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Abstract

This paper investigates correlation in Malta government stock (MGS) yields and assesses correlation
between these yields andthose of MalQ& Y I 22 NJ SdzNB | NBF LI NIySNBR® / 2
to be high, indicating the existence of a lenm relationship in the setting of MGS yield&h short-

term deviations. The analysis also includes an MGARDE{1,1) system based on spreadsr the
Germanten-year bond, which are modelled for eleven euro area countrieBynamic conditionh

correlations (DCCs) confitimat Malteseten-yearbond yields tend to béroadlyinsulated from event
ALISOATAO @2t iAftAGe AY PoaRKPAKYVRZNIYY G NNSA KRS 457 \RA O
period 2007¢ 2016, allowing the comparison of actuah-yearbond yields with composite equation
outputs.The benchmarked yields based on euro area bonds track consistently actual MGS yields, while

from mid-2015 onwards, MGS vyields follow closely a benchmark derived on the basis of underlying

economic fundamentals.
JEL classification: E43, E44, E63

Keywordscorrelation sovereign bond yieldMGARCHDCC Malta.



Note

The author of this study had no asseto the official methodology used by the Central Bank of Malta
(CBM) in its market making role, and relied solely on observations available in the public domain.
Moreover, the econometric modelling detailed in this paper is carried out for investigatingses,

and does not purport to be the official method with which tBankcarries out its market making

activity.
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Introduction

Yields on longerm sovereign bonds are a fundamental metin financial markets, abey act as
benchmarks in the pricing of lodgrm financial assets as well as in financial decision making. A
decrease in longterm sovereign bond yieldsay, for example, impinge on the profitability of capital
investment prgects. On the other hand, if benchmark letegm yields stay low for a prolonged
period, it could possibly lead to excessive leverage and the overvaluation of othetelom@ssets,
such as equity prices or houséstange in the relationship between Igiierm bond yields in Malta
andits euro area partnergs important for monetary policyanalysis macreprudential policynaking

financial stabilityconcernsand public debt management.

The aim of this study is twinld. The firstis to assess MaltagWy YSy i a2 01 o6aD{ 0 &A S
with those of other euro area countrieSimple, rolling and dynamic conditional correlations between
Maltese and euro area sovereign bond yields are compuléé analysis shows that MGS yields are
broadlyinsulated from shocks reflecting both euro area and events specific to other countries, such
as bailout requests, political instability or speculatiddecondly simple linear regressions are
estimated over the available sample to examine the link between domasticselected euro area

bond yields. This part of the studysspplemented by anovingestimation window to examine the

link between MGS vyields and euro area ratgsr time Actual Maltese government bond yieldser

time are compared with multiplecomposite benchmark modelled on the basis oftomparable
composite yields in the four largest euro area economies as well as on the basis of underlying Maltese
economic fundamentalsThe methods used here are different from the methodology used to set
yields & the Central Bank of Malta (CBM), and are purely intended for econometric analysis, rather
than exact replication of official yields.MGS yield developments astable, and are hardly ever
subject to sharp swings over a short period of tinvghile some volatility linked with specific
international events does exist, swings are markedly less sharp. Additionally, factors linked with the
limited size of the MGS marketsuch agield basketliquidity premiaand composition effectg may

be playinga role. In generalMGS vyields appear to be highly correlated with core euro area yields,
even if they do not exhibit sharp volatilities. As expected, in Italy, Spain and France, domestic
fundamentalsg along with the core euro area reference government bantkrest rate ¢ drive

sovereign bond yields. In Malta, fundamentals do not appear to play a major role in determining yields

The remainder of the paper &ructuredas follows. In Section 2 the literature reviésvpresented
and in Section &he dataand correlationsare discussed in detailn Section 4the methodology and

resultsare discussedyhile Section 5 concludes.



Literature review

The relationshipbetween different European economibavebeen analysed frequently over the past
decades. Thesgudies have expanded on the relationship and idilekages among various European
financial markets to investigate the nature of European economic integraftudies on the role of
the monetary union, and empirical evaluations of further integratiosuch as the capital markets
union ¢ have also increased/any of hese studies tend to focus on stock exchange markets, rather

than bond market relationships.

However,a number ofauthors have examinal sovereign bond market developmentser recent
years.Most have focused obhondmarkets of largeeconomiessuch as that of the United Stat8dS)
Japan, and Germany. Literatuiecusing on the Bopean sovereign bond markét not asrich, or it

tends to concentrate on contagion effecssing fromstressedeuro areacountries.

Swanson (2008) notes how between the introduction of the Maastricht Treaty and the birth of the
common currencyeuro area bond yields converged significantly. This is attributed to the anticipation
of monetary union, and the cdibility ofthe European Central Bank (ECB). From 1999 unti2008,
ten-year bond yields across euro area countries converged furti@nce the 2008 financial crisis
began, and then developed into a European sovereign debt crisis, this narrativédofgrieergence
morphed intothe measurement otontagion effects betweeperipheraleuro area sovereign bond

yields or the impact of unconventional monetary policiestbe determination ofsovereign yields

The literaturesuggess that sovereign bond gids are determinedby various factors, such as risk
aversion (timefactor), and liquidity €dountry specific factorOther importanteconomicfactorslinked
with underlying economic fundamentalaclude deb#to-GDPratios, public deficitisGDP growth,

unemployment ratesjnflation rates andshort-term interest rates

Some studies have found evidencdl K G | {Beadzpbsitii® &hd ability to honour its
commitments mayleterminesovereign bond yields. Bayoumi et al. (1995) find evideht® impact
of debt level on bond spreads for the US, with similar literatfwe the euro area with thesame
conclwsions, such as Faini (200&)nd Hallerberg and Wolff (2006)Other factors behind the

movemaents in the sovereign bond vyields inclutkars of financiabontagion andnternational risk

2 Most studies tendo focus on teryear bond yields simportant market indicators. They affect investment
decisions, sigal market confidence and offezasier compagons across countriesn that sense, they are
considered a good, benchmark indicator for letlegm interest rates. In the local MGS market, theyiar point
tends to be the point of maximum liquidity.



aversiorlevels.Manganelliand Wolswijk(2009), identified severaldynamicsaffectingsovereign bond
yields in theeuro area, such amarket liquidity,risk appetite and cyclical conditionAttinasi et al.
(2011)control for the effect of such factors on euro area sovereign bond spredtls respect to
German sovereign bonds, while Missio and Wat{R@11) explore the impact of contagion from

Greece to otheeuro areacountries.

Notably, Alexopoulou et al. (2009) foundath¥ dzy Rl YSy G I f & Y laSsésSméht 8f2aNJ Y I NJ
countQONBRAGG2NIKAYySaad /2dzyiNASaQ fS9gSta 2F SEGS
foreignexchange and inflation rates, their degree of trade openness as well astshuorinterest rae

ALINBFR&a LXF& Iy AYLRNIFYy(d NRetnSinahog2 ySo 9! O2dzy (i NR

Unfortunately, the vast majority of studigscuson theimpacts orlargeeconomiesn the euro area.
Lack of data and trade volumes play a role in applying these methgidslto small financial markets.
Studies orincreasedntegration of smaller financial markets within the euro area, as is the case with
Malta, tend to be particularly uncommorThese have either focused @tonomic convergence
(Micallef, 2017)pr on theintegration of the Maltastock exchangéMSE)market with international
stock marketgEllul 2015).

alfdlrQa avlrtt YINJSG aral S KFa f m¥apgedRn 10K 3he RS FS T :
then CBM32 GSNY 2NE aNX» 9d 9f fsmal opgers acOniyoviir relatively G | | &
dzy RSNRS @St 2 LISR “TDespite the latlerf becofinbidho& icanmpléxover the years,

relative thinness and weak liquiditgmains a feature of Maltese financial markets. Ty also

contribute to a high demandfor domestic cash balances (Grech, 2014). As ndigdGrech
y20gAGKaGl yRAYd &AAIYAFTAOLY(Gd RSOtAYSa Ay albftidlc
considerable financial wealth over time. On a per capita basis, the average Maltese household holds

twice the financial assets of the average euro area househeta.a number of years, the majority of

these savings ended up either as cash or bank deposits due to strict capital controls aelchtikie

unavailability of financial asseti turn, such a financieervironmentmay make MGSs appear asan

attractive diversification obtherwise idle balances.

3 The study was based on a dynamic panel error ctioranodel that accounts for both common lomgn

determinants and crossountry heterogeneities in sovereign bond spreads for Bulgaria, the Czech Republic,

Latvia, Lithuania, Hungary, Poland, Romania and Slovakia.

4Ellul E.0 ™ b dExahahgedRate PolicyMaltag CBMQuarterly Review, Central Bank of Malta, December 1997.

5 An estimate of household wealth based on the results of a survey carried out in 2010 can be found in Caruana,

YO g9 tIOST /o a4l 2dzaSK2f R CAYl yQB&HZA RA/ 2 F & elz¥ Mlia A B S NID
Bank of Malta, 2013.



Farrugia and Grech (2013) note hawthe years 1995 to 2012xcept for a brief period in the mid
2000s, the general government dett-GDP ratio in Malta was on an upwarénd. By the end of
2012 it stoodaround70.0%. The vast majority of general government debt is held as debt securities,
namely bonds, and denominated in national currency. Data on the structure af¢htsndicate that
around 60.0% is held by finaradi corporations and27.0% by households and ngmmofit making

institutions serving households.

In all, general governBiy i RSo i & 2 2 Rbilibnieur® alz&n&2018. @/5ils the tptab T
outstanding debt of the Maltesgovernment is comparable with the volume of a single debt issuance
by a larger country, its efficient managementdy S 2 ¥  a | pivate g@ébr fidaclalmérket

playersis undoubtedly a daunting prospect.

In fact, there are no private marketakers or primary dealensilling to act as a markemaker for
Maltesegovernment securitie$.The CBM has acted asnarketmakerfor these securitiesince its
foundation in 1968. Over its history, the Bank contributed significantly to the development of
domestic money and capital markendenhances the liquidity of the government bond markete
market for MGSs is intrinsically linked with the chaeastics of the Maltese economy. Factors such
as the composition of the investor base, the relative small size of the markatticularly when
compared with foreign public debt marketsmay affect important bond market metrics such as
liquidity premia.Prudent market players ought not assume thésetors, and in turn thenetricsthey

underpin, will remain unchanged forever

Asan example, in an October 2016 releasd, (i I Y R NR I y Riset i#s fohgrén sobefégnt 0
ONBRAG NI GAyYyHa FNR YaThé dpyratet rdflected what S&rmed asd a | £ G I 4 &
AYLINE @SR O NS K AldiirrextSétiNdtidgis®dmparable with that of Latvia and Lithuania,

FYR A& AY fAYS sAGK 2ké Bidehlathy Slovaksee Tablr’S Yo SNJ &G+ (&

Thesecredit metricsk NS G @ LA OFf SO2y2YAO FdzyRIFI'YSy Gl fa dzaSR
AONBYy3IGKD alfdlyua 2dzift221 ost+a tftaz asSSy G2 oS af
Malta's economic and fiscal performance is counterbalanced by downskle melated to Brexit,

external flows, and the structure of the financial sectoBome of these concerns may not be

considered to be downside risks, but rather structural legacies of the local economy orgrditic

5 NSO 090/2017Structureof General Government Debt: 2016, May 2017.

7 A "market maker" is r entity or firm which stands ready to buwr sell a particulainstrument, or class of
instruments,on a continuousand regulabasis at publicly quoted price

8L 4 YyRIFNR I yR t 22 MllongbemCRathgs Rhiided To'ldn GteongdEconomic Growth;
Outlook Stable €



obligations.The country's shorterm foreign and local currency sovereign credit rating remained
allotB8séMiaadaNB23SNE alfdGlFQa NIGAYy3 A& faz2z Oftz2as

A salient difference linked with the lited size of the MGS market ateading turnover figures. For

most euro area countries,postn Mn > G KS | @SN 3S RIFIAf & GNIRAy3 @2f¢
threshold. Larger countries, such as Germany and France, have average daily turnoverssiroexce

€y dn ANt fail 2 ylidheyaarlyNI 3RS y3 @2t dzY S Rodificn (sseZrable 3)E OS SR
CLOG2NE &adzOK a alfidlQa ftAYAGSR YIFENJSG aiai s FyR
market maker indicate thad number of market metrics, such as liquidity premianay be at play on
alfdllQa a2@0SNBAIYy 062yR @AStRa®

PfGAYLE GSE @ ple isi sofely limitesl @asecondary market dealingvith absolutely no

involvement in the primary marketl y 0 KI G NB & LgBaled mdicéti#eSyield énytheQ &
secondary market is a major indicator for the rest of the Maltese financial sy&taderstanding its
RNAGSNBRZ YR gKSGKSNI AGa LINAROAY3I A& O2yaAraidSyd ¢

9 For further analysis, se&FMEg Finance for Europe, 2016Q4 GovernmentcBaata report



Tablel: Sovereign ratings andazintry transfer and convertibilityassessments
as at end2016for euro area sovereign bonds S&P

Foreign currency ratings

(LT/outlook/ST) Local currency ratings (LT/outlook/ST T&C assessmen
Austria AA+/Stable/Al+ AA+/Stable/Al+ AAA*
Belgium AA/Stable/Al+ AA/Stable/Al1+ AAA*
Cyprus BB/Positive/B BB/Positve/B AAA*
Estonia AA/Stable/A1+ AA/Stable/A1+ AAA*
Finland AA+/Stable/Al+ AA+/Stable/Al+ AAA*
France AA/Stable/Al+ AA/Stable/Al+ AAA*
Germany AAA/Stable/Al+ AAA/Stable/Al+ AAA*
Greece B-/Stable/B B-/Stable/B AAA*
Ireland A+/Stable/Al A+/Stble/A1 AAA*
Italy BBB/Stable/A3 BBRB/Stable/A3 AAA*
Latvia A-/Stable/A2 A-/Stable/A2 AAA*
Lithuania A-/Stable/A2 A-/Stable/A2 AAA*
Luxembourg AAA/Stable/Al+ AAA/Stable/Al+ AAA*
Malta A-/Stable/A2 A-/Stable/A2 AAA*
Netherlands AAA/StabléA-1+ AAA/Stable/Al+ AAA*
Portugal BB+/Stable/B BB+/Stable/B AAA*
Slovakia A+/Stable/Al A+/Stable/Al AAA*
Slovenia A/Positive/Al A/Positive/Al AAA*
Spain BBB+/Stable/A& BBB+/Stable/A&R AAA*
Source: S&P

Table2: On-exchangeurnover of MGSs in millions of euroMSE

On-exchange turnover

2012
2013
2014
2015
2016
20170

10 As at June 20, 2017.

534.1
6219
7519
637.5
480.9
1900

Source: MSE



Data

A serief ten-yearMGS yields was collatébm daily historic data, from January 20G8December
20161 As seen in Figurg, the first four years of daily observations change on a weekly basis, with
the series beginning to show meaningful daily variations from July 2007 onwards. As this study

investigates correlation, the analysis was lgdifrom July 2007 to December 2016.

This historic teryear MGS yielthas a mean of 3.5%, with a maximum of 5.5% in July 2008 and a
minimum of 0.5% in October 2016see Table). Tenyear MGS yields appear to be on a historic
downward trend, with relativly stable dayto-day changes. Volatility is limited, with few sharp

changes in yields occurring over short periods of time.

Table3: Summary statistics

Mean 3.46
Median 4.07
Maximum 5.45
Minimum 0.50
Std. Dev. 1.37
Skewness -0.77
Kurtoss 2.22
JarqueBera 311.79
Probability 0.0000
Sum 8597.M
Sum Sq. Dev. 4663.30
Observations 2479

Daily comparable composite yields for eleven other euro areaii®s were obtained from the B
statistical data warehouselhese are Austria, Belgium, Finland, France, Germany, Greece, Ireland,
Italy, the Netherlands, Portugal and Spain. The countries were chosen on the basis of data availability,

euro area membership, the existence of established economic ties and simifeoremomakeup.

11 Data wagnade available by the Government Securities Research Office at the Central Bank of Malta.
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Figurel: MGS10-yearyields
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Figure2: Rolling correlations forMT 10vyear yields



Measuring rolling correlations

Rolling correlations were calculated over a 2B window, b assessarrelation betweenMaltese
10-year sovereign bond yieldand comparable bonds in eleven other countriéJhiscalculation
returnsthe statistical correlation between two arrays of data over a moving windoganstant value
of +1 implies a perfect linear relationshiphile @  drfflicagdn ibverse linear relationship.

A value of 0 implies that there is no linear correlatimmiween the two variables.

As seen in Figuiz for the period from March 2007 to January 20fl¥ese moving corrationsexhibit
strong fluctuations and event specific volatilities. Thesiect both countryspecific shocks, as well
as shocks which afte a group of countriesFor example, theolling correlation betweerMaltese
government bond yieldand those of Germaniell to -0.4in late February 2014An element which
might be causingome of this particular volatility in the rolling regressionsween the MGS yiekl
andthosefor the comparable Germaimstrumentis the demand for German bonds as a safe haven

asset in times of heightened financial stress.

To control for such effects, simple correlations were computed for spreads over the GeEmgear
bond benchmarksee Tabld).

Table4: Simple correlations

AT BE ES FI FR GR IR IT MT NL PT
AT | 1.00

BE | 0.89 1.00

ES | 0.69 0.83 1.00

FI | 0.88 0.73 0.52 1.00

FR | 0.85 091 0.89 0.70 1.00

GR | 0.70 0.84 0.87 0.48 0.87 1.00

IR | 070 085 0.86 0.54 0.76 0.78 1.00

IT | 076 088 097 058 095 091 0.82 1.00

MT | 0.68 0.78 0.85 0.49 0.78 0.75 0.82 0.84 1.00

NL | 0.89 0.76 0.65 091 0.78 0.54 0.59 0.69 0.62 1.00

PT | 0.73 0.90 091 054 090 0.94 0.87 094 0.80 0.61 1.00

However, 1 is obvious from these simpl®lling correlations that the relationship between Maltese
YR SdzZNB | NBI @ASftRa Aa yz2iG 02y a tranglates moyemgntsii dzZNB @
on sovereign bond markets the euro areao Maltese yields. However, it is apparent that these

correlations can be quite higithese were further investigatedusing moreadvanced methods

2 Thiswindow corresponds with a simple assumption for trading days in a year, based on five trading days a
week for 52 weeks



Measuring dynamic conditional correlati ons

In order to understand the nature of MG#ldscorrelations with those of other euro area sovereign
bond yield, more complex dynamic conditional correlations (DCCs) were comptifethultivariate
generalised autoregressive conditional heteroskedagtiMGARCH) system was modelled for MGS
yieldsand those ofen other euro area countriedn order to exclude possible salfiaven movements,

the yieldsin this part of the studyvere specified in terms of spreads over German sovereign bonds.

Dynamic corlations between different sovereign bond yields will explain whether yields move
together, allowing the analysis of interdependencies. Thus, for example, an exogenous shock will drive
correlated sovereign bond yields together. On the other hand, if aGdN® Q& &2 Oy NS A IY 0z
havelow correlation withthose ofanother, it implies that yield movements are more explained by
country-specific, or internal, events rather than events in other countries. Additionally, literature on
crosscountry contagionridicates that temporary decreases or increases in correlations following a
aK201 Ay 2yS 02dzyiNER AYLX & O2yil3arzy STFSOGa

(@]
(Vp))

imply interdependence.

This technique is preferable to the more traditional meds of correlations in that it does not give
equal weights to past observations, as in rolimigdows approaches. This model incorporates time
varying volatilities from the estimated GARCH processes. Past realisations of market volatilities and
correlatons will affect the estimated conditional correlations, giving more weight to recent

observations and less to more distant ones.

B For a discussion on the methodology used to compute these DCCstaréfiependix 1.
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Median spline of dynamic conditional correlations
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Figure3: Median spline of girwise DCCs for spreads over ti®-year German bongd
for MGS yield againstten other countries

A number ofstylisedfacts can bedrawn from these DCCY.Firstly, as expected, MQgelds are
correlated with those of the euro area. Average painai¥eCs ranging from a maximum of 0.40 with
Italy to a minimum of @0 with Greeee may not seem to bgery high'® ¢ however these betray

significant pairwise volatility, with peaksthe raw DGCs as high as almost 0.70 in certain cases.

Another observation comes from the apparent bre@kthe DCCsas shown in their median spline

(see Figure 3)Ths further refinement to raw DCCs renders their presentation and analysis more
GNJF QlUlofSd ¢KS YSRAIFY &aLXAYyS OFf OdzZ FiSa ONRaa
which to fit a cubic spline. The resulting spline is graphed as line plasssbothed representation

in Figure 3 shows that median conditional correlations are positive and definitely vary over time. While

correlations have been rather stable pe13, they display marked volatility beforehand.

Thebreaksoccur in periods of éightened volatility or financial stress on international sovereign bond

markets. For example, the break evidemiate June 2013 can be traced to a worldwide bond market

1 Plots of raw pairwise DCCs are presented in Appendix 1.

15 Ellul (2015) investigating stock market integration in Malta, shows how average DCCs for the Malta stock
exchange (MSE) index with five other major stock exchanges stood at nil. In comparisoofréiation on
sovereign bonds is stronger.
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rout occurring in those week%hisfollowed comments by the Federal Reserve signglhe tapering
of its quantitative easing progranMGSyields appear to be relatively insulated from these sudden

breaks on international bond markets.

Even sudden increasestire raw pairwisecorrelatiors,'® such as the orgoccurring in late June 2016
have to belooked at with caution. In the wake of the results from the British EU membership
referendum, sovereign yields across the euro area fell markédiywever a look at the MGgelds
reveals that the change here was mininiBisincrease in DC@gcurred over aelativelyshortperiod

of time. At face value, this indicates isolated contagion effects fromafhevents which hit the whole
class of euro area sovereign bonds, rather thanntry specific movement®ue to this commonality,

this pheromenon isnot as sharpvhen looking at median splines.

The pairwise DCCs indicate that MGS vyields tend tbrbadly insulated from most shocks which
affected the spreads of other countries. Historic shocks in a number of stressed euro area countries
feature as shifts to negative pairwise correlations with Maltese MGS yields. Thus, MGS yields were
unaffected by bailout news or related events emanating from Greece, Spain, Ireland and Portugal. In
terms of DCCs, the three countries with the highest averagevise DCCs witklalta are Italy, Spain

and Belgium (see Tabi.

Table5: Average DCCs

MT
AT 0.29
BE 0.32
ES 0.36
Fl 0.23
FR 0.27
GR 0.20
IR 0.26
IT 0.40
MT 1.00
NL 0.23
PT 0.27

16 See Appendix 1 for the raw DCC plots obtained from this methodology.
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Econometric m odelling of MGS yields

This sectiondealswith the modelling of yields oren-year MGSs in Malta, following two broad
assumptions. A priori, one can assume that there are two extremes used to set MGS yields. On the

one hand, yields can be purely the result of underlying economic fundamentals iM#itese

economy. On the other, yields may Beme function of a basket of international sovereign bond
yields.The aim of this section is not to uncover taetualmethodology used to arrive at indicative

aD{ LINAOSasz odzi G2 Lldzibased dr\bkeltwadethodstiscilisie8 &bove ardl{ & A Sf
compare the resulting yield with the actual yields as found in the local financial market. This will allow

a broad discussion on the implications of tietualMGS yieldswhen compared with the theoretical

benchmark yieldsMoreover, the econometric modelling detailed in this paper is carried out for
investigative purposes, and does not purport to be the official method with which the CBM carries out

its market making activity’.

International bond yield baske t approach

Restricted fixed coefficients benchmarked MGS yields

MGS yields can be seen to follow some function of international bond yields. hitjeitorrelation

with a number of euro area countries, as discussed in the previous section, indicates Hwsat

plausible hypothesig KA & | LILINR F OK FTANEBRG NBINBaasSa GKS abD{ @&
for the four largest euro area countries, namely Germany, France, Spain and Italy, along with a

constant (e Table &

This assumption is caed out for modelling simplicity, and does not imply that this is the manner with
which the CBM analyses, @ets bond prices. Another simplifying assumption relates tdnet
coefficients on thesuro areasovereign bondsvhich,in this simple O& regressiomare restricted to

sum to unity.Yields are regressed in levels, atgiationresiduals are stationari?.

17 The author of this study had no access to the official methodology used by the Central Bank of Malta (CBM)

in its market making role, anelied solely on observations available in the public domain.

18 A subsidiary equation specified in daily changesmretd significant coefficients for changes in MGS yields on

Spanish, Italian and French bond yields. The aim of the equation presented above is not to assess the stationarity
conditions of the series, but to check the hypothesis that MGS yields can be sisathas some linear
O2YO0AYylFiA2Yy GKS LINB@A2dza GNFX RAy3I RIFI&Qa Sdz2NB I+ NBI @&ASft
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Table6: Restricted coefficients model, full sample

Dependent Variable: MT_10YR

Method: Least Squares (Gaudswton / Marquardt steps)

Sample: 3/01/2007 12/19/2016

Included observations: 2558

MT_I0YR = C(1) + C(2)*DE_10¥R{ C(3)*FR_10Y¥RY + C(4)
*ES_10YRY) + (2C(2)C(3)C(4))*IT_10YRY)

Coefficien Std. Erro t-Statistic Prob.

C(1) 0.536¢ 0.008¢ 63.829( 0.000c
C(2) 0.147¢ 0.035: 4.1727i 0.000c
C(3) 0.511¢ 0.045¢ 11.157¢ 0.000c
C(4) 0.2982 0.012¢ 23.582¢ 0.000c
Rsquared 0.971z Mean dependent var 3.517:¢
Adjusted Rsquared 0.9711 S.D. dependent var 1.3581
S.E. of regression 0.230t Akaike info criterion -0.0947
Sum squared Ed 135.8( Fstatistic 28714.2¢
Log likelihood 125.190¢ Prob(Fstatistic) 0.000c

Indirectly, coefficients C(2) to C(4) imply thain averageltalian sovereign bond yield$-C(2}C(3}

C(4)] have a rather low weight in this simplecomposition of MGS vyieldS his is counterintuitive
given the high correlation with Italian yields found in the simple, rolling and dynamic conditional
correlatiors. However, this result is due to the fact that while the coefficients are being restricted t
sum to unity, they are not being restricted to remain positi¥@hus, coefficiets may take on

negative values.

This choice stems from thebservation of negativeolling correlatons and dynamic conditional
correlationshetween MGS yields and other euro area yiektscing coefficients to balwayspositive
leads to highly implausible resultsandit negates observations whergields on a euro area country

move in one directionand MGS yields move in the oppositee.

19 Such a further restriction would be feasible if the coefficients were to be expressed in both logarithmic form
and logarithmic fractions.
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Restrictedrolling coefficients benchmarke®GS yields

Implicitly the simplificationdiscussed abovemay lead to prolonged periods where the fitted
benchmark yield diverges from the actual yield. If, as showndrptievious section, MGS vyields are
relatively insulated from shocks to particular economies, and these economies feature in our
imaginary basket then the divergence can be easily explained in that manreeder to check this
hypothesis, the same equatiovas estimated using a rolling time window, with a siz80élays and

a step of60 days in the estimation perioény divergence between the rolling coefficients benchmark
and the fixed coefficients benchmark would be due to volatility in the period lwpigshes the

estimatedrolling coefficientsaway fromtheir average valuén the fixed coefficients model

Another limitation in this approach is linked with the nature of MGS issues. The limited size of this
market means that when there are mutstandinglongterm debt securities with a residual maturity

of close toten-years, yields with different maturities are computed dg factoten-yearyields This
means that, on occasions, the M@&®-year yield reported in the official series may not be fully
hamonised with its European peerEhis is an extension of the concerns relating to issue sizes and

liquidity premia on MGSs discussed above.

OAT 111 EA AOMGSHdIdA apprdakthO 6

The othemossible methodology for settifdGS yields is to model econ@nfundamentals along with

a reference yield. Following the literature, equations include multiple important economic variables
ddzOK |a AyFElLadA2y NIXGSaz D5t INBSUK | yiehyemy SYLX 2 &
government bond, that ishe Germarien-yearbond(DELOYR)The daily yields data and the quarterly

GDP figures were converted to monthly frequenBymmy variables for 2011 and 2012, are also

included.Use of public finance variables and balance of payments statistics was cedsidethis

analysis, but had to be excluded due to data availability.

This methodology is based on a similar stuhalysing yield compression tentral European
countries (IMF, 2003)In that study, local currency bond yields were regressed on domestic
fundamentalsg hamely inflation and lagged retail saless well as on a constant, and German bond
yieldsC2 NJ G KA & addzReé Qa Lislihsirall & dtail sides in thalNR studyKduestd &

data availability.

No strong relationship was found tveeen MGS yielgl, inflation and GDP growth in Mal{gee Table
7). This confirms the tenuous link betwee@GS yields andocal economic funamentals. The
unemployment rateappearsto be significantHowever, this may result from drops in unemployment

regidered over recent years coinciding with a low interest rate environment, rather thareacausal
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relationship.In order to arrive to a meaningful benchmarked MGS vyield, similar equations were
estimated for France, Italy and Spain. The coefficients ftation, GDP growth and unemployment
were then averagedsee TableB). A benchmarkedMGS vyield on the basis of these calibrated
parameters washen computed No constant parameter was included, as this was either insignificant
in this specification owvery close to zeroin other versions® A sensitivity analysis on different

specifications of a benchmark based on macroeconomic fundamentals may be found in AfZendix

Table7: MGS yields and economic fundamentals

Dependent Variable: MT_10YR

Method: LeasSquares

Sample (adjusted): 2003M01 2016M12
Included observations: 168 after adjustments

Variable Coefficien Std. Erro t-Statistic Prob.

C -0.227:% 0.310¢ -0.731: 0.465¢
@PCY(MTOHICP) 0.039¢ 0.024« 1.619¢ 0.107:
@PCY(MTGDP) -0.0111 0.012: -0.907¢ 0.365¢
MT_U 0.306¢ 0.052¢ 5.797¢ 0.000c
DE_10YR 0.718: 0.035: 20.292 0.000c
@YEAR=2011 0.766¢ 0.110¢ 6.9311 0.000c
@YEAR=2012 1.185¢ 0.123¢ 9.6094 0.000c
Rsquared 0.924¢ Mean dependent var 3.844:
AdjustedRsquared 0.921¢ S.D. dependent var 1.268¢
S.E. of regression 0.3547 Akaike info criterion 0.805¢
Sum squared resid 20.25E Fstatistic 329.17
Log likelihood -60.67¢ Prob(Fstatistic) 0.000c

Table8: Parameters for Spairkrance and ltaly,
andthe calibrated parameters for Maltabased on average values

ES FR IT Average
Inflation 0.22 0.04 0.28 0.18
GDP Growth -0.06 -0.04 -0.13 -0.08
Unemployment 0.13 0.04 0.18 0.12
DE10YR 0.85 0.93 0.70 0.83
Dummy2011 0.79 0.41 1.57 0.92
Dummy2012 1.71 0.54 1.45 1.24

20 Data from 2003 onwards is included in the estimations, to avoid the unnecessary loss of degrees of freedom.
As data was converted to monthly frequency, the argument requiriegmmgful variation in the daily series
was no longer relevant.
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Comparing actual MGS yields with benchmarked yields

As seen in Figure 4 below, as expected, the rolling coefficient serigsSich reestimates the
coefficient more frequently¢ tracks closely the officiaMGS vyield seriesThe two are almost
indistinguishable at first glanc&he fixed coefficients benchmark, which estimates the coefficients
over the whole sample, does track the official sergealthough there are instances where the
discrepancy is widefhese can be explained either by volatilities affecting yields in the basket during
specific periods, such as 2009 and 201QMi@Scomposition effects; as may be the case from mid

2015 onwards.

On the basis of this simple regression, it appears that dffecial MGS yield can be explained
reasonably well with some basket of euro area yields. It is apparent, therefore, that therdoisgno

rundeviation fromeuro area yields, and that shentin deviations are very rare and sporadic in nature.

An interesing result appears from the secondary method of benchmarking MGS vyields, namely the
analysis based on economic fundamentals. As seen in Figure 5 below, the benchmark MGS yield based
on economic fundamentals is more volatile than official MGS yields, dtleetgolatility present in

Maltese macroeconomic datasets. It is apparent, however, that yields have been higher, and MGS
prices lower, than what true underlying economic conditions would have indicated during the global

financial crisis of 2008 and agalaring the period of economic recovery in the following years.

Specific market metrics, such as liquidity premia concerns highlighted above, may be at work in the
determination of MGS yield#\ striking result of this simple method is that from R2i@15 cwards,

official MGS yields are more in line with what would be expected from economic conditions in Malta.
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MGS 10-YEAR YIELDS, ACTUAL AND BENCHMARKED

(percentages per annum)
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Figure4: MGS yields, actual and benchmarked euro area yields
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Figure5: MGS yieldsactual and benchmarked on economic fundamentals
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Conclusions

MGS yields appear to move in linad arestrongly correlatedvith euro area yieldsHowever they

are not as volatile as euro area sovereign bond yields. Rolling correlations and dynamic cdnditiona
correlations show howMGS vyields are relatively insulated from external shocledd Yricing in
periods of significantolatility on euro area bonds appears to ensure the isolatioshofcks peculiar

to specificeuro areacountries

Moreover, not only @ yields track consistently developments in euro area countries, but the analysis
based on economic variables indicates that from-20d.5 onwards, official MGS yields follow closely
the benchmark derived from underlying economic fundamentglsther research in this area, to

assess the merits of simple forecasting techniques may be warranted.

Finally, viile the pricing appears to be consistent with euro area yieldsr the longrun, if the
Maltese economy keeps growing substantially above its euro area pargwspmic fundamentals

would imply thata differentialshould begin to featurén theseyieldsagainst its euro area partners
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