performance of the timing rule between the two stgsf bonds is not significant. The bid-
ask spreads in the market at this time had a medihre of around 13 basis points and an
inter-quartile range of between 8 and 18 basistpoirhe break-even transaction costs for the
timing rules applied to the bonds in this sub-samle mostly within this range, with no

particular set of bonds systematically able to eddie costs of the bid-ask spread.

We undertake a time series out-of-sample testpgpyyag the same rule within the
post QE1 period, selected as there are the fewmdbunding events in that sub-sample.
These results are in Panel B of Table 5, directlipw the corresponding in-sample results.
For both the rule applied to MPC days and to ddygeoeral issuance, the active timing rule
produced returns significantly worse than a buy laold strategy (p<0.01), and so there is no
evidence of any inefficiency relating to the absiom of information released on MPC days
or revealed through issuance activity. The remot#hese inefficiencies, which were present
prior to QE1, suggests that the heightened madtetity of QE, and associated reduction in
bid-ask spreads, has indeed improved the funciipoirthe gilt market.

During the QEL1 period, undertaking a timing riiattinvolved buying ahead of the
day of a purchase auction and selling after théi@ubas taken place would have generated
a return some 10 percentage points greater thag-ar-hold strategy, see Panel A of Table
5. The positive return to holding gilts over theFA&ays is consistent with the significant fall
in yields observed on these days by Joyce and T201). While these yield effects suggest

that QE is able to influence the gilt market in armer consistent with the portfolio balance
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transmission channel, our analysis also enablesitleeeffects for gilt market investors to be

determined. The spreads in the market during tig@ were considerably lower than during

the pre-QEL period, as shown in Figure 12, witheglian value around 6 basis points and an
inter-quartile range of between 4 and 10 basistpoifhe break-even transactions costs for
the timing rule are towards the upper end of targe suggesting that there were more likely
some profitable opportunities around for invesam@und the days of purchase auctions. This
suggests that gilt prices were overreacting togleeral purchase activity associated with
QE. By contrast, the timing rule applied specifigéb the event days indicating the purchase
of a substitute gilt, did not provide returns incegs of a passive strategy or risk-free

alternative.

The QE2&3 phase provides an out-of-sample pernielat{ve to the QE1 phase being
an in-sample period) within which to test the timirule applied to APF event days. These
results, in Panel B of Table 5, show a continuatibthe opportunity for excess returns to an
active trading strategy seen in-sample during QERanel A. No out-of-sample test was
necessary in the case of purchases of substitutdsbavhere no profits were found in-

sample.

If we now treat the QE2&3 phase as an in-sampit@gewe have no possibility of
testing the rules out-of-sample within our ovesdmple period. Instead, we split this sub-
sample into two further sub-periods, which separaigt the QE2 and QE3 phases. We use
the QE2 period as the in-sample period, and the #i®d as an out-of-sample period. To
establish whether there are any potentially protaopportunities we run further event-
based regressions, equation (10), for the QE2 ¢hefibese are reported in Table 4, Panel E.
We then test appropriate timing rules on both tE2 Qeriod (in-sample) and the QE3 period

(out-of-sample}®

The regressions for the QE2 period suggest tleae tinay be profitable opportunities
arising from trading in response to APF days, ownmcpases and own issuance. The
annualized excess returns implicit in the regressoefficients in each case are 73 percent,
275 percent and 65 percent. In-sample, the timudg applied to the APF event days
generates a cumulative trading position of 6 pdrgeeater than the passive strategy. The

breakeven transaction costs averaged 9 percente wloring this time bid-ask spreads

15. We also report the regression results for tB& Qeriod (Panel F, Table 4), for the sake of catiuh, but do not use
these to direct timing rules.
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averaged around 7 percent. As was seen during Eie gpase, returns could have been
generated in excess of the costs of trading. Becank/ one bond displayed a significant
regression coefficient in response to APF evensdlying the QE2 sample, all but this bond
form the cross section hold-out sample, which lgrgeirrors the full sample results. The
single in-sample bond does not appear to be arepo(=0.13). The fact that only one bond
in the QE2 period gives any signal of a possiblgtiooation of profits from an active timing
strategy based upon APF days in QEL, helps mitiggtenst the potential for the QE2&3
period not being regarded as a robust out-of- sampetiod (relative to QE1 as an in-sample
period), when the data has already been examir@dthe QE2 period specifically, we can
use the QE3 period as an out-of-sample test peBaning QE3, the active timing rule
produces returns only 2 percentage points abovasaiye buy and hold strategy, but this
difference is statistically significant (p<0.01)oWwever, transactions costs are almost at the
same level as the breakeven costs that can berédcby the active trading strategy. This
suggests that by the end of the QE3 phase, any alaompricing associated with APF

activity had been removed by market activity.

When the timing rule is applied to own purchasents, it does not produce excess
returns even on an in-sample basis. By contrasgnvihe rule is applied to own issuance
events, it generates a statistically significarftedence in the payoffs between the active
strategy and a passive alternative (p=0.002). Hewsdtre difference in payoff is less than 1
percent on an annualized basis. When the rulesiedeout-of-sample, the QE3 period, it
underperforms both a passive strategy and alsskdrge alternative. This indicates that by
the time of the third phase of QE, the gilt mankeis reacting efficiently to the information

revealed by bond market events.
7. The determinants of the decrease in bid-asladpre

Considering the trading rule results collectivehe evidence regarding the excess returns to
investing in gilts across purchase auction daysdu@E1 and QE2 suggests that QE activity
did temporarily disrupt the price efficiency of tg#t market. Had not also the spreads in the
market reduced, the potential excess returns dlail@ investors would have been even
greater. This raises the question of whether theedactors that might have been disrupting
the gilt market were at work also in driving theesgals lower during the phases of QE. To
examine this possibility, we repeat the regressioalysis, equation (10), using the spread as

27



the dependent variable. As this regression modefaaws both variables relating directly to
QE, as well as other variable likely to affect su® such as issuance activity, we can

disentangle the causes of the drop in spreads.

The results from these regressions, applied tb band, and examined separately for
each sub-sample period, are shown in Table 6.drpte-QE1 period, there is evidence that
spreads would fall on days that the MPC announhedrésults of their monthly meeting.
This result is repeated also in the period betwherend of QE1 and the beginning of QE2.
This reduction is consistent with information-basegblanations of the bid-ask spread, and
implies that MPC announcements are associatedawdduction in uncertainty. During the
phases of QE, there is little evidence to sugdest $preads are dropping specifically in
response to asset purchase activity. This provsdese further robustness to the companion
regressions using returns, in Table 4, as this mdat those results were not confounded by
temporary reductions in spreads that might appea&xaggerate returns. There is also little
evidence that issuance activity was having anyesyatic influence over the spreads on gilts
during any of the sub-sample periods. The varittdé does seem to be driving the reduction
in spreads, however, is the share of ownership@filts with the Bank of England. This is
particularly the case for medium and long termsgilthe coefficient on this term is negative
suggesting that as Bank of England ownership ise@aso spreads were driven down. The
strength of the variable increases through the ggha$ QE pointing to this generating a
sustained decrease in spreads in the market in axsop to the pre-QE1 phase. There are
potentially several competing mechanisms at workthe relationship between Bank of
England ownership share and spreads. As the owpeskhare is the accumulated result of
the APF purchases, the boost to liquidity from Baak’s participation in the market would
indicate that spreads would decline. But, the Bamkirchases are also reducing the stock of
actively traded gilts, and this could put upwardgsure on spreads. It is also possible that the
positive signaling aspects of the Bank’s activitythat regular and continuing QE purchases
are signaling its commitment to the unconventiomanetary stimulus, could also act to
improve the spreads in the gilts market, reflectimg increased stability of markets and the
wider economy. The empirical evidence points to thgproved liquidity and reduced
uncertainty associated with the Bank’'s purchasebaasng generated a permanent fall in
spreads.
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8. Conclusion

This study has examined the behavior of UK bondrnst during the recent experience of
guantitative easing, using samples before, during between phases of QE to provide
comparative evidence. By contrast to prior stuthes have use mainly event study methods,
or dataset concerned only with QE related actiwitys study uses a broader range of time
series and regression methods, and controls foerwithrket activity during the phases of
QE. Moreover, the focus of this study is not orabkshing whether QE, operated through
the bond market, was working, but is on discoveringether QE activity generated

beneficial or detrimental side effects for the bondrket. Since the bond market is the main
instrument with which the UK government finances spending deficit, such side effects
could have material consequences for the costrafifigg government expenditure. Thus, this
study offers the first evidence as to whether QkElddhave beneficial or detrimental

economic side effects.

The main findings are as follows. QE resulted irsubstantial and statistically
significant drop in the costs of trading gilts, lwithe median bid-ask spread dropping to one-
half its level prior to QEL. This level has beestained since this time, and did not increase
in the period between QE1 and QE2. This in itselfiuces the costs to investing for
participants in the gilt market and should feeatigh to improved costs of new issuance for
the government. We find that the spread displaygteary drops on the days that the MPC
announces the results of its monthly meetings, eMtié permanent decrease throughout and
beyond the phases of QE is shown to be driven leyBhnk of England’'s increasing
ownership share, which reflects its contributionsthe liquidity of the market and the

reduction of uncertainty.

The first phase of QE was associated with thepgisarance of some significant first
order return autocorrelation that, although it donbt be exploited to earn excess returns,
nonetheless represents an improvement in pricifigjeafcy as a result of QE1. However, in
the period between QE1 and QEZ2, and during QE2 QE&8, autocorrelation in returns
appeared again, but at higher orders. Changestata@uelation, which we argue reflect the
speed of information processing in the market,camgsistent with the improved functioning
of the market arising during the phases of QE amgarticular, the reduction in spreads.

These reductions enable smaller pricing anomabié®ttraded away.
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Our regression analysis allowed us to considerirtigact of gilt purchase auctions
controlling for other market events, such as issaaand QE announcements, the former of
which was very frequent during the sample perioonsistent with earlier event studies, we
find significant increases in price (implying retioas in yields) associated with days of
asset purchases. However, by contrast to the etedies, we find that it matters more that
the day is a purchase auction day than that acplati bond is being purchased. When
indicator variables separated both own purchases 6ther bonds being purchased, the own
purchases had little incremental impact. Similanhg, found little evidence that the purchases
of near substitute bonds were influencing pricdss Buggests that portfolio balance effects
may operate between the gilt market and other gslset are less likely to work within the
gilt market. The impact of asset purchase days alss broadly similar in each of the QE
periods, which is more in line with the resultsBanerjee et al (2012) than those of Joyce et
al (2012). By contrast to our results for the aatoslation analysis, the effects of gilt
purchases on gilt returns could have been explditednvestors to have earned excess
returns. However, when testing these rules on &olsample basis, we find that by the time
of QES3, profitable opportunities that may have emwigemporarily during QE1 and QE2,
could no longer produce excess returns sufficiergxceed transactions costs measured by
the bid-ask spread. This indicates that while tittengarket did experience some temporary
disruption to efficient pricing during the earlygses of QE, even on an out-of-sample basis,
these had largely disappeared by the end of QES3.

As there were many occasions during the QE pemndu=n bonds were being issued
on the same days as they were being purchasedebahk of England, the exploitable
excess returns to investors on these days could basnged the costs of bond issuance.
These excess returns indicate an upward pressupgices on all days of gilt purchases,
which could put an upward pressure on the pricgiltsf being issued by the Treasury’s Debt
Management Office. If this was happening, thensgiftay have been sold at unfairly low
yields. While this is good news from the viewpooftthe costs of debt issuance, and for
short-term investors in gilts, it could have negatconsequences in terms of reducing the
attractiveness of longer-term investment in gilihat the excess returns seem to have
disappeared by the end of QE3 suggests that notéwngeffects on the attractiveness of gilt
investment may have been incurred. Indeed, the tfzat there seems to have been a
permanent reduction in gilt spreads during thisetisuggests that the pressure on debt

issuance costs is most likely to be downwards.
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Overall, our conclusion is that there haverbsome side effects of quantitative easing
for the UK bond market and that these are mainhebeial. However, the return regularities
associated with purchase auction days indicatesfulder research to quantify the impact
on the cost of debt management is desirable. Bratapic for future research.
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Table 1: Distribution of UK Government Bonds to the sub-samples

This table contains the list of gilts whose return series are analysed in this paper. A value of 1 indicates inclusion in the sub-

sample.
Pre-QE QE1 Post-QEL QE2 and QE3
Bond Name 02/01/04-10/03/09 11/03/09-26/01/10 27/01/10-07/10/11 08/10/11-10/05/13

1 TREASURY 4.5% 2007 1

2 TREASURY 8.5% 2007 1

3 TREASURY 7.25% 2007 1

4 TREASURY 5% 2008 1

5 TREASURY 4% 2009 1

6 TREASURY 5.75% 2009 1

7 TREASURY 4.75% 2010 1

8 TREASURY 6.25% 2010 1

9 TREASURY 4.25% 2011 1 1

10 CONVERSION 9% 2011 1 1

11 TREASURY 3.25% 2011 1

12 TREASURY 5% 2012 1 1

13 TREASURY 5.25% 2012 1 1 1

14 TREASURY 4.5% 2013 1 1 1

15 TREASURY 8% 2013 1 1 1

16 TREASURY 2.25% 2014 1 1 1
17 TREASURY 5% 2014 1 1 1 1
18 TREASURY 2.75% 2015 1 1
19 TREASURY 4.34% 2015 1 1 1 1
20 TREASURY 8% 2015 1 1 1 1
21 TREASURY 2% 2016 1
22 TREASURY 4% 2016 1 1 1 1
23 TREASURY 8.75% 2017 1 1 1 1
24 TREASURY 5% 2018 1 1 1 1
25 TREASURY 4.5% 2019 1 1 1
26 TREASURY 3.75% 2019 1 1
27 TREASURY 4.75% 2020 1 1 1 1
28 TREASURY 3.75% 2020 1
29 TREASURY 8% 2021 1 1 1 1
30 TREASURY 3.75% 2021 1
31 TREASURY 4% 2022 1 1 1
32 TREASURY 5% 2025 1 1 1 1
33 TREASURY 4.25% 2027 1 1 1 1
34 TREASURY 6% 2028 1 1 1 1
35 TREASURY 4.75% 2030 1 1 1
36 TREASURY 4.25% 3032 1 1 1 1
37 TREASURY 4.5% 2034 1 1
38 TREASURY 4.25% 2036 1 1 1 1
39 TREASURY 4.75% 2038 1 1 1 1
40 TREASURY 4.25% 2039 1 1 1
41 TREASURY 4.25% 2040 1
42 TREASURY 4.25% 2042 1 1 1 1
43 TREASURY 4.25% 2046 1 1 1 1
44 TREASURY 4.25% 2049 1 1 1
45 TREASURY 4.25% 2055 1 1 1 1
46 TREASURY 4% 2060 1 1
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Table 2: Autocorrelation based Trading Rule Profits and Break Even Transactions Costs

“Passive” is the (average across all bonds in the sample of the) end of period value of a £1 investment at the start of the period from following a passive (buy-and-hold) strategy.
“Active” is the average end of period value of a £1 investment at the start of the period following an active timing rule. “Rf” is the end of period value of a £1 investment in a short
term money market deposit investment. Average (across all bonds) break-even transaction costs per one-way trade are reported alongside the sample period in parentheses. A value
of, for example, 0.0003 means that the strategy will produce profits greater than buy-and-hold plus transactions costs, provided that transactions costs are less than 0.03% of the value
of each one-way transaction. Bonds for which the autocorrelation underpinning the timing rule was not significant at a 5 percent level form an “out-of-sample” subset. t-test (paired)
are p-values from tests whether the average end of period values are equal. The comparison is between the strategy with the result listed and the case with an empty cell. “No. Diff +”
is the number of bonds for which the investment terminal value in that column exceeded the maximum of those in the other two columns. “t-test” (paired) in [out]” are p-values from
tests of whether the averages from the in-sample bonds, “Average In”, (those bonds for whom the autocorrelation was significant) and those for the out-of-sample bonds “Average
Out” are the same across different trading strategies. “t-test In v Out” is the p-value of a test of whether the average profits from the active strategy are equal in the in-sample and out-
of-sample cases.

Pre-QE1 - 02/01/04 - 10/03/09 (0.0003) Post-QE1 - 27/01/10 —07/10/11 (0.0002) QE2&3 - 08/10/11 - 10/05/13 (0.0004)
Strategy Rf Passive Active Rf Passive Active Rf Passive Active
Average 1.2132 1.0542 1.2390 1.0110 1.1216 1.1751 1.0092 1.0341 1.1237
t-test (paired) 0.000 0.127 <0.001 <0.001 0.002 <0.001
No. Diff + 3 16 27 22 23 24
Average In 1.2245 1.0309 1.2492 1.0110 1.1843 1.2937 1.0092 1.0510 1.1613
Average Out 1.1853 1.1112 1.2139 1.0110 1.0737 1.0844 1.0092 0.9761 0.9946
t-test (paired) In 0.000 0.292 <0.001 <0.001 <0.001 <0.001
t-test (paired) Out 0.070 0.048 0.003 0.020 0.014 0.007
t-test (In v Out) 0.364 <0.001 <0.001
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Table 3. Key QE Announcementsrelating to UK government bonds

Announcement
date

Decision on QE

Other decisions

19 January 200

The Chancellor of the Exchequer announce
Dthat the Bank of England will set up an ass¢
purchase programme

£S
ot

30 January 200

Asset Purchase Facility Fund established.
D Exchange of letters between the Chancellor of
Exchequer and the Governor on 29 January 20

the
09.

11 February
2009

Bank of England’s Februaitwyflation Report
and the associated press conference give
strong indication that QE asset purchases
likely.

ire

5 March 2009

The MPC announces it will purchase £75 billior
of assets over three months funded by central
bank money. Conventional bonds likely to
constitute the majority of purchases, restricted
bonds with residual maturity between 5 and 25
years.

1 Base rate reduced from
1% to 0.5%.

—

11 March 2009

First purchases of UK government bonds
(qgilts).

The MPC announces that the amount of QE ag

set

7 May 2009 | purchases will be extended by a further £50
billion to £125 billion.
The MPC announces that QE asset purchases|wilhe Bank announces a gilt
be extended to £175 billion and that the buying| lending programme, which
range will be extended to gilts with a residual | allows counterparties to

6 August 2009 | maturity greater than three years, and split borrow gilts from the APF’s
between maturity ranges: 3-10 years, 10 to 25 | portfolio via the DMO in
years, and more than 25 years. return for a fee and
alternative gilts as collateral.
5 November | The MPC announced that the amount of QE agset
2009 purchases would be extended to £200 billion.

4 February 2010

The MPC announced that the amount of QE ag
purchases would be maintained at £200 billion,

séhe MPC'’s press statemen
said that the committee
would continue to monitor
the appropriate scale of the
asset purchase programme
and that further purchases
would be made should the
outlook warrant them.

6 October 2011

The MPC announces that the amount of QE ag
purchases will be extended by £75 billion to £2
billion. The start of QE2.

set
75

9 February 2012

The MPC announces that the amount of QE ag
purchases will be extended by a further £50
billion to £325 billion.

s€he maturity range
boundaries are changed
from 10 and 25 yearsto 7
and 15 years.

5 July 2012

The MPC announces that the amount of QE ag
purchases will be extended by £50 billion to £3
billion. The start of QE3.

set
75

Source: Joyce at

al (2011) and Joyce et al (2012).
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Table 4: Regression Tests of the Effects of Gilt-Market Events

This table contains the estimated coefficients from the following regression

Ty = bo + byTe—q + baTe_p + b3Te_3 + byTe_y + bs1_s + b0l + b;1S; + bgOP; + boPS, + byoPA; + by1SHy + b1,QEA; + bisMPC, + by4BR,

where 7;is the daily bond return on day t, and the indicator variables take the value zero, unless the observations are on days that have (respectively) bond issuance, IS;, bond purchases through the APF mechanism, PA, , own issuance, Ol;, own purchases, OP,,
purchases through the APF of close substitute bonds, PS;, announcements relating to QE, QEA,, meetings of the MPC, MPC,, changes to the base rate, BR, , whereupon the indicator variables take the value one. The variable SH, is the percentage of the bond
owned by the Bank of England (as a result of APF activity to that date) on day t. “No. Obs.” is the number of observations, and 7; is the mean of the dependent variable. Estimated coefficients are statistically significant at the 1%, 5% and 10% levels when
appended by *** ** and * respectively. The autoregressive coefficients are not reported to conserve space. Sub-samples exclude any variables that are zero for all bonds in the sub-sample

Panel A: Pre-QE1 - 02/01/04 — 10/03/09

Panel B: QE1 - 11/03/09 — 26/01/10

Bond Name No. Obs. I 0l IS, MPC, BR, No. Obs. I 0l IS, oP, PS, PA, SH, MPC, QEA,
TRSY 4.5% 2007 770 0.00000 0.00050 0.00008 | 0.00031*** -0.00010

TRSY 8.5% 2007 887 -0.00014 | -0.00023 0.00004 | 0.00034*** -0.00030

TRSY 7.25% 2007 990 -0.00009 | -0.00025 0.00008 | 0.00036*** -0.00029

TRSY 5% 2008 1052 -0.00002 | -0.00040 0.00013 [ 0.00033*** -0.00033

TRSY 4% 2009 1304 0.00002 | -0.00036* |  0.00017* | 0.00045*** -0.00038

TRSY 5.75% 2009 1306 -0.00002 0.00004 | 0.00032*** | 0.00057*** -0.00046

TRSY 4.75% 2010 1082 0.00003 0.00019 | 0.00048*** | 0.00059** -0.00073

TRSY 6.25% 2010 1306 0.00000 0.00030 0.00051 | 0.00067*** -0.00061

TRSY 4.25% 2011 338 0.00007 0.00019 | 0.00074*** 0.00048 -0.00088 217 -0.00006 0.00007 0.00010 -0.00027 0.00036
CVSN 9% 2011 1306 -0.00006 0.00047 | 0.00058*** | 0.00071*** -0.00063 217 -0.00021 0.00003 0.00019 -0.00030 0.00049
TRSY 3.25% 2011 217 0.00001 0.00011 0.00014 -0.00031 0.00016
TRSY 5% 2012 1306 0.00005 0.00010 | 0.00074*** | 0.00079** -0.00068 217 -0.00004 0.00011 0.00026 -0.00025 0.00005
TRSY 5.25% 2012 495 0.00018 0.00057 | 0.00099*** 0.00064 -0.00049 217 -0.00004 | -0.00182*** 0.00020 0.00032 -0.00034 0.00029
TRSY 4.5% 2013 251 0.00030 |  -0.00045 |  0.00121* 0.00063 5.18E-06 217 -0.00004 | 0.00146** 0.00017 -0.00051 -0.00038 |  0.00064** 0.00076 -0.00047 -0.00022
TRSY 8% 2013 1306 -0.00001 0.00085 | 0.00083*** | 0.00090** -0.00059 217 -0.00012 0.00011 -0.00050 -0.00039 | 0.00080** 0.00013 -0.00057 0.00248
TRSY 2.25% 2014 209 0.00003 -0.00005 -0.00005 -0.00017 -0.00079 | 0.00104** 0.00061 -0.00065 0.00208
TRSY 5% 2014 1306 0.00009 0.00098 | 0.00099*** | 0.00099** -0.0002 217 -0.00018 -0.00018 | -0.00003 0.00157 | -0.00199** | 0.00125*** 0.00145 -0.00082 0.00112
TRSY 4.34% 2015 1306 0.00010 0.00159 | 0.00097*** | 0.00108** 1.55E-05 217 -0.00021 | -0.01268*** 0.00045 -0.00302 0.00096 | 0.00143*** 0.00082 -0.00175 0.00175
TRSY 8% 2015 1306 0.00003 0.00121 | 0.00098*** | 0.00103** |  0.000149 217 -0.00029 0.00005 0.00036 -0.00189 | 0.00159*** 0.00321 -0.00134 0.00165
TRSY 4% 2016 764 0.00014 | -0.00059 | 0.00154*** 0.00044 | 0.000889 217 -0.00024 | -0.00644%** -0.00016 | -0.00178 0.00083 | 0.00133** 0.00365 -0.00145 0.00244
TRSY 8.75% 2017 1306 0.00002 0.00095 | 0.00102*** | 0.00110** | 0.000152 217 -0.00032 -0.00023 -0.00163 0.00075 | 0.00146** 0.00446 -0.00139 0.00130
TRSY 5% 2018 449 0.00039 0.00148 0.00135 0.00089 | 0.001894 217 -0.00030 -0.00022 | -0.00266* 0.00149 |  0.00135* 0.00228 -0.00177 0.00081
TRSY 4.5% 2019 217 -0.00032 0.00054 |  -0.00018 | -0.00315** 0.00161 | 0.00170** 0.00598 -0.00148 -0.00101
TRSY 4.75% 2020 999 0.00012 0.00156 | 0.00121** 0.00112 0.00025 217 -0.00030 | -0.00448*** -0.00012 | 0.00255* -0.00118 0.00134 0.00397 -0.00203 0.00161
TRSY 8% 2021 1306 0.00004 000124 | 0.00114** | 0.00102* |  0.000304 217 -0.00036 -0.00026 | 0.00316* 0.00125 0.00071 0.00511 -0.00166 0.00186
TRSY 4% 2022 217 -0.00028 | 0.00359** -0.00062 0.00048 0.00272* 0.00049 0.00311 -0.00205 0.00184
TRSY 5% 2025 1306 0.00007 | -0.00069 | 0.00151** 0.00115 |  0.001043 217 -0.00037 -0.00051 -0.00058 | 0.01099** -0.00706 0.00004 0.00524 -0.00105 0.00508
TRSY 4.25% 2027 630 0.00009 |  -0.00257 | 0.00269** 0.00078 | 0.003109 217 -0.00037 | 0.00609*** -0.00099 -0.00279 | 0.00659*** 0.00020 0.00470 -0.00120 0.00660
TRSY 6% 2028 1306 0.00006 0.00045 | 0.00145** 0.00108 | 0.001303 217 -0.00036 0.00151 -0.00055 | 0.00336* -0.00187 0.00059 0.00343 -0.00120 0.00361
TRSY 4.75% 2030 217 -0.00037 0.01107 -0.00093 0.00269 -0.00289 0.00071 0.00779 -0.00154 0.00418
TRSY 4.25% 3032 1306 0.00008 |  -0.00027 | 0.00157** 0.00110 | 0.001555 217 -0.00036 0.00262 -0.00088 |  0.00405** -0.00162 0.00049 0.00779 -0.00182 0.00782
TRSY 4.25% 2036 1306 0.00006 | -0.00102 |  0.00149* 0.00101 |  0.001362 217 -0.00024 -0.00106 | -0.00342 | -0.00598*** 0.00076 |  -0.00017 -0.00122 0.00734
TRSY 4.75% 2038 1237 0.00009| -0.00173| 0.00163* 0.00084 0.00148 217 -0.00023 | -0.01027*** -0.00096 | -0.00332 | -0.00590*** 0.00072 -0.00074 -0.00148 0.00756
TRSY 4.25% 2039 217 -0.00014 -0.00031 -0.00112 -0.00245 | -0.00590%** 0.00122 -0.00083 -0.00150 0.00776
TRSY 4.25% 2042 442 0.00021|  -0.00017 0.00157 0.00227|  0.002445 217 -0.00011 -0.00132 | -0.00409* | -0.00672*** 0.00133 -0.00870 -0.00165 0.00803
TRSY 4.25% 2046 711 -0.00004 | -0.00416 0.00184 0.00081 |  0.001628 217 -0.00006 -0.00137 -0.00369 | -0.00711*** 0.00154 |  -0.00466 -0.00187 0.00907
TRSY 4.25% 2049 217 -0.00003 0.00608 |  -0.00141 -0.00401 | -0.00725*** 000144 | -0.00431 -0.00175 0.00977
TRSY 4.25% 2055 953 0.00001 0.00144 0.00110 0.00076 0.00157 217 -0.00007 -0.00157 -0.00386 | -0.00767*** 000194 |  -0.00124 -0.00212 0.01081
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Table 4: Regression Tests of the Effects of Gilt-Market Events (cont.)

Panel C: Post QE1 - 27/01/10—07/10/11 (No. Obs. = 424)

Panel D: QE2&3 - 10/10/11-08/05/13 (No. Obs. = 395)

Bond Name 7 oI, IS, SH, MPC, QEA, 7 oI, IS, | on PS, PA, SH, mMpc, | QEA,
TRSY 5.25% 2012 | -0.00011 | 0.00137*** | -0.00013 0.00009 0.00005

TRSY 4.5% 2013 | -0.00004 -0.00011 | -0.00016 0.00450 | -0.00012 0.00032

TRSY 8% 2013 -0.00012 -0.00019 -0.00021 0.00047

TRSY 2.25% 2014 | 0.00011 | 0.00092*** | -0.00015 -0.00039 | -0.00014 0.00102 | -0.00005 0.00000 0.00001 0.00015 0.00001 | 0.03529** | 0.00003 | 0.00025
TRSY 5% 2014 0.00004 | -0.00102*** | -0.00017 0.00302 | -0.00021 0.00119 | -0.00013 0.00039 -0.00004 0.00019 0.00000 | 0.00489* | 0.00005 | 0.00046
TRSY 2.75% 2015 | 0.00015 | -0.00121*** | -0.00025 0.03463 | -0.00002 0.00029 | -0.00004 -0.00050 0.00003 | 0.00099** -0.00002 0.00000 | -0.00416 | 0.00001 | 0.00085
TRSY 4.34% 2015 | 0.00011 0.00036 | -0.00022 0.00184 | -0.00019 0.00045 | -0.00008 -0.00046 0.00001 -0.00012 | 0.00085** 0.00004 | -0.00252 | 0.00001 | 0.00137
TRSY 8% 2015 0.00003 -0.00023 -0.00022 0.00046 | -0.00016 -0.00044 -0.00002 0.00051 0.00020 0.00005 | -0.00370 | 0.00002 | 0.00139
TRSY 2% 2016 0.00003 -0.00042 0.00001 0.00059* -0.00035 0.00011 | -0.00140 | -0.00011 | 0.00224*
TRSY 4% 2016 0.00019 -0.00047 | -0.00027 0.00697 | -0.00024 0.00036 | -0.00001 -0.00091 0.00002 | 0.00096** -0.00060 0.00021 | -0.00431 | -0.00011 | 0.00252
TRSY 8.75% 2017 | 0.00010 -0.00032 -0.00033 0.00042 | -0.00009 -0.00085 -0.00011 | 0.00124** | -0.00087* 0.00051 | -0.00190 | -0.00016 | 0.00276
TRSY 5% 2018 0.00022 | 0.00322*** | -0.00042 0.00928 | -0.00030 | 0.00285*** | 0.00002 -0.00028 -0.00013 0.00086 -0.00076 0.00067* 0.01220 | -0.00020 | 0.00305
TRSY 4.5% 2019 | 0.00027 -0.00040 -0.00016 0.00122 | 0.00007 0.00047 -0.00029 | 0.00197*** | -0.00140** 0.00079* | -0.00242 | -0.00023 | 0.00252
TRSY 3.75% 2019 | 0.00031 | 0.00376*** | -0.00049 -0.06458 | -0.00011 0.00096 | 0.00011 -0.00162 -0.00032 0.00031 -0.00073 0.00093* | -0.00154 | -0.00029 | 0.00278
TRSY 4.75% 2020 | 0.00027 -0.00034 | -0.00045 -0.00100 | -0.00033 0.00145 | 0.00009 -0.00209 -0.00042 -0.00035 -0.00045 0.00106* | -0.00631 | -0.00036 | 0.00190
TRSY 3.75% 2020 0.00014 -0.00247 -0.00044 -0.00001 -0.00066 0.00105* | -0.00544 | -0.00040 | 0.00171
TRSY 8% 2021 0.00020 -0.00044 -0.00013 0.00275 | 0.00004 -0.00190 -0.00040 -0.00082 0.00124** | 0.10066* | -0.00073 | 0.00127
TRSY 3.75% 2021 0.00014 -0.00182 -0.00025 0.00001 | -0.00173** 0.00177*** | -0.00148 | -0.00054 | 0.00132
TRSY 4% 2022 0.00035 -0.00124 | -0.00051 0.00006 | -0.00014 0.00065 | 0.00014 0.00026 -0.00052 -0.00155 -0.00033 0.00131** | -0.00568 | -0.00072 | 0.00115
TRSY 5% 2025 0.00037 -0.00171 | -0.00054 -0.02156 | -0.00041 0.00070 | 0.00013 -0.00038 -0.00032 -0.00174 -0.00044 0.00172** | -0.00077 | -0.00107 | 0.00086
TRSY 4.25% 2027 | 0.00040 0.00267 | -0.00076 -0.00980 | -0.00038 0.00061 | 0.00015 0.00076 -0.00059 -0.00088 -0.00149 0.00188** | -0.00473 | -0.00126 | -0.00202
TRSY 6% 2028 0.00035 | 0.00421*** | -0.00082 -0.06026 | 0.00007 0.00051 | 0.00012 -0.00247 -0.00044 -0.00268 |  0.00311* 0.00055 | -0.00349 | -0.00119 | -0.00210
TRSY 4.75% 2030 | 0.00039 | -0.00705*** | -0.00063 -0.00738 | -0.00065 0.00104 | 0.00014 -0.00016 -0.00049 | -0.00510** | 0.00517** 0.00077 | -0.00254 | -0.00131 | -0.00415
TRSY 4.25% 3032 | 0.00039 -0.00031 | -0.00085 -0.03093 | -0.00043 0.00032 | 0.00016 0.00134 -0.00063 | -0.00515** | 0.00493** 0.00071 | -0.00457 | -0.00143 | -0.00528
TRSY 4.5% 2034 | 0.00040 0.00395 | -0.00121 -0.00650 | 0.00059 0.00151 | 0.00015 -0.00206 -0.00044 -0.00346 |  0.00408* 0.00071 | -0.00494 | -0.00162 | -0.00588
TRSY 4.25% 2036 | 0.00040 | -0.00564*** | -0.00089 -0.09976* | 0.00054 0.00174 | 0.00015 -0.00263 -0.00041 | -0.00607** | 0.00639** 0.00087 0.00064 | -0.00179 | -0.00689
TRSY 4.75% 2038 | 0.00039 | -0.00586*** | -0.00102 0.02265 | 0.00057 0.00273 | 0.00014 | -0.00346* -0.00054 0.00284 -0.00021 0.00080 | -0.01159 | -0.00197 | -0.00763
TRSY 4.25% 2039 | 0.00040 -0.00103 | -0.00117 -0.03182* | 0.00085 0.00405 | 0.00014 -0.00399 -0.00062 0.00040 0.00163 0.00087 | -0.00345 | -0.00208 | -0.00812
TRSY 4.25% 2040 0.00014 | -0.00846* -0.00030 0.00016 0.00207 0.00091 | -0.00206 | -0.00227 | -0.00855
TRSY 4.5% 2042 | 0.00040 -0.00132 0.00056 0.00526 | 0.00013 | -0.00725** -0.00008 | 0.00542** -0.00180 0.00081 | -0.00558 | -0.00154 | -0.00988
TRSY 4.25% 2046 | 0.00041 | 0.00483*** | -0.00149 -0.01563 | 0.00074 0.00684 | 0.00012 -0.00393 -0.00071 0.00358 -0.00058 0.00084 | -0.01086 | -0.00259 | -0.00991
TRSY 4.25% 2049 | 0.00041 | -0.00872*** | -0.00134 -0.06738 | 0.00077 0.00785 | 0.00012 -0.00354 -0.00067 | 0.00745*** -0.00316 000084 | -0.01002 | -0.00284 | -0.01082
TRSY 4.25% 2055 | 0.00042 | 0.00452*** | -0.00158 -0.05053 | 0.00089 0.00842 | 0.00013 -0.00398 -0.00081 | 0.00684** -0.00287 0.00082 | -0.01972 | -0.00315 | -0.01267
TRSY 4% 2060 0.00043 0.00065 | -0.00170 | -0.06208*** | 0.00025* 0.01218 | 0.00015 0.00052 -0.00095 | 0.00774** -0.00348 0.00102 | -0.00755 | -0.00332 | -0.01402
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Table 4: Regression Tests of the Effects of Gilt-Market Events (cont.)

Panel E: QE2 - 10/10/11 —31/05/12 (No. Obs. = 160) Panel F: QE3 - 01/06/12 - 08/05/13 (No. Obs. 230)

Bond Name i o1, IS, op, PS, PA, SH, MPC, QEA, 7 oI, IS, op, PS, PA, SH, MPC, QEA,

TRSY 2.25% 2014 0.00000 -0.00020 -0.00004 0.00000 -0.00016 0.00002 | 0.12187*** 0.00005 -0.00033* -0.00008 | 0.00036*** -0.00001 0.00000 -0.00009 0.00001 0.00998 0.00002 | 0.00097***
TRSY 5% 2014 -0.00006 0.00046 -0.00011 0.00000 0.00023 0.00002 0.00086 0.00013 | -0.00058*** -0.00017 | 0.00050*** -0.00007 0.00000 0.00005 0.00000 0.00502 0.00001 | 0.00159***
TRSY 2.75% 2015 0.00004 [ -0.00112** -0.00006 | 0.00123** -0.00017 0.00004 -0.00430 0.00022 | -0.00094** -0.00008 | 0.00047*** 0.00000 0.00000 0.00021 0.00003 0.04036 -0.00002 | 0.00255***
TRSY 4.34% 2015 0.00002 | -0.00131*** -0.00012 | -0.00101** | -0.00174*** 0.00000 -0.00166 0.00034 -0.00070 -0.00014 0.00023 -0.00004 0.00031 0.00000 0.00002 -0.00128 -0.00004 | 0.00324***
TRSY 8% 2015 -0.00005 | -0.00129*** -0.00012 0.00056 0.00011 0.00003 -0.00002 0.00033 -0.00059 -0.00023 | 0.00087*** -0.00010 0.00000 0.00027 0.00001 0.02888 0.00001 | 0.00300***
TRSY 2% 2016 0.00015 | -0.00125** -0.00013 0.00120% -0.00085 0.00014 -0.00142 0.00032 0.00023 -0.00003 | 0.00082** -0.00004 0.00019 -0.00008 0.00002 -0.00158 -0.00016 | 0.00397***
TRSY 4% 2016 0.00012 | -0.00143*** -0.00012 | 0.00181** |  -0.00121* 0.00023 -0.00281 0.00037 0.00011 -0.00009 | 0.00094** -0.00003 0.00035 -0.00016 0.00008 -0.00135 -0.00017 | 0.00463***
TRSY 8.75% 2017 0.00008 | -0.00193* -0.00035 | 0.00184** |  -0.00149* 0.00068 -0.00077 0.00068 -0.00049 -0.00019 0.00099* -0.00012 0.00086* -0.00040 0.00016 -0.00276 -0.00032 | 0.00525***
TRSY 5% 2018 0.00021 | -0.00208* -0.00045 0.00100 -0.00106 0.00083 0.02083 0.00077 -0.00039 -0.00009 | 0.00147** -0.00012 0.00074 -0.00032 0.00016 0.00634 -0.00038 | 0.00566***
TRSY 4.5% 2019 0.00033 0.00154 -0.00089 | 0.00346*** | -0.00273** 0.00098 0.00133 0.00126 -0.00206 -0.00007 0.00076 -0.00004 0.00111 -0.00059 0.00058 |  -0.01178* -0.00039 | 0.00475***
TRSY 3.75% 2019 0.00039 -0.00237 -0.00098 0.00105 -0.00152 0.00119 0.00061 0.00125 -0.00275 -0.00004 0.00063 -0.00007 0.00001 -0.00018 0.00043 -0.00066 -0.00061 | 0.00664***
TRSY 4.75% 2020 0.00039 -0.00298 -0.00113 0.00011 -0.00094 0.00137 0.01285 0.00126 |  -0.00425* -0.00007 0.00048 -0.00009 -0.00043 -0.00006 0.00054 0.00005 -0.00066 | 0.00631***
TRSY 3.75% 2020 0.00045 -0.00353 -0.00121 0.00105 -0.00159 0.00134 0.00059 0.00135 | -0.00538** -0.00004 0.00011 -0.00002 -0.00082 -0.00006 0.00064 -0.00318 -0.00075 | 0.00682***
TRSY 8% 2021 0.00035 | -0.00331* -0.00091 0.00000 -0.00024 0.00097 | 0.45734%** 0.00048 | -0.00540*** -0.00014 0.00096 -0.00008 0.00000 -0.00128 | 0.00122** 0.09021 -0.00081 | 0.00642***
TRSY 3.75% 2021 0.00047 | -0.00337* -0.00059 -0.00006 | -0.00204* |  0.00220** 0.00605 0.00169 | -0.00744*** -0.00005 0.00081 0.00000 -0.00016 -0.00137 0.00132* 0.00059 -0.00106 | 0.00782***
TRSY 4% 2022 0.00047 -0.00020 -0.00124 -0.00257 0.00044 0.00141 | -0.02393* 0.00126 | -0.00667** -0.00005 0.00241 -0.00018 -0.00012 -0.00144 0.00129* -0.00155 -0.00114 | 0.00806***
TRSY 5% 2025 0.00051 -0.00063 -0.00111 -0.00251 0.00025 0.00178 0.00808 0.00110 | -0.00941*** -0.00009 0.00271 -0.00005 -0.00037 -0.00163 0.00156* 0.00121 -0.00155 |  0.00896***
TRSY 4.25% 2027 0.00056 0.00228 -0.00203 -0.00055 -0.00131 0.00196 -0.00020 0.00131 | -0.01577*** -0.00009 0.00091 0.00028 -0.00134 -0.00194 0.00179* 0.01523 -0.00172 | 0.00890***
TRSY 6% 2028 0.00051 -0.00338 -0.00166 | -0.00368* |  0.00415** 0.00041 0.00845 0.00119 | -0.01557*** -0.00011 0.00032 0.00021 0.00116 -0.00047 0.00061 0.07028 -0.00167 | 0.00863***
TRSY 4.75% 2030 0.00057 -0.00264 -0.00176 | -0.00469* |  0.00521** 0.00057 0.01440 0.00132 | -0.01957*** -0.00009 -0.00005 0.00017 0.00007 0.00000 0.00050 -0.01164 -0.00175 | 0.00753**
TRSY 4.25% 3032 0.00059 0.00568 -0.00276 | -0.00586** |  0.00548** 0.00036 0.00246 0.00180 | -0.02225*** -0.00006 -0.00382 0.00062 -0.00004 0.00021 0.00074 -0.00578 -0.00189 | 0.00724**
TRSY 4.5% 2034 0.00059 -0.00361 -0.00198 | -0.00477* |  0.00535** 0.00049 -0.00493 0.00152 | -0.02314*** -0.00007 0.00118 0.00034 | 0.00920*** | -0.00808*** 0.00071 0.00516 -0.00219 | 0.00816**
TRSY 4.25% 2036 0.00060 -0.00335 -0.00221 | -0.00561* |  0.00646** 0.00064 0.00334 0.00184 | -0.02425*** -0.00005 -0.00048 0.00054 -0.00350 0.00342 0.00089 0.08984 -0.00232 | 0.00657**
TRSY 4.75% 2038 0.00061 -0.00168 -0.00223 | 0.00605** -0.00135 0.00063 -0.01041 0.00176 | -0.02469*** -0.00006 0.00025 0.00045 -0.00660 0.00583 0.00080 0.06733 -0.00252 0.00574*
TRSY 4.25% 2039 0.00062 -0.00354 -0.00258 0.00273 0.00121 0.00061 -0.00098 0.00205 | -0.02584*** -0.00005 0.00095 0.00052 | -0.00603* 0.00500* 0.00112 0.10457 -0.00262 0.00538
TRSY 4.25% 2040 0.00064 -0.01137 -0.00173 0.00204 0.00188 0.00073 -0.00125 0.00168 | -0.02650*** -0.00005 0.00000 0.00039 -0.00548 0.00489 0.00059 0.00252 -0.00289 0.00497
TRSY 4.25% 2042 0.00062 -0.00768 -0.00161 | 0.00778** -0.00180 0.00071 -0.00025 0.00297 | -0.02843*** -0.00005 -0.00680 0.00091 0.00021 0.00037 0.00063 0.00904 -0.00226 0.00384
TRSY 4.25% 2046 0.00064 -0.00261 -0.00306 0.00612* -0.00081 0.00059 -0.01201 0.00239 | -0.02919*** -0.00006 -0.00078 0.00052 -0.00481 0.00442 0.00048 -0.01768 -0.00335 0.00352
TRSY 4.25% 2049 0.00065 -0.00241 -0.00314 0.00725* -0.00174 0.00057 -0.02289 0.00245 -0.03057 -0.00005 -0.00338 0.00060 | 0.00940%** | -0.00716*** 0.00062 0.00106 -0.00363 0.00338
TRSY 4.25% 2055 0.00071 -0.00315 -0.00331 0.00779* -0.00181 0.00058 -0.02815 0.00219 -0.03174 -0.00005 -0.00194 0.00067 0.00574 -0.00496 0.00078 0.01395 -0.00396 0.00095
TRSY 4% 2060 0.00079 -0.00248 -0.00347 0.00788* -0.00157 0.00079 -0.00548 0.00242 -0.03364 -0.00005 0.00400 0.00046 0.00645 -0.00569 0.00099 0.02327 -0.00429 0.00033
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Table 5: Event based Trading Rule Tests

“Passive” is the (average across all bonds in the sample of the) end of period value of a £1 investment at the start of the period from following a passive (buy-and-hold) strategy.
“Active” is the average end of period value of a £1 investment at the start of the period following an active timing rule. “Rf” is the end of period value of a £1 investment in a short term
money market deposit investment. Average (across all bonds) break-even transaction costs per one-way trade are reported alongside the sample period in parentheses. A value of, for
example, 0.0003 means that the strategy will produce profits greater than buy-and-hold plus transactions costs, provided that transactions costs are less than 0.03% of the value of each
one-way transaction. Bonds for which the event underpinning the timing rule was not significant at a 5 percent level form an “out-of-sample” subset. t-test (paired) are p-values from
tests whether the average end of period values are equal. The comparison is between the strategy with the result listed and the case with an empty cell. “No. Diff +” is the number of
bonds for which the investment terminal value in that column exceeded the maximum of those in the other two columns. “t-test” (paired) in [out]” are p-values from tests of whether
the averages from the in-sample bonds, “Average In”, (those bonds for whom the autocorrelation was significant) and those for the out-of-sample bonds “Average Out” are the same
across different trading strategies. “t-test In v Out” is the p-value of a test of whether the average profits from the active strategy are equal in the in-sample and out-of-sample cases.
Panels A and C contain the (time series) in-sample results for each trading rule suggested by the regression results in Table 6. Panels B and D contains the corresponding (time series)
out-of-sample results for the same trading rules applied to a later sub-sample. If there are no matching out-of-sample results, then the (time series in-sample) active strategy did not
beat the next best alternative either before or after transactions costs.

Rf | Passive | Active Rf [ Passive | Active Rf | Passive | Active Rf | Passive | Active
Panel A Issuance days (0.0011) MPC days (0.0016) APF days (0.0008) Substitute Purchases (0.0000)
(In sample) Pre-QE1 - 02/01/2004 — 10/03/2009 QE1 - 11/03/2009 —26/01/10
Average 1.2123 | 1.0537 | 1.3056 | 1.2123 | 1.0537 | 1.2591 | 1.0051 | 0.9582 | 1.0543 | 1.0051 | 0.9529 | 0.8794
t-test(paired) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
No. Diff + 1 25 2 27 0 28 0 0
Average In 1.2204 | 1.0483 | 1.3110 | 1.2504 | 1.0231 | 1.2919 | 1.0051 | 0.9573 | 1.0383 | 1.0051 | 0.9653 | 0.8351
Average Out 1.1891 | 1.0693 | 1.2904 | 1.1716 | 1.0864 | 1.2242 | 1.0051 | 0.9586 | 1.0624 | 1.0051 | 0.9447 | 0.9090
t-test (paired) In 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
t'te“éz:'re‘j) 0.041 | 0.015 0.008 | 0.006 0.000 | 0.000 0.000 | 0.000
t-test (In v Out) 0.726 0.040 0.017 0.007
Panel B Post-QE1 - 27/01/10 - 08/10/11 QF2&3 - 09/10/11 - 08/05/13
(Out of sample) Issuance days (0.0000) MPC days (0.0000) APF days (0.0010)
Average 1.0109 | 1.1210 | 0.9948 | 1.0109 | 1.1210 | 1.0214 | 1.0091 | 1.0363 | 1.1452
t-test(paired) 0.000 0.000 0.000 0.000 0.001 0.000
No. Diff + 27 0 27 2 0 26
Average In 1.0091 | 1.0442 | 1.1058
Average Out 1.0109 | 1.1210 | 0.9948 | 1.0109 | 1.1210 | 1.0214 | 1.0091 | 1.0325 | 1.1639
t-test (paired) In 0.000 0.000
t'teStéz:'md) 0.000 0.000 | 0.000 0.000 | 0.038 0.049
t-test (In v Out) 0.066
Panel C QE2-09/10/11-31/05/12
(In sample) APF days (0.0009) Own purchases (0.0000) Own issuance (0.0007)
Average 1.0041 | 1.0641 | 1.1201 | 1.0041 | 1.0692 | 1.0680 | 1.0041 | 1.0641 | 1.0671
t-test(paired) 0.000 0.000 0.000 0.930 0.000 0.002
No. Diff + 2 26 16 12 3 25
Average In 1.0041 | 1.0808 | 1.0947 | 1.0041 | 1.0689 | 1.0892
Average Out 1.0041 | 1.0636 | 1.1209 | 1.0041 | 1.0695 | 1.0352 | 1.0041 | 1.0641 | 1.0671
t-test (paired) In 0.000 0.262
t'teStéE?'md) 0.000 0.000 | 0.000 0.048 | 0.000 0.002
t-test (In v Out) 0.134 0.059
Panel D QE3 - 01/06/12 - 08/05/13
(Out of sample) APF days (0.0007) Own Issuance (0.0000)
Average 1.0048 | 0.9935 | 1.0210 1.0048 | 0.9935 | 0.9932
t-test(paired) 0.001 0.000 0.001 0.001
No. Diff + 0 23 2 9
Average In 1.0048 | 0.9891 | 1.0222
Average Out 1.0048 | 0.9943 | 1.0207 1.0048 | 0.9935 | 0.9932
t-test (paired) In 0.016 0.000
t-test (paired) 0.008 | 0.000 0001 | 0.001
Out
t-test (In v Out) 0.697
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Table 6: Regression tests of the effect of bond market events on bid-ask spreads

This table contains the estimated coefficients from the following regression

St = bo + bySe_1 + bySe_p + b3Si_3 + bySp_y + bsSe_s + bgOl + b;IS; + bgOP; + bgPS; + byoPA; + by1SHy + b1,QEA. + bysMPC, + by4BR,

where s,is the end-of-day bid-ask spread on a bond return on day t, and the indicator variables take the value zero, unless the observations are on days that have (respectively) bond issuance, IS;, bond purchases through the APF mechanism, PA, , own
issuance, 01, own purchases, OP;, purchases through the APF of close substitute bonds, PS;, announcements relating to QF, QEA,, meetings of the MPC, MPC,, changes to the base rate, BR, , whereupon the indicator variables take the value one. The variable
SH, is the percentage of the bond owned by the Bank of England (as a result of APF activity to that date) on day t. “No. Obs.” is the number of observations, and 7; is the mean of the dependent variable. Estimated coefficients are statistically significant at the
1%, 5% and 10% levels when appended by *** ** and * respectively. The autoregressive coefficients are not reported to conserve space. Sub-samples exclude any variables that are zero for all bonds in the sub-sample

Panel A: Pre-QE1 - 02/01/04 — 10/03/09 Panel B: QE1 - 11/03/09 — 26/01/10

Bond Name No. Obs. 5 oI, 1S, MPC, BR, No. Obs. 5 oI, IS, op, PS, PA, SH, MPC, QEA,

TRSY 4.5% 2013 224 1.0617 0.0052 0.0020 | -0.0106* 0.0008 209 0.9504 | -0.0036** -0.0008 -0.0028 0.0005 | -0.0066*** 0.0027 0.0024 -0.0109
TRSY 8% 2013 220 0.0646 0.0091 -0.0013 | -0.0169*** 0.0217 222 0.0780 0.0000 -0.0005 -0.0032 | 0.0052*** -0.0016 -0.0013 0.0000 0.0003
TRSY 2.25% 2014 203 0.0567 0.0039 -0.0112 0.0090 -0.0005 -0.0043 -0.0815 0.1388 -0.1375
TRSY 5% 2014 1282 0.0545 -0.0122 0.0017 | -0.0073*** 0.0055 222 0.0439 0.0189 0.0013 -0.0111 -0.0016 0.0020 -0.0205 0.0074 0.0018
TRSY 4.34% 2015 1242 0.0529 |  -0.0124* -0.0001| -0.0035** 0.0059 222 0.0483 | -0.0374** -0.0061 | 0.0391*** | -0,0312*** -0.0062 -0.0213 0.0218 | -0.0319**
TRSY 8% 2015 1119 0.1600 0.0137 -0.0058 0.0027 -0.0334 222 0.0777 0.0000 0.0090 -0.0097 -0.0171 -0.0100 -0.2379 -0.0271 0.0076
TRSY 4% 2016 607 0.1006 0.0095 -0.0126| -0.0122* -0.0201 216 0.0471 | -0.0320%** 0.0017 -0.0075 0.0128 -0.0046 -0.0702 0.0099 0.0110
TRSY 8.75% 2017 1234 0.1804 -0.0175 -0.0149 -0.0161 -0.0422 222 0.0824 0.0000 0.0086 0.0019 0.0094 -0.0076 -0.1328 -0.0067 | -0.0297**
TRSY 5% 2018 383 0.0956 0.0040 -0.0120| -0.0252** 0.0088 216 0.0630 0.0000 0.0012 -0.0009 -0.0131|  0.0088* |  -0.0540* 0.0022 | -0.0253***
TRSY 4.5% 2019 216 0.0345 -0.0344 0.0055 0.0055 0.0016 -0.0042 -0.0667 -0.0038 0.0042
TRSY 4.75% 2020 996 0.0707 0.0051 | -0.0062** 0.0020 | -0.0118* 222 0.0511 | 0.0410%** -0.0024 | -0.0202** -0.0079 0.0078 -0.0341 | -0.0279*** | 0.0303*
TRSY 8% 2021 979 0.1309 -0.0116 -0.0007 | -0.0403*** 0.0177 222 0.0827 0.0000 -0.0109 0.0121 -0.0022 -0.0146 -0.1449 -0.0168 -0.0385
TRSY 4% 2022 210 0.0392 -0.0030 -0.0036 | 0.0307** -0.0183 -0.0047 | -0.0755** 0.0193 0.0102
TRSY 5% 2025 986 0.1678 0.0327 -0.0006 | -0.0447%** -0.0184 222 0.1005 0.0053 0.0091 0.0648 -0.0522 -0.0107 | -0.2851** -0.0271 -0.0347
TRSY 4.25% 2027 223 0.1538 -0.0127 -0.0088| -0.0237* -0.0546 222 0.1228 | 0.0638*** -0.0062 0.0072 -0.0220 0.0022 | -0.1898*** -0.0203 0.0090
TRSY 6% 2028 945 0.1592 -0.0045 0.0077 | -0.0249** -0.0056 222 0.1344 | 0.0455%* -0.0065 0.0152 0.0069 -0.0207 | -0.3971%** -0.0079 -0.0682
TRSY 4.75% 2030 210 0.2810 -0.0024 0.0034 0.0119 -0.0102 0.0023 | -0.2699** 0.0110 0.0430
TRSY 4.25% 3032 1233 0.2700 0.0334 -0.0143 0.0010 -0.0571 222 0.2713 0.0164 -0.0158 -0.0092 -0.0122 0.0157 | -0.4264%** 0.0659 |  -0.1140*
TRSY 4.25% 2036 1243 0.2560 0.0127 | -0.0275%* 0.0054 |  -0.0645* 222 0.1219 0.0000 0.0288 -0.0251 0.0218 -0.0140 | -0.3429* -0.0028 -0.0153
TRSY 4.75% 2038 1216 0.0867 -0.0101 0.0033 0.0027 -0.0066 217 0.0984 -0.0030 -0.0287 0.0049 -0.0150 -0.0018 | -0.0745* -0.0010 -0.0059
TRSY 4.25% 2039 209 0.0424 -0.0137 0.0019 -0.0073 -0.0097 0.0039 -0.0150 0.0687 | -0.1073**
TRSY 4.5% 2042 355 0.1013 -0.0015 -0.0025 0.0069 -0.0270 211 0.1127 0.0000 -0.0172 0.0181 -0.0030 0.0203| -0.6448* -0.0282 | 0.0665***
TRSY 4.25% 2046 509 0.1432 -0.0619 -0.0025 0.0025 -0.0156 217 0.1451 0.0000 0.0266 | 0.0647** 00212 -0.0467* | -0.6424%* -0.0449 |  0.0878**
TRSY 4.25% 2049 196 0.1099 0.0131 -0.0071 0.0220 -0.0645 0.0876 | -0.3877* 0.0926 -0.0438
TRSY 4.25% 2055 940 0.1420 0.0160 -0.0042| -0.0168* -0.0253 207 0.2944 0.0000 -0.0139 0.0006 -0.0543|  0.0548* -0.1723 -0.0151 0.0170
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Table 6: Regression tests of the effect of bond market events on bid-ask spreads (cont.)

Panel C: Post QE1 - 27/01/10-07/10/11 Panel D: QE2&3 - 10/10/11-08/05/13

Bond Name No. Obs. St ol IS; SH, MPC, QEA, No. Obs. St ol IS, 0P, PS; PA, SH, MPC, QEA;
TRSY 4.5% 2013 379 1.0229 | -0.0103*** 0.0025* -0.0049 -0.0045* -0.0042

TRSY 8% 2013 429 0.0578 0.0000 -0.0017 0.0000 0.0009 -0.0025

TRSY 2.25% 2014 429 0.0855 | 0.1925*** -0.0137 0.2918 -0.0270* 0.0106 400 0.0339 0.0789 -0.0030 0.0000 -0.0057 0.0008 1.4702 0.0018 -0.0056
TRSY 5% 2014 429 0.0895 -0.0201 0.0008 -0.1669* -0.0367 0.0095 400 0.0290 0.0000 | -0.0019** 0.0000 0.0014 0.0001 0.0752* -0.0016* 0.0009
TRSY 2.75% 2015 414 0.1113 0.0158 0.0094 | -2.0388** -0.0678* 0.0575 400 0.0375 0.0613 -0.0044 0.0109 0.0073 -0.0045 | -0.5380** -0.0008 0.0075
TRSY 4.34% 2015 429 0.1204 -0.0026 -0.0220 | -0.5628*** -0.0487* 0.0255 394 0.0353 0.0392 -0.0033 0.0080 -0.0149 -0.0025 | -0.2320** 0.0002 -0.0038
TRSY 8% 2015 422 0.2692 0.0000 -0.0114 0.0000 -0.1824 0.1323 400 0.1097 | 0.0326*** -0.0007 -0.0049 -0.0026 -0.0005 0.0004 -0.0034 | -0.0695***
TRSY 2% 2016 400 0.0360 0.0848 -0.0032 0.0031 | 0.0067** -0.0064* | -0.0554** 0.0040 -0.0020
TRSY 4% 2016 429 0.1145 -0.0368* -0.0180 | -1.2114*** | -0.0445** 0.0283 400 0.0356 0.0342 0.0015| -0.0071** 0.0047 -0.0046 -0.0259 | -0.0054** | 0.0129***
TRSY 8.75% 2017 423 0.1436 0.0000 -0.0100 0.0000 -0.0756 0.0399 400 0.1037 0.0209* 0.0015 | 0.0102** -0.0052 -0.0001 -0.0072 0.0020 | -0.0365***
TRSY 5% 2018 420 0.1293 0.0463* -0.0265 | -0.6953*** | -0.0509** -0.0047 400 0.0530 0.0236 0.0009 0.0016 -0.0007 -0.0009 0.0670 | -0.0041** 0.0018
TRSY 4.5% 2019 414 0.1189 0.0000 -0.0226 0.0000 -0.0472* -0.0073 400 0.0350 0.0357 | -0.0054** -0.0026 -0.0048 0.0010 -0.0322 -0.0008 | 0.0171***
TRSY 3.75% 2019 429 0.1016 | 0.0463*** -0.0183 | -2.5745** -0.0385* 0.0435 400 0.0416 0.0612 -0.0011 0.0016 0.0003 -0.0055* -0.0192 -0.0023 | 0.0110**
TRSY 4.75% 2020 429 0.1277 -0.0278 -0.0210 | -0.2341*** | -0.0522** 0.0238 400 0.0409 0.0450 0.0021| 0.0168** -0.0121 0.0039 | -0.2260** -0.0074 0.0620
TRSY 3.75% 2020 400 0.0422 0.0369 -0.0065 | 0.0177** | -0.0195** 0.0075 | -0.3127*** -0.0013 -0.0116
TRSY 8% 2021 422 0.2500 0.0000 -0.0207 0.0000 -0.1897 0.1715 400 0.0461 0.0371 -0.0097* 0.0000 0.0016 -0.0012 1.1355* -0.0031 | 0.0777***
TRSY 3.75% 2021 400 0.0353 -0.0002 -0.0007 -0.0006 0.0004 -0.0004 -0.0043 | -0.0010*** 0.0001
TRSY 4% 2022 429 0.1126 -0.0348 -0.0067 | -0.4370*** -0.0365 0.0151 400 0.0483 0.0263 -0.0005 0.0102 -0.0070 0.0028 -0.0371 -0.0005 0.0587
TRSY 5% 2025 429 0.1642 | -0.3970*** -0.0157 -0.0041 | -0.0417** 0.0496 400 0.0687 0.0118 -0.0053 0.0055 0.0002 -0.0019 | -0.1518*** 0.0009 0.0324
TRSY 4.25% 2027 422 0.2241 -0.0177 -0.0054 -0.1346 -0.1396 0.1196 400 0.0751 | -0.0164*** 0.0005 0.0084 0.0090* -0.0037 -0.0469* 0.0051 0.0300
TRSY 6% 2028 422 0.2371 -0.0007 -0.0130 -1.1632* -0.1269 0.1227 400 0.0649 -0.0083 -0.0009 0.0011 -0.0043 0.0037 -0.0330 0.0070 0.0478*
TRSY 4.75% 2030 413 0.2631 0.0354 -0.0181 -0.8008 -0.1389 0.1629 400 0.0766 0.0032 0.0005 0.0119 -0.0108 0.0051| -0.1373** 0.0128* 0.0460
TRSY 4.25% 3032 422 0.2615 -0.0109 -0.0111 -1.1579 -0.1244 0.1188 400 0.0821 0.0035 0.0011 0.0023 -0.0097 | 0.0086** | -0.1254** 0.0025 0.0051
TRSY 4.5% 2034 429 0.1489 -0.0258 -0.0129 | -0.5055** | -0.0565** 0.0292 400 0.0778 0.0064 0.0032 0.0021 -0.0022 0.0012 -0.0812 0.0055 0.0048
TRSY 4.25% 2036 429 0.1691 | -0.7352*** -0.0189 -3.3055 | -0.0627** 0.0783 394 0.0820 0.0397 -0.0003 -0.0084 0.0015 0.0042 | -0.1643*** 0.0132* 0.0473
TRSY 4.75% 2038 422 0.2362 -0.0269 -0.0066 -2.6988* -0.1581* 0.1390 400 0.0872 0.0273 -0.0027 0.0114 -0.0080 0.0016 | -0.4938*** 0.0061 0.0029
TRSY 4.25% 2039 429 0.1599 0.0010 -0.0112 | -0.6298*** -0.0327 -0.0065 400 0.0925 0.0184 | -0.0080*** -0.0069 0.0017 0.0009 | -0.1053** 0.0028 0.0353
TRSY 4.25% 2040 400 0.0947 0.0022 -0.0008 -0.0044 0.0072 0.0017 | -0.0704*** -0.0015| 0.0479**
TRSY 4.5% 2042 422 0.2530 0.0000 -0.0127 0.0000 -0.1308 0.1411 400 0.1227 | 0.0120** -0.0025 -0.0019 0.0018 0.0016 | -0.0918*** -0.0016 0.0086*
TRSY 4.25% 2046 417 0.2579 -0.0313 0.0012 -1.6841* -0.1263 0.1089 400 0.1323 0.0090 0.0005 0.0042 -0.0032 -0.0021 | -0.1219*** -0.0013 -0.0042
TRSY 4.25% 2049 417 0.2492 -0.0274 0.0122 | -2.7937** -0.0865 0.0044 400 0.1432 0.0035 0.0029 0.0047 -0.0043 0.0024 | -0.0839*** 0.0035 -0.0095
TRSY 4.25% 2055 417 0.3563 | -0.3243*** -0.0119 | -2.1108** -0.1144 0.0299 395 0.1704 0.0017 0.0032 -0.0010 -0.0038 0.0029 | -0.0713** 0.0005 -0.0081
TRSY 4% 2060 323 0.1521 -0.0159 0.0116 -0.3535 0.0167 -0.0812 395 0.1757 0.0006 0.0012 0.0042 -0.0055 0.0026 -0.0183 0.0056 | -0.0126***
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Figure 1: Holdings of Individual Gilts by the Bank of England

The box plots shows the distribution of ownership shares of individual gilts held by the Bank of
England at the end of each of the sub-periods indicated. The boxes measure the median and inter-
quartile range (IQR) of the distribution, while the whiskers measure the furthest data points within
1.5 IQR of the outer quartiles. (Source: Bank of England and the UK DMO).
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Figure 2: Total Holdings of Gilts by the Bank of England

This graph shows the total size of the gilt market, the growth in market (cumulative net issuance),
and the shares of the market owned by the Bank of England between 2004Q1 and 2013Q2. (Source:
Bank of England and the UK DMO).

1600
1400
my
c
© 1200
s 1000 Gilts Stock
“ (less CNI &
S 800 BoEH)
S
= 600 B Cumulative
E Net Issuance
400
o (CNI)
2
200
W BoE
0 Holdings
(BOEH)
3
Q
ﬁp

45



Figure 3: Distribution of mean returns to gilts

The box plots represent the distribution of mean returns (capital change only) of gilts in each of the
sub-samples. The boxes measure the median and inter-quartile range (IQR) of the distribution, while
the whiskers measure the furthest data points within 1.5 IQR of the outer quartiles.
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Figure 4: Distribution of standard deviation of returns to gilts

The box plots represent the distribution of standard deviations of returns of gilts in each of the sub-
samples. The boxes measure the median and inter-quartile range (IQR) of the distribution, while the
whiskers measure the furthest data points within 1.5 IQR of the outer quartiles.
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Figure 5: Distribution of skewness of returns to gilts

The box plots represent the distribution of skewness of returns of gilts in each of the sub-samples.
The boxes measure the median and inter-quartile range (IQR) of the distribution, while the whiskers
measure the furthest data points within 1.5 IQR of the outer quartiles.
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Figure 6: Distribution of first-order autocorrelation of returns to gilts

The box plots represent the distribution of the coefficients of first-order autocorrelation of the
returns to the gilts in the sub-samples indicated. The boxes measure the median and inter-quartile
range (IQR) of the distribution, while the whiskers measure the furthest data points within 1.5 IQR of
the outer quartiles.
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Figure 7: Distribution of second-order autocorrelation of returns to gilts

The box plots represent the distribution of the coefficients of second-order autocorrelation of the
returns to the gilts in the sub-samples indicated. The boxes measure the median and inter-quartile
range (IQR) of the distribution, while the whiskers measure the furthest data points within 1.5 IQR of

the outer quartiles.
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Figure 8: Distribution of third-order autocorrelation of returns to gilts

The box plots represent the distribution of the coefficients of third-order autocorrelation of the
returns to the gilts in the sub-samples indicated. The boxes measure the median and inter-quartile
range (IQR) of the distribution, while the whiskers measure the furthest data points within 1.5 IQR of

the outer quartiles.
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Figure 9: Gilt Issuance by day of the week

This figure shows the distribution of gilt issuance across the days of the week for each of the sub-

samples. The bars are ratio of the number of times that weekday was used for issuance to the total

number of that weekday in the sub-sample. For example, over 45 percent of all Wednesdays during

the QE1 phase experienced gilt issuance. (Source: UK DMO)
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Figure 10: Gilt Purchase Auctions by day of the week

This figure shows the distribution of gilt purchase auctions across the days of the week for each of

the sub-samples. The bars are ratio of the number of times that weekday was used for purchase

auctions to the total number of that weekday in the sub-sample. For example, almost 80 percent of

all Wednesdays during the QE1 phase experienced gilt purchase auctions. (Source: Bank of England).
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Figure 11: Autocorrelation-based Trading Rule Payoffs

The box plots show the distribution of terminal payoffs from applying either passive or active trading
strategies (based upon significant return autocorrelation) to individual gilts in the sub-samples
indicated. The boxes measure the median and inter-quartile range (IQR) of the distribution, while
the whiskers measure the furthest data points within 1.5 IQR of the outer quartiles. The terminal
payoff from a risk-free investment is indicated with a diamond. In the pre-QE1 (post-QE1) [QE2&3]
periods, significant return autocorrelation was found at lag 1 (2) [3].
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Figure 12: Distribution of Bid-Ask Spreads of Gilts

The box plots shows the distribution of gilt bid-ask spreads collected at the close of the day from
Thomson Reuters Eikon for all gilts across all of the days in each of the sub-samples. The boxes
measure the median and inter-quartile range (IQR) of the distribution, while the whiskers measure
the furthest data points within 1.5 IQR of the outer quartiles.
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Figure 13: Event-based Trading Rule Payoffs

The box plots show the distribution of terminal payoffs from applying either passive or active trading
strategies (based upon significant event dummies) to individual gilts in the sub-samples indicated.
“Issue” events are days of any new issues. “MPC” are days of MPC meetings. “Purchase” events are
days of any APF purchases. “Substitute” are days on which close substitute bonds are purchased.
The boxes measure the median and inter-quartile range (IQR) of the distribution, while the whiskers
measure the furthest data points within 1.5 IQR of the outer quartiles. The terminal payoff from a
risk-free investment is indicated with a diamond. Active (In) plots are the in-sample (time series)
results (the ex-post payoffs from a rule identified using data for the same sample period). Active
(Out) plots are the out-of-sample (time series) results from applying the same rule to a later sub-
sample (in cases where the Active (In) produced superior payoffs).
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Appendix
Table A.1: Summary Statistics

This table contains summary statistics for daily returns (daily change in log clean price) for the gilts listed for all trading days within the particular sub-sample.
Quartile refers to the quartile of the returns distribution. Skew is the skewness of returns. Kurtosis is excess kurtosis. Zeros counts the number of zero daily returns
in the period. No. Obs. is the number of observations available for the bond within the sample. This is less than the maximum due to initial issue or maturity arising
within the sample period.

Panel A: Pre-QE1 - 02/01/04-10/03/09
Bond Name No. Obs. Mean Std. Dev. Minimum Quartile 1 Median Quartile 3 Maximum Skewness Kurtosis Zeros
TRSY 4.5% 2007 775 <0.00001 0.00058 -0.00321 -0.00020 0.00000 0.00020 0.00290 -0.281 5.222 158
TRSY 8.5% 2007 892 -0.00013 0.00064 -0.00349 -0.00038 -0.00010 0.00010 0.00408 -0.004 6.080 80
TRSY 7.25% 2007 995 -0.00009 0.00072 -0.00387 -0.00037 -0.00010 0.00019 0.00466 -0.004 6.087 109
TRSY 5% 2008 1057 -0.00001 0.00078 -0.00405 -0.00030 0.00000 0.00030 0.00512 -0.065 5.926 136
TRSY 4% 2009 1309 0.00002 0.00100 -0.00506 -0.00041 0.00000 0.00052 0.00618 -0.090 4.122 87
TRSY 5.75% 2009 1311 -0.00001 0.00126 -0.00562 -0.00068 0.00000 0.00069 0.00662 -0.136 2.245 39
TRSY 4.75% 2010 1087 0.00004 0.00136 -0.00638 -0.00070 0.00000 0.00090 0.00591 -0.167 1.498 31
TRSY 6.25% 2010 1311 0.00000 0.00164 -0.00717 -0.00092 0.00000 0.00101 0.00733 -0.135 1.788 36
TRSY 4.25% 2011 843 0.00008 0.00169 -0.00799 -0.00083 0.00010 0.00114 0.00713 -0.176 1.835 20
CVSN 9% 2011 1311 -0.00005 0.00180 -0.00841 -0.00106 0.00000 0.00105 0.00759 -0.148 1.676 28
TRSY 5% 2012 1311 0.00006 0.00213 -0.00974 -0.00119 0.00010 0.00136 0.00889 -0.129 1.592 23
TRSY 5.25% 2012 500 0.00017 0.00251 -0.00997 -0.00120 0.00018 0.00174 0.00948 -0.201 1.490 9
TRSY 4.5% 2013 256 0.00030 0.00345 -0.01142 -0.00167 0.00053 0.00234 0.01137 -0.255 0.935 3
TRSY 8% 2013 1311 0.00000 0.00247 -0.01045 -0.00145 0.00000 0.00159 0.01157 -0.039 1.575 17
TRSY 5% 2014 1311 0.00009 0.00291 -0.01134 -0.00165 0.00010 0.00192 0.01106 -0.025 1.198 18
TRSY 4.34% 2015 1311 0.00011 0.00324 -0.01229 -0.00181 0.00010 0.00210 0.01665 0.047 1.612 17
TRSY 8% 2015 1311 0.00004 0.00309 -0.01181 -0.00178 0.00000 0.00191 0.01857 0.139 2.283 17
TRSY 4% 2016 769 0.00013 0.00389 -0.01337 -0.00211 0.00000 0.00247 0.02022 0.225 2.380 10
TRSY 8.75% 2017 1311 0.00003 0.00349 -0.01326 -0.00195 0.00000 0.00212 0.02317 0.214 3.001 10
TRSY 5% 2018 454 0.00038 0.00503 -0.01510 -0.00240 0.00049 0.00355 0.02317 0.118 1.795 6
TRSY 4.75% 2020 1004 0.00013 0.00436 -0.01597 -0.00242 0.00010 0.00285 0.02385 0.164 2.192 7
TRSY 8% 2021 1311 0.00006 0.00404 -0.01546 -0.00222 0.00008 0.00251 0.02346 0.126 2.330 6
TRSY 5% 2025 1311 0.00008 0.00517 -0.02310 -0.00267 0.00018 0.00312 0.05156 0.957 11.881 11
TRSY 4.25% 2027 635 0.00009 0.00689 -0.02623 -0.00343 0.00000 0.00380 0.06228 1.427 14.683 9
TRSY 6% 2028 1311 0.00007 0.00557 -0.02508 -0.00294 0.00017 0.00336 0.05836 1.045 13.438 7
TRSY 4.25% 3032 1311 0.00009 0.00643 -0.02962 -0.00330 0.00020 0.00386 0.06691 0.925 12.485 17
TRSY 4.25% 2036 1311 0.00008 0.00671 -0.03192 -0.00353 0.00020 0.00414 0.05472 0.298 5.991 11
TRSY 4.75% 2038 1242 0.00009 0.00685 -0.03127 -0.00378 0.00028 0.00413 0.05074 0.157 4.871 12
TRSY 4.25% 2042 447 0.00014 0.00953 -0.03353 -0.00530 0.00020 0.00558 0.05147 0.088 3.168 2
TRSY 4.25% 2046 716 -0.00001 0.00870 -0.03585 -0.00497 0.00000 0.00481 0.05485 0.156 4.155 9
TRSY 4.25% 2055 958 0.00003 0.00890 -0.03947 -0.00521 0.00005 0.00512 0.05784 0.127 4.097 4
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Panel B: QE1 - 11/03/09 — 26/01/10

Bond Name Nobs Mean Std Dev Min Q1 Median Q3 Max Skew Excess Kurt Zeros
TRSY 4.25% 2011 222 -0.00008 0.00089 -0.00378 -0.00057 -0.00005 0.00048 0.00266 -0.350 1.404 13
CVSN 9% 2011 222 -0.00023 0.00109 -0.00632 -0.00087 -0.00017 0.00043 0.00293 -0.850 4.058 11
TRSY 3.25% 2011 222 -0.00001 0.00131 -0.00539 -0.00068 0.00010 0.00086 0.00357 -0.454 1.190 6
TRSY 5% 2012 222 -0.00006 0.00141 -0.00563 -0.00093 0.00009 0.00083 0.00334 -0.423 0.839 5
TRSY 5.25% 2012 222 -0.00007 0.00154 -0.00621 -0.00119 0.00005 0.00092 0.00339 -0.468 0.787 7
TRSY 4.5% 2013 222 -0.00008 0.00212 -0.00849 -0.00159 0.00009 0.00132 0.00679 -0.342 1.728 7
TRSY 8% 2013 222 -0.00016 0.00217 -0.00834 -0.00166 0.00000 0.00133 0.00723 -0.182 0.846 5
TRSY 2.25% 2014 214 0.00001 0.00263 -0.01046 -0.00175 0.00000 0.00182 0.00787 -0.183 0.848 6
TRSY 5% 2014 222 -0.00019 0.00279 -0.01078 -0.00194 0.00000 0.00162 0.00745 -0.385 0.727 5
TRSY 4.34% 2015 222 -0.00022 0.00337 -0.01220 -0.00221 -0.00009 0.00186 0.00910 -0.442 0.939 0
TRSY 8% 2015 222 -0.00029 0.00326 -0.01205 -0.00219 -0.00030 0.00177 0.00867 -0.346 0.637 3
TRSY 4% 2016 222 -0.00024 0.00392 -0.01376 -0.00278 -0.00009 0.00220 0.01122 -0.283 0.644 1
TRSY 8.75% 2017 222 -0.00031 0.00408 -0.01630 -0.00293 -0.00022 0.00239 0.01180 -0.272 1.007 2
TRSY 5% 2018 222 -0.00030 0.00457 -0.01865 -0.00326 -0.00027 0.00284 0.01188 -0.321 0.925 0
TRSY 4.5% 2019 222 -0.00030 0.00500 -0.01927 -0.00342 0.00000 0.00284 0.01181 -0.322 0.681 8
TRSY 4.75% 2020 222 -0.00028 0.00510 -0.01952 -0.00359 -0.00009 0.00344 0.01243 -0.313 0.568 1
TRSY 8% 2021 222 -0.00035 0.00505 -0.01934 -0.00377 -0.00032 0.00339 0.01259 -0.235 0.488 0
TRSY 4% 2022 222 -0.00024 0.00592 -0.02324 -0.00404 0.00020 0.00413 0.01403 -0.345 0.610 2
TRSY 5% 2025 222 -0.00029 0.00629 -0.02649 -0.00420 0.00032 0.00421 0.02047 -0.344 1.523 1
TRSY 4.25% 2027 222 -0.00028 0.00725 -0.03082 -0.00486 0.00030 0.00494 0.02508 -0.304 1.672 3
TRSY 6% 2028 222 -0.00027 0.00709 -0.02990 -0.00451 0.00044 0.00447 0.02405 -0.330 1.591 4
TRSY 4.75% 2030 222 -0.00027 0.00762 -0.03210 -0.00467 0.00019 0.00496 0.02349 -0.394 1.518 4
TRSY 4.25% 3032 222 -0.00025 0.00798 -0.03401 -0.00521 0.00048 0.00527 0.02471 -0.371 1.511 0
TRSY 4.25% 2036 222 -0.00022 0.00819 -0.03621 -0.00535 -0.00010 0.00497 0.02376 -0.355 1.375 1
TRSY 4.75% 2038 222 -0.00021 0.00824 -0.03474 -0.00565 0.00036 0.00496 0.02428 -0.289 1.113 0
TRSY 4.25% 2039 222 -0.00012 0.00839 -0.03011 -0.00571 0.00010 0.00529 0.02498 -0.159 0.551 0
TRSY 4.25% 2042 222 -0.00010 0.00870 -0.03399 -0.00591 0.00020 0.00539 0.02564 -0.213 0.774 2
TRSY 4.25% 2046 222 -0.00006 0.00928 -0.03608 -0.00655 0.00040 0.00563 0.02740 -0.183 0.770 0
TRSY 4.25% 2049 222 -0.00004 0.00966 -0.03630 -0.00664 0.00024 0.00588 0.02868 -0.175 0.788 3
TRSY 4.25% 2055 222 -0.00008 0.01007 -0.03899 -0.00713 0.00039 0.00601 0.03009 -0.164 0.835 1
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Panel C: Post-QE1 - 27/01/10-07/10/11

Bond Name Nobs Mean Std Dev Min Q1 Median Q3 Max Skew Excess Kurt Zeros
TRSY 5.25% 2012 429 -0.00011 0.00057 -0.00204 -0.00042 -0.00018 0.00019 0.00203 0.174 1.342 30
TRSY 4.5% 2013 429 -0.00004 0.00090 -0.00277 -0.00056 -0.00009 0.00055 0.00274 0.102 0.516 22
TRSY 8% 2013 429 -0.00012 0.00107 -0.00323 -0.00078 -0.00017 0.00060 0.00336 0.093 0.450 16
TRSY 2.25% 2014 429 0.00011 0.00148 -0.00435 -0.00087 0.00000 0.00113 0.00435 -0.008 -0.044 19
TRSY 5% 2014 429 0.00004 0.00165 -0.00511 -0.00099 0.00000 0.00116 0.00488 -0.020 -0.022 14
TRSY 2.75% 2015 429 0.00015 0.00193 -0.00591 -0.00104 0.00010 0.00150 0.00670 -0.032 0.177 15
TRSY 4.34% 2015 429 0.00011 0.00210 -0.00648 -0.00124 0.00000 0.00157 0.00761 0.045 0.093 6
TRSY 8% 2015 429 0.00003 0.00209 -0.00643 -0.00137 -0.00008 0.00149 0.00762 0.056 0.081 6
TRSY 4% 2016 429 0.00018 0.00258 -0.00794 -0.00155 0.00018 0.00187 0.00988 0.057 0.104 6
TRSY 8.75% 2017 429 0.00009 0.00277 -0.00779 -0.00165 0.00000 0.00204 0.01082 0.083 0.101 4
TRSY 5% 2018 429 0.00021 0.00320 -0.00865 -0.00184 0.00009 0.00241 0.01242 0.093 0.058 7
TRSY 4.5% 2019 429 0.00026 0.00365 -0.00985 -0.00209 0.00018 0.00282 0.01448 0.087 0.132 7
TRSY 3.75% 2019 429 0.00030 0.00391 -0.01042 -0.00222 0.00019 0.00306 0.01550 0.085 0.122 5
TRSY 4.75% 2020 429 0.00027 0.00398 -0.01050 -0.00229 0.00018 0.00296 0.01580 0.109 0.156 2
TRSY 8% 2021 429 0.00020 0.00408 -0.01058 -0.00242 0.00015 0.00298 0.01676 0.081 0.212 6
TRSY 4% 2022 429 0.00034 0.00462 -0.01218 -0.00266 0.00019 0.00332 0.01709 0.122 0.167 6
TRSY 5% 2025 429 0.00036 0.00510 -0.01293 -0.00274 0.00008 0.00364 0.01941 0.226 0.429 4
TRSY 4.25% 2027 429 0.00039 0.00567 -0.01402 -0.00306 -0.00009 0.00386 0.02007 0.268 0.483 5
TRSY 6% 2028 429 0.00034 0.00551 -0.01366 -0.00280 0.00000 0.00366 0.01953 0.251 0.560 12
TRSY 4.75% 2030 429 0.00038 0.00599 -0.01655 -0.00321 0.00009 0.00391 0.02143 0.292 0.559 5
TRSY 4.25% 3032 429 0.00038 0.00637 -0.01786 -0.00345 0.00000 0.00415 0.02251 0.286 0.544 6
TRSY 4.5% 2034 429 0.00039 0.00663 -0.01862 -0.00359 0.00000 0.00427 0.02316 0.287 0.539 6
TRSY 4.25% 2036 429 0.00039 0.00690 -0.01971 -0.00367 -0.00010 0.00424 0.02434 0.295 0.566 3
TRSY 4.75% 2038 429 0.00038 0.00711 -0.02092 -0.00389 -0.00019 0.00429 0.02478 0.310 0.570 2
TRSY 4.25% 2039 429 0.00039 0.00737 -0.02190 -0.00403 -0.00020 0.00444 0.02540 0.307 0.587 1
TRSY 4.25% 2042 429 0.00039 0.00767 -0.02343 -0.00424 -0.00019 0.00453 0.02498 0.300 0.556 5
TRSY 4.25% 2046 429 0.00040 0.00821 -0.02663 -0.00458 -0.00020 0.00491 0.02632 0.273 0.597 4
TRSY 4.25% 2049 429 0.00040 0.00850 -0.02796 -0.00481 -0.00011 0.00510 0.02706 0.261 0.605 4
TRSY 4.25% 2055 429 0.00039 0.00899 -0.02997 -0.00502 -0.00019 0.00536 0.02871 0.257 0.652 1
TRSY 4% 2060 429 0.00041 0.00936 -0.03096 -0.00508 0.00000 0.00549 0.02980 0.229 0.729 14
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Panel D: QE2&3 - 10/10/11-08/05/13

Bond Name Nobs Mean Std Dev Min Q1 Median Q3 Max Skew Excess Kurt Zeros
TRSY 2.25% 2014 400 -0.00005 0.00047 -0.00125 -0.00029 -0.00010 0.00019 0.00279 1.175 5.235 51
TRSY 5% 2014 400 -0.00013 0.00060 -0.00169 -0.00046 -0.00018 0.00009 0.00329 1.021 4.288 35
TRSY 2.75% 2015 400 -0.00004 0.00085 -0.00235 -0.00048 -0.00009 0.00045 0.00406 0.534 2.205 16
TRSY 4.34% 2015 400 -0.00008 0.00105 -0.00301 -0.00070 -0.00009 0.00053 0.00500 0.467 1.865 17
TRSY 8% 2015 400 -0.00016 0.00109 -0.00321 -0.00081 -0.00016 0.00047 0.00501 0.446 1.765 10
TRSY 2% 2016 400 0.00003 0.00132 -0.00383 -0.00076 0.00000 0.00077 0.00591 0.305 1.273 6
TRSY 4% 2016 400 -0.00002 0.00152 -0.00433 -0.00089 0.00000 0.00089 0.00667 0.264 1.198 10
TRSY 8.75% 2017 400 -0.00011 0.00195 -0.00649 -0.00126 -0.00014 0.00108 0.00839 0.231 1.584 6
TRSY 5% 2018 400 0.00000 0.00231 -0.00754 -0.00138 0.00000 0.00147 0.00988 0.217 1.505 10
TRSY 4.5% 2019 400 0.00005 0.00294 -0.00958 -0.00183 0.00000 0.00187 0.01276 0.184 1.518 6
TRSY 3.75% 2019 400 0.00008 0.00321 -0.01031 -0.00195 0.00009 0.00205 0.01398 0.169 1.475 4
TRSY 4.75% 2020 400 0.00007 0.00341 -0.01135 -0.00196 0.00016 0.00219 0.01516 0.141 1.582 3
TRSY 3.75% 2020 400 0.00010 0.00372 -0.01244 -0.00219 0.00026 0.00245 0.01766 0.163 1.797 1
TRSY 8% 2021 400 0.00001 0.00375 -0.01291 -0.00234 0.00013 0.00229 0.01808 0.121 1.842 5
TRSY 3.75% 2021 400 0.00011 0.00424 -0.01383 -0.00253 0.00021 0.00287 0.01982 0.101 1.715 5
TRSY 4% 2022 400 0.00010 0.00436 -0.01441 -0.00264 0.00017 0.00286 0.02008 0.089 1.596 5
TRSY 5% 2025 400 0.00009 0.00507 -0.01697 -0.00320 0.00027 0.00330 0.02133 0.038 1.348 2
TRSY 4.25% 2027 400 0.00011 0.00584 -0.01951 -0.00355 0.00017 0.00393 0.02281 -0.023 1.038 6
TRSY 6% 2028 400 0.00007 0.00576 -0.01914 -0.00350 0.00021 0.00384 0.02225 -0.028 0.986 1
TRSY 4.75% 2030 400 0.00010 0.00630 -0.02202 -0.00384 0.00031 0.00404 0.02401 -0.052 1.044 3
TRSY 4.25% 3032 400 0.00012 0.00674 -0.02273 -0.00431 0.00041 0.00437 0.02560 -0.037 1.024 1
TRSY 4.5% 2034 400 0.00010 0.00713 -0.02380 -0.00459 0.00028 0.00448 0.02655 -0.040 0.958 1
TRSY 4.25% 2036 400 0.00010 0.00744 -0.02542 -0.00466 0.00050 0.00453 0.02707 -0.059 0.970 3
TRSY 4.75% 2038 400 0.00009 0.00777 -0.02643 -0.00503 0.00051 0.00484 0.02754 -0.066 0.907 3
TRSY 4.25% 2039 400 0.00009 0.00806 -0.02741 -0.00520 0.00057 0.00506 0.02804 -0.066 0.878 1
TRSY 4.25% 2040 400 0.00008 0.00824 -0.02823 -0.00518 0.00054 0.00527 0.02794 -0.078 0.830 1
TRSY 4.25% 2042 400 0.00007 0.00846 -0.02884 -0.00547 0.00056 0.00527 0.02774 -0.089 0.763 3
TRSY 4.25% 2046 400 0.00005 0.00917 -0.03147 -0.00590 0.00057 0.00576 0.02967 -0.073 0.732 2
TRSY 4.25% 2049 400 0.00005 0.00955 -0.03295 -0.00615 0.00049 0.00597 0.03065 -0.056 0.714 1
TRSY 4.25% 2055 400 0.00006 0.01029 -0.03603 -0.00665 0.00044 0.00662 0.03299 -0.039 0.689 0
TRSY 4% 2060 400 0.00007 0.01090 -0.03914 -0.00696 0.00042 0.00690 0.03472 -0.044 0.702 1
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Table A.2: Autocorrelation statistics

This table contains autocorrelation coefficients for daily returns for lags 1 to 5, AC(1),...,AC(5), and the probability values associated Box and Ljung (1978) portmanteau Q-statistics. The variance ratio statistic is the
ratio of the variance of 2-day returns to twice the variance of 1-day returns. The statistic LM.Het is Lo and MacKinlay's (1988) variance ratio test statistic that adjusts for heteroscedasticity in the returns data.
Under the null hypothesis of randomness, this statistic is distributed N(0,1), providing for a critical value of 1.96 at the 5% significance level. Associated probability values (significance levels) are given in the column
headed LM.Het(p). The number of observations is in the column No. Obs. These vary from the full sub-sample value for bonds issued or redeemed within the sub-sample.

Panel A: Pre-QE1 - 02/01/04-10/03/09

Bond Name No. Obs. AC(1) AC(2) AC(3) AC(4) AC(5) Q(1) p Q(2) p Q(3) p Q(4) p Q(5) p VR(2) LM.Het. LM.Het.p
TRSY 4.5% 2007 775 0.0943 -0.0986 -0.1104 0.0229 0.0305 0.009 0.001 <0.001 <0.001 <0.001 1.098 1.949 0.051
TRSY 8.5% 2007 892 0.1139 -0.0804 -0.0614 0.0217 0.0376 0.001 <0.001 <0.001 <0.001 <0.001 1.120 2.553 0.011
TRSY 7.25% 2007 995 0.0968 -0.0705 -0.0533 0.0282 0.0262 0.002 0.001 0.001 0.001 0.002 1.102 2.272 0.023
TRSY 5% 2008 1057 0.0964 -0.0732 -0.0419 0.0260 0.0280 0.002 <0.001 0.001 0.001 0.002 1.100 2.325 0.020
TRSY 4% 2009 1309 0.0878 -0.0577 -0.0242 0.0274 0.0251 0.001 0.001 0.002 0.003 0.004 1.091 2.572 0.010
TRSY 5.75% 2009 1311 0.0864 -0.0415 -0.0212 0.0237 0.0188 0.002 0.002 0.005 0.009 0.016 1.089 2.834 0.005
TRSY 4.75% 2010 1087 0.0984 0.0087 -0.0160 0.0132 -0.0005 0.001 0.005 0.012 0.025 0.049 1.100 3.072 0.002
TRSY 6.25% 2010 1311 0.0877 -0.0260 -0.0170 0.0141 0.0076 0.001 0.004 0.010 0.020 0.039 1.091 3.072 0.002
TRSY 4.25% 2011 843 0.0913 0.0440 0.0059 -0.0134 -0.0286 0.008 0.013 0.033 0.064 0.088 1.097 2.413 0.016
CVSN 9% 2011 1311 0.0865 -0.0179 -0.0137 0.0057 -0.0054 0.002 0.006 0.015 0.032 0.060 1.089 2.925 0.003
TRSY 5% 2012 1311 0.0722 -0.0251 -0.0152 0.0114 -0.0016 0.009 0.022 0.046 0.086 0.148 1.077 2.550 0.011
TRSY 5.25% 2012 500 0.0824 0.0382 -0.0196 -0.0269 -0.0384 0.065 0.125 0.226 0.318 0.362 1.087 1.821 0.069
TRSY 4.5% 2013 256 0.1097 -0.0007 -0.0466 -0.0060 -0.0621 0.078 0.211 0.298 0.449 0.452 1.112 1.819 0.069
TRSY 8% 2013 1311 0.0606 -0.0190 -0.0166 0.0212 -0.0126 0.028 0.070 0.129 0.181 0.263 1.064 2.136 0.033
TRSY 5% 2014 1311 0.0501 -0.0196 -0.0145 0.0291 -0.0097 0.069 0.150 0.253 0.268 0.378 1.056 1.701 0.089
TRSY 4.34% 2015 1311 0.0500 -0.0231 -0.0147 0.0409 -0.0067 0.070 0.137 0.234 0.167 0.258 1.057 1.534 0.125
TRSY 8% 2015 1311 0.0591 -0.0195 -0.0124 0.0429 -0.0079 0.032 0.079 0.152 0.103 0.168 1.065 1.603 0.109
TRSY 4% 2016 769 0.0468 0.0153 0.0014 0.0525 -0.0179 0.193 0.392 0.598 0.404 0.513 1.057 0.970 0.332
TRSY 8.75% 2017 1311 0.0577 -0.0241 -0.0072 0.0485 -0.0080 0.037 0.077 0.158 0.081 0.136 1.064 1.434 0.151
TRSY 5% 2018 454 0.0627 0.0001 -0.0006 0.0574 -0.0305 0.180 0.407 0.615 0.506 0.587 1.077 1.059 0.289
TRSY 4.75% 2020 1004 0.0443 -0.0016 -0.0209 0.0469 -0.0161 0.160 0.372 0.490 0.326 0.428 1.055 1.102 0.271
TRSY 8% 2021 1311 0.0418 -0.0212 -0.0169 0.0452 -0.0083 0.130 0.237 0.354 0.203 0.303 1.050 1.161 0.246
TRSY 5% 2025 1311 0.0706 -0.0549 -0.0314 0.0313 -0.0214 0.011 0.005 0.008 0.011 0.018 1.076 0.924 0.355
TRSY 4.25% 2027 635 0.1007 -0.0483 -0.0300 0.0291 -0.0458 0.011 0.019 0.036 0.059 0.064 1.108 0.857 0.391
TRSY 6% 2028 1311 0.0734 -0.0608 -0.0365 0.0306 -0.0210 0.008 0.003 0.003 0.005 0.008 1.078 0.941 0.347
TRSY 4.25% 3032 1311 0.0780 -0.0646 -0.0455 0.0312 -0.0191 0.005 0.001 0.001 0.002 0.003 1.082 1.036 0.300
TRSY 4.25% 2036 1311 0.0740 -0.0648 -0.0579 0.0338 -0.0101 0.007 0.002 0.001 0.001 0.002 1.079 1.306 0.192
TRSY 4.75% 2038 1242 0.0762 -0.0733 -0.0699 0.0416 -0.0140 0.007 0.001 <0.001 <0.001 <0.001 1.079 1.378 0.168
TRSY 4.25% 2042 447 0.1079 -0.0808 -0.0740 0.0487 -0.0211 0.022 0.017 0.014 0.019 0.036 1.113 1.366 0.172
TRSY 4.25% 2046 716 0.0781 -0.0551 -0.0803 0.0245 -0.0233 0.036 0.037 0.011 0.020 0.034 1.069 0.996 0.319
TRSY 4.25% 2055 958 0.0948 -0.0834 -0.0971 0.0307 -0.0131 0.003 <0.001 <0.001 <0.001 <0.001 1.093 1.608 0.108
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Panel B: QE1 - 11/03/09 — 26/01/10
Bond Name No. Obs. AC(1) AC(2) AC(3) AC(4) AC(5) Q(1) p Q(2) p Q(3) p Q(4) p Q(5) p VR(1) LM.Het. LM.Het.p
TRSY 4.25% 2011 222 -0.0249 0.0624 0.0352 -0.0969 -0.0830 0.709 0.601 0.729 0.487 0.414 0.985 -0.201 0.841
CVSN 9% 2011 222 -0.0190 0.0882 0.0082 -0.0921 -0.0685 0.776 0.399 0.603 0.435 0.433 0.992 -0.118 0.906
TRSY 3.25% 2011 222 -0.0137 0.0398 0.0393 -0.0852 -0.1002 0.838 0.819 0.861 0.661 0.453 0.996 -0.061 0.951
TRSY 5% 2012 222 -0.0497 0.0546 0.0388 -0.0881 -0.0691 0.456 0.540 0.666 0.502 0.488 0.958 -0.581 0.561
TRSY 5.25% 2012 222 -0.0542 0.0577 0.0312 -0.0762 -0.0702 0.416 0.493 0.652 0.565 0.537 0.953 -0.664 0.507
TRSY 4.5% 2013 222 -0.1269 0.0315 0.0664 -0.0515 -0.0312 0.057 0.146 0.183 0.244 0.339 0.880 -1.459 0.144
TRSY 8% 2013 222 -0.0407 0.0351 0.0348 -0.0201 -0.0575 0.541 0.722 0.819 0.907 0.879 0.967 -0.486 0.627
TRSY 2.25% 2014 214 -0.0984 -0.0305 0.0800 -0.0043 -0.1025 0.147 0.316 0.295 0.446 0.303 0.898 -1.396 0.163
TRSY 5% 2014 222 -0.0492 -0.0815 0.0249 -0.0038 -0.0835 0.461 0.360 0.535 0.701 0.581 0.955 -0.627 0.531
TRSY 4.34% 2015 222 0.0189 -0.0547 -0.0119 -0.0667 -0.0825 0.777 0.685 0.852 0.772 0.644 1.020 0.270 0.787
TRSY 8% 2015 222 0.0055 -0.0481 0.0037 -0.0593 -0.0633 0.934 0.767 0.911 0.855 0.813 1.002 0.035 0.972
TRSY 4% 2016 222 0.0060 -0.0713 -0.0065 -0.0419 -0.0372 0.929 0.560 0.761 0.815 0.865 1.003 0.044 0.965
TRSY 8.75% 2017 222 0.0314 -0.0867 -0.0192 -0.0651 -0.0407 0.638 0.383 0.571 0.562 0.646 1.025 0.352 0.725
TRSY 5% 2018 222 0.0367 -0.0946 -0.0250 -0.0565 -0.0397 0.582 0.313 0.481 0.526 0.615 1.035 0.500 0.617
TRSY 4.5% 2019 222 -0.0096 -0.0759 -0.0213 -0.0573 -0.0315 0.886 0.516 0.700 0.704 0.791 0.982 -0.262 0.793
TRSY 4.75% 2020 222 0.0169 -0.0901 -0.0259 -0.0516 -0.0294 0.800 0.387 0.562 0.616 0.722 1.013 0.195 0.845
TRSY 8% 2021 222 0.0045 -0.0857 -0.0191 -0.0572 -0.0459 0.947 0.435 0.627 0.646 0.703 1.001 0.011 0.991
TRSY 4% 2022 222 0.0123 -0.0970 -0.0293 -0.0406 -0.0495 0.854 0.339 0.502 0.603 0.655 1.007 0.097 0.923
TRSY 5% 2025 222 0.0648 -0.0795 -0.0606 -0.0332 0.0284 0.331 0.305 0.361 0.484 0.602 1.033 0.485 0.628
TRSY 4.25% 2027 222 0.0795 -0.0759 -0.0629 -0.0247 0.0400 0.233 0.256 0.305 0.439 0.531 1.042 0.625 0.532
TRSY 6% 2028 222 0.0416 -0.0428 -0.0678 -0.0238 0.0393 0.533 0.669 0.605 0.740 0.802 1.007 0.115 0.909
TRSY 4.75% 2030 222 0.0347 -0.0646 -0.0763 -0.0153 0.0449 0.603 0.545 0.469 0.629 0.692 1.005 0.078 0.938
TRSY 4.25% 3032 222 0.0541 -0.0887 -0.0762 -0.0149 0.0463 0.417 0.295 0.289 0.433 0.507 1.023 0.333 0.739
TRSY 4.25% 2036 222 0.0386 -0.0796 -0.1093 -0.0153 0.0352 0.563 0.413 0.214 0.339 0.438 1.021 0.309 0.757
TRSY 4.75% 2038 222 0.0329 -0.0852 -0.1213 -0.0055 0.0455 0.622 0.390 0.156 0.264 0.336 1.016 0.228 0.820
TRSY 4.25% 2039 222 0.0384 -0.0834 -0.1227 -0.0028 0.0494 0.565 0.386 0.149 0.255 0.317 1.023 0.327 0.744
TRSY 4.25% 2042 222 0.0246 -0.0850 -0.1196 -0.0009 0.0331 0.712 0.413 0.170 0.285 0.384 1.011 0.155 0.877
TRSY 4.25% 2046 222 0.0192 -0.0829 -0.1269 0.0089 0.0349 0.774 0.441 0.152 0.257 0.348 1.007 0.102 0.919
TRSY 4.25% 2049 222 0.0047 -0.0557 -0.1344 0.0002 0.0179 0.943 0.702 0.186 0.307 0.430 0.996 -0.054 0.957
TRSY 4.25% 2055 222 0.0227 -0.0697 -0.1322 0.0070 0.0282 0.733 0.545 0.159 0.268 0.372 1.012 0.167 0.867
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Panel C: Post-QE1 - 27/01/10-07/10/11

Bond Name No. Obs. AC(1) AC(2) AC(3) AC(4) AC(5) Q(1) p Q(2) p Q(3) p Q(4) p Q(5) p VR(1) LM.Het. LM.Het.p
TRSY 5.25% 2012 429 -0.0135 -0.0582 0.0010 0.0299 -0.0995 0.779 0.462 0.672 0.748 0.282 0.975 -0.436 0.663
TRSY 4.5% 2013 429 0.0344 -0.0567 0.0284 0.0698 -0.1165 0.474 0.386 0.521 0.358 0.067 1.031 0.582 0.560
TRSY 8% 2013 429 0.0259 -0.0662 0.0254 0.0836 -0.1184 0.590 0.335 0.481 0.239 0.040 1.024 0.463 0.643
TRSY 2.25% 2014 429 0.0390 -0.0563 0.0201 0.0815 -0.0892 0.417 0.362 0.531 0.278 0.128 1.040 0.809 0.418
TRSY 5% 2014 429 0.0409 -0.0465 0.0203 0.0751 -0.0943 0.395 0.437 0.607 0.369 0.147 1.043 0.887 0.375
TRSY 2.75% 2015 429 0.0532 -0.0613 -0.0054 0.0868 -0.0565 0.269 0.241 0.414 0.189 0.184 1.056 1.153 0.249
TRSY 4.34% 2015 429 0.0397 -0.0554 0.0189 0.0876 -0.0733 0.410 0.367 0.540 0.240 0.165 1.042 0.871 0.384
TRSY 8% 2015 429 0.0390 -0.0587 0.0206 0.0896 -0.0721 0.418 0.342 0.507 0.213 0.151 1.042 0.866 0.386
TRSY 4% 2016 429 0.0440 -0.0808 0.0217 0.0860 -0.0714 0.361 0.160 0.276 0.131 0.097 1.049 1.010 0.313
TRSY 8.75% 2017 429 0.0337 -0.0970 -0.0102 0.0792 -0.0268 0.484 0.102 0.203 0.119 0.177 1.034 0.693 0.488
TRSY 5% 2018 429 0.0316 -0.0923 -0.0171 0.0696 -0.0129 0.512 0.128 0.236 0.174 0.267 1.032 0.643 0.520
TRSY 4.5% 2019 429 0.0366 -0.0953 -0.0200 0.0698 -0.0287 0.447 0.105 0.196 0.146 0.209 1.037 0.741 0.459
TRSY 3.75% 2019 429 0.0336 -0.0973 -0.0312 0.0678 -0.0208 0.484 0.101 0.171 0.135 0.206 1.034 0.682 0.495
TRSY 4.75% 2020 429 0.0377 -0.0900 -0.0358 0.0719 -0.0034 0.433 0.127 0.197 0.140 0.226 1.038 0.739 0.460
TRSY 8% 2021 429 0.0427 -0.0743 -0.0415 0.0691 -0.0138 0.374 0.204 0.269 0.199 0.298 1.038 0.741 0.459
TRSY 4% 2022 429 0.0385 -0.0930 -0.0382 0.0684 -0.0167 0.424 0.111 0.170 0.133 0.208 1.040 0.749 0.454
TRSY 5% 2025 429 0.0501 -0.0887 -0.0488 0.0577 -0.0202 0.298 0.106 0.138 0.138 0.210 1.055 0.971 0.331
TRSY 4.25% 2027 429 0.0735 -0.1052 -0.0548 0.0572 -0.0072 0.126 0.028 0.038 0.043 0.079 1.078 1.333 0.182
TRSY 6% 2028 429 0.0744 -0.0881 -0.0666 0.0438 0.0121 0.122 0.056 0.053 0.075 0.127 1.078 1.335 0.182
TRSY 4.75% 2030 429 0.0746 -0.1088 -0.0634 0.0513 -0.0043 0.121 0.023 0.026 0.034 0.064 1.079 1.322 0.186
TRSY 4.25% 3032 429 0.0735 -0.1139 -0.0681 0.0501 -0.0121 0.126 0.019 0.019 0.026 0.049 1.078 1.292 0.196
TRSY 4.5% 2034 429 0.0678 -0.1175 -0.0697 0.0509 -0.0152 0.159 0.019 0.018 0.024 0.046 1.071 1.179 0.238
TRSY 4.25% 2036 429 0.0708 -0.1191 -0.0743 0.0434 -0.0230 0.141 0.016 0.013 0.021 0.038 1.075 1.227 0.220
TRSY 4.75% 2038 429 0.0674 -0.1191 -0.0796 0.0396 -0.0287 0.161 0.017 0.013 0.021 0.036 1.071 1.153 0.249
TRSY 4.25% 2039 429 0.0651 -0.1205 -0.0844 0.0358 -0.0250 0.176 0.017 0.011 0.019 0.034 1.069 1.104 0.269
TRSY 4.25% 2042 429 0.0595 -0.1196 -0.0836 0.0389 -0.0339 0.217 0.021 0.013 0.022 0.036 1.062 1.004 0.316
TRSY 4.25% 2046 429 0.0591 -0.1255 -0.0837 0.0438 -0.0343 0.219 0.016 0.010 0.016 0.026 1.061 0.993 0.321
TRSY 4.25% 2049 429 0.0605 -0.1229 -0.0945 0.0470 -0.0307 0.209 0.017 0.007 0.011 0.020 1.062 1.004 0.316
TRSY 4.25% 2055 429 0.0516 -0.1328 -0.0875 0.0452 -0.0363 0.284 0.012 0.007 0.011 0.019 1.052 0.839 0.401
TRSY 4% 2060 429 0.0489 -0.1253 -0.0944 0.0404 -0.0136 0.310 0.020 0.008 0.015 0.029 1.048 0.768 0.443
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Panel D: QE2&3 - 10/10/11-08/05/13

Bond Name No. Obs. AC(1) AC(2) AC(3) AC(4) AC(5) Q(1) p Q(2) p Q(3) p Q(4) p Q(5) p VR(1) LM.Het. LM.Het.p
TRSY 2.25% 2014 400 -0.1960 -0.0334 -0.0029 0.0300 0.0120 <0.001 <0.001 0.001 0.003 0.006 0.805 -2.797 0.005
TRSY 5% 2014 400 -0.1667 -0.0354 -0.0098 0.0294 0.0340 0.001 0.003 0.008 0.017 0.028 0.832 -2.535 0.011
TRSY 2.75% 2015 400 -0.0641 -0.0878 -0.0910 0.0363 0.0128 0.198 0.092 0.043 0.070 0.120 0.936 -1.005 0.315
TRSY 4.34% 2015 400 -0.0461 -0.0651 -0.0883 0.0258 0.0086 0.355 0.277 0.126 0.199 0.304 0.955 -0.718 0.473
TRSY 8% 2015 400 -0.0591 -0.0628 -0.0852 0.0319 0.0124 0.235 0.223 0.115 0.174 0.268 0.940 -0.967 0.334
TRSY 2% 2016 400 -0.0066 -0.0707 -0.0979 0.0281 -0.0126 0.894 0.361 0.115 0.182 0.277 0.997 -0.054 0.957
TRSY 4% 2016 400 -0.0071 -0.0590 -0.0964 0.0295 -0.0056 0.887 0.491 0.159 0.236 0.352 0.996 -0.063 0.950
TRSY 8.75% 2017 400 0.0196 -0.0866 -0.1154 0.0403 -0.0124 0.695 0.203 0.035 0.055 0.098 1.020 0.298 0.766
TRSY 5% 2018 400 0.0142 -0.0826 -0.1216 0.0477 -0.0228 0.775 0.242 0.032 0.045 0.076 1.016 0.247 0.805
TRSY 4.5% 2019 400 0.0037 -0.0858 -0.1243 0.0708 -0.0119 0.941 0.225 0.026 0.024 0.045 1.004 0.056 0.955
TRSY 3.75% 2019 400 0.0047 -0.0887 -0.1262 0.0700 -0.0103 0.926 0.203 0.022 0.020 0.040 1.004 0.059 0.953
TRSY 4.75% 2020 400 0.0029 -0.0938 -0.1337 0.0654 -0.0101 0.954 0.169 0.013 0.014 0.028 1.002 0.036 0.971
TRSY 3.75% 2020 400 0.0064 -0.0936 -0.1350 0.0654 -0.0069 0.898 0.169 0.012 0.013 0.026 1.006 0.094 0.925
TRSY 8% 2021 400 0.0056 -0.1107 -0.1383 0.0734 <0.0001 0.910 0.084 0.005 0.005 0.011 1.008 0.117 0.907
TRSY 3.75% 2021 400 0.0149 -0.0969 -0.1440 0.0633 -0.0074 0.766 0.143 0.006 0.008 0.016 1.014 0.211 0.833
TRSY 4% 2022 400 0.0077 -0.0939 -0.1385 0.0617 -0.0061 0.878 0.166 0.010 0.012 0.024 1.005 0.086 0.932
TRSY 5% 2025 400 0.0009 -0.0965 -0.1413 0.0691 0.0022 0.985 0.152 0.008 0.008 0.017 1.000 -0.007 0.994
TRSY 4.25% 2027 400 0.0071 -0.1004 -0.1481 0.0735 0.0280 0.886 0.129 0.005 0.004 0.008 1.004 0.069 0.945
TRSY 6% 2028 400 0.0091 -0.0978 -0.1500 0.0710 0.0278 0.856 0.142 0.005 0.005 0.009 1.006 0.098 0.922
TRSY 4.75% 2030 400 0.0227 -0.1144 -0.1579 0.0896 0.0318 0.648 0.064 0.001 0.001 0.002 1.017 0.294 0.769
TRSY 4.25% 3032 400 0.0211 -0.1160 -0.1572 0.0882 0.0294 0.672 0.060 0.001 0.001 0.002 1.015 0.261 0.794
TRSY 4.5% 2034 400 0.0182 -0.1194 -0.1614 0.0853 0.0325 0.714 0.053 0.001 0.001 0.001 1.012 0.209 0.834
TRSY 4.25% 2036 400 0.0195 -0.1212 -0.1633 0.0852 0.0318 0.696 0.048 0.001 0.001 0.001 1.014 0.235 0.814
TRSY 4.75% 2038 400 0.0191 -0.1208 -0.1695 0.0840 0.0325 0.701 0.049 0.001 <0.001 0.001 1.013 0.216 0.829
TRSY 4.25% 2039 400 0.0203 -0.1207 -0.1711 0.0823 0.0306 0.684 0.049 <0.001 <0.001 0.001 1.014 0.237 0.813
TRSY 4.25% 2040 400 0.0208 -0.1213 -0.1714 0.0847 0.0295 0.677 0.047 <0.001 <0.001 0.001 1.014 0.230 0.818
TRSY 4.25% 2042 400 0.0232 -0.1206 -0.1730 0.0857 0.0282 0.642 0.047 <0.001 <0.001 0.001 1.016 0.279 0.780
TRSY 4.25% 2046 400 0.0246 -0.1209 -0.1717 0.0876 0.0263 0.621 0.046 <0.001 <0.001 0.001 1.018 0.305 0.761
TRSY 4.25% 2049 400 0.0284 -0.1227 -0.1701 0.0859 0.0260 0.568 0.041 <0.001 <0.001 0.001 1.023 0.381 0.703
TRSY 4.25% 2055 400 0.0328 -0.1202 -0.1705 0.0893 0.0190 0.511 0.044 <0.001 <0.001 0.001 1.026 0.448 0.654
TRSY 4% 2060 400 0.0367 -0.1196 -0.1674 0.0866 0.0163 0.461 0.042 0.001 <0.001 0.001 1.030 0.500 0.617
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