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Abstract

Despite massive global foreign reserves accumulasmce the late
1990s, a study on strategic asset allocation fronceatral bank perspective
remains relatively limited. Many countries havelbup foreign reserves greater
than their trading and financing sufficiency; cogaently, there is increased
public awareness as to how central banks manage téserves. This research
addresses the issue of asset structure of foreggerves portfolios; currency
composition and strategic asset allocation. Thissth provides an alternative
strategic asset allocation framework that focusesamon liquidity and safety
objectives, without sacrificing return objective tife existing central banks’
portfolios. This research contributes to the theiged literature that combines
mean-variance Bayesian framework with the spiritthred transaction theory of

central bank foreign reserves.

First, using the unconditional Bayesian approach thwiexternal
transaction constraints, | investigate risk redoatibenefits to both minimum-
variance and optimal portfolios for a given exigtimeturn for central banks’
currency allocation. Our results show that beforaposing currency weight
constraints, all the diversification strategies esatered provide significant
benefits, regardless of the current benchmark u3ée. results when the trade
constraints and debt constraints are imposed retieat there is the potential for
diversification benefits to be obtained from therency portfolio optimisation.
However, the choice of the current benchmark, amdth btrade and debt
constraints, play an important role in the decisamto with which diversification

strategy central bank reserves managers shouldgaac

Second, using the similar objective functions anerdification benefits
measures, the framework is then applied to defisgetaallocation policy for
government bond portfolio. The results from theimat portfolio for a given
existing benchmark return show that there is sigaift risk minimization benefit

by adding developed market longer maturity, quasiegnment, emerging and



inflation-linked government bonds altogether to tlierent benchmark portfolio.
The benefits could not be found if each asset ataadded directly to the current
portfolio policy. From the same spanning strategasshe optimum portfolio, the
global minimum variance portfolio analysis showattthe diversification benefits

are mainly driven by United States Treasury Bills.

Third, | investigate risks minimization of govermmbonds portfolio for a
given benchmark returns in various investment pesi@and risk preferences. This
research examines the important role of budget ttamis, liquidity buffer
allocation, global financial crisis investment oppmities, investing in ultra-long
government bond and non-bond investment. Analysih® impact of the budget
provides policy implications that central bank slibunot to tranche their
reserves, but express liquidity requirements in finen of constraints on the
portfolio optimisation framework. Investigation tme role of liquidity allocation
confirms earlier findings that the risk reductioertefits are mainly driven by US
Treasury Bills. The impact of global financial g¢sissince 2008 emphasises the
need for central banks to diversify their foreiggserves benchmark beyond its
current setting. We could not find benefits for teatral bank to invest in ultra-
long maturity government bonds. Lastly, we founat thon-government bond
investments provide significant benefits when impgares to the existing
benchmark, and incremental benefits from the wiekrdified government-related

bond portfolio.

vi
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CHAPTER ONE

This chapter starts by giving the background ofdtugly. Contextualizing and the
importance of the thesis are explained. Motivatitarseach chapter are broken
down into more detail research questions. Key amichs reached in exploring
these questions and the main contributions oftitbsi$ are outlined. Finally, main
results and the structure of the thesis are predent



1. INTRODUCTION

A remarkable figure shows that global foreign reesrincreased from
USDA4 trillion in 2000 to over USD12 trillion by trend of 2014 (Figure 1.1); the
majority of which was collected in the previousdfiyears. More specifically, the
steep increase of the official reserves accumulati@as dominated by upper
middle income countries (Figure 1.2), including &hiJapan, and Brazil. If we
look at accumulation by region, this was led bytdrbanks from East Asia and
Pacific (e.g. China, Japan), and Europe and CerAsah (e.g. Germany,

Switzerland, Russia Federation, and South Koreanttes.

This enormous size of funds held by central banksired the globe
attracts research attention to the foreign resemvasagement topics. As global
reserves increase significantly, it becomes moremprent in news-making
related to international markets (Scheherazade Blitd, 2007). Additionally,
investment choices made by central banks have enfiait economic impact on
global financial markets (Economist, 2008; Higgarmsl Klitgaard, 2004). At the
same time, major supranational institutions inatgdWorld Bank (WB), Bank of
International Settlement (BIS), the Internationalorddtary Fund (IMF) and
Organization for Economic Co-operation and Develept(OECD) have begun
to ask questions as to how central banks shouldagetheir foreign reserves

(Mitchell, Piggott, and Kumru, 2008; Musalem andaRais, 2004).



Figure 1.1 World FX Reserve (USD, Billion)

14,000 A
12,000 -
10,000 -
8,000 -
6,000 -
4,000 -
2,000 -
O rrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrorri
i <t ~ o o [(e} ()] o wn o i < ~ o o [(e] (o)) o~
Ve [Ye) o ~ ~ ~ ~ 0 <] 0 [<2] [e)] [<2) o o o o —
(o)} (o)} ()] (o)} ()] (o)} ()] ()] (o)} ()] (o)} ()] (o)} o o o o o
— — — — — — — — — — — — — o~ o~ o o~ (oY}
Figure 1.2FX Reserve by Income Group (USD, Billion) Figure 1.3FX Reserve by Regional (USD, Billion)
8,000 7 === High income: OECD 6,000 ] e===|atin America & Caribbean
7,000 - ===High income: nonOECD 5000 1 southAsia
6,000 - === pper middle income === Sub-Saharan Africa
4,000
5,000 - == |ower middle income Europe & Central Asia
4,000 - e====Low income

3,000 | e=Middle East & North Africa

3,000 === East Asia & Pacific

2,000 -
2,000 North America
1,000 -
1,000
0 T T T T T 0 -
- <t ~ o oM () ()] o n o i < ~ o o [(e) (o)) o~ ol ~ m o o n h) ~ o o [(e} (o)) o~
(o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) (o)) ()] ()] o o o o o (o)} [e)} (o)} (o)} [e)} (o)} [e)} (o)} [e)} (o)} a a [e)] o o o o o
— — — — — — — - - - - - - o o o o [a\] - Ll Ll Ll Ll Ll Ll - - i - - i o~ o~ o~ o~ o~

Source: World Bank



The study of foreign reserve management is inseparfrom the
objectives for holding the reserves. Truman and §V(2006), Borio, Ebbesen,
Galati, and Heath (2008) and Romanyuk (2012) erpiae rationales as to why
countries accumulate foreign exchange reservessellage comprised of the
following: 1) supporting and maintaining self-cafénce in monetary and
exchange rate policy, as well as the capabilityini@rvene in the domestic
currency market. They can also be used as a pregeexternal vulnerability
measure during crisis periods, when access torettborrowing may be stopped;
2) providing an emergency fund in case of disa8eproviding assurance that a
country is capable of servicing its external lidglas, and by doing so reduces the
likelihood of financial crises. Furthermore, theaaulation of foreign exchange
reserves may increase a country’s credit rating thedefore lower its external
borrowing costs; 4) resisting currency appreciationorder to support their

export; and 5) generating income from the inteorati financial investments.

It is important to note, however, that once a goment intentionally or as
a result of another policy has accumulated theidgarexchange reserve, the
options for utilising the fund are limited. Theyght use the reserves to repay
external debt, gradually sell it for local currenoy wait until its own currency is
under pressure and do so. Aside from these optibagjovernment has become a
foreign investor. Foreign exchange reserve managempelicy is designed to
fulfil the common features: reserves must be helslafe and prudent instruments;
these must be liquid, because the need to usevees®y arise suddenly; and, in

relation to the extent by which the reserves exdbeil liquidity requirement, the



prospective for generating income cannot be ovkddp although bounded by
liquidity and safety constraints (Bakker and Herp®07; Romanyuk, 2012).
Therefore, there are three known multi-objectivessfbreign exchange reserves

management: liquidity, security, and profitability.

The enormous size and the complexity in the nattitbe national foreign
reserves require a systematic methodology in defimulti-objective investment
strategies. Roger (1993) emphasises that the iamoand special function of
foreign reserves is liquidity, which includes fungithe everyday transaction and
intervention. Such needs determine the necesgitthéoliquidity management of
the reserves. With respect to the risk feature ke Rahbari (2011) provide an
example of the importance of the safety aspechefreéserves. They proposed a
theoretical model in the presence of sudden Staps provide empirical analysis

to show the importance of such attention to thaleadstop risks.

Central banks’ foreign exchange reserves are mbstly in the short-to
medium-term major government bonds, which is thamroon strategy to address
the safety objective of the reserve portfolio. TAproach has been proven to
work well during the last three decades; a peribdetatively high and positive
yield curves. Nowadays, however, global interesdga@re a record low. As such,

the reserve portfolios of the central banks areoegg to substantial interest-rate

' Foreign reserve portfolios are subject to suddeareals in foreign capital flows and the central
bank uses its foreign reserves to service the dkom foreign denominated debt that is not
rolled over in this events.



risk. Therefore, portfolios should be managed tsues the risk-return related to

interest rates hikes is well-mitigated.

The other and the most popular aspect of investnseat course return
(Briere, Mignon, Oosterlinck, and Szafarz (20164l &@akker and Herpt (2007)).
In recent years, many countries have built up gpreexchange reserves beyond
the level that adequate for trading and financirgivdies. Furthermore,
increasing public awareness as to how central baarkages their national wealth
has put higher pressure on the return aspect akederve management. Manchev
(2009) argues that liquidity and safety should tbe ihain objectives for central
bank reserve portfolios. Hence, | believe it appiaip to measure diversification
benefits using the risk reduction measures rathem teturn enhancement for the

central banks’ foreign reserves portfolio, whichHlwe implemented in this thesis.

1.1. Contextualising the Research

This research project has a particular motivatioto ihow the central
banks should allocate their foreign reserves ireoitd sustain diversification
benefits in a multiple objectives portfolio framenkoln the scope of this research
project, currency composition, broader governmemicusties and non-
government-related investment are investigated. chiwéce of the importance of
reserve objectives and spanning strategy approgineatvhat can be believed as
stages of central bank reserves management prattte@pproach to which has

been shifting towards market and credit risk oherdecades.



Figure 1.4  Basic Scope of Foreign Reserves Management
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Figure 1.4 provides general scope foreign reseprastices by central
banks. Foreign reserves study can be categoridedthe optimal size of the
reserve and how to manage it once the reservesleare accumulated. Reserve

management can be classified into currency composand asset allocation of



foreign reserves. In practical terms, the assaicalion of foreign reserves
management can be related to various aspectegtatsset allocation, choosing
model portfolio, or defining benchmark portfolio lpy and active portfolio
management by managing the authorised deviatiom fibe benchmark.
Additional income may also be gained from secwitending and repo markets.
Our focus is on strategic asset allocation fronemtral bank reserve management

perspective.

Strategic asset allocation is the primary stagethia hierarchy of
investment decisions. The most crucial point isétect a benchmark for foreign
reserves. The benchmark is a model portfolio whasipresses the preferred
investment policy which is translated through irtueent objectives and risk
tolerances. Manchev (2009) argues that for th&ralelmank reserve portfolio, the
benchmark has a similar contribution to the risrelsteristics of a portfolio. The
benchmark is the most important; a number of sidieow that over 90 percent

of a portfolio’s return is determined by its bencrin

The mainstream benchmark policy for currency comtjposis based on
the transaction theory and mean-variance theoreiio reserve asset allocation
policy relies mainly on published global bond markedex data (e.g., World
Government Bond Index or Group G7 government bortex), with weights
proportional to market capitalization or GDP figsifeeon and Vela, 2011). On

the other hand, for some more advanced reservesgeen may prefer using

2 See for instance Ibbotson, Roger G. and Paul &plah, "Does Asset Allocation Policy

Explain 40, 90, or 100 Percent of Performance®aiéial Analyst Journal, January/February,
2000.



optimisation techniques. Besides the main objedtiveeplicate market holdings,
published indices provide transparency and tratigabPortfolio optimisation

aims to achieve a superior performance for a gsenof constraints within a
quantitative framework. Mean-variance spanning kest proven an appropriate
approach to develop optimal asset structure, asctsl on the unconditional
expected return and risk of the equity portfolibsom a central bank point of
view, modifications of a standard optimisation a@whes open-up the
opportunities as to how central banks should aleotiaeir wealth in a multiple-

objective perspective.

1.2. Why IsThisTopic Important To Be I nvestigated?

The evolution of foreign exchange reserves has dgbreugh different
stages in history, and reserve management has swesn a serious concern for
central banks. More specifically, since the Asiaisis in 1997, the world has
witnessed substantial foreign exchange reservasnadation; so much so that
perhaps one could expect that many countries nemids the threat of reserves
insufficiency. This positive development, howeveajries other challenges for
central banks in managing their country’s reserbegpnd contemporary liquidity

or external transaction purposes.

The set of central banks’ reserve management olggsctequires a multi-
facet process. In the first place, central banks anservative and very risk-
averse investors. This risk preference predetemstimat protection of the value of

reserve as the top priority. As such, their invesita tend towards the safest



instruments, with the consequences of low expeotédrn on their portfolios
(Fisher and Lie (2004) and Beck and Rahbari (2013¢cond, in line with the
missions to cover day-to-day transactions and vetdions, an appropriate
percentage of reserves must maintain minimum rigk kigh degree of liquidity.
The purpose of which is to mitigate the impact ejative shocks in the economy
(Romanyuk, 2012). Third, given the massive foraigserves accumulation, it is
also possible for central banks to assign a cepantion of their reserves for
higher risk-return investment, while maintaining thverall reserve management
conservativeness. Parallel to the last argumenterBret al. (2015), Berkelaar,
Coche, and Nyholm (2010) and Borio et al. (2008)nslthat many central banks

are seeking higher returns especially for countsiBgh has an excess reserve.

Ben-Bassat (1980) was one among few pioneerestudi determine the
optimal reserve portfolio in a mean-variance frarmew The later mean-variance
studies in reserve management area use Black+hdter(Black and Litterman,
1992) and stochastic programming methods to optintieeir strategic asset
allocation and to mitigate conventional mean-varépptimisation weaknesses
Fernandes et al. (2012) combine the Black-Littermmendel and the re-sampling
approach of Michaud and Michaud (2008) to propofar@ign reserve portfolio.

Petrovic (2009) employs the Black-Litterman mod®lcentral banking reserve

® Despite being the most popular method, mean-vagignuetfolio optimisation entails several

shortcomings. First, the assumption of normalityas$et or portfolio returns which ultimately
hold the mean-variance together. Second, high teatysto the inputs as shown by Black and
Litterman (1992), minor variation in expected retrcan lead to enormous assets weight
reallocation. Third, corner solutions or the presef extreme portfolio weights (He and
Litterman, 2002). Fourth, excessive risk takingtfmtio in long-term (Pastor and Stambaugh,
2009).
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management practices. Claessens and Kreuser (2603)uct a framework for
strategic foreign reserve management. They pro&ifil@mework that combines
risk-return objectives of the reserve portfolio withacroeconomic, macro-
prudential and sovereign debt aspects. Their saldy provides institutional

guidance in creating benchmarks policy, evaluagiot portfolio reporting.

Leon and Vela (2011) implemented a long-term-depeod and non-loss-
constrained version of the Black-Litterman model develop central bank
strategic asset allocation. Zhang, Chau, and X044 incorporated behavioural
portfolio management within the mean-variance nleataounting framework,
and the Black-Litterman model is used to estimase®s return. Romanyuk
(2010) outlines asset-liability management (ALM)adentifies risks, portfolio
allocation, and asset-liability strategies withieseérves management. A later
study by Romanyuk (2012) examines how to interghet three collective
objectives of foreign reserve management (liqujdg#gcurity and profitability)
into the objective function as the modelling franoekvto capture the objective of

reserve management of the Bank of Canada.

Reserve managers of central banks encounter gdatbenges than those
typically faced by private fund managers. An insirg demand for
accountability and transparency contributes anofitessure to provide higher
returns, while maintaining the other objectives mfoviding liquidity and
preserving capital value of the reserves. Suchspres may be conflicting at

times, and as such, raise more challenges foruwesananagers. As a public
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institution, reserve management must meet inteynalidisclosure standards. The
bureaucracy structure for the reserve may leadutb dr partial portfolio
separation to meet their specific objective, résglin obstacles for assessing the
global risk position of the reserves. Furthermaenstraints on the permissible
invested assets and challenging risk preferenoefjding non-loss constraints,
complicate reserves management. In addition, iatemnal financial markets have
changed significantly since the financial crisiDB08. A consequence of which is
that major bond market returns are reducing near inéerest rates. Those factors

impose greater challenges for the management eigioreserve investments.

The literature demonstrates the increasing populaof the Black-
Litterman and stochastic programming methods tanfom strategic asset
allocation for central bank reserve managementii@nother side, the Bayesian
technique shows that it can handle portfolio caists and has proved successful
when applied in the stock market, insurance andsipanfund portfolio
optimisation. Furthermore, Schoéttle, Werner, and)jsfa2010) argue that the

Black-Litterman approach is only a special casBafesian model.

The discussion from this sub-section shows thapitkess attractiveness,
the Bayesian approach is relatively lacking in papty behind the other

counterparts. Given the advantages of the Bayesmdel and successful

4 Bayesian model applications in stock market,(se® Black and Litterman, 1992; Jorion, 1986;
Kandel, McCulloch, and Stambaugh, 1995; Li, Sarlkargd Wang, 2003; Pastor, 2000), in
hedge funds (see (Bessler, Holler, and Kurmann2p0dnd in insurance and pension funds
(see, e.g. Andreu, Gargallo, Salvador, and Sa@tb] 2Puustelli, Koskinen, and Luoma, 2008;
Streftaris and Worton, 2008).
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applications in other areas of portfolio analysegrovides confidence that it is
possible to develop a beneficial model for strategiserves management in a
Bayesian framework. This thesis is one among fawlies to provide strategic

asset allocation policy for a central bank pordddased on Bayesian approach.

1.3. What Does This Research Do?

Countries hold foreign exchange reserves for difiemotivations, which
include foreign exchange market intervention, pdowg liquidity and generating
income. To guarantee its reserves meet these nl@gcteserve managers could
employ strategic models to determine the optimatation of reserves over some
investment horizon. An objective function is a kelement of such model
framework, and its specification is more challeggespecially related to the
special purpose of foreign reserves as insuranceisas. To this end, the author
proposes how to translate the three objective®lolitng reserves into an objective

function for strategic reserve management.

This research investigated the potential diveraiion strategies to provide
an alternative solution for the currency compositamd strategic asset allocation
of a central bank’s reserves portfolios. The preaasthe construction of central
banks’ strategic asset allocation must be frametheysufficiency of the external

transactions need at all time, which will be colte by foreign trade and debt

13



constraints. As a starting point, to find optimatrency allocation, this research

follows the ideas of Briere et al. (2015) in déefipthe benchmark strateyy

We propose the construction of the central bank&tallocation policy
that must be framed as an appropriate liquiditycycht all the time. Data of the
official (central banks and sovereign wealth funidsgstment in the US securities
shows that maximum 30 percent the global officeéerves are held in the
treasury bills (less than one-year maturity). Tiggire is therefore utilised and
adopted to provide an assurance of the liquidiffisency. Hence, | assume the
benchmark investment policy used by central bask® iallocate 30 percent of
their reserves in the treasury bills and 70 peraetihe G7 1-5 year government
bonds. Multi asset weight constraints are defire@sset allocation constraint to

resemble the nature of the central banks’ investpelicy.

The optimisation begins from the existing benchmpdiicy. Several
diversification strategies are then combined withltrweight constraints to
assess whether significant risk reduction benefiégy be achieved. The benefits
of the diversifications are framed in the objectiuaction illustrated in Figure 1.5

as follow:

> PBriere et al. (2015) investigate three benchnsiriitegies to allocate central banks reserve

assets: 1) investment in US government bond 1 yedss; 2) investment in G4 government
bonds 1 to 5 years in the proportion of 63 peréendSD, 22 percent in EUR, 4 percent in
GBP, and 4 percent in JPY which based on the actil@tation of central banks in the G4
currencies, and 3) investment in G4 government bdnitb 5 years with the proportion referred
to the relative-weight of the currency in the SD&sket: 47 percent in USD, 34 percent in
EUR, 12 percent in GBP and 7 percent in JPY.
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Figure 1.5 Objective function framework
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The optimal currency composition deals with objpetiunction as shown
in Figure 1.5. The existing central bank’s reserwegestment isB, with
ug, expected portfolio returns and portfolio riskaf,. First | seek the optimum
portfolio B; to reduce the portfolio riskg, subject to a given existing portfolio
returnug, by currency reallocation among the existing bermtkmcurrencies
themselves or investing in broader universe whitgpasing trade and debt
constraints. Second, portfolio risk minimizationth® global minimum variance

Bquy for the same investment strategy as the firstistepalyzed.

A similar approach, as applied to the currency oositpn of the foreign
reserve, is now implemented for defining strateggset allocation. In order to
capture the liquidity requirements and to limit ti@ding of some asset classes, a
multi-weight constraint is therefore applied. Inder to guarantee the central

bank’s liquidity need, 30 percent of the reservasehto be allocated in the
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treasury bills all the time. To reflect central kehconservativeness, it is required
that a minimum of 25 percent be invested in thetexg bond market index and
liquid assets. In this framework, at least 55 perad the current assets policy
will continue to be held in the optimised portfolBoth risk reduction for a given

expected return and to the minimum variance wilabdressed in this analysis.

The next step is to analyse the risk reduction fitsnfer the central bank
from investing beyond government-related assetsis Thon-government
diversification strategy will be analysed in two asares; i.e. the reduction of the

optimum portfolio riskag, from the current benchmark riskz, and incremental

benefits which reflect the different of the riskpmirtfolio B, and B;.

In short, this thesis comprises of three empirichhpters. The first
empirical chapter is devoted to solving the foremgserves risk minimization
issues at currency allocation level, with a focus tbhe external transaction
requirements. The second empirical chapter empdgsizintaining sufficient
liquidity at all times, while minimising portfolisisks at the structure of assets
classes level. The third empirical chapter takes gartfolio analysis further to
accommodate differing risk preferences of centaabks, including investment

beyond government-related securities.

In addition to the above general motivation of Wieole thesis, there are
more specific research questions for each empidbabter, as detailed below:
Chapter 3 concentrates on the safety objectivesaaitite same time ensures the

central bank’s external transaction needs willldéllied by the optimal portfolio.
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| measure the safety objective as portfolio risdution for a given existing
return and risk reduction to the global minimumiaace portfolio (GMV). In this
chapter, two research questions were asked, i.e. faleign currency
diversifications offer potential diversificationsefefits for a given existing
expected return for central bank reserve portf@lidad whether 2) central bank’s
currency diversifications provide risk reductionnbéts to minimum variance

portfolio?

Chapter 4 focuses on the safety objectives witkaatificing the existing
liquidity and/or expected return profiles of thentral banks’ portfolios. Similar to
the currency composition framework, the asset atlon framework measures the
safety objective as portfolio risk reduction forgeven existing return and risk
reduction to the global minimum variance portfolide first research question in
this chapter addresses as to whether there areisthyeduction benefits for
central banks when investing in longer maturity d®rand credit constraints are
relaxed to include quasi-government bonds. Thergkcesearch question arises
because of increasing popularity in literature thaterging market assets offer
diversification benefits. Therefore, it is importda raise a question as to whether
investing in emerging government bond markets plewisignificant benefits
when portfolio safety is the primary concern of tbentral bank. The third
guestion is to provide a solution as to whetheertral bank will gain benefits if
inflation-linked government bonds are includedhgit investable assets. Existing

literatures show that the inclusions of such asketses are well-studied on an
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individual basis; however, the impact on governmeand portfolios from a

multi-objective central bank point of view, remalasgely unknown.

Chapter 5 investigates if the risk reduction bdsefound in the second
empirical chapter are sensitive to varying the streent policy, risk appetite, or
sample period of the central bank. The first redeauestion in this empirical
chapter is to examine the impact of budget congiaio the diversification
benefits. This question is raised to address thébtdowhether central banks
should or should not tranche reserves portfolisaiisfy their multiple objectives.
The second question is to study whether assetadibwcin terms of differing
liquidity changes the risk reduction benefits fentral bank reserve management.
Central banks with different reserves size, orddmme bank in different economy
conditions, may require a different portion of theeserve invested in liquidity
assets. | therefore, need to investigate if therasluction benefits are sensitive to

the central banks’ liquidity allocation.

The next question is to investigate if the governiri®ond risk reduction
diversification benefits are mainly driven by tlosvlyield environment and fewer
benefit are observed in high-yielding bond marke&dgice | could not find
diversification benefits on the longer dated botrdtegy, which restricted up to
10 years bond maturity, this question aims to eranwhether central banks
should consider ultra-long bond maturity in order dchieve risk reduction
benefits. The last question is to investigate eelfits and incremental benefits of

the risk reduction from relaxing central bank irwesnt restrictions beyond
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quasi-government issuer securities. As such, threstment opportunity set is
expanded to include gold, mortgage-backed secsiri{fMBS), asset-backed

securities (ABS), investment grade corporate band,world equity.

Since the scope of reserve management is fairlgdyrib is important to
keep in mind the following will not be addressedheTtheory employed in this
paper is based on modern portfolio theory. Impartant to remember that, even
though | focus more on the risk aspect, this isastudy of risk management.
Portfolio theory which always tries to seeking miaim portfolio risk is at the
heart of this research. Some elements of risk mamagt might be included since
we are dealing with a risk reduction of a portfollmut the reader should not

expect this to be a key element.

Analysis regarding the optimal size of foreign ress is not addressed in
this thesis; the level of the central bank reseraes assumed to be given
exogenously, i.e. | do not address the financingaw the foreign reserve are to
be accumulated. Additionally, I do not considere®xtransaction costs and
portfolio hedging. This is because | want to foensre on how central banks
allocate their reserve assets to satisfy multipiedaives in a unified framework.
The data used is relatively extensive and | do se#¢ a reason to include
additional securities, which would make the analysitractable. The assets
included are a group of G7, developed and emergiagket government bond
indices, semi-government, supranational and govemiragency bonds, inflation-

linked government bonds. Gold, ABS, MBS, equitydrdand investment grade
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corporate bonds are also included for broader tiblesassets. Thus, | will not
deal with options, futures or other derivativesisk the longest available data in
Thomson DataStream which is spanned from Decenfift o December 2014.

| obtained all data from the same source in ord@nake it more equivalent.

1.4. Findings

The main objective of this chapter is to providemative frameworks for
central banks to allocate currency compositions asset allocation of their
reserves. Risk reduction for a given existing eigbceturn, and risk reduction to
the minimum variance portfolio are implemented his tstudy to concentrate on
the safety objective of the foreign reserve. TheyeBan method of Li et al.
(2003) is combined with two currency constraintst Example, trade constraints

and debt constraints are employed to analyse ttenfya benefits.

Our analyses on the risk reduction for a giventexgsbenchmark return of
the foreign reserves currency composition, show ligfore imposing currency
weights constraints, all the diversification stgaés considered provide significant
benefits regardless of the current benchmark u$bkd. results when the trade
constraints and debt constraints are imposed, Irdliah there is potential for
diversification benefits to be obtained from therency portfolio optimisation.
However, the choice of the current benchmark aril rade and debt constraints
play an important role in the decision as to whiloversification strategy central

bank reserves managers should select to proceed.
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Empirical evidence related to the risk minimizatfon a given benchmark
returns, before constraining asset allocationswshiwat there are significant
benefits. Imposing trade constraints and debt caimston the optimisations
change the significance of the benefits. Broadereogy diversifications provide
the bigger mean of the benefits. However, for thigimal benchmark which
allocates more than 60 percent to USD, signifitemtefits at the % percentile of
the posterior distributions could be attained bgaoler currency investment into
selected developed and emerging market countryewcigs. This occurs when
trade constraints are imposed, however, none otoheidered strategies is able
to provide benefits after imposition of debt coastts. Central bank that uses the
original benchmark which resembles Special DrawiRgyhts-International
Monetary Fund (SDR-IMF) allocation, significantkigeduction benefits at thé's
percentile of the posterior distributions could &ehieved by reallocate the
existing benchmark currencies and by broader cayréamvestment into selected
developed market currencies from imposing tradesttaimt and broader spanning

into selected emerging market currencies from inmgpdebt constraints.

A similar objective function to the earlier chapteut it is now applied for
defining an alternative strategic asset struct@ir®m@ign exchange reserves. The
study concentrates on liquidity with the portfolobjective to reduce portfolio
risks, without compromising the return aspects.tiis framework, the more
complicated asset weights constraints of equdbtyer bounds and upper bounds

constraints are applied. Our results on the mininvamance analyses show that
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longer bond maturity diversification strategies eoffsignificant benefit to the

government bond portfolio across the three congiai

However, if a central bank aims to reduce portfdlisk for a given
existing target return; the results could not rejae null hypotheses, even before
imposing asset allocation constraints. When emgrgiarket and inflation-linked
bonds were introduced, our finding shows that ohiiing longer-dated bonds,
emerging market country rating and inflation-linkgalvernment bonds altogether
improve the investment opportunity set and deligsgnificant risk reduction
benefits. The inclusion of inflation-linked and emieg market government
bonds cannot be spanned directly to the currenthreark, but it needs to be

added together in order to deliver significant deecation benefits.

The third empirical chapter investigates if thé meduction benefits found
in the second empirical chapter are sensitive ¢odifferent conditions that may
lead an adjustment on the central bank’s liquidigquirement for the
precautionary, changes investment policies, diffenevestment opportunities or
sample period, and impact and marginal impachon-government bonds
risk preferences.

Our findings show that significant diversificatideenefits could only be
achieved if it is fully invested or budget constitaiequal to one. After imposing
asset allocation constraints, none of the spansirajegies considered provides
significant benefits for the lower budget consttsin Analysis of the impact of

liquidity buffer allocation confirmed that US Treay Bills drive one of the main
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sources of risk reduction. Allowing the optimisedrgfolio to hold US treasury
bills at least as its weights in the benchmark reffeignificant risk reductions.
These findings provide practical implications. T&ee of the reserves relative to
their economy, risk aversion, or economic condgi@arich could have an impact

on their liquidity portions, have important rolethme risk minimization analysis.

Our analysis on the impact of budget and liquidibynstraints has policy
implications for central bank reserves managem@ui. results show that the
requirement to provide more cash results in a higineertainty of the mean risk
reduction. This implies that central bank should segregate foreign reserves to
cover short-term liabilities from the investablesep/es. Segregation of reserves
may introduce inefficiencies as it increases tHécdity of optimising the risk-
return profile for the whole reserves. Central lmntherefore, should not to
tranche their reserves, but define and expressidligu requirements and
objectives in the form of constraints and objectivactions in the portfolio

optimisation framework.

Lastly, we found that the inclusion of non-govermmbond investments,
which include gold, ABS, MBS, investment grade @ogte bonds and world
equity asset classes, provides significant riskucgdn benefits. These benefits
were both significant when compared to the exishegchmark, and incremental

in terms of benefits from government-related bomnveification strategies.
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1.5. Main Contributions

The overall empirical contribution of this researdn be summarised as
the alternative strategic asset allocation for r@ritank reserve portfolios, taking
account of the multiple objectives: liquidity, sgfand return. The current state of
the liquidity aspect of the central bank is assuntete sufficient and hence be
adopted for the requirement of the framework. Wiilaintaining central bank
liquidity needs at all the time, my proposed framdwoffers two measures of
diversification benefits. First, in relation to kiseductions for a given existing
benchmark return, and second, the risk reductiorthef minimum variance

portfolio.

This thesis extends the contribution that the irtgpare of the constraints
of Papaioannou, Portes, and Siourounis (2006) amd(2007) remains valid
under the Bayesian analysis. The first empiricahptér suggests there are
potential benefits for the central bank to realtedés currency composition either
between current benchmark currencies or into broagieencies. Imposing trade
constraints and debt constraints however, changestpnificance at the's
percentile of the posterior distribution of the bfts. The choice of the current
benchmark and trade and debt constraints play gooriamt role in deciding
which diversification strategy central bank reseryeanagers should select to
proceed. These results suggest that the trade elidcdnstraints for currency
allocation reflect the individual country exposurgght need adjustment if the

central bank needs to diversify their currency fodid.
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Second empirical chapter implies that the first-piority of the objective
for the central bank; liquidity and safety objeetiis an appropriate alternative
approach for risk minimization framework. Theseutts confirmed Manchev
(2009) arguments that central banks portfolio dibjes should focus on liquidity
and security rather than return objective. Whilgsgrving central bank liquidity
need, first | minimised portfolio risk for a givexxisting benchmark return. Our
Bayesian analysis suggests that central banks toesmhduct portfolio switching
30 percent of their foreign reserve in new govemimelated asset classes. The
new asset classes included in the new strateget aiecation are longer dated
G7 (5 to 10 years), developed market (1 to 10 yeard SSA bond index together
with emerging market and inflation-linked governmband market, and retain 70
percent of the reserves in the existing portfohoorder to reduce significant

portfolio volatility whilst maintaining the existgnbenchmark expected returns.

Our finding on the various setting analyses infexts the important for
the central bank to diversify the foreign resereetfplio beyond its current policy
setting. Our findings on the budget and the posiof liquidity aspects imply
that central banks should not to tranche theirrvese but define and express
liquidity requirements and objectives in the forrh aonstraints and objective

function on the optimisation framework.

The purpose of storing the foreign reserves andrthedate central banks
have in managing their reserves vary among cetaaks and therefore the
preference between two measures might also diffemgst them. | would argue

that reducing the risk for a given existing targeturn is more desirable for
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central bank reserve managers than the second meaBareign reserves
diversification ideas resulting from the first messalso easier to communicate to
the stakeholders since the benefits resulted ftoenfiameworks without giving
up the existing expected returns. However, it migat worth thinking about
should central bank follow the minimum varianceat#gy since the empirical
findings show minimum variance portfolio offer sifigant benefits across all

constraints.

To my best knowledge, this thesis is the first gtta propose the use of
Bayesian model in the reserve management literafimie research contributes to
the literature in portfolio management area in sgweays: (1) it combines mean-
variance Bayesian spanning test of Li et al. (2083) portfolio constraints of
Jagannathan and Ma (2003) for foreign reserve nwamagt topics; (2)
conventional models are customized to the caseentherinvestor faces multiple
portfolio objectives. (3) This thesis complementsl &xtends the evidence in
Briere et al. (2015), Hunter and Simon (2004), Zhahal. (2012), and Hanson,
Lilieblom, and Loflund (2009) among others by inporating the impact of a
greater number of portfolio constraints and usiraydsian approach to evaluate
statistical significance of the diversification ledits. This research also provides
an alternative approach that is designed to hgpetaecutives at central banks
reserve management to define their new benchmdrgydor currency structure

and asset allocation.
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1.6. ThesisStructure

This section purposes to describe the structurdefthesis. Overall, our
thesis consists of six chapters, which are dividéala number of sub-sections.

Figure 1.6  Thesis Structure

Chapter I: Introduction

Chapter II: Related
Literatare

Chapter IV:

Asset Allocation

Chapter III:

Curreacy Composition

Chapter V:

Sensitivity Analvses

Chapter VI: Conclusion
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Chapter One: Introduction

Chapter one aims to introduce the thesis topic tardresearch problem
addressed throughout the analysis. The contribuwiarur research to the existing
literature regarding reserve management and piartfohoice in general is
highlighted. Furthermore, the general methodologyain findings and

contributions of the thesis are presented.

Chapter Two: Related Literature

This chapter reviews the previous studies in theeifm reserve
management literature. It begins by outlining thgartance of foreign reserve
funds for the central bank, domestic economy atermational financial markets.
The purpose of which is to give the reader a basterstanding of the central

banks’ practices in reserve management.

Subsequently, | review the classical mean-varidraseework of modern
portfolio theory to provide the reader with a baanowledge of its assumptions,
applications and the definition of risk. Furthermothe existing frameworks are
reviewed. This includes defining an objective fumctfrom the multiple goals of
the reserves management, combining with asset tgeggimstraint and sensitivity
analysis to the different risk preferences. Theppse is to give the reader an
understanding of what can be used from the prewstugies and how | can apply
the strategic asset allocation frameworks of araébtank reserve management in

practice.
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Chapter Three: Optimal Currency Composition ofétgn Exchange Reserve
Portfolio

The first empirical chapter investigates the po&ndiversification
strategies of a central bank’s reserve currency positions. This research
considers two currencies benchmark investmentesgfied and examines the
impact of trade and debt constraints for the pbafask reduction benefits.
Chapter Four: Central Banks’ Government Diversifioa Benefits: Multi-

constraint Mean-variance Spanning Test

In the second empirical chapter, the study focumeshe safety needs
without compromising liquidity and return aspecteoni asset allocation
perspectives. | measure the risk reduction podafbbth for a given level of the
existing return and risk reduction to the globahimmum portfolio.

Chapter Five: Risk Minimization on Multi-weight Graint Bond Portfolio in
Various Setting

This empirical chapter investigates the importaatearious factors and
evaluates if diversification benefits are sensitivethe varying conditions that
may lead an adjustment on the central bank’s rigfepences and investment
policy. Some different settings considered in #malysis to evaluate the role of
budget constraints, liquidity buffer allocation, darglobal financial crisis
investment opportunities; longer than 10 year bdndestment and non-
government bond investment preferences for the mnskimization reserve

portfolio.
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Chapter Six: Conclusion

The overall conclusion is drawn with respect to éngpirical analysis and
aims to answer the questions of the thesis andsoffenchmark asset allocation
policy for reserves management practices. Furthexntionitations of the research

are outlined and future improvements are proposed.
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CHAPTER TWO

This chapter aims to identify current knowledge 9éem the previous studies,
how important are these gaps, and what mightiféht. The second purpose is to
justify the importance for my own research by pdowy evidences leading to the
proposed central banks’ foreign reserves assetait;m framework and specific

research questions that will be investigated.




2. RELATED LITERATURE

The purpose of chapter two is twofold. First, thiepter aims to identify
current knowledge gaps from the previous studies; important are these gaps,
and what might fill them. Moreover, second, to ifysthe need for my own
research by providing evidence leading to the desifjthe proposed central
banks’ foreign reserves asset allocation framevaoik specific research questions

that will be investigated.

The chapter starts with the question “what arerttan theories that lie
beneath the study of foreign reserve currency caitipa and foreign reserve
assets allocation?” There are two leading theerithkge transaction theory and the
mean-variance theory of currency composition; awd tnain approaches to
constructing reserve asset allocation policy — tha&rket index and portfolio
optimisation. Discussion of the development of etdory and summary of the
important empirical studies in this field will bleet main theme of the beginning of

this chapter.

The remainder of the chapter proceeds as foll@astion 1 describes the
existing literature of the current states and tseindreserve management. Section
2 and 3 give a background of the use of portfoleght constraints and portfolio
tranching in central banks portfolio practices. ti#c 4 describes asset class
selection of both government securities and broankestment universe spanning

strategy, and section 5 concludes.
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2.1. Central Bank Foreign Reserve Allocation

There are two main theories of the foreign resememposition. One
theory stated as the transaction theory, claimsntiaaket transaction activities are
the major factor in determining the central banioseign reserves currency
structure. This theory believes that the currenaibgh form the largest portion
of a nation’s foreign reserves portfolio are thtisat are the most essential in
accommodating various foreign transaction of thenty. These include foreign
currency intervention (purchases and sales of dareurrencies), financing of
foreign trade and the settlement of foreign debligabons. The transaction
theoriy therefore suggests that the preferred nayrallocation is likely to be
independent of the optimal distribution of the fgrereserves across currencies

(Dooley, Lizondo, & Mathieson, 1989).

On the other hand, the exact opposite argumegnrtoisosed by the mean-
variance theories. This is based on the model oEig¢ mean-variance optimal
portfolio selection developed by (Markowitz, 195#hich also the foundation of
Capital Asset Pricing Model (Markowitz, 2014). Nbegariance theory argues
that the allocation of wealth embedded the risk asirns associated with
holding foreign reserves assets in different cuies are the main factors in
foreign reserves structure. Consequently, the theoggests that rational central
bankers construct some optimal allocation of res@ssets that minimise reserve
portfolio risk for a given level of return, or vieersa; maximise the return for a

given level of the reserves portfolio risk (Ben-Bais 1980).
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The main assumption of the mean-variance framewsotkat the returns
are normally distributed. The mean-variance padfaecision models require
certain ex-ante input parameters are assumed tknben to investors. The
investor is required to provide estimates of thpeeted returns and covariances
of all the assets in the investment universe cemsdl In practice, however,
investors often lack the knowledge as to theseeglAs such they take their ex-
post estimates from samples of the assets’ pa&irpence. If ex-post estimates
are obtained when the underlying probability disition of asset weights in an
optimal portfolio are unknown, there is an estimatrisk problem ((Barry, 1974,
1978), (Bawa, Brown, and Klein, 1979), (Dhingra&291983), Klein and Bawa
(1976, 1977) and Klein, Rafsky, Sibley, and Willy978)). Furthermore, mean-
variance optimisation is very sensitive to the ispiChopra (1993) and Chopra
and Ziemba (1993) shows that minor changes inrthetiparameters can result in
the very different asset allocation of the optinpalrtfolio. Following those
drawbacks, | will discuss some of the common tegies for mitigating

estimation errors.

One of the most popular methods to mitigate estonagrror is by using
the Bayesian technique. A great number of genemjeBian and shrinkage
approaches have been used to estimate the inputsdn-variance optimisation.
For the expected returns see, for example, JobsdrKarkie (1981), Frost and
Savarino (1986), and Jorion (1991, 1986). For tbeadance matrix see, for
example, Ledoit and Wolf (2003, 2004). For bothextpd returns and covariance

matrix see, for example Wang (1998) and Li, Sarkad Wang (2003). The basic
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idea underlying these types of estimators is tlas-bariance trade-off; whereby
sacrificing some bias one can obtain a more efficiestimator that is less

sensitive to changes in the data.

Bayesian predictive distribution provides a ndturethod to express
investment opportunities in the presence of paramatcertainty (Avramov and
Chao, 2014; Avramov and Zhou, 2010). An additiopahefit of the Bayesian
approach is that it can be applied when the cehtmak faces portfolio restrictions
such as budget, short selling, asset allocationther combination of those
constraints. Most mean-variance strategic assetalbn for foreign reserve
portfolios are based on Black-Litterman (1992)dgample Zhang, Chau, and Xie

(2012).

Despite the popularity of the mean-variance theoryconstructing
currency composition policy of foreign reserve istveents in term of portfolio
optimisation or diversification, there are a numbédrawbacks associated with
the data availability and practicality of the meeamtance approach. Based on
those difficulties, Dooley et al. (1989) concludédt the transaction theory, as an
alternative theory, should provide a more practitamework to allocate the

reserve compositions of central banks.

Empirical studies on the determinants of reserugsency composition
and asset allocation have been hampered by thehiatctoreign reserves data is
confidential in most countries. The reserves of ldgan 40 percent emerging

countries are included in the Currency Compositbfficial Foreign Exchange
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Reserves (COFER) database from the Internationaletdoy Fund (IMF) (Beck

and Rahbari, 2011).

The first empirical study that used the transactioeory was Heller and
Knight (1978). Their study explained variations time currency shares of a
country’s official reserves in US dollar, poundrbig, French franc, Deutsche
mark and other reserves currencies. This study igedvthe first empirical
evidence that central bank’s transaction needslay p key element in the
determinant of currency compositions. Using ddt&® countries during the
period from 1970 to 1976, their empirical findingisowed that countries added
the portion of their reserves held as a given keseurrency if they fixed their
exchange rate to that currency, or if the counfrigguing reserve currency was a

major trading partner.

A later study by Dooley et al. (1989) tried to expl that the currency
reserve held by a single country is a function hdirt trade and debt servicing
payments. Their empirical examination used conftidéndata from the
International Monetary Fund (IMF) on the currenoynposition of the reserve for
individual countries over the period from 1975 @B8%. Similar to the previous
study, this empirical research found that tradev$l@and rate arrangement played a

significant role in the currency composition dears.

In a later period, a study by Eichengreen and Matim (2000) proposed
three important findings. First, as the economywgrdarger relative to other

countries, its currency should also increase imp@rion. Second, as a country
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increases trade with the rest of the world, otheuntries tend to hold that
country’s currency in their reserves portfolio foreign trade payment purposes.
Third, the existing domination of the USD as thgerge currency was found to be
an important factor to ensure the dominance of pmraserve currency. With
regards to those findings, they concluded thatsterp shifts of USD from its

dominance position in reserves currency were valkely.

Only five empirical studies of the mean-varianceotty of the currency
composition appeared to have been published. Buhe study period 1972 to
1987, Ben-Bassat (1980) show that risk and retamsideration are important
factors in the Central Bank of Israel’s foreignee® currency composition, and
the developing countries. Similarly, Dellas andoY(@991) found that risk and
return played an important factor in the determarabf South Korea'’s foreign

reserve currency allocation during 1980 and 1987.

Papaioannou, Portes, and Siourounis (2006) propodgnamic mean-
variance framework and compute the optimal levethefworld reserve portfolio
using different methods to estimate mean returms Gavariance matrices. The
authors also impose different constraints to réfkeansaction considerations.
They find that the reference currency is very int@or and the optimal world
reserve portfolio suggests that the share of the Eulower than the actual share

published in the IMF COFER database.

The most recent studies available on the centaatk® currency

composition are those of Beck and Rahbari (2014) lum and Ryou (2011).
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Beck and Rahbari (2011) develop optimal reservetfgor in a minimum
variance framework with the presence of sudden istaapital flows. Their study
provides interesting findings; (1) optimal resepagtfolios are dominated by US
dollar as base currency; (2) during the sudden, $#&dollar performs as a safe
haven currency, increasing the optimal portioneiserve portfolios; (3) US dollar
shares should decline when the debt-to-reserve miclines, and (4) the
denomination of foreign currency debt has littlgportance for optimal reserve

portfolios.

Following the recent debate regarding the needttier central bank to
diversify their reserve, Kim and Ryou (2011) studg mean-variance efficiency
of the foreign reserve portfolios. They implemekelihood ratio procedure and
examine the efficiency of the reserve portfolionfrd8 countries. Their findings
suggest that the domination of the US dollar aggernational reserve currency
has not declined, despite the recent US dollaretggtion during the 2008-2009

financial crisis.

The common stage following a decision on currenggnosition is to
decide how to allocate the foreign reserve, or émidke asset allocation or
benchmark policy. In contrast to the study curretywhich relatively well
documented, literatures on central banks reserset aflocation are very limited.
The mainstream benchmark asset allocation for dareeserve relies mainly on
published global bond market index data with wesghtoportional to market

capitalization or GDP figures (Leon and Vela, 20Hywever, Brennan, Kobor,
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and Rustaman (2011) argue that central banks poaelils suggest that reserve
management should be moving away from the bond ebaridexes as the
benchmark allocation policies given by these indetend to overweight more

indebted countries.

Research on strategic asset allocation relativebs ldocumented than
currency composition in reserve management liteeatBerkelaar, Coche, and
Nyholm (2010), Bernadell, Cardon, Coche, Dieboldd aManganelli (2004),
Bakker and Herpt (2007), and Joia and Coche (2@ti) publications on the
various aspects of foreign reserve management iobhmgome parts focus on the
strategic asset allocation of central bank’s resguertfolio. Cardon and Coche
(2004) propose a management framework for the @ebtnk strategic asset
allocation where asset allocation decision can bdopmed by a three-layer
governance consisting of an oversight committegestment committee and
portfolio management. Fisher and Lie (2004) provédeeserves strategic asset
allocation framework considering various assetsssda. These include
government bonds, non-government bonds, equitiescanmencies while securing

liquidity sufficiency for trade and interventionexs.

Zhang, Chau, and Xie (2012) suggest a behavidimrahce application
with the Black-Litterman (B-L) model to determinentral banks’ strategic asset
allocation. This is applied to the case of Chinesetral bank to develop optimal
asset allocation, whereby they argue that theiméwork is suitable for the

reserve management allocation with multiple obyesti The Black-Litterman
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model is embedded into behavioural variables thay mfluence the attitude of
reserve managers’ toward risk-return, and assuimascentral banks have two
sub-portfolios. One is a safety portfolio which gaved by the precautionary
motive and has lower expected return. This pordfehtisfies safety and liquidity
objectives. The other is investment sub-portfoliuick focuses more on the return
objective. These two sub-portfolios are then comtbito construct an aggregate

portfolio.

The more recent study on the strategic asset &tboctor China’s foreign
reserves by Zhang, Zhang, and Zhang (2013) igyusipula opinion approach.
Regime-switching copula is used to examine the shynalependence amongst
risky assets. They found that when the central labj&ctive mainly focuses on
minimising portfolio risk, their reserves allocatiencourages the flight to safety.
Conversely, when higher risks level is permisstblget a higher return, it would
discourage the flight to safety. Therefore, théharg suggest that China’s central
bank should mitigate its flight to safety after 838hd increase their investment in
short-term bank deposits, long-term treasury bomod euro bonds. Previous
works in strategic asset allocation for reserve agament literatures is relatively
limited; some of which utilise BL-Bayesian approatthderive strategic asset
allocation. None of them extends the conventionaye3ian to solve multiple

goals of central banks’ portfolio problems.

The most recent study by Bri'ere et al. (2015) iempént a geometric test

of mean-variance efficiency, finds that introduciogrrencies which has a low
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correlation to the USD significantly reduce poribokisk. Expected portfolio
return is improved by spanning into mortgage-badketlrities, corporate bonds,
and equities. In general, those literatures arfgaethe return aspect of the foreign
reserves becomes more essential in central baekgrve management; more
specifically those who have excess reserves. Thay that relaxing various

constraints can obtain a better expected portfeliorn for the same level of risk.

Most foreign reserve asset allocation literatunealyse return objective,
and limited studies look at the safety aspect agsodfolio objective. More
specifically, despite general view safety aspetiiésmost important objective for
central banks most of reserve management pradimediteratures address them
using portfolio constraints. In this thesis, | walvaluate portfolio safety features

from the portfolio constraints and the objectivadtion perspectives.

The recent global financial market meltdown hightegd the need for
central banks to refocus from return back to ligyidbjective. Unfortunately,
liquidity risk is more challenging to measure thttwe other financial risks; for
example, currency or interest rate risk. Markatilility is a shadowy concept with
several features that cannot be taken by a singtasure (Amihud, 2002).
Widening of bid-offer and/or credit spreads, a pha@se in the correlation of the
risky assets, a reluctance of institutions to traaé& each other, and a complete
bid disappearance from brokers’ screen are someaitwds of market illiquidity.
In academia, liquidity issues have traditionallyebemeasured in terms of

transaction costs which are reflected by bid-offareads, while practitioners refer
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to the inability to liquidate a trade position wheeeded (Longstaff, 2001).
Additionally, there is a big literature on marketicrostructure on liquidity
measur® However, it appears to be no single agreemeithvne is the most
appropriate liquidity measure from a central bardserves management point of

view.

The further complication arises given the fact thattfolio management
literature has mainly focused on risk and returglative to liquidity. The
commonly employed mean-variance and value-at-ié&R) metric and their
variations also unable to reveal clear informatielated to the liquidity aspect of
the reserve portfolfo Liquidity management in central banks practiceolaes
dividing reserves portfolios into more and lessuilij assets and imposing
constraints on these tranches, requiring a mininguantity of highly liquid

securities to be held at all times (Romanyuk, 2012)

The United Kingdom employs an asset allocation rhollat explicitly
trades off liquidity and return (Treasury, 2010heTchallenge of incorporating
liquidity risk into strategic asset allocation Isat: illiquidity issues are usually
observed in real time, which does not lend its@l$ily to being packaged in

estimated terms over investment frameworks. Algpidity or illiquidity from

® see (Chordia, Roll, and Subrahmanyam, 2000; DeudRupta, and Subrahmanyam, 2010;

Goyenko, Holden, and Trzcinka, 2009; Korajczyk &adlka, 2008) for a discussion of related
issue.

" The problem with VaR approach for the case dftiltlity is that when everyone relies on this
framework, during times of market volatility, thisk limits of some investors are hit, who then
sell their assets at the same time which increaseket volatility and covariances, and then
risk limits of more investor are hit, who then salhd so on, creating a vicious cycle of asset
price crash, higher volatility and market panicré2ed, 2000; Romanyuk, 2012)
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central bank perspective might not be a contindmugather an “on-off” variable
that is not easily adapted to particular portfaitocation models. The potential
needs for liquidity are difficult to predict, andteemely so during crises. As such,
| implement the ideas proposed by Romanyuk (20ha) bhighly liquid assets
should be held all the time by imposing asset atioa constraints in order to

provide sufficient liquidity when needed.

Given the advantages of the Bayesian model disduabeve and its
successful applications in the stock market, instegaand pension fund portfolio
optimisation, it opens up the opportunity to depebouseful model for strategic
reserves management in Bayesian framework. Inréisisarch, Bayesian approach
combined with multi-weight constraints are utilisGthe main motivation of the
application with multi-weight constraints is to ¢aqe the spirit of the transaction
theory; providing an alternative strategic assktcation which resembles central
bank reserve portfolio. The proposed framework atmsoffer an alternative
currency composition and asset allocation policyemvitentral banks are most
concerned with portfolio safety, without compromgi their liquidity and

profitability objectives.

2.2. Portfolio Weight Constraints

Institutional investors often implement portfoliceight limits of assets or
groups of assets to prevent extreme asset allosatimt may result from model
inaccuracies or to meet with their investment m#&nddagannathan and Ma

(2003) provide a theoretical explanation for sudlacpces. They show that
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imposing negative weight constraints are equaéetiucing the estimated security
covariances, whereas upper bounds are comparableindeeasing the
corresponding covariances. For example, assetshthad high covariance with
others tend to receive negative portfolio weighiherefore, when their
covariance is reduced (which is identical to thfeafof imposing no short-selling
constraints), these negative weights reduce in rmalg Likewise, an asset that
has low covariances with other assets tends tooget-weighted. Hence, by
increasing the corresponding covariances the impfatiese over-weighted assets

decrease.

Using a minimum-variance portfolio strategy witlagtic portfolio weight
constraints, Behr, Guettler, and Miebs (2013) ressshe findings of Jagannathan
and Ma (2003). They show evidence that incorpogatportfolio weight
constraints is favourable for the optimisation peaot if the input parameters are
error-free. On the one side, weight constraintgajutae that portfolio weights are
not mainly driven by sampling error inherent in tbrgcal data parameter
estimates, which then leads to the concentratetfofiof. On the other side,
weight constraints in their approach reduced tingpdiag error and loss of sample

information in portfolio optimisations.

Analysing the work of Jagannathan and Ma (2003pn imore specific
setting, Roncalli (2010) find that imposing porifolweight constraints on the

global minimum variance portfolio is similar to uaeshrinkage estimate of the

8 See (Chopra & Ziemba, 1993; Chopra, 1993; Ggeetollifield, 1992) studies for the literature
concerning concentrated portfolio in mean-variasetting.
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covariance matrix. The impact on the mean-variaand tangency portfolio
however is largely less known. More specificalllge timpact of the portfolio
weight constraints on mean-variance portfolio oa ttsk minimization of the

mean-variance portfolio for a given expected retusrunknown.

Ling (2011) propose an active portfolio model weéh objective function
to minimise the probability of big losses occurrig the optimum portfolio
subject to multiple weights constraints. Analysthg mainstream mean-variance
tracking error model with the proposed model, th#har finds that both efficient
frontiers are not intersecting. The expected expetssn of the proposed model is
not larger than the classical mean-variance paotfiolr any tracking error in the
same setting. Ling (2011) findings are not surpgsgiven the facts that more
assets restricted in multiple weights constraiméssanaller than that of portfolio

with single or fewer weights constraints.

However, Kolm et al. (2014) argue that extremenditteé need to be taken
in designing and implementing portfolio weight coamts. The authors provide
an example, if the weight constraints are too litjg the portfolio allocation will
be completely determined by the constraints instfathe forecasted expected
returns and their covariances. Therefore definimdj immposing multiple portfolio
weights constraints for the reserves portfolio withltiple objectives need extra
considerations more specifically to capture uniaquaure of the central bank

investments.
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Taking into account the above mentioned studiapply multiple weights
constraints for both risk minimization and returrexamisation of the mean-
variance portfolio for a given level of return amd minimum level of risk
respectively, while satisfying central banks’ lidily requirements. The main
purpose of the multiple assets weight is to appnaxé what can be thought as
stages of reserves management, based on centialpbactice towards certain
asset classes. The design of the asset weightgaiohsequires extra carefulness,
given the facts that the effects of the restrictinoherent in defining optimal
strategic asset allocation. To capture central lwamservativeness, the proposed
optimum mean-variance portfolio will only be allodvéo change new asset

allocation policy for less than half of the resepeatfolio.

2.3. Portfolio Tranches

Large reserves accumulation following currency egisn several Asian
and Latin American countries in the late 1990’eng motivation for some central
banks to structure and divide their foreign reserwv#o two or more tranches.
While a higher level of reserves reduces the litad of currency crisis, the price
for holding massive amounts of liquidity is costRhis is because central banks
prefer to invest their reserves in very liquid aade assets which therefore earn
low returns. Portfolio tranching allows reserve lte divided according to the
central banks’ specific requirements; for exampe Ifquidity and investment
objectives and other policy requirements. Basedthan theoretical model of

sudden stops and central bank liquidity managemewtioped by Caballero and
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Panageas (2005), Osorio (2007) provides a methamver the opportunity costs
of holding large amounts of foreign reserves byakimg reserves into two
tranches. Osorio (2007) argues that the proposedtste would allow the central
bank to invest a portion of its reserves more ity during normal periods

without creating high liquidation and transacti@sts in events of the crisis.

Reveiz (2004) provides an example of portfolio tfees at Banco de la
Republica, the Central Bank of Colombia. He expaimat the central bank uses
three separate portfolios which are working capitatermediate and stable
portfolio tranche. Working capital tranche portéois to cover intervention needs.
Intermediate tranche or passive portfolio is heldhie United States, German and
Japanese government bonds that do not allow anyweaahanagement.
Additionally, the size of working capital and imeediate portfolio in aggregate
has to be sufficient to cover one-year interventiaih a 99 percent of confidence.
Lastly, the stable tranche portfolio can take ativaaisk by deviating from the

benchmark within predetermined ex-ante trackingrdimits.

A later study from the Banco de la Republica, Cdl@anby Garcia-
Pulgarin, Gomez-Resrepo, and Vela-Baron (2015) ozgpl an alternative
strategic asset allocation framework. The purpdse/toch is to maximise the
risk-adjusted returns while maintaining the objpeesi of liquidity and safety of a
foreign reserves’ portfolio. The authors argue that overall portfolio should be
separated into two tranches; safety and wealtichesy The safety portfolio is

comprised of liquid, default-free and low volatiliassets, where the safety and
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liquidity objectives are the objectives functionhel wealth tranche aims to
maximise the return with a wider asset universeaitwhger horizon. They argue
that while maintaining the safety and liquidity deeof a traditional reserves
portfolio, their historical and forward looking dpsis found evidence that the

framework is able to deliver better reserves ptdfperformance.

An interesting survey by IMF in 2012 (Morahan andl®#r, 2013) shows
that more than 80 percent of central banks in thesnple make use of the popular
practice of reserve tranching. Interestingly, adeahcountries make less use of
tranching than middle and low-income countries. &dhan and Mulder (2013)
argue that this preference to tranche their poogoteflects the fact that low and
middle income countries may need reserve for fretjugervention purposes.
Intervention needs and central banks’ explicitiliabs are the most important
factors in defining the relative size of the tramgbortfolio, demonstrating the
importance of immunisation in reserve managemehtips. Some other factors
shaping the relative size are target return, ptedemand for liquidity and size

of the government’s short term liabilities.

Most of the previous studies support the idea tnt@al banks to divide
their reserve portfolio into tranches based on rretenhancement objective.
Strategic asset allocation proposed by (Garciadinget al., 2015; Osorio, 2007;
Reveiz, 2004) are based on a framework to maxithiseeturn of the portfolio
for a given level of risk, while satisfying centtznks’ liquidity objectives. None

of these studies is looking at the different obyecframework for example risk
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minimization portfolio. To fill this gap, this isup opportunity to evaluate if
separating foreign reserve into tranches is thiet rifpoice for the central bank

who believes portfolio safety is the main objectioereserve portfolio.

2.4. Asset Class Selection for Reserves Portfolio

Asset class selection is one important step infgartchoice problems for
investors in general, including foreign reservesthis sub-section | discuss the
potential diversification benefits for central bahkeserve portfolio, amongst the
existing asset classes and beyond. Asset clasexliby government and quasi-
government will be discussed first and followed bgn-government issued

securities in order to find diversification opparities.

2.4.1. Government bond securities

A central bank may be inspired to diversify theiserve investments for a
number of motives. Portfolio risk reduction anduratenhancement are the most
popular objectives of diversification. Governmewihl market can be classified
into high-grade sovereign bond (a group of G7 atigeroadvanced countries),
quasi-government (supranational, semi-governmant, & government agency -
SSA), emerging market and inflation-linked governinbond market. Another
popular strategy to diversify bond portfolios isrgued by lengthening bond
maturity investments. Those asset classes will iseudsed to address the

potential benefits of international diversificatitor central bank portfolios.
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24.1.1. Longer bond maturity

Historically, in a positive yield curve environmeimvestors have always
been compensated in higher returns over time bsiitvg in longer dated
securities. This argument can be explained by dityipreference (Bodie, Kane,
and Marcus, 2008). Liquidity preference theory dingt longer maturity treasury
bonds are subject to greater interest risk tharrt$@on bonds. As a result,
investors in long-term bond bonds entail a riskmpten to compensate them for
the risk. This theory is also derived from the ftt shorter bonds are generally
more liquid than the longer bonds. The preferenckdd lower liquidity bonds
will only occur if those bonds offer higher expetteturns.

The motivation to examine longer-dated bond strategcause investors
have typically been rewarded in higher returnsrwesting in longer dated bond
(Berkelaar, Coche, and Nyholm, 2010). More spedliffc Johnson-Calari et al.
(2007) document a study about trends in reservemgament by central banks,
point out the opportunities to relax duration amddd risks constraints on the
strategic asset allocation to improve the riskfretyperformance through
diversification. The recent ultra-low yield phename however, raises doubts as
to the significant diversification benefits fronvasting in longer maturity bonds.
More importantly, |1 would like to know whether & still the case when central

bank values more on safety than portfolio profitgbi
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24.1.2. Developed market government bond

The first and the most basic reason of portfoliarspng from high-grade
government bond markets would be to achieve ovpaatfolio risk reduction due
to the expectation that government bonds markeedd$rom different countries
are less-than-perfectly correlated. Beyond podfoliolatility reduction, the

international investment could also be driven hymeenhancement motives.

Barr and Priestley (2004) analysed monthly retumsUnited States,
United Kingdom, German, Canadian, and Japanesermoeat bond markets
between 1986 and 1996, found that the ultimatersiifieation benefits have not
been realised in the global bond markets. Abad li&hand Gomez-Puig (2010)
discovered that European government bonds are dessitive to world risk
factors, and are only partially integrated with @an bond market, both studies

suggesting diversification opportunities in theemtational bond markets.

When analysing the prospective benefits of inteonal diversification for
developed market government bond portfolios, Brangiaal. (2011) decompose
the returns on G7 sovereign bond into local andajldactors. The authors find
that on average 75 to 80 percent of bond retumsietermined by global factors,
whereas 20 to 25 percent of bond returns are meleed to local factors.
Interestingly, while the government and the govesntwrelated bond market are
integrated to a relatively high degree, there if sbme potential room for

diversification. More specifically, this researctowld like to examine central
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bank portfolios risk reduction benefits from invaegt in more diversified

developed government bond markets.

24.1.3. Semi-government, supranational and government-agency (SSA)

bond markets

There was an increasing central bank focus on tpholity that increases
exposure into riskier asset classes of their reseportfolio. In 2006 Reserve
Management Survey (Pringle and Carver, 2006) dedemt increasing move into
riskier assets, with more investment particularty & government agency
securities. Similarly a Bank of International Sattent (BIS) survey in 2007
(Borio, Ebbesen, Galati, and Heath, 2008) confimosparable results, with
notable movements of central banks’ investment tdsz/agency paper to increase

the risk/return profile of their reserves portfolio

The old-fashioned asset classes which include urgdslls, bank deposits,
highly rated government securities and supranatiboads were still making up
the most dominant portion of reserve portfolio. Biekieless, reserve managers’
appetite for higher credit risk has been increasBrgdual increased risk appetite
for central banks investments are typical to issu&hich closely linked to
government or has a guarantee from the governnibmeise type of securities is
included semis/states/landes/provincials and a rgovent agency, or state-

owned-enterprise and supranational (such as IFg,, /DB, AFDB) bonds.

These moves taken by central banks to gradualbxréteir credit limit

motivate me to examine the benefits of quasi-gavem bonds for government
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bonds portfolio. This research measures the divemsbn benefits in term of
portfolio risk reduction for a given target retuemd return enhancement from the

minimised benchmark risk.

24.1.4. Emerging market government bond markets

From the equity markets perspective, De Santis{L88d Harvey (1995)
demonstrate that the efficient frontier shifted whamerging market stocks are
included. However, De Roon, Nijman, and Werker @0Q0ind that the
diversification benefits disappear when short-sastriction and transaction costs
are imposed. It is possible that the result will dmilar for emerging market
government bonds, since some recent studies ongergemarket credit spread
have documented significant co-movement in sprehanges. Cifarelli and
Paladino (2006) documented convincing evidencenoérging sovereign bonds
co-movement spread; it changes more within geoggaplarea than between

geographical area.

However, very few studies analyse the role of emgrgmarket
government bonds for developed market governmend uortfolios from a
central bank perspective. In a similar approachitet al. (2003), who work on
emerging market equity portfolio, this study applibeir Bayesian spanning test
method to search diversification benefits for fgrereserve portfolio to invest in

emerging market government securities.
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24.1.5. Inflation-linked government bond market

An inflation-linked bond is a debt security whiclergrates cash-flows
associated with the evolution of a given price indeorder to provide protection
with the real value of the investment (Selves ataim@owski, 2011). Different
from the nominal sovereign bonds which offers in@escertain nominal rates of
return, inflation-linked bonds assure a real rdteeturn as a result of the price
index movements. The risk and return charactesisticthe index-linked differ
from those of conventional government bonds, wiilk offering the same credit

exposure.

Today, dominated by sovereign issuers, the globakegment inflation-
linked bond market is worth above USD1200 billiordd@he main issuers are the
United States, United Kingdom, France and Iltalyy&eand Stamirowski, 2011).
The general mechanism of inflation-linked secusiie used to ensure protection
against inflation. The prices of inflation-linkedrds are quoted in real terms.
Settlement values and cash-flows then are adjukiedaccrued price index
changes. This mechanism makes inflation-linked bamnpletely equivalent to a

nominal bond.

Implementing unconditional and conditional spanntegt, Mamun and
Visaltanachoti (2006) conclude that inflation-lické&ond creates a meaningful
asset class for a diversified portfolio which camtstocks, treasury bills, treasury
bonds, corporate bonds and real estate. The fiadihiylamun and Visaltanachoti

(2006) are consistent with economic theory andlamido Kothari and Shanken
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(2004), but different from those of Hunter and Sga005). In this study, Hunter
and Simon (2005) conclude that treasury bills mayabsensible substitute for
indexed bonds, especially in periods without arflaiion shocks. Such findings
are contradictory to Campbell and Viceira (2001howpoint out that it is possible
to replicate the return of long-term real bondshwshort-term nominal bonds
using a rollover strategy. However, they note tihas high risk because this

strategy is exposed to the real interest rate tans.

The more recent study of Huang and Zhong (2013)gudata from 1970
to 2010 finds that the commodity, real estate arithtion-protected securities
asset classes are not substitutes for each otbethefmore, the diversification
benefits of each asset class change substantiadly tone. Therefore, all those
three asset classes should be included in invégtorgolios. Another empirical
analysis by Bri'ere and Signori (2009) shows thenadyics of conditional
volatilities and correlations for inflation protect bonds, nominal bonds and
equities asset classes for the period 1997-200er@&and Signori (2009) argue
that, although inflation-linked bonds once had pesidiversification power, they
are now highly correlated with nominal bonds andeheeached similar volatility
levels. As a result, the two asset classes aréiqgaitlg substitutable. This seems to
be due to more stable inflation expectations andoae liquid inflation-linked
bond market. Although diversification was a val@abeason for introducing
inflation-linked bonds in a global portfolio befor2003, Bri'ere and Signori

(2009) argue this is no longer the case.
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Unfortunately, as to my knowledge, only one stuklgrines the inclusion
of the linkers in a sovereign bond portfolio whiketake this strategy difficult to
compared and analysed. Utilising the French mafietthe inflation-linked
bonds, Selves and Stamirowski (2011) analyse tipadtof containing inflation-
linked instruments in a nominal government bondtfpbo. Their theoretical
analyses suggest constructing a bond portfolio vhicludes nominal and index-
linked bonds. Empirical evidence of this study mpohat the case for including

inflation-linked in a bond portfolio is reducedttee classical CAPM model.

These contradictions between theory and inadegeraggrical study on
the inclusion of the government inflation-linkednabto the government bond
portfolio, calls for the further examination of thenefits; more specifically from
a central banks’ perspective. The objective of #siset class selection analysis is
to examine the reduction of portfolio risks fronrieas investment strategies for a

central bank foreign reserve portfolio.

2.4.2. Non-government asset classes

As some central banks continue to pursue higharmdtom their reserves
portfolio, an enthusiastic discussion on the meartd consequences of investing
beyond government securities has developed. Addorggovernment risk to a
reserve portfolio should result in long-term oufpanance for the similar
government risk profile. In this section some astetses which could potentially
be considered by central banks to be included serwe portfolios other than

government bonds are reviewed. Gold, asset-backetl raortgage-backed
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securities, high grade corporate bond, and equitgansidered asset classes to be

included for the new benchmark policy in this study

24.2.1. Gold

The investment roles of gold in financial marketsrev believed to be
important for many decades. Gold is often perceivedprovide potential
diversification benefits within broad investment rgpolios, given its low
correlation with other asset classes (Hillier, Brgmnd Faff, 2006). Analysing
the daily data from 1976-2004, the authors findt thald has some hedging
capability, particularly during periods of high watlity and provides a

significantly better performance than standardfpbois.

The central bank is one of the major holders oflgs a tradable financial
asset, and the bulk of reserves were investedloh gothe study of gold holding
and trading during 1979-2010, Aizenman and Inowd 82 find that central bank
continues maintaining a passive stock of gold, ndigas of gold real price
movements. However, in recent periods they obse@eynchronisation of gold
sales by central banks. More specifically, Woolgeid2006) finds that central
banks’ gold holding declined from about 60 peraantotal reserves in 1980 to a

record low of less than 10 percent in 2005.

The management of gold reserves has evolved owe. tinitially gold
was segregated from other reserve assets and ghksidings of gold were left
steadied even as prices changed and reserves datesinu/Nooldridge (2006)

explains that starting in the late 1980’s, somdreébanks sold part or even all of
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their gold holding. The sharp increase in the gmides in 2006 helped to boost
gold’s share of reserves above 10 percent in 2d06@ever, physical holdings of

gold continue contracted further at a rate of Z@et per year.

The prolonged debates about the role of gold feestors in general, and
the findings of some studies which reveal shargadl have become smaller in
central banks’ portfolios are the main motivationeikamine the benefits of gold
in the proposed framework. The objective of golgeaglass selection analysis is
to examine the reduction of portfolio risks for i@em current benchmark target
returns: without compromising the importance of ligeidity aspects of central

bank’s foreign reserves.

24.2.2. High-grade corporate securities (includes Asset-backed securities
(ABS) and Mortgage-backed securities (MBYS))

As central banks’ reserve managers became moreocilie managing
market and credit risks, the allocation of theinb@ortfolios changed towards
longer-term bonds and securities with lower crediing. Even so, the allocation
to securities with a short term maturity and higted government bonds remains
high. This move shows that reserve managers’ eiatbasto take on market and

credit risk has certainly increased.

Central banks continue to invest their foreigneress largely in assets
with low credit and liquidity risks. Government lashremain the largest asset
class in their reserve portfolios. Wooldridge (2D8Bows that official holdings of

US government securities accounted to 95 perced®8® and decreased to 73
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percent in 2005. Furthermore, he explained that AA#d agency securities are

the most actively traded securities after the govent bonds.

Nonetheless, central banks’ reserve manager &pdeti market, credit
and liquidity risk has been increasing. About 5@cpat of the 56 respondents of
the Central Banking Publications survey of resemvanagers informed of an
increase in the amount invested in non-governmigtein-risk securities (Pringle
and Carver, 2006). This survey also reveals thagificant minority of central
banks held asset-backed securities, mortgage-baskedrities and corporate
bonds. The US annual survey of foreign portfoliddimgs of US securities
confirms that in 2005 official institutions havecmeased their exposure to
mortgage-backed and asset-backed securities apdrate bonds. The three asset
classes together accounted for about 9 percerffiofabinstitutions’ exposure of

US securities (Wooldridge, 2006).

The increasing popularity amongst central bank'semnee managers and
their enthusiasm to take on market and credit hiake certainly inspired the
researcher to examine such moves further especialign they are most
concerned with portfolio risk. This thesis evalgat@hether a central bank
government bond portfolio will get diversificatidrenefits in term of volatility
reduction for a given target return, and returnirogation from the minimised

risk; without sacrificing liquidity aspects of tii@reign reserves.

59



24.2.3. Equity market

A recent survey from International Monetary Fundws surprising
figure; 18 percent of central bank reserve marsagee exposed to the equity
markets, which is not an asset class traditioralociated with reserve portfolios
(Morahan and Mulder, 2013). A number of years bagkity was a greatly
avoided asset class by central bank reserves postfdNith the equity risk
premium relatively high, a normalisation of the @& growth prospects could
result in significant pick-up in equity prices, sétting the risk of declining bond

returns.

While one third of advanced countries are by novests in equities, none
of the low income central bank countries surveyeast in this asset class. The
percentage of low income countries invested in s&oed products is, however,
relatively close to that of advanced countries. diedincome countries are even
more invested in these products than advanced resinbut have barely set a
foot on the path of equity and REIT investment (Mwn and Mulder, 2013).
Another publication by BIS Quarterly Review showsttequities accounted for
less than 2 percent of the reserves portfolio a-2604 (Wooldridge, 2006).
These big changes on central banks risk appetit@rtts equity investments
certainly motivate the researcher to examine itsebts for reserve portfolio
especially when central banks are most concerndld the risk of the overall

reserve portfolio.
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2.5. Conclusions

As discussed, two theories have been used as theddton of the
development of theoretical and empirical modelgpravious studies of foreign
exchange reserve currency composition; the meaanae and the transaction
theory. Similarly, there is also two approaches @mfining strategic asset
allocation; market index and portfolio optimisatidrhis chapter has presented an
overview of the two theories and a summary of thevipus empirical research
based on these theories. Empirical studies on tiec have been relatively
limited due to difficulties in obtaining requirecté. The aim of this chapter has
been to use the existing literature to establishepirical examination of the

foreign reserve management.

Existing literature shows that mean-variance théoigss popular than the
transaction theory despite its strong theoreticahflation in the modern portfolio
literature. Among the mean-variance theory itsétie Bayesian approach is
relatively lacking in popularity behind the otherunterparts, for example Black-
Litterman approach. Given the advantages of theeBiap model which easily
handle a greater number of portfolio constraint$ & successful applications in
stock market, insurance and pension fund portfolgimisation, it provides
confidence that it is possible to develop a berafimodel for strategic reserves

management in a Bayesian framework.

This study is the one among few types of researthesse Bayesian

approach for foreign reserves portfolio optimisatiMore specifically, we build

61



an empirical framework based on mean-variance Bayespproach. Different
from standard Bayesian model, this thesis takes @wicount the spirit of the
transaction theory of the central bank reservefgatby imposing multi-weight

constraints on the optimisation. This research eptrates on the decision
regarding the currency composition and assets tatei®f foreign reserves to
satisfy multiple goals of the central bank reseraanagement i.e. security,

liquidity and profitability.

Existing literature on the assets selection foemes management does not
provide a clear suggestion as to what assets tdyarnks should invest. Very
limited studies are addressing asset selectionriskaminimization framework,
and put a strong emphasis on the existing liquipiyfiles. These issues call for
the examination of the benefits of longer governim@nd maturity, emerging
market government bond, inflation-linked governmebbnds, and non-
government investment strategy from a central lggrkpective. The objective of
this asset class selection analysis is to exantiaeréduction of portfolio risks
from various investment strategies for a centralkbforeign reserve portfolio,

when the main emphasis is to provide liquidity.

In the later chapters, the dissertation will seekdéevelop the existing
literature in the direction discussed above. Emgirievidence obtained in the
three empirical chapters will be useful to clatifye relevance of the theories and
to shed light on the issue of potential diverstiima of foreign reserve portfolio

from central banks perspective.
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CHAPTER THREE

In this chapter, the optimal currency compositi@ns investigated to minimize
portfolio risk. For a risk minimization portfoliall the diversification strategies
suggest significant benefits to the two originahdf@narks and across transaction
constraints. However, if the objective of the framek is to reduce portfolio risk
for a given existing target return, imposing trammstraints and debt constraint
change the significance of the benefits at tffe pgrcentile of the posterior
distributions, which could be attained from theséirig benchmark.



3. OPTIMAL CURRENCY COMPOSITION OF FOREIGN
EXCHANGE RESERVE PORTFOLIO

Abstract

The objective of this chapter is to investigate twle current currency
composition is efficient and to examine whetherdingl broader foreign
currencies provides risk reduction benefits for tcainbank reserve portfolios. |
measure the reduction of portfolio risk as the Wigneof diversification using
Bayesian approach combined with debt and trade tcaimés. Findings on the
risk minimization for a given level of return arttetresults from the analyses on
minimum variance portfolio before asset allocat@mnstraints are imposed show
similarity. These strategies provide potential gigant risk reduction benefits for
central banks to reallocate their currency composit among the existing
benchmark currency, or to invest in broader curiesaegardless of the original
benchmark currently being used and across condsaihe results for the risk
reduction for a given benchmark return reveal thiare are potential benefits
that could be obtained. However, the choice ofetkisting benchmark and trade
and debt constraints play an important role in tdecision as to which
diversification strategy central bank reserves ngera should pursue.



3.1. Introduction

The accumulation of national foreign exchange resem some countries
has risen significantly in last few decades, and thte of accumulation is
expected to continue to increase in the future. Wthe supremacy of the pound
sterling declined in the 1950s, the USD came tathse world’s main trading
currency. It has also been the major currency Ihgicdcentral banks in their
foreign reserves. Currently more than 63 percestioh reserves are denominated

in USD.

In recent years, however, the prolonged dominamd¢beeoUSD has come
into question. The large US current account defiodssive external debt, and the
increased volatility of the USD exchange rate hpuepressure on central banks
to reduce investment in USD denominated assets. isbue was amplified since
the financial crisis of 2008. Interest rates of magserve assets are close to zero,
resulting in a low vyield environment for central nka’ foreign reserve
investments. On the domestic side, increasing pubhareness on how central
banks manage their national wealth has put higregsprre on the return aspect of
the reserve management. Such factors have impadsittbaal pressure on central

banks to shift their reserve holdings from USD tfoeo currencies.

This condition becomes more complicated since th#dook for other
currencies is no less risky either. The euro, gtfroontender to the dominance of
the US dollar (Chinn and Frankel, 2008), had to leatrfor its survival in the

shade of the Eurozone crisis. China promotes tkation of an international
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reserve currency with a wider use of special drgwight (SDRsJ especially in
international trade and commodity pricing (Zhoup2Pwhich will broaden the
use of CNY in international trade and potentialjcbme a reserve currency (Lee,
2014). The outlook for the global economy is hegdioward slowest growth
since the great depression which will also havegative impact to the emerging
market currencies. In this circumstance, the usa dbminant currency such as
the US dollar as an international reserve currdraghtens the needs for sound

and prudent of foreign reserves management (Ry#19)2

To date, the existing literature of foreign reseotgrency composition
provides two approaches, i.e. the transactionatcaggh and the mean-variance
approach (Roger, 1993). Heller and Knight (197&)inal that home country’s
exchange rate regime and its trade patterns amciatsd with their reserve
currency compositions, and conclude that transadiivity plays an important
role in determining currency composition. Theselifigs are supported by the
later study of Dooley, Lizondo, and Mathieson (19&ad Chinn and Frankel

(2007, 2008).

While the previous literature find evidence foreimtational transaction
demand as the main driver for reserve currency cositipn, the international
version of Markowitz (1952) type portfolio theoryf@rs a potential alternative

solution for the reserve currency composition peobl Ben-Bassat (1980)

® The special drawing right (SDR) was first introddide 1969 to provide additional liquidity to

the global financial system. Its value is basedaobasket of four international currencies
including the USD, EUR, JPY and GBP. During the &09 financial crisis, allocations were
made to avoid a liquidity shortage: a New SDR atam was started on 28 August 2009, and
a special allocation on 9 September 2009, raidiegamount of SDRs to SDR 204.1 billion
from SDR 21.4 billion.
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suggests a solution using mean-variance optimisatioterms of a basket of
import currencies. Based on 1976 to 1980 data,dmepares optimal to actual
reserve portfolio and finds evidence that for ernmgygcountries, portfolio

objectives as the main factor in deciding curreoggnposition, but not those of
developed economies. Using trade data and resempasition (Dellas and Yoo,
1991) examine mean-variance optimisation and copomcapital asset pricing
model (CCAPM) import-based version for South Koceae. They find that the
mean-variance approach performs well in explainingserve currency

composition; more specifically the share of US Bio#ds the main currency.

Institutional investors, including central bankengrally impose portfolio
weight constraints, including short-sale restrictiand require the weight of
certain type of assets to follow the investmentgyolimposing portfolio weights
in mean-variance portfolio selection has been cotetluby Frost and Savarino
(1988), Grauer and Shen (2000), and JagannathaMan@003). Those studies
find that imposing portfolio weight constraints dagot only create a portfolio to
follow their investment policies of what it shoulabk like, but also reduces the

impact of estimation error and delivers a bettetfptho performance.

Papaioannou et al. (2006) and Wu (2007) are twongnhew studies who
implement asset weight constraints in the reseraaagement area. Inspired by
these studies, | will utilise portfolio weight cdrents to capture the spirit of the
transaction theory of foreign reserve allocatiofwo currency compositions
constraint: trade constraints which reflect therpagt needs for foreign trade and

debt constraints which articulate public debt repamt to the foreign investors.
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Fletcher (2014) argues that Bayesian approach afg/{4998) and Li et
al. (2003) is easier to implement than the use lafsical statistics to assess
portfolio efficiency (Basak et al., 2002), or tesean-variance spanning in the
presence of short sales constraints (DeRoon amdaKij2001). The most relevant
attraction of Bayesian approach for my study ist hacan be applied when
investor faces portfolio restrictions such as budggual to one, short selling,

strategic asset allocation or the combination oséhconstraints.

Driven by the interest to fill the gap in portfollmanagement that focused
on foreign reserve portfolio, and to offer an altgive solutions for central banks’
currency composition, this research uses the Bayegpproach of Wang (1998)
and Li et al. (2003) combines with multiple weiglsnstraints of Jagannathan
and Ma (2003). This study will enhance our undexdtag of diversification
benefits on the currency composition of the foreégonhange reserves. This study
examines the effect of trade constraints and debstcaints on the existence of

currency diversification benefits for central barfkseign reserves portfolio.

When the central bank focuses mainly on risk radagctisk minimization
frameworks for unconstrained portfolio encourage flight to safety (Zhang,
Zhang, and Zhang, 2013). However, for the caseon$itained asset weight and
when central bank emphasises most on liquidityigeficy, the impact of the
benefits and currency composition remain unknowre questions of whether: 1)
foreign currency diversifications provide risk retlan benefits for a given

expected return of the current benchmark for cébtaaks reserve portfolio? And
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whether Moreover, whether 2) central bank’s curyediversifications provide

risk reduction benefits to minimum variance portgokmain unanswered.

This work also has a practical implication espdgidbr central bank
reserves management. It would help to provide a pesspective on setting and
evaluating their currency compositions in ordemtmimise portfolio volatility.
The economic interpretation of our measure isgiitforward, and it tells directly
how much risk will decrease by switching their istraent from the existing to
the new benchmark policy. It is different from atrstudies which suggest the
benefits in average terms. The posterior distrdyutof the benefits of the
Bayesian analyses provides the mean, the minimurd, ather measures of

distribution that could be gained in a certain lefesignificance.

Starting from the two benchmarks, which mimic tiseual composition of
the central bank investment and the currency coitiposin the SDR, the
optimisations to minimise portfolio risk are contkatt by imposing shares of
external transactions. Empirical evidence on thaimmum variance portfolio
shows that there are potential significant riskuattbns benefits for central banks
to reallocate their currency composition amongetkisting benchmark or broader
currency diversifications, regardless the origipahchmark currently being used

and across debt and trade constraints.

My findings related to the risk minimization foigaven benchmark returns
show that there are significant benefits beforeenay weights constraints are
enacted. Imposing trade constraints and debt @nston the optimisations

change the significance of the benefits. In genénalmore currencies included in
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diversifications provide bigger the mean of the di#és. However, for the
portfolio which utilises actual composition of teentral banks’ investment, the
benefits at the "5 percentile of the posterior distributions could dtéained by
broader currency investment into CAD, CHF, AUD aNdD and selected
emerging market currencies from imposing trade twaim. Such benefits,
however, could not be achieved after imposing @ebistraints. A central bank
that uses the original benchmark which replicatB® omposition, significant
risk reduction benefits at thé"®ercentile of the posterior distributions could be
achieved by reallocating benchmark currency shares by broader currency
investment into selected developed market currefroyn imposing trade
constraint and broader spanning into selected engemarket currencies from
imposing debt constraints. In short, the choic¢hefcurrent benchmark and both
trade constraints and debt constraints play an fitapbrole in the decision in

which diversification strategy central bank reserm@anagers should proceed.

The contribution of the empirical chapter to thésemrg literature is that it
complements Papaioannou et al. (2006) and Wu (2f@dings that transaction
constraints are important in determining centrahkd® currency composition.
This thesis extends the contribution that the irtgpare of the constraints remains
valid under the Bayesian analysis. The empirigadifigs show that in general the
new optimal portfolios suggest allocating more U&R less EUR compares to
the current benchmark portfolio currency. Our firgh suggest that each
individual central bank should consider relaxingitlcurrency investment policy
beyond USD, EUR, GBP and JPY and adjust the tréinsaconstraints

associated with the individual country exposureisldesirable and feasible to
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adopt Bayesian approach combined with externalsémetion constraints as an

alternative framework for determining central bari&seign currency structure.

The remainder chapter is organised as follows.eltien 2, it discusses
the main set-up of the portfolio optimisation frameek and data description and
investment strategy. In section 3 | present estonatesults for risk reduction for
a given level of benchmark returns and risk reduncto the minimum portfolio
from the currency diversification and transacti@mstraints considered. Section

5 concludes.

3.2. Research Methods and Data

3.1.1. Mean-variancetests of diversification benefits

The goal of the portfolio choice problem is to seekimum risk for a
given level of return and to seek maximum expecttdrns, for a given level of
risk (see Fabozzi, Gupta, and Markowitz (2002)afoeview). The mean-variance
framework assumes a single period investment horindiich means that
individuals are risk-averse and are only concenvéll the expected return and
variance of the portfolio at the end of the peribde mean-variance approach is
valid if asset returns are normally distributed agents have quadratic utility

function.

This research presents risk minimization portfgiimblem for a given
benchmark returns subject to short-sale constranmt budget equal to one,
followed by the introduction of strategic assetoedition constraints to the

framework, and then applying the same constraintsl atrategies, risk
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minimization to the global minimum variance porifohre examined. Applying
mean-variance model of Markowitz (1952), when tbentral bank has
restrictions on their investment policy, the objeetof mean-variance portfolio

for the same expected benchmark returns is to:

(3.1)

Min x'Cx
Subject tox'u = E(1) (3.2)
x'e=1 (3.3)
x;>0,i=123,...,N (3.4)

moreover, for the global minimum variance portfpiicassumes that central bank

as an investor selects a set of vector risky assets

Min x'Cx (3.5)
Subjecttox’e = 1 (3.6)
X, >0i=123,...,N (3.7)

whereu is a (V,1) vector of expected returns &f assets,C is the (V,N)
covariance matrix, and is a @, 1) vector of ones. Furthermore, if the central
bank faces additional asset allocation constraegsality, lower, upper bound or

combination of those constraints can be incorpdradesolve the problems.

This method emphasises the investment efficiencyerm of risk and
returns. However, managing foreign currency resermeust first guarantee
international transaction and monetary policy openaactivities. Therefore, |
propose two types of optimal portfolio constraineyg data of the top five
countries of global trade and top four governmesftgylobal debt. Following

Zhang, Ding, and Zhang (2010), the correspondimgeagy is set to be half of the
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foreign trade and debt share of that currency. tienae of the sum of the major
import and export and public debt and the corredpmncurrency constraints are

stated in Table 3.1.

Table 3.1 Benchmark and currency composition caimgtr

The table shows the existing benchmark and theeoayr composition constraint for broader
currency investment strategy. The current benckroansists of 2 benchmark currencies; actual
composition of central bank investment in G4 cucies and currency composition in the SDR.
Two currency constraints are used, trade constrajmtesents global trade and debt constraints
which reflect global debt position. All figures drepercent.

Current Benchmark Trade Constraints Public Debt Constraints
Currency  ActyalCB SDR- | Min. N Min.

Investmer®  IMF? Sharé Alocation SM"€" Alocation
USD 63 47 30 15.0 50 25.0
EUR 22 34 23 12.0 19 9.5
GBP 4 12 5 2.5 7 3.5
JPY 4 7 10 5.0 24 12.0
CNY 31 15.5

Source: compiled by author

1) This share corresponds to the IMF actual curremeyposition of the central bank investment
in the G4 currenciesittp://data.imf.org/?sk=E6A5F467-C14B-4AA8-9F6D-BRICAE62A4
These figures are those of June 2015.

2) This share corresponds to the currency compasiti the IMF’'s Special Drawing Right (SDR).
https:// www.imf.org/external/np/exr/fag/sdrallogahtm

3) This share reflects top 5 countries in globadé, source World Trade Organization,
https://www.wto. org/english/res_e/statis_e/wts2@/8VTO_Chapter_05.pdf

4) This share reflects top 5 central government t dpbsition, source World Bank,
http://databank.worldbank.  org/data/views/reporp®tWidgetCustom.aspx?Report_Name
=Table-C2.-Gross-Central-Gov.-Debt-Position&ld=488&e27&ht=1520

For currency composition constraints, this studyliag lower-bound
constraints:
x;>%i=123,...,N (3.8)
Lower bound constraink; > ¥ applied to satisfy the requirement that each
currency is enough to cover import or repay goveamnaebt. For example, from

Table 3.1 shows that for trade constraints, forelggerve currency need to be
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allocated at least 15percent in USD, 12 percerEWR, 2.5 percent in GBP, 5
percent in JPY and 15.5 percent in CNY. In ordeensure that the reserves is
sufficient to service public debt, it needs minim@% percent, 9.5 percent, 3.5
percent and 12 percent to be held in currency UBDR, GBP and JPY

respectively.

This research uses Bayesian inference framework inestigate
diversification benefits for foreign reserve cumgncomposition subject to
portfolio multi-constraints portfolio. Defindl as the number of benchmark

currencies andl as the number of currencies added to the benchpaatiolio.

Two different measures of the diversification béseh term of portfolio
risks reduction are employed. The first one folloeandel et al. (1995), Wang
(1998) and Li et al. (2003) that is for the sampested returns of the existirg
benchmark, the variance a¥ portfolio is smaller than the variance &f
benchmark portfolio. This research calculates fifferénce of variance between
the portfolios to measure the magnitude of the rdifieation benefits. The
advantage of this measure is that intuitively listeow far the inefficiency of the
existing central bank’s benchmark portfolio andvyiles an interpretation of the
risk reduction through diversification while maimiag the existing expected

returns.

Follow Li et al. (2003) measures of diversificatibenefits in term of
variance reduction for the same target returnhefitenchmark, risk reductiagh
is the delta of the standard deviation of #eefficient frontier and the current

benchmark, and defined as:
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x'Cx

p=|(1-

; subject to x'u = x,'u

x,Cxp (3.9)

wherex is the (V, 1) optimal weights of the portfolio of thé test assets, is the
corresponding N, 1) portfolio of theK benchmark assets amdis the expected
returns. The risk reduction benefilsmeasure in equation 3.9 subject to the
condition that the optimal portfolio returnsu is equal to the return of the
existing benchmark;, "u.

My second measure of the reduction of portfoleksifollows the work of
Stambaugh (1997) and Li et al. (2003) and is tlkeicion in standard deviation
when a central bank switches part of their resemeeshe global minimum

variance portfolio that includg$ assets from the existing benchmark as:

p _ x'Cx
GMy = %5 Cxy

If there are no diversification benefits to theimatli mean-variance or minimum-

(3.10)

variance portfolio, one could expect ba@th= 0 and @,y = 0. The® measure is
more relevant for a central bank to reduce itsrveseportfolio without suffering
from the existing expected benchmark returns, whilg,, measure is more

relevant when the goal is to minimize their foreeqthange reserve risk.

Furthermore, Li et al. (2003) argue that since glaminimum variance
portfolio does not require expected returns, theneded weights may be more
accurate and relatively stable over the differasriqul. On the other hand, global
minimum variance portfolio may be not the best chdior some central banks

that have a concern on return objective. This isabse this framework might
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result in lower expected returns in order to achithe global minimum variance

of the efficient frontier.

A further attraction of the Bayesian approachd it can be applied when
the central bank faces portfolio restrictions sashbudget, short selling, asset
allocation or the combination of those constraibtsfineu andC as the sample
moments of the expected returns and covarianceixnaind R as the T,N)
matrix of returns orlN assets. The posterior probability density funci®given
by:

p(u,C|R) = p(u|C,us, T)°p(C|Cs, T) (3.11)

where p(u|C,u,, T) is the conditional distribution of a multivariateormal
(us, (%) C) distribution andp(C|Cs, T) is the marginal posterior distribution that

has an inverse Wisha{TC,T — 1) distribution (Zellner, 1971).

Wang (1998) proposes a Monte Carlo method to ajupede the posterior
distribution of return enhancement, which can &sapplied for the measure of
risk reductionp. Following approach of Wang (1998), first, theearcher draws
a randomC matrix from inverted Wishar(TC,T-1) distribution. Second, a

random vector of returnsu is drawn from a multivariate normal

distribution(u, (%) C), where( is from the first step. Third, given theandC

from steps 1 and 2, the diversification benefitsasuges of@ from equation

xI1Cx

p=1-

—_—are estimated. Fourth, repeating steps 1 to 30000 times as
p'CXp

in Wang (1998) and Li et al. (2003) to generate #pproximate posterior

distribution of @. The posterior distribution of then is used to evaluate the
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magnitude of the diversification benefits and tketistical significance of these
benefits. The average values from the posteridriligion provide the average
diversification benefits in term of reduction in amevariance and in global
minimum variance portfolio. As Wang (1998) propqdbes standard deviation of

posterior distribution served as standard errors.

Hodrick and Zhang (2014) provide further interptietas of Li et al.
(2003) results. Hodrick and Zhang (2014) use tHaevaf the §' percentile to
judge the statistical significance of the benefithis measure also provides the
interpretation of the average of the actual beseffibw big are the diversification
benefits in economic terms using simple formuléodew:

6, = (1 - 9)? (3.12)
where o0, indicates the actual measures of risk reductiometiis in economic
terms the squared of the difference from one. kamgple, the mean value of the
risk reduction is 0.0725 indicates that the meathefbenefits resulted from new

optimal portfolio for a certain spanning strategy8b percent or 14% lower from

the existing portfolio risk { —v0.86 = 0.0725). Similarly, measure could also

be applied for the other distribution measureshas4' percentile, median, etc.

In addition, when the researcher runs steps orfeuq it also gives the
approximate posterior distribution of weights inetloptimal portfolios. The
posterior distribution resulted from previous steas be used to examine the
statistical significance of the average weightse Plosterior distribution has the
attractive feature as Britten-Jones (1999), and &aoh Smith (2008) provide the

distribution theory of the optimal portfolio weightvhen there are no constraints.

77



However, Li et al. (2003) argue that the distribatitheory for the constrained

case portfolio is unknown.
3.2.1. Datadescription and investment strategy

In order to calculate returns of each currency, twymes of datasets are
needed, i.e. the exchange rate of the foreign coyréo US dollar and the interest
rate of the currency-issuing country. To focustwmncurrency effect, | assume that
foreign reserves are exclusively invested in tih@tsterm instrument, which is 3-
month time deposit in this case (except for thetrlia which available from
November 1989). To comprehend the benefits of difieation, an adequate
number of currencies are to be included in the noigation. We select 13
currencies; therefore, we need 13 correspondireyast rates of these countries
and 12 foreign exchange rates (EUR, GBP, JPY, GAIBE, CAD, AUD, NZD,
CNY, BRL, INR, KRW, and THB) to the US dollar. Therizon of the datasets is
from 31 December 1985 to 31 December 2014 (excapthfe Brazilian Real
(BRL) which only available between January 1991 Bedember 2014) and all

the data are in monthly frequency.

Currency returns are calculated from the combimatibthe interest rate
and exchange rate returns:

ri,t = Si,t + Ii,t (313)

Wherel; ; the interest is rate of curren¢yands; . is return of the exchange rate

i to the US dollar.
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Table 3.2 reports summary statistics of the paodéntcurrency
diversifications for central banks’ foreign reserpertfolios. We classify the
selected currency into three categories; Group @éup D4 and Group EMS5.
Group of G4 consists of 4 currencies from the @gstconstituent of the
benchmarks i.e. USD, EUR, GBP and JPY. Group ofcbDdsists of selected
developed economy currencies i.e. CAD, CHF, AUD aitD. Group of EM5
consist of selected currencies of the emerging @ooes i.e. CNY, KRW, BRL
and THB. The table shows the mean, standard demjatiinimum and maximum
monthly returns (percent) and its correlations vieiémchmark assets.

Table 3.2 Summary statistics of broader investmaiterse assets

The table reports summary statistics of the monttdiurns of the eligible currencies. G4
currencies consist of USD, EUR, GBP and JPY. D4etwies include CAD, CHF, AUD and
NZD. EM5 include CNY, INR, BRL and THB. The tableasvs the short-term interest rate in the
respected currency, mean, standard deviation, mmirand maximum monthly returns (percent)
and its correlations with the current benchmarkengies.

Currency Interestrate Mean  Stdev Min Max Correlation
USD EUR GBP  JPY
G4 USD 3mdeposit  0.3419 0.2221 0.0158 0.8537 1 0.0304 59.090.0095
EUR 3mdeposit  0.2782 3.0749 -8.4912 12.6573 0.0304 1 0.700.4086
GBP 3mdeposit  0.5175 2.8724 -7.9996 14.3090 0.0959 0.7040 1 0.3250
JPY 3mdeposit  0.0498 3.2361 -14.2935 11.3567 0.0095 ©.408.3250 1

D-4 CAD 3mdeposit  0.3875 21236 -7.5069 14.8267 0.0064 4123 0.3069 0.0090
CHF 3mdeposit  0.2488 3.3554 -12.2542 12.7343 0.0878 0.890.6366 0.4922
AUD 2mdeposit  0.2278 3.4683 -8.3923 19.7868 0.0990 0.40@63684 0.0799
NZD 3mdeposit  0.5886 3.4905 -11.9863 15.5598 0.1640 6.486.3994 0.1758

EM-5 CNY 3mdeposit  0.4122 3.2432 -1.9224 50.5541 0.04820191 0.0051 -0.0286
KRW 3mdeposit  0.2329 3.3919 -16.5678 27.2319 0.0168 0.27D.1863 0.1262
INR 3mdeposit  0.7828 21953 -6.1152 21.2280 0.0064 0.12290728 0.0240
BRL 3mdeposit  0.5721 5.1657 -16.6053 64.0983 -0.0607 29.01-0.0027 0.0693
THB 3mdeposit  0.4204 2.9406 -17.7174 29.3878 0.0623 B.286.2004 0.2062

Benchmark currencies mean returns are ranging d¥a percent (JPY)
to 0.52 percent (GBP). JPY is the most volatilerencies amongst other

benchmark currencies, and US dollar is the moftlesteurrency relative to the
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other benchmark currencies and the rest of theecames. In general, benchmark
currencies have a lower correlation among the otherencies as shown by
correlation smaller than 0.5 which indicate pot@ndiversification benefits for

the existing benchmark itself.

Group of D4 currencies return are between 0.22gmérand 0.59 for the
currency AUD and NZD returns respectively. CurrescCHF, AUD and NZD
have relatively similar risk level at around 3.5rgant higher than that of the
benchmark currencies. All the D4 currencies havwy Y@wv correlation to USD
and JPY, but are a higher correlation to EUR and®GBhe means, standard
deviations and correlation of the D4 currency meuo the existing benchmark do
not provide a clear indication as to whether thadditional currencies provide

risk reduction diversification benefits.

Group of emerging market currencies returns ama 023 percent to 0.78
percent for KRW and INR correspondingly. Standaeliations are spread
between 2.2 percent (INR) and 5.2 percent (BRLjteent from the correlation
amongst D4 to benchmark currencies, EM5 currentiage relatively low
correlation figures with the benchmark which | @b@xpect that this currency

basket will provide diversification benefits.

These potential benefits relative to the existingndhmark portfolio
resulting from that currency diversifications stgy, however, are unclear for an
investor who considers safety as the main portfalgective. The means,
standard deviations and correlation of the curreretyrns to the benchmark

currencies in this table; do not provide a cleatidation as to whether these
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strategies provide greater risk reduction bendhin the existing benchmark

portfolio risk.

3.3. Empirical Results

The dominance of the US dollar in the internation@erve caused
academia and practitioners perceive that centrakddoreign reserve portfolio
are under-diversification. The search for altaugateserve currencies includes
Euro, commodity currency such as Canadian dollarstialia dollar, and New
Zealand dollar and emerging market currency sudbhasa Yuan, Brazilian Real
and Korean Won. Current global conditions, howeder,not simply agree with

the argument to diversify away from the US dollamihance.

The euro, the most popular contender to the doromanh the dollar, had

to combat for its survival and the Eurozone cri&$inn and Frankel, 2008).
Global economic outlook is heading toward its slstivgrowth since the great
depression and China is no longer experience daligiegrowth. These current
conditions may suggest reserve managers to agduastliversification. These
circumstances, however, heightens the needs famdsand prudent of foreign
reserves management (Ryan, 2009). To capture dwsgmects for foreign reserve
currency allocation, my first measure is the remunctn portfolio risk for a given

existing benchmark returns.
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3.3.1. Risk minimization for a given expected return currency composition

3.3.1.1. No-currency constraint allocation

Morahan and Mulder (2013) and Briere et al. (20&%plain that USD,
EUR, GBP and JPY serve as the reference for the &Rmostly used by the
central bank to diversify their foreign reserveheTprevious study from the IMF
(Medeiros and Nocera, 1988) reports that the SDdysph key role in central
banks’ currency allocation. These two studies nadéivime to investigate further
whether the choice of currency benchmark has araéinpn the central bank

diversification benefits.

Table 3.3 reports the posterior distribution oftfmio risk reduction in
switching from the existing benchmark to the newdbenark allocation while the
central bank maintains the current state of expewméurns. This table contains
the mean, standard deviation, actual measure, 8nBd and 9%' percentile of
the posterior distribution of the risk reductionhi§ table shows that when a
central bank faces only short-sale restrictions lamdiget constraint equal to one,
all the currency diversification strategies showe thaverage potential
diversification benefits between 0.34 percent ®0Qoercent and 0.03 percent to
0.22 percent at thé"Sercentile. The average of the new optimal pdfabk is

less than half of the existing portfolio volatility
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Table 3.3 Posterior distribution of risk reductioincurrency composition for
a given existing benchmark returns

This table reports the posterior distribution cskrireduction benefit® (percent) for a given
expected benchmark returns for short-sale and ludgestraints portfolios. The summary
statistics are the mean, standard deviation, teeage actual risk reductipmnd %', 50", and 9%'
percentile.

Diversification Mean Stdev 5 Percentile
Strategy 5" 50" 95"

Benchmark #1 Actual Investme@tsSD 63%, EUR 22%, GBP 4%, & JPY 4%)

G4 0.3386  0.2281 0.4375 0.0298 0.3034 0.7198

DM 4 0.4315 0.2342 0.3232 0.0299 0.4645 0.7336

EM5 0.4708 0.2422 0.2801 0.0313 0.5123 0.7439
Benchmark #2 Composition in the SIRD 47%, EUR 34%, GBP 12%, & JPY 7%)

G4 0.3754  0.2457 0.3901 0.0452 0.3331 0.8147

DM 4 0.4886  0.2330 0.2615 0.1100 0.4923 0.8349

EM 5 0.5902 0.2020 0.1679 0.2184 0.6239 0.8429

This table shows that before constraining currealtgcation, both the
existing benchmarks are not efficient. There aemial benefits by readjusting
currency weights from the existing currency benatksaconstituents. For the
benchmark that resembles actual central banks tmeed currency composition,
there are potential benefits of 0.34 percent omaageeor at 95 percent chances to
benefits greater than 0.03 percent from readjustiteg currency compositions
among USD, EUR, GBP and JPY themselves. Spanntogbimader currencies
provides greater risk reduction benefits for resgurtfolio. Investing in selected
developed countries and emerging market curremiakger 0.43 percent and 0.47
percent with a standard deviation of 0.23 percadt@24 percent benefits. At the
5" percentile of the distribution all the three stgies deliver relatively similar

magnitudes at 0.03 percent.

The use of the currency composition in the SDR igles even bigger

benefits if the central banks reallocate their encly compositions. The potential
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benefits from readjusting the currency compositiameng the existing currency
benchmark on average are 0.37 percent or at 9®mechances to gain greater
than 0.05 percent. Investing in broader currendsbled the benefits at the same
confidence level. Diversifying into selected deyesld countries and emerging
market currencies provide 0.11 percent and 0.2€epe¢it the 8 percentile of the
posterior risk reduction distribution.

Interestingly, the use of the first benchmark shothat the more
currencies have been included in the optimisatielivers greater both the mean
and the standard deviation of the benefits. Fors#mnd benchmark, however,
the more currencies considered will deliver higheean and lower standard
diversification of the benefits. This indicates ttilae probability for the central
bank to achieve a mean of the benefits is greatethé more diversified currency
reserve portfolio when composition in the SDR isedisfor the original
benchmark. In terms of portfolio efficiency, howevet shows that actual
investment is closer to the efficient portfolio ththe benchmark suggested by

currency composition in the SDR compositions.

Table 3.4 shows the posterior distribution of thverage and standard
deviations of the optimal currency weights for #easting benchmark returns
resulting from the spanning strategies considéf¢iden there is only budget and
short-sales constraint taken into consideratioansmg from the first benchmark

requires more than 82 percent of the reserves &dlbeated into currency USD
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Table 3.4 Currency weights in the efficient pontidbr a given benchmark return in the non-currealtgcation portfolio

This table reports the posterior distribution af Hhverage and standard deviations of the weighteiefficient portfolio with the same target retuesulted from 3
spanning tests considered against 2 benchmarksdrtfelio weights are restricted to budget equabdtie and constrained to non-negativity.

Benchmark #1USD 63%, EUR 22%, GBP 4%, & JPY 4%) Benchmark #2(USD 47%, EUR 34%, GBP 12%, & JPY 7%)

Currency Group G4 Developed4 Emerging5 Group G4 Developed4 Emerging5

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meandev St
CNY 0.0108  0.0227 0.0262  0.0403
KRW 0.0191  0.0303 0.0142  0.0304
INR 0.0055 0.0156 0.0334  0.0548
BRL 0.0043  0.0098 0.0179  0.0258
THB 0.0024  0.0109 0.0182  0.0378
CAD 0.0128 0.0333 0.0085  0.0248 0.0485 0.0806 0.0266  0.0530
CHF 0.0128 0.0392 0.0100 0.0308 0.0353 0.0706 0.0215 0.0492
AUD 0.0286 0.0415 0.0194 0.0324 0.0190 0.0414 0.0104 0.0277
NZD 0.0022 0.0085 0.0002 0.0017 0.0190 0.0418 0.0102 0.0284
usD 0.8223 0.0839 0.8393 0.1043 0.8377 0.1022 0.6955 0.14T67266 0.1507 0.7324  0.1609
EUR 0.0863 0.0924 0.0152 0.0498 0.0112 0.0378 0.1408 0.15D80488 0.0978 0.0253 0.0631
GBP 0.0483 0.0651 0.0059 0.0182 0.0017 0.0082 0.0934 0.1200528 0.0894 0.0336  0.0645
JPY 0.0432 0.0529 0.0833 0.0669 0.0692 0.058%.0702 0.0887 0.0500 0.0710 0.0302  0.0493
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for across strategies considered. For the seconchb®ark, however, it requires
smaller allocation for the USD at around 70 percémtgeneral the table shows
that the current benchmarks are underweight USDaaedweight EUR relative
to the optimal allocation. The difference betwelea dptimal currency allocation
and the existing composition may explain the magiatof the risk reduction

benefits.

3.3.1.2. Currency weights constraints

In this sub-section, | analyse the influences ofgheconstraints on the
choice of currency portfolio. Two sets of trade stoaints and debt constraints are
imposed to the portfolio optimisations. Trade coaists correspond to the
currency shares in top-5 countries global traddenihebt constraints relate to the
currency shares of the top-5 central governmentipulebt. We have reported
that currency diversification is beneficial for teh banks’ reserve portfolio in
Bayesian approach, but these benefits acquired wheronstraints are imposed

on the share of the currency.

Taking those two ad-hoc weight constraints will malkis study resemble
the reality more closely. One major function ofaion’s foreign reserves is to
ensure the international payment such as foreagptetand debt repayment. These
two constraints of minimal allocation are set ufiolwing Papaioannou et al.

(2006) and Wu (2007).
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3.3.1.2.1. Tradeconstraints

Trade constraint in this analysis is defined asrtiieimum allocation in
the new optimal reserve portfolios to be held 15@et in USD, 12 percent in
EUR, 2.5 percent in GBP, 5 percent in JPY, and pergent in CNY currency.
Since the investment in G4 and DM4 strategies docoastitute holding CNY
currency, the currency constraints apply for USDREGBP and JPY currencies.
In both diversification strategies we put zero mmom weight for the CNY
currency or practically similar towards no-shortlesaonstraints. Applying

complete all the 5 currencies imposed only forEMb diversification strategies.

Table 3.5 presents potential risk reduction beseftom adjusting
currency weights for the same currency benchmapleebed returns. For a central
bank that uses the actual investment data curralagation as the benchmark,
there are potential benefits of 0.12 percent omeagee However, the benefits at 95
percent chances are zero. Imposing trade congramd D4 diversification
strategy decreases the chances for the central tmaglain the benefits even
though the average risk reduction benefit is reddyi greater at 0.20 percent.
Spanning further the emerging currency providegmdification benefits at 0.13
percent and at 95 percent probability we could expenefits to be greater than

0.07 percent.

When central bank reserve portfolio use currenaymusition in the SDR
as the benchmark, the table shows that on averege fare 0.26 percent risk
reduction diversification benefits and 95 perceharces the benefits will be

greater than 0.03 percent from reallocating cuyenompositions from the
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current benchmark. Interestingly, when additiorateloped countries currencies
are included it increases the mean of the bengidit$ail to provide risk reduction
benefits greater than zero at tHB percentile of the posterior distributions. As
expected, greater benefits could be obtained tlrangorporating emerging
market currencies. This strategy will increase thean of the risk reduction
benefits. More specifically, at the 0.95 probala$i{ selected emerging market

currency diversification could offer at least OfE&cent risk reduction.

Table 3.5 Posterior distribution of risk reductidor a given existing
benchmark returns in trade constrained portfolio

This table reports the posterior distribution dofkrireduction benefits for a given benchmark
returns for the trade constrained portfolios. Tredé constraint is defined that the minimum
allocation of the USD is 15%, EUR 12%, GBP 2.5%Y 3% and CNY 15.5% in the optimal
portfolio. The summary statistics are the meannddad deviation, the average actual risk
reduction and 8, 50", and 9%' percentile.

Diversification  y\1aan Stdev 5 Percentile
Strategy 5" 50" 95"
Benchmark #1 Actual Investme(USD 63%, EUR 22%, GBP 4%, & JPY 4%)
G4 0.1265 0.1137 0.7630 0.0000 0.1030 0.3288
DM 4 0.3766  0.2442 0.3887 0.0442 0.3354 0.8137
EM5 0.1295 0.0331 0.7578 0.0745 0.1299 0.1831
Benchmark #2 Composition in the SIWRSD 47%, EUR 34%, GBP 12%, & JPY 7%)
G4 0.2581 0.1740 0.5504 0.0276 0.2285 0.5726
DM 4 0.3600 0.1655 0.4096 0.0807 0.3726  0.5981
EM 5 0.3089 0.1504 0.4776 0.0000 0.3532 0.4838

The most interesting finding in this analysis ie tble of trade constraints
on risk minimization for a given benchmark retuhows the different impact on
the original benchmarks. The requirement to holdimim 15.5 percent of the
reserve in CNY currency for the existing benchmtrét requires more USD
allocation provides smaller average benefits bateiase the likelihood to obtain

significant benefits at 95 confidence level. Whieis strategy has been applied for
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Table 3.6

Currency weights in the efficient poitidbr a given benchmark return in trade constraipertfolio

This table reports the posterior distribution of tverage and standard deviations of the weightseirfficient portfolio with the same target retuesulted from 3
spanning tests considered against 2 benchmarkspditiielio weights are restricted to budget eqoabhe and constrained to non-negativity and tramfestcaints.
The trade constraints are defined that the minirallatation of the USD is 15%, EUR 12%, GBP 2.5%Y 3% and CNY 15.5% in the optimal portfolio.

Benchmark #1USD 63%, EUR 22%, GBP 4%, & JPY 4%)

Benchmark #2USD 47%, EUR 34%, GBP 12%, & JPY 7%)

Currency Group G4 Developed4 Emerging5 Group G4 Developed4 Enggi
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meandev St
Trade ConstraintéJSD 15.0%, EUR 12.0%, GBP 2.5%, JPY 5.0%, & CNY5%6)

CNY 0.1550  0.0000 0.1554  0.0031
KRW 0.0000  0.0001 0.0153  0.0352
INR 0.0038 0.0076 0.0419 0.0676
BRL 0.0035 0.0048 0.0270  0.0430
THB 0.0000  0.0000 0.0194 0.0464
CAD 0.6953 0.1409 0.0000 0.0000 0.0444 0.0764 0.0271 0.0610
CHF 0.1369 0.1500 0.0000  0.0000 0.0177 0.0452 0.0158 0.0607
AUD 0.0953 0.1219 0.0000 0.0000 0.0180 0.0401 0.0083 0.0287
NzD 0.0725 0.0896 0.0000 0.0000 0.0157 0.0374 0.0076  0.0252
uUsD 0.7251 0.0476 0.7341 0.0465 0.6427 0.0089 0.6064 0.09206277 0.1028 0.4423 0.1388
EUR 0.1585 0.0593 0.1290 0.0290 0.1200 0.0000 0.2012 0.10891422 0.0597 0.1283 0.0441
GBP 0.0514 0.0392 0.0351 0.0259 0.0250 0.0000 0.0994 0.096/0585 0.0672 0.0441 0.0574
JPY 0.0652 0.0252 0.0576 0.0191 0.0500 0.0000 0.0930 0.06810757 0.0474 0.0677 0.0451
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benchmark with smaller USD share, it increasesatlerage of the benefits but
fails to provide significant benefits at’%ercentile if the posterior distribution.
One explanation might be due to the standard dewiabf the posterior
distribution benefits. Imposing minimal CNY currgnallocation reduces the

standard deviation in the first benchmark signiittg but not in the second one.

Trade constraints analysis implies that centralkbarhich currently
allocates USD currency more than 60 percent in beechmark, there is
significant risk reduction benefits to broader theurrency investment into
selected developed and selected emerging markegnoigs. For a central bank
that allocate less than 50 percent in their bencknaiversification benefits could
be obtained through reallocating current currenognmosition and investment

into selected developed market currencies.

Table 3.6 shows the posterior distribution of thverage and standard
deviations of the optimal currency weights for #easting benchmark returns
resulting from the spanning strategies considerée@nwtrade constraints are
imposed. Reallocate currency composition from the first benark requires
variation of the USD weights, between 64 percert @8 percent of the total
reserves. For the second benchmark, the allocatidhe currency USD varies
between 44 percent and 62 percent. Similar to dnieee analysis before imposing
transaction constraints, the current benchmarks warderweight USD and
overweight EUR relative to the optimal allocatiddhen there is a requirement to
allocate certain share into CNY currency, all ttrategies provide it through the

cost of the reduction of the USD allocation. Th#edence between the optimal
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currency allocation and the existing compositioryraso explain the magnitude

of the risk reduction benefits.

3.3.1.2.2. Debt constraints

Table 3.7 Posterior distribution of risk reductidor a given existing
benchmark returns in debt constrained portfolio

This table reports the posterior distribution ofkrireduction benefits for a given expected
benchmark returns for debt constraints portfolidcie Tdebt constraints are defined that the
minimum allocation of the USD is 25%, EUR 9.5%, GBB%, JPY 12% in the optimal portfolio.
The summary statistics are the mean, standardtieyishe average actual risk reduction afigl 5
50", and 98' percentile.

Diversification oo Stdev 5 Percentie
Strategy 5" 50" 95"
Benchmark #1 Actual InvestmeiSD 63%, EUR 22%, GBP 4%, & JPY 4%)
G4 0.0454 0.0667 0.9114 0.0000 0.0000 0.1835
DM 4 0.2969 0.1656 0.4943 0.0000 0.3427 0.4898
EM 5 0.1384 0.0730 0.7424 0.0000 0.1621  0.2242
Benchmark #2 Composition in the SIPSD 47%, EUR 34%, GBP 12%, & JPY 7%)
G4 0.1718 0.1693 0.6859 0.0000 0.1250 0.4845
DM 4 0.2920 0.1670 0.5013 0.0000 0.3182 0.5177
EM 5 0.3906 0.1407 0.3714 0.1128 0.4326  0.5377

Table 3.7 presents the posterior risk reductionebtnfrom adjusting
currency weights for the same currency benchmageeted returns when debt
constraints are imposed. For the central bankttieaturrent benchmark uses the
actual currency allocation, G4 and DM 4 investmsinategy provide potential
benefits of 0.04 percent and 0.30 percent on agetdgwever, the benefits at 95
percent chances are zero. The median of the rdlcti®n distribution is zero
indicates that relatively low probability that rieglate USD, EUR, GBP and JPY
composition provide greater risk benefits than tbatthe original currency

allocation. Emerging currency spanning strategyvipes smaller average
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diversification benefits at 0.14 percent and unableoffer benefits at the's

percentile.

When central bank reserve portfolio use currenaymusition in the SDR
as the benchmark, this table shows that on avettagye are 0.17 percent risk
reduction benefits and 95 percent chances the itemveifl zero resulted from
reallocating currency compositions from the curiggichmark itself and broader
DM 4 currencies investment. When E5 diversificatistrategy has been
implemented, it increases the mean of the ben&fi3.39 percent and provides
risk reduction benefits greater than 0.11 percentha 3" percentile of the

posterior distributions.

These results show the actual allocation of theérakebank’s investment
as the benchmark is relatively more efficient corapghe use of currency share in
the SDR if the central bank only investing in theg four currencies; USD, EUR,
GBP and JPY. When more currencies have been coedid®o foreign reserves

portfolios, there are potential benefits could beamed.

The debt constraints analysis shows that for thetrake bank which
allocates foreign currency resemble the actual stment in the current
benchmark; there is no potential risk reductiondfién could be obtained even
after considering broader currencies investments. the central banks that
currently allocate USD currency less than 50 pdrdentheir benchmark,
diversification benefits could be obtained througieader currency investment

into selected emerging market currencies.

92



Table 3.8 Currency weights in the efficient poitidbr a given benchmark return in trade constraipertfolio

This table reports the posterior distribution of tverage and standard deviations of the weightseirfficient portfolio with the same target retuesulted from 3
spanning tests considered against 2 benchmarkspditiielio weights are restricted to budget eqoabhe and constrained to non-negativity and tramfestcaints.
The debt constraints are defined that the minimlioeaion of the USD is 25%, EUR 9.5%, GBP 3.5%yY J2% in the optimal portfolio.

Benchmark #1USD 63%, EUR 22%, GBP 4%, & JPY 4%) Benchmark #2USD 47%, EUR 34%, GBP 12%, & JPY 7%)
Currency Group G4 Developed4 Emerging5 Group G4 Developed4 Engggi

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meandev St
Debt ConstraintgJSD 25.0%, EUR 9.5%, GBP 3.5%, & JPY 12.0%)

CNY 0.0201  0.0327 0.0315  0.0455
KRW 0.0061  0.0230 0.0124  0.0313
INR 0.0202  0.0385 0.0338  0.0587
BRL 0.0102  0.0245 0.0168 0.0268
THB 0.0050  0.0199 0.0116  0.0324
CAD 0.0168 0.0453 0.0145 0.0355 0.0499 0.0833 0.0233 0.0543
CHF 0.0246  0.0412 0.0024  0.0177 0.0201 0.0530 0.0072 0.0281
AUD 0.0110 0.0256 0.0038 0.0152 0.0227 0.0474 0.0084 0.0259
NZD 0.0025 0.0078 0.0023 0.0116 0.0172 0.0403 0.0067 0.0242
uSb 0.6328 0.1076 0.6636  0.0525 0.6592 0.0748 0.5335 0.11%672 0.1102 0.5733 0.1184
EUR 0.1809 0.1181 0.1185 0.0503 0.0981 0.0220 0.2188 0.14061209 0.0738 0.1037 0.0392
GBP 0.0673 0.0454 0.0428 0.0251 0.0384 0.0177 0.1121 0.10880725 0.0776 0.0486  0.0423
JPY 0.1215 0.0071 0.1203 0.0012 0.1200 0.0006 0.1367 0.03431297 0.0268 0.1227 0.0132
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Table 3.8 reports the optimal currency weightsrigk minimization for a
given existing benchmark returns resulting fromeéhrspanning strategies
considered when debt constraints are impoRegllocate currency composition
from the first benchmark requires small variatidrihe USD weights, between 63
percent and 66 percent of the total reserves. Rersecond benchmark, the
allocation of the currency USD varies between 58¢@ and 57 percent. Similar
to that of unconstraint, the current benchmarks anderweight USD and
overweight EUR relative to the optimal allocatidrhe difference between the
optimal currency allocation and the existing conifgms may also explain the

magnitude of the risk reduction benefits.

Our analyses on the risk minimization for a giveaseng benchmark
return of the country’s foreign reserves currenoynposition show that before
imposing currency weight all the currency diversifion strategy considered
provide significant benefits regardless of the entr benchmark used.
Diversification benefits when the trade constraiatsl debt are imposed reveal
that there is potential diversification benefitailcbbe obtained from the currency
portfolio optimisation. However the choice of therrent benchmark and the
currency constraints play an important role indleeision in which diversification

strategy central bank reserves managers shouléguoc

3.3.2. Risk minimization to the minimum variance portfolio

3.3.2.1. Non-currency constraint allocation

Table 3.9 reports the posterior distribution oftfmio risk reduction to the

minimum variance portfolio in switching from theisting benchmark allocation
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to the new currency allocation. This table showat tivhen central bank faces
short-sale restrictions and budget constraint edoalone, all the currency
diversification strategies provide average divaration benefits between 0.74
percent and 0.85 percent with relatively low staddeviation of 0.008 and 0.01,
and 0.71 percent and 0.83 percent at fhedrcentile and the average of the new

optimal portfolio risk is less than half of the sting portfolio risk.

Table 3.9 Posterior distribution of risk reductitsm the minimum variance
portfolio for short-sale and budget constraints

This table reports the posterior distribution akrreduction benefit® (percent) to the minimum
variance portfolio for the short-sale and budgetst@ints portfolio. The summary statistics are
the mean, standard deviation, the average acskateduction and™ 50", and 9%' percentile.

M Std _ Percentile
ean tdev o o =" o

Benchmark #1USD 63%, EUR 22%, GBP 4%, & JPY 4%)

G4 0.7367 0.0138 0.0693 0.7134 0.7371 0.7587

DM 4 0.7380 0.0138 0.0686 0.7145 0.7384 0.7602

EM 5 0.7414 0.0136 0.0669 0.7185 0.7417 0.7630
Benchmark #2USD 47%, EUR 34%, GBP 12%, & JPY 7%)

G4 0.8449 0.0082 0.0241 0.8311 0.8450 0.8581

DM 4 0.8458 0.0081 0.0238 0.8319 0.8460 0.8588

EM5 0.8478 0.0080 0.0232 0.8341 0.8481 0.8605

Table 3.9 shows that for non-currency allocatiomstints, the two
existing currency benchmarks are not efficient. efehwere massive potential
benefits from adjusting currency weights from tlaens currency benchmark’s
constituents. For the central bank that uses aeeaatyial currency composition as
a benchmark, there are potential benefits of 0.@kcgnt on average or at 95
percent chances to benefits greater than 0.71 mterftem readjusting the

currency compositions among USD, EUR, GBP and Jie¥htelves. Spanning
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Table 3.10

Currency weights in the minimum variapegfolio for budget and short-sale constraints

This table reports the posterior distribution of tverage and standard deviations of the weightsiminimum variance efficient portfolio resulttdm 3 spanning
tests considered against 2 benchmarks. The portiedights are restricted to budget equal to onecandtrained to non-negativity

Benchmark # Benchmark #
Currency Group G Developed Emerging! Group G Developed Emerging!
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meandev St
No Short-Sale

CNY 0.0024  0.0026 0.0023  0.0026
KRW 0.0013  0.0020 0.0013  0.0020
INR 0.0079  0.0052 0.0079  0.0051
BRL 0.0044  0.0023 0.0044  0.0022
THB 0.0005 0.0014 0.0005 0.0014
CAD 0.0097 0.0055 0.0072 0.0052 0.0096 0.0054 0.0071 0.0053
CHF 0.0000 0.0001 0.0000 0.0001 0.0000 0.0001 0.0000 0.0001
AUD 0.0000 0.0002 0.0000 0.0001 0.0000 0.0002 0.0000 0.0001
NZD 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
UsD 0.9940 0.0038 0.9854 0.0062 0.9723 0.0081 0.9940 0.00889854 0.0062 0.9724 0.0080
EUR 0.0024 0.0028 0.0011 0.0020 0.0008 0.0017 0.0024 0.00220010 0.0020 0.0008 0.0017
GBP 0.0002 0.0008 0.0001 0.0005 0.0001 0.0005 0.0002 0.0000001 0.0005 0.0001 0.0005
JPY 0.0035 0.0032 0.0038 0.0032 0.0032 0.003@.0035 0.0031 0.0039 0.0032 0.0032 0.0030
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into broader currencies provides relatively the samk reduction benefits for
reserve portfolio. Investing in selected developedntries and emerging market
currencies both offer the average gain of 0.74gerand standard deviation of
0.01 percent. At the™5percentile of the distribution, the two strategikiver

relatively similar magnitudes at 0.71 percent.

Similar to the benchmark that resembles actualraebank allocation on
the G4 investments, the use of the currency cortippsin the SDR as the
benchmark provides bigger benefits if the centaaiks want to reallocate their
currency compositions. The potential benefits froeadjusting the currency
compositions among the existing currency benchraeglon average 0.84 percent
and at 95 percent chances to benefits greater Qt&8 percent. Diversify into
selected developed countries and emerging market¢raties both provide 0.83

percent at the"spercentile of the risk reduction distribution.

The impact of the use of benchmark relatively miwben the constraints
are restricted to no-short selling and budget eqaabne. Both benchmarks
deliver relatively similar level of the benefitsh@ more interesting findings,
however, for the risk reduction to the GMV portothe benefits from the broader
currency are relatively similar to that of G4 cumeies investment. This finding
suggests that for central banks that have an @getd minimise the portfolio
risk, they need to concentrate their investmerthenUSD, EUR, GBP and JPY

currency.

Table 3.9 shows the posterior distribution of thverage and standard

deviations of the optimal currency weights of tisk reduction portfolio from the
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spanning strategies considered before trade ant abeistraints are imposed.
When there is only budget and short-sales consttaken into consideration,
spanning from both benchmarks requires more thape®@ent of the reserves to
be allocated into currency USD for across strategidnese findings are drawn
before imposing transaction constraints for theemay compositions. In order to
make this study more realistic from central bankspectives, trade and debt

constraints will be applied in the next sub-section

3.3.2.2. Transaction constraints currency allocation

3.3.2.21. TradeConstraints

Table 3.11 presents the distribution of risk regrctto the minimum
variance portfolio from the three strategies ofrency diversification. Adjusting
the weight among the current currency that usesattteal composition of the
central bank’s investment offer potential risk retilon benefits of 0.35 percent on
average, and 0.34 percent at tﬁbp!ércentile of the posterior distribution. These
benefits are similar when broader investment irdlecded developed countries
currencies is taken. Spanning further the emergurgency provides even lower
benefits at 0.13 percent and at 95 percent prabakié could expect benefits to
be greater than 0.07 percent. It shows that their@gent to hold minimum 15.5
percent of the reserve in CNY currency reduces ntiatie risk reduction

diversification benefits.

When central bank reserve portfolio use currenaymusition in the SDR

as the benchmark, this table shows that on avetagye are 0.62 percent risk
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reduction benefits and 95 percent chances the ibenafl be greater than 0.34

percent from reallocating currency compaositions agihe existing currencies

Table 3.11 Posterior distribution of risk reductimnthe minimum variance in
trade constrained portfolio

This table reports the posterior distribution afkrireduction benefits to the minimum variance
portfolio for the trade constraints on the curresoynpositions. The trade constraints are defined
that the minimum allocation of the USD is 15%, EWUR%, GBP 2.5%, JPY 5% and CNY 15.5%
in the optimal portfolio. The summary statistice dhe mean, standard deviation, the average
actual risk reduction and"550", and 9%' percentile.

M Std _ Percentile
ean ev ) o " og"
Benchmark #1USD 63%, EUR 22%, GBP 4%, & JPY 4%)
G4 0.3485 0.0076 0.4245 0.3360 0.3485 0.3610

DM 4 0.3484 0.0075 0.4245 0.3360 0.3484  0.3607

EMS5 0.1300 0.0330 0.7570 0.0741 0.1306 0.1824
Benchmark #2USD 47%, EUR 34%, GBP 12%, & JPY 7%)

G4 0.6164 0.0060 0.1471 0.6065 0.6164 0.6260

DM 4 0.6164 0.0060 0.1472 0.6065 0.6165 0.6261

EM 5 0.4876 0.0194 0.2625 0.4557 0.4880 0.5188

themselves. The magnitude of the benefits is simita selected developed
countries currencies strategy. Similar to the tesinubm the first benchmark, the
requirement to hold minimum 15.5 percent of theeres in CNY currency
reduces diversification benefits. Including emeggmarket currencies will reduce

the mean and increase the standard deviation efstheeduction benefits.

Table 3.12 shows the posterior distribution of #werage and standard
deviations of the optimal currency weights for tinede allocation of the risk
reduction portfolio. Imposing trade constraints, spanning from the two
benchmarks requires more 80 percent and 60 pexferihe reserves to be

allocated into currency USD for the G4 and DM4tsfgées. When it requires
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Table 3.12

Currency weights of the trade constchmaimum variance portfolio

This table reports the posterior distribution of tverage and standard deviations of the weightseitrade constrained minimum variance portfolisutted from 3
spanning tests considered against 2 benchmarkspditiielio weights are restricted to budget eqoabhe and constrained to non-negativity and tramfestcaints.
The trade constraints are defined that the minirallatation of the USD is 15%, EUR 12%, GBP 2.5%Y 5% and CNY 15.5% in the optimal portfolio.

Benchmark #1 Benchmark #2
Currency Group G4 Developed4 Emerging5 Group G4 Developed4 EngSqi
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meandev St
Trade Constraintg/SD 15.0%, EUR 12.0%, GBP 2.5%, JPY 5.0%, & CNY5%6)
CNY 0.1550  0.0000 0.1554  0.0031
KRW 0.0000 0.0001 0.0153  0.0352
INR 0.0039  0.0077 0.0419 0.0676
BRL 0.0035  0.0047 0.0270  0.0430
THB 0.0000  0.0000 0.0194 0.0464
CAD 0.0000 0.0000 0.0000 0.0000 0.0444 0.0764 0.0271 0.0610
CHF 0.0000 0.0000 0.0000 0.0000 0.0177 0.0452 0.0158 0.0607
AUD 0.0000 0.0000 0.0000 0.0000 0.0180 0.0401 0.0083 0.0287
NzZD 0.0000 0.0000 0.0000 0.0000 0.0157 0.0374 0.0076  0.0252
UsD 0.8050 0.0000 0.8050 0.0000 0.6426 0.0091 0.6064 0.092€06277 0.1028 0.4423 0.1388
EUR 0.1200 0.0000 0.1200 0.0000 0.1200 0.0000 0.2012 0.10891422 0.0597 0.1283 0.0441
GBP 0.0250 0.0000 0.0250 0.0000 0.0250 0.0000 0.0994 0.096M0585 0.0672 0.0441 0.0574
JPY 0.0500 0.0000 0.0500 0.0000 0.0500 0.0000 0.0930 0.06810757 0.0474 0.0677 0.0451
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providing at least 15.5 percent of the reservestinested in CNY, the USD

proportions decreased to 64 percent and 44 peregpéctively.

3.3.2.2.2. Debt constraints

Table 3.13 presents the distribution of risk regrctto the minimum
variance portfolio from the three strategies of rency diversification.
Reallocating the weight among the current currenlcgt uses the actual
composition of the central banks’ investment ascherark offer potential risk
reduction benefits of 0.21 percent on average, @ri percent at the™s
percentile of the posterior distribution. Similar that of trade constraints, these
benefits are similar when it diversified broaderastment into selected developed

countries and emerging market currencies.

When central bank reserve portfolio use currenaymusition in the SDR
as the benchmark, this table shows that on avettagye are 0.54 percent risk
reduction benefits and 95 percent chances the ienéfl be greater than 0.52
percent from reallocating currency shares among éxesting currencies
themselves. The results are similar for broadereoay diversifications. This
result suggests that for central banks that needheve minimum portfolio risk,
they maintain their investment policy in the cutréour currencies is sufficient.
Since there is no significant difference between drsification and broader

investment strategy, imply that central bank shaaidtinue their current policy.
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Table 3.13 Posterior distribution of debt constedinrisk reduction to the
minimum variance portfolio

This table reports the posterior distribution afkrireduction benefits to the minimum variance
portfolio for the debt constrained portfolio. Thebd constraints are defined that the minimum
allocation of the USD is 25%, EUR 9.5%, GBP 3.5®Y J12% in the optimal portfolio. The
summary statistics are the mean, standard devjatieraverage actual risk reduction afftl 50",
and 9% percentile.

M B Percentie
ean Stdev 0 i c ot
Benchmark #1USD 63%, EUR 22%, GBP 4%, & JPY 4%)
G4 0.2107 0.0185 0.6229 0.1798 0.2110 0.2406

DM 4 0.2102 0.0182 0.6237 0.1801 0.2103 0.2404

EM5 0.2118 0.0183 0.6212 0.1816 0.2120 0.2418
Benchmark #{USD 47%, EUR 34%, GBP 12%, & JPY 7%)

G4 0.5350 0.0112 0.2162 0.5165 0.5352  0.5532

DM 4 0.5350 0.0112 0.2162 0.5162 0.5352  0.5532

EM 5 0.5359 0.0112 0.2154 0.5173 0.5361 0.5540

Table 3.14 shows the average and standard dewsatbrthe optimal
currency weights for the trade allocation of thek nieduction portfolio when debt
constraints are imposedSpanning from the first benchmarks requires the
allocation of the USD currencies between 63 pereent 66 percent. Different
from previous spanning strategies which reduceUs® share, the additional
currencies in this table require the lesser EURHermore diversified portfolios.

The findings are relatively similar when it is ajgpl for the second benchmark.

These findings suggested that the role of the USEha base currency in
our analyses may be a key to the results we obténch contribute it a big
portion in the optimal portfolios. These proporsoare not far from the actual
central bank investment data. Since USD returnsadawary massively, there is a

“bias” to hold the asset with low variance. One gdoie interpretation is that the
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Table 3.14  Currency weights in debt constrainedmum variance portfolio

This table reports the posterior distribution of verage and standard deviations of the weightielin constrained minimum variance portfolio fronsg@&nning
tests considered against 2 benchmarks. The debtraotis are defined that the minimum allocationhef USD is 25%, EUR 9.5%, GBP 3.5%, and JPY 12a56%
negative weights are restricted in the optimalfptict.

Benchmark # Benchmark #
Currency Group G4 Developed4 Emerging5 Group G4 Developed4 Engsai
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meandev St
Debt Constraint(USD 25.0%, EUR 9.5%, GBP 3.5%, & JPY 12.0%)

CNY 0.0201  0.0327 0.0315 0.0455
KRW 0.0061  0.0230 0.0124  0.0313
INR 0.0202 0.0385 0.0338  0.0587
BRL 0.0102  0.0245 0.0168  0.0268
THB 0.0050 0.0199 0.0116  0.0324
CAD 0.0168 0.0453 0.0145 0.0355 0.0499 0.0833 0.0233 0.0543
CHF 0.0246  0.0412 0.0024 0.0177 0.0201 0.0530 0.0072 0.0281
AUD 0.0110 0.0256 0.0038 0.0152 0.0227 0.0474 0.0084 0.0259
NzD 0.0025 0.0078 0.0023 0.0116 0.0172 0.0403 0.0067 0.0242
usD 0.6328 0.1076 0.6636 0.0525 0.6592 0.0748 0.5335 0.11D%672 0.1102 05733 0.1184
EUR 0.1809 0.1181 0.1185 0.0503 0.0981 0.0220 0.2188 0.14@61209 0.0738 0.1037 0.0392
GBP 0.0673 0.0454 0.0428 0.0251 0.0384 0.0177 0.1121 0.10080725 0.0776 0.0486  0.0423
JPY 0.1215 0.0071 0.1203 0.0012 0.1200 0.0006 0.1367 0.03@31297 0.0268 0.1227 0.0132
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USD’s high proportion reflects its status as thaféshaven” currency. Another
explanation is that central banks do in fact ugedibllar as the reference currency
for expressing returns on alternative assets. @feped interpretation, however,
is that taking the dollar as the risk-free assetesponds to the case in which the
domestic currency is pegged to the dollar, so tlsezero volatility with respect to
the dollar. This is consistent, for example, wiktte tresults of Dellas and Yoo
(1991) for Korea and Papaioannou et al. (2006)ther global foreign reserve

cases.

3.4. Conclusions

The main objective of this chapter is to providemative frameworks for
to allocate foreign reserve currency compositidRsk reduction for a given
existing expected returns and risk reduction tontir@mum variance portfolio are
implemented in this study to concentrate on thetgabbjective of the foreign
reserve. Bayesian method of Li et al. (2003) is lwoed with currency
constraints to capture the transaction motives haf ¢entral bank, i.e. trade

constraints and debt constraints are employedatyse diversification benefits.

To analyse the currency compositions we replidageactual central banks
investment in the G4 currency and G4 currency caitipo in the SDR as the
original currency benchmark. Depart from thosechemarks the optimisation to
minimise portfolio risk by imposing shares of exi&r transactions. Empirical
evidence on the minimum variance portfolio showt thizere are potential

significant risk reductions benefits for centrahks to reallocate their currency
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composition among the existing benchmark or broaderency diversifications
regardless the original benchmark currently beisgduand across debt and trade

constraints.

My findings related to the risk minimization fogaven benchmark returns
show that before imposing portfolio constraints,eréh are significant
diversification benefits. Imposing trade constraimind debt constraint on the
optimisations change the significant of the beseflit general, greater currency
diversifications provide bigger the mean of thedfgs. However, for the original
benchmark which allocates USD more than 60 percbrmbader currency
investment could attain significant benefits at 8fepercentile of the posterior
distributions into selected advanced countries aakbcted emerging market
currency from imposing trade constraint and nonenfrmposing debt constraints.
Central bank that uses the original benchmark whltdcates USD less than 50
percent, the significant risk reduction benefitshet 3" percentile of the posterior
distributions could be achieved by reallocate bematk currency shares and by
broader currency investment into currencies ofgdékected developed economy
from imposing trade constraint and broader spanmnirig selected emerging

market currencies from imposing debt constraints.

Minimising foreign reserve portfolio risk for a gm existing benchmark
expected return framework generally more desirtide the second one. Foreign
reserves diversification ideas resulting from thestfmeasure also easier to
communicate to the public and other stakeholdersesihe new model portfolio

do not sacrifice the existing expected returns. e\mw, it is interesting that the
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empirical findings reveal minimum variance portfoloffer significant benefits
across all constraints. Might be worth thinking abshould the central bank

follow the GMV strategy.

The empirical findings show that in general, thevr@ptimal portfolios
suggested allocating more USD and less EUR congpat: the current
composition in the benchmark portfolio. Our findsnguggest that central bank
should consider relaxing their investment policyde USD, EUR, GBP and
JPY currency. However, the choice of the curremichenark and both trade and
debt constraints play an important role in the sleai in which diversification
strategy central bank reserves managers shouldegulodt is desirable and
feasible to adopt Bayesian approach combined witbreal payment constraints
as an alternative framework for determining centvahks’ foreign currency

structure.
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CHAPTER FOUR

This chapter investigates asset allocation in thptineal portfolio risk
minimization framework. First, risk minimizatiorr fa given expected benchmark
return is examined. The findings show that there significant risk reduction
benefits by adding developed market longer matldgds, quasi-government,
emerging market and inflation-linked bonds altogetto the existing benchmark
policy. Second, using the same diversificationtegia as the earlier step, risk
minimization of the minimum variance portfolio wasnducted. The second
framework shows that the portfolio risks are mailiwen by US treasury bills.
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4. GOVERNMENT BOND DIVERSIFICATION BENEFITS

Abstract

This study investigates whether longer maturity dspnincluding emerging
government debt and inflation-linked governmentdsorprovide diversification
benefits to the central bank’s benchmark portfoliosneasure the reduction of
portfolio risk as the diversification benefits ugiBayesian approach combined
with multiple assets weight constraints. For th@imum variance portfolio, all of
the three strategies offer significant risk redootibenefits to the government
bond portfolio across multi-constraintslowever,for the central bank that aims
to reduce portfolio risk for a given existing exigekt return, the inclusion of
emerging government and inflation-linked governntentds provides significant
risk reduction benefits to the existing benchmditkis is the case if those assets
classes are added together with longer maturitydsoaf G7, developed market
(DM), semi-government, supranational and governmagéncy and emerging
market government bondSur results also show that asset allocation poheye

a greater role than the asset class selection.
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4.1. Introduction

Management of foreign exchange reserves is onekef/dask undertaken
by central banks in order to maintain their crddipi The exchange rate and
monetary policy will determine a variety purposeswhich such foreign reserve
assets may be used; ranging from exchange rategmaeat to external debt
management. Foreign reserves management ensureékdlapacity to intervene
in the foreign exchange markets exists when needdule simultaneously
minimising the costs of holding reserves. Its intance has increased over the

past decade as a result of the upsurge of thelgieserves accumulation.

As described in Choo (2007) and Claessens and &rg@907), central
banks have traditionally invested their foreignergss in a portfolio of highly
liquid assets that have very minimal exposure toketaand credit risk. However,
as the size of foreign reserves has increasedéocad level, the likelihood that
they are all needed for financial contingency dases. At the same time,
stakeholder awareness toward risk-return is inargagnd further attention is
being directed as to the ways by which central banmlanage their foreign
reserves. This background highlights that wheningetbenchmarks for central
banks, some areas for risk-return enhancement exeired to be identified.
However, the evidence from the previous literatisréimited and inconclusive
concerning the benefits of government bond diviesdibn, since most studies in

modern portfolio theory area only consider equitypond-equity portfolios. Thus,
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a gap in the literature exists towards what investimopportunity set should be

considered from a central bank perspectives.

Central banks have typically relied mainly on psited bond market index
data, while some depend on modern portfolio théorgetermining the strategic
allocation of their reserves (Jorion and Rolfo, 29®Despite the fact that the
published indices provide transparency and tratiggbiheir composition may
not fit perfectly with central bank portfolio obgaees. The most popular
framework for portfolio optimisation is the Markawi (1952) mean-variance
analysis. The key assumption in this frameworkhest the returns are normally
distributed. The mean-variance portfolio decisioodels require certain ex-ante
input parameters that are assumed to be knowrvéstiors. Investors are required
to provide estimates of the expected returns amdr@nces of all the assets in the
investment universe considered. In practice howehes leads to estimation risk
problemt®. Furthermore, mean-variance optimisation is veepsiive to the

inputs™.

Following those drawbacks, a number of generaleBay and shrinkage
approaches have been used to overcome these id8agssian predictive
distribution provides a natural method to expres@stment opportunities in the
presence of parameter uncertainty (Avramov and CR&4a4; Avramov and

Zhou, 2010). An additional benefit of the Bayesewproach is that it can be

% Further discussion regarding estimation risk seeyB@d 974, 1978), Bawa, Brown, and Klein

(1979), Dhingra (1980, 1983), Klein and Bawa (197877) and Klein, Rafsky, Sibley, and
Willy (1978).
"' See Chopra (1993) and Chopra and Ziemba (1993)rfiver discussion about this issue.
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applied when the central bank faces portfolio reféhns such as budget, short
selling, asset weights or the combination of thogestraints. Hence, | believe
that Bayesian technique is the promising methdaetased in this mean-variance

analysis.

The assets weight constraints of Jagannathan and20@3) provide
inspiration to extend the mean-variance framewnrlgddition to the imposition
of short-sale constraints. Extending further frone tearlier chapter, multiple
assets weight constraints are applied. The obgectf these constraints is
threefold; to guarantee that liquid assets will Hedd at all times, there is a
minimum holding of the current benchmark assetd, tae maximum investment
of certain asset classes is limited. Literaturesvigies empirical evidence of the
benefits from relaxing bond maturity, including emging market exposure, and
investing in inflation-linked government bonds adependent asset classes for an
individual or private type of investors. Howeveuch study has not yet been
extended to examine the effects when they are dedutogether in a central
banks’ portfolio. As such, the following points raim open to question: 1) should
central bank relax the bond maturity constraintsl amvesting in a broader
spectrum of government bond market? 2) Do emergiagket government bond
and inflation-linked government bonds provide bésefor central bank’s

government bonds portfolio? The findings in thigpter offer a resolution.

Some may argue that the ultimate benefits of imtigonal diversification
are in terms of the risk reduction rather than metuenhancement. Clements

(1997) proposes that the main reason to inveshenforeign market is not to
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replicate the global market portfolio holding orincrease returns, but is to reduce
volatility. Additionally, Manchev (2009) from Ceralr Bank of Bulgaria claims
that liquidity and safety should be the main ohyexs for central bank reserve
portfolios. It seems appropriate to measure difieation benefits of central
banks’ government bond portfolio using the riskugttbn measures rather than
return enhancement. This objective framework witbrenfocus on liquidity and

safety will be adopted in this thesis.

There are four main results in our empirical analys government bond
diversification benefits. First, our analysis shaWwat the results are strong when
central banks’ main goal is to minimise foreignem® risks. However, this is not
the case if the same expected return is to be emaed. For a central bank that is
concerned with portfolio risk minimisation of thdobal minimum variance
portfolio, all three strategies offer significaniversification benefit to the
government bonds portfolio across multi-constraikiiswever, if the objective of
the central banks’ reserve management is to mieingsertfolio risk while
maintaining the existing target returns, this stuchuld not find empirical
evidence to support the argument that diversificatising the longer dated bonds
provides significant risk reduction benefits. Or thther hand, inflation-linked
government bonds can provide significant diveratfmn benefits. However, this
is only the case if these are added together wifftoap of G7 government bonds,
developed market government bonds, semi-governmsapranational and

government-agency bond markets, and emerging meokeiry rating assets.
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Second, despite the massive risk reduction bentbfitisresulted from the
minimum variance portfolio results, because they @nven mostly by treasury
bills it is perhaps less interesting. More intaregtare the risk reduction benefits
for a given expected returns as this research fimete. Furthermore, global
minimum variance portfolio may be not the best chdior central banks since
this framework might result in a lower expecteduret Third, by applying
Bayesian mean-variance framework with multi-weigtgset constraints, this
research shows that asset allocation has a biggaact on risk reduction than
asset class selection; when short-sale restrictiave already been considered.
Fourth, imposing asset allocation constraints caavige more diversified
portfolios that theory suggests it should, but witie cost of lower its

performance.

The results look interesting and provide direct liogtion for central
banks in managing their foreign exchange reserveéhis empirical chapter, our
framework’s objectives address liquidity and safatyblems faced by the central
bank in general. Two risk minimizations have beeitdrassed; first risk
minimization of the global minimum variance portolnd risk minimization for
a given expected benchmark return. Our analysigigge some alternatives for
how much risk reduction central bank want to pursameich spanning strategy
should be chosen, and the new optimal portfoliogisi they should hold in

addressing their liquidity, safety and surplus goal
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The remainder of the chapter proceeds as followesti®@ 2 describes
concept the research methods to make it operatiGeation 3 describes the data
that will be followed by the description of the teh bank benchmark portfolio
and test assets. Section 4 presents and discimsessults, and summary of the

chapter in Section 5.

4.2. Research Method

This chapter focuses on the objective of risk mination for a given
expected benchmark return when the central bank resictions on their
investment policy, including no short-selling anbuwdget constraint equal to one
as given by the equation (3.1) in Chapter Threeis Tlesearch measures
diversification benefits in term of volatility redtion for the same target returns

as benchmark return, similar to the earlier chapter

4.2.1. Asset allocation constraints

Table 4.1 shows the survey data of US dollar denatad assets held by
global central banks and sovereign wealth fundsburity and sovereignfyom
the year 2007 to 2013. This survey is intendedltstrate how official reserve
managers reacted to the recent challenges in tmageaent of their portfolios.
Capital preservation is typically highlighted apatfolio constraint in the central
banks’ investment policy. Based on portfolio theargipital preservation should
be tied to the market value of the portfolio as ol@ over the appropriate

investment horizon, and not based on any singlerggor accounting period.
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Table 4.1 Foreign official holdings of US Dollarsats by instrument and
original maturity (billion USD)

This table indicates foreign official (e.g., CehtBank and Sovereign Wealth Funds) holdings of
US Dollar denominated assets by instrument andnalignaturity from 2007 to 2013. Figures for
Treasury, agency, equity, onshore deposits and ynoaeket instruments and corporate long-term
debt and ABS are from Department of Treasury, Fddeeserve Bank of New York, Foreign
Portfolio Holdings of US Securities. Figures forfshiore deposits (short-term others) are from
Table CM-I-1. Section | — Liabilities to Foreigngésub-section foreign official institutions)
Reported by Banks in the United States. Long-teralefined by original maturity. IMF data from
COFER, IFS. World Bank data frohttp://data.worldbank.org/indicator/ FI.RES.TOTL.CD

2007 2008 2009 2010 2011 2012 2013

Short-term instruments 1,100 1,097 1,145 911 1,001 954 996
Treasury 159 226 572 454 414 366 363
Agency 80 130 34 27 16 5 3
Other<" 861 741 53¢ 43( 571 58t 63(

Long-term instruments 2567 3119 3266 3,861 4409 4,772 5,026
Treasury 1452 1684 2054 2617 3103 3,489 3,648
Agency 750 966 794 721 635 543 452
Otheré 99 106 107 97 104 110 127
Equity3) 266 363 311 426 567 630 799

Total holdings 3667 4216 4411 4772 5410 5,726 6,022

Share of short-term holdir 30% 26% 26% 19% 19% 17% 17%
Share of treasury+agency 67/% 71% 78% 80% 77% T77%  74%

World FX reserve 1999 2782 2682 2995 10,205 10952 11,683
Share of claims in US 64% 64% 62% 62% 62% 61% 61%
(source: COFER, IMP)

Global FX Reserve 7113 7,773 9,043 10,387 11,496 12,367 12,617

(source: World Bank‘r}?

1) Others (short-term) comprise of short-term corpodbt, deposits and money market paper in
the United States, and offshore USD deposits.

2) Others (long-term) comprise of long-term corpoxddbt; corporate asset backed securities
(ABS).

3) Includes common stock, fund shares, preferred stouk other type of equity.

4) Source: Currency Composition of Official ForeigncBange Reserves (COFER), International
Financial Statistics, IMF. COFER data for indivitle@untries are strictly confidential. The
data are only possible to be disseminated in agtgefgrm. At present, 147 reporters consist
of IMF member countries, non-member countries, ather foreign exchange reserve holding
entities. COFER data started to be published fré8biwith relatively minimal coverage at the
beginning.

5) Total reserves comprise holdings of monetary gsfibcial drawing rights, reserves of IMF
members held by the IMF, and holdings of foreigehange under the control of monetary
authorities. The gold component of these reservgalued at year-end (December 31) London
prices. Data are in current U.S. dollars
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Most central bank reserves managers understanthéloey but have only partly

put it into practice.

Over the past decade, Johnson-Calari et al. (288@kain that typical
central banks invested their foreign reserves edi income government
securities with portfolio duration of around 1 to/@ars and individual securities
with maturities up to ten years. This largely reftethe low tolerance for capital
losses that would result if bond yield rises. listhtage, central banks mostly
accepted that capital preservation could be medsare portfolio basis and they
generally extended the accounting and performaedegto one year. However,
most central banks still diverge from the finanamaustry. For example, a refusal
to apply the same principle of credit risk as thaye to interest rate risk. In this
case, default risk on any individual security iscreptable no matter the impact
on the total portfolio value and additional retuihse to investment in higher
credit risk sectors. Hence, the spirit of centrahks conservativeness will be

adopted in this study in defining benchmark portisl

In order to compare official holdings of US dolé@nominated asset to the
total reserve, this research also presents globaigh exchange reserve data from
IMF and World Bank. This table also indicates ttating 2007-2013, more than
50 percent of global reserves are invested in UBirddenominated assets. Total
IMF-reported foreign exchange reserves are lowam that of World Bank due to
IMF data just only started from 1995 with relatiwehinimal coverage at the

beginning. At present, there are 147 reporters isbng of IMF member
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countries, non-member countries, and other foreigohange reserve holding

entities.

Table 4.1 shows that in 2007 identified US dolksearves were 30 percent
invested in securities of less than one-year oaigmaturity. From this table, it
appears that official reserve managers turned nhare 10 percent of its liquidity
buffer portfolio into a profit centre in 2013. Thishange indicates that the
traditional consideration of keeping reserves haslided by some degree.
However, since those data only identify originaltumiy, officials holding of
short term securities are probably understatediriadance, buying a US treasury
note that has a remaining life of 11-months is sifaesl as long-term securities
holding in those definitions. This survey shows iknty to Kotz and Strauss-
Kahn (2007) argument that central bank must holteast 20 percent of gross
reserve in highly liquid securities to cover cogency plans. Hence, an allocation
of 30 percent of reserves to be invested in trgdsilis assets will be adopted and

utilised in this study.

In terms of the sovereignty, this table also shdwet quasi-government
investments remain the most favourable asset @bassficial reserve managers.
The only exception was in during financial crisi®1®2 when the portion of
treasury and agency reached 80 percent of offreaérve. Quasi-government
portion gradually increased and back to pre-ctesigsl at around 70 percent of the

total reserve in 2013. The researcher believestthatpreference for a central
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bank to invest most of their reserve in quasi-gorent securities will not change

dramatically in the near future.

4.2.1.1. Equality constraint

Equality constraint is a specialised linear comstrahat enforces
membership among group of assets in a portfoliot atssfy the following:

Agq * X = bgg; bgg = 0.3 4.1)
where Ag, is the matrix of group membership indexeg,tby-n matrix),x is the
assets weightn( vector),n is the number of assets in the universe mapdis the
number of equality constraints. This constraintuees liquidity sufficiency at all
the time so that 30 percent of the reserves habe tkept in the treasury bills or

other securities which has remaining life less thamonths.

4.2.1.2. Lower-bound constraint

The lower-bound constraint is a linear inequalibnstraint for portfolio
weights. This constraint regulates an asset oroapgiof assets to satisfy the
following:

App*x = byy; by = 0.15and 0.25 4.2)
whereA;, is the matrix of group membership indexeg,tby-n matrix), x is the
portfolio (n vector),n is the number of assets in the universe apg is the
number of lower-bound constraints. The objectivahi$ constraint is to satisfy
the requirement that at least 15 percent have tmmsted in US treasury bills

and 25 percent in the current benchmark indexd&1-5 year bond index. The
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Table 4.2 Asset allocation constraint

The table shows the currency allocation constf@inbenchmark and test assets for broader investsteategy. The shaded area indicates the eligibdets
considered for each optimisation strategy. The berack portfolio consists of 15 percent US TreadBitls, 15 percent of G7 non-US Treasury Bills ar@ 7
percent of G7 government bond one to five yearuritgt Test assets consist of two strategies; bspahning and broader investment universe. Asset
allocation constraints for test asset are 30 pérceested in treasury bills with at least 15 peatceave to be kept in US Treasury Bills and minim2
percent of the total portfolios have to be invesiedhe government bond market index. Semi-govemm&upranational and government agency (SSA),
emerging government bond (EM) and index-linked goreent bond asset classes are constrained maxirfyrartent, maximum 10 percent and maximum 15
percent respectively, maximum 5percent for goldpmare than 10 percent for the MBS and ABS combimed, maximum 5 percent for the combination of

corporate bond and world equity

Benchmark Government Bond Non-Government Bond
Portfolio G7 Thils G71-5 G75- DM 1- Inflation- Corporate
US ex-US year 10 year 10 year EM Linked Gold MBS ABS Bond Equity
Benchmark 15% 15% 70%
Test Asset 30%
Longer M aturity
G7
DM
SSA
Emer_glng M arket = =z
Regional 5 5 =
Credit Rating ('j‘o-. U'\’O., 2 =z
I nflation-Linked > > B )
Global Inflation = B <
G7 Inflation K3 ?i)
Non-Government Bond - Max 5% Max 10% Max 5%
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the objective of both the equality and the lowewb constraint is to maintain
central bank conservativeness, in a way that the amsets suggested from the

new optimal allocation are less than half the togakrve portfolio.

4.2.1.3. Upper-bound constraint
Given a linear inequality constraint matiix and vectcr, every weight
x; in a portfolio must satisfy the following:

Ayp *x < byy; by, = 0.1; 0.1; 0.15 (4.3)
whereAy,;, is the matrix of group membership indexeg,by-n matrix), x is the
portfolio (n vector),n is the number of assets in the universe apgl is the
number of lower-bound constraints. This constrainntended to limit certain
asset class holding includes 10 percent in SSApei@ent in emerging market;

and 15 percent in inflation linked government boasiset classes.

4.2.2. Data

Data for this study consists of government bondsrme and are derived
from Thomson DataStream between December 1985 aogrbber 2014. This
research uses bond indices monthly returns froneldped countries that have
the most liquid government bond market in locakency denomination with the
longest period data available. Government bond etdrdices in this study are
classified into three asset classes: a group otdintry (G7), developed market
(DM) and semi-government, supra-national and gawemt-agency (SSA). The
group of G7 government developed countries includi@sed States (US), United

Kingdom (UK), Germany (GE), France (FR), Japan,(@@nada (CA) and Italy

119



Table 4.3 Data grouping for asset class formation

The table shows asset class construction fromrttiidual bond market index. Bond index in this stud
classified into six asset classes: Benchmark, grofu7-country (G7), developed market (DM), semi-
government, supra-national and government ager8f)Smerging market government (EM) and inflation-
linked government bond (IL). Group of G7 governmédeteloped countries includes United States (US),
United Kingdom (UK), Germany (GE), France (FR), JafaP), Canada (CA) and ltaly (IT). Government
bond issued by Netherland (NE), Austria (OE), Belgi(BE), Switzerland (SW), Denmark (DE), Australia

(AU) and New Zealand (NZ) are a member of DM ast®ss. Those G7 and DM index classified into a 1-5
year, 5-7 year, 7-10 year, 5-10 and 1-10 year ntaturSSA asset class is formed by Barclays US
Supranational bond, Barclays Euros Supranationad lmoaturity 1-7 years, Barclays Agency Bond maturity
1-5 years, Bank of America Merril-Lynch Canada Proeimnd Municipal 1-10 years, and Australia semi-
government bond maturity 2-10 years. Emerging maakset classes use geographical (Asia, Europadid

East and Africa/lEMEA, and Latin America/Latam) bomdrket and the country rating (B, BB and BBB)

bond index. IL asset class uses Global Governm#lation-indexed and inflation-linked bonds issuggd
individual government G7 country.

. . No. of
Asset Class  Constituent/country Maturity in?je(:( Notes
Benchmark
Govt bond market G7 1-5 1-5yr 1 single index
UST Bills United States (US) 6month 1  single index
Non-US Bills United Kingdom (UK), Germany 6 month 6  equaly weighted

(GE), France (FR), Italy (IT), Japan
Group of G7 Government Bond

G757 US, UK, GE, FR, IT, JP, CA 57yr 7  equally wedl

G7 7-10 US, UK, GE, FR, IT, JP, CA 7-10yr 7 equalyigheed

G7 5-10 US, UK, GE, FR, IT, JP, CA 5-10yr 14 equallighted
Developed Market Government Bond

DM 1-5 Netherland (NE), Austria (OE), 1-5yr 7 equaly weighted

Belgium (BE), Switzerland (SW),
Denmark (DE), Australia (AU), and
New Zealand (N2)

DM 5-7 NE, OE, BE, SW, DE, AU, NZ 57yr 7  equaly gkied
DM 7-10 NE, OE, BE, SW, DE, AU, NZ 7-10yr 7 equalieighted
DM 5-10 NE, OE, BE, SW, DE, AU, NZ 5-10yr 14 equalighted
DM 1-10 NE, OE, BE, SW, DE, AU, NZ 1-10yr 28 equalgighted

Semi Government, Supranational & Government AgenBiend
SSA US Supranational, Euros 1-10yr 5 equaly weighted

Supranational, Agency bond,
Canada Povince & Municipal, and
Australia semi-govt

Emerging Market Government Bond

EM Country Rating B, BB, BBB 1-10yr 3  single index

EM Geographic Asia, EMEA, LATAM 1-10yr 3  single index
Inflation-Linked Government Bond

Global IL Global IL government bond 1-10yr 1  singldeax

G7IL US, UK, GE, FR, IT, JP, CA 1-10yr 7  equally whetigd
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(IT). Government bonds issued by Netherland (NERistAa (OE), Belgium (BE),
Switzerland (SW), Denmark (DE), Australia (AU) ahlkw Zealand (NZ) are
members of the developed market asset class. edeancher grouped those G7
and developed market government bonds into 1 teab, ¥ to 7 year and 7 to 10-

year maturities.

SSA asset class is formed by Barclays US Supraratioond, Barclays
Euros Supranational bond maturity 1 to 7 yearsclags Agency Bond maturity
1 to 5 years, Bank of America Merrill Lynch Cand@i@vinces and Municipal 1
to 10 years, and Australia semi-government bondiritgt2 to 10 years (available
between January 1988 and December 2014). Thisrobseses two categories for
emerging market asset classes; the first is gebgrap(Asia, Europe, Middle
East and Africa/EMEA, and Latin America/Latam) bandrket and the second is
country rating (B, BB and BBB) bond index (avaiktitom December 2004 to
December 2014). Inflation linked bonds in this e¥sh include Global
Government inflation-indexed and inflation-linkedrals issued by the individual
government of the group of the G7 country thatarailable between December

1985 and December 2014.

Since the central bank’s reserves portfolio aree@lin US Dollar, end of
month currency exchange rates are needed to codearéstic currency index
returns into USD. Exchange rate data are originfatlsn Bank of England (BoE)
and are used to convert the local currency develaparket bonds price index

and non-USD G7 treasury bills into USD. Bank of Aioa Merrill Lynch G7
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Government Bond 1 to 5-year index, serves as govemh bond market proxy.

Note that all the analysis is in USD.

4.2.2.1. Benchmark assets

Central banks are usually conservative in settiggr tbenchmarks due to
various reasons. Central banks are unique in aegbas their credibility depends
on their independence from government, to avoidtargial conflict of interest.
This conflict is most often cited in the contextobnetary policy, but it may also
exist in the area of foreign currency reserves mament where government want
to maximise short-term earning for budgetary puesosThe government also
prefer for a stable contribution from central babikshe budget. It is not unusual
for governments to pressure central banks for hmigheestment returns but
declines to accept higher risks. This conflict egbiy will be translated by central
banks to retreat to low risk-return investmenttstgges. The aim of doing so is to
avoid year-to-year volatility in government remitte, even though at the cost of

foregoing higher portfolios performance.

Technical details of the benchmark portfolios fotima are explained in
the appendix. The benchmark portfolio consistslwéd¢ assets. The first is a
monthly return on the US treasury bills. The secseis are the equally weighted
group G7 non-USD treasury bills equivalent issugdtie government of UK,
Germany, France, ltaly, Japan, and Canada. Thd #re the return on G7
government bond short-medium-term maturity as thepresentation of
government bond market. Taking account for the ruesemanagement

conservatism, the existing benchmark portfolio aorde 30 percent of the
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investable reserves invested in securities withaturity of less than one year,
split equally into US treasury bills and non-USIgjiland 70 percent of the

portfolio invested in the bond market index.

This research defines the benchmark portfolio tia&es into account
central bank liquidity needs and limits its exp@sto interest rate and market
risks. This research applies lower-bound consamthe optimisation to ensure
that a certain portion of the portfolios is suféict to cover central bank liquidity
needs at all times. In order to confirm that tharsged portfolios meet such
liquidity criteria, it requires 30 percent of theréign reserves portfolio to be
invested in securities with maturities less thaa gear, with at least 15 percent in
US treasury bills and at least 25 percent of thef@am will be kept in group of
G7 government bond 1 to 5 year maturity index. Thasnework also confirms
the conservatism of the central bank, since the agset allocation maintains at
least 55 percent of the existing benchmark podfoRegarded as conservative
investors, central banks are more likely to rephetstic change in their reserves

composition, which is also another consideratiothia framework.

422.2. Test assets

For the empiricism, this research proposes thecatilon process under
several different scenarios and assumptions tooappate to what can be thought
as stages of reserves management practices, majldbtie shifting attitude of
central banks towards credit and market risk. Tésearcher constructs several
test assets which are divided into three categdoager bond maturity, emerging

market, and index-link government bonds. This ialtow corresponding research
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questions, as these assets are implemented inusasivategies. This research
introduced 11 scenarios of the longer dated bo&dspanning strategies of the
emerging market bonds inclusion, and 12 portfolafsthe addition of the

inflation-linked bonds to the existing central bdrdnchmark portfolio.

a. Test assets for longer bond maturity
Historically, in positive yield curve environmenésd in relation to the
liquidity premium hypotheses as discussed in BoHine, and Marcus
(2008), fixed income investors have always beenpmmated in higher
returns over time by investing in longer duratidiis argument is the
main motivation to assess investing in longer nigtubonds on
government bond portfolios. More specifically, Jsbm-Calari et al.
(2007) document a study about trends in reserveagemnent that relaxing
bond duration will improve central bank’s risk-retuperformance. The
construction of 11 portfolios of longer dated boraggproximates central
bank investment policy. This is first investigatiey investing in longer-
dated maturity within a group of G7 government mrsto 7-year, 7 to
10-year, and 5 to10-year maturity buckets. Secthlselected advanced
economy government bonds; 1 to 5-year, 5 to 7-ye#r,10 year, and 1 to
10-year maturity; are included. Lastly, in the resemanagement survey,
Pringle and Carver (2006) and Borio et al. (20@@niify an increasing
central bank investment in government agency sgcuHence, semi-
government, supranational and government-agencyg heget classes are

also added in this analysis.
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b. Test assets for emerging market strategy
Central banks typically avoided any class of isghat could give rise to
default risk, no matter how small the probabilities defaults actually
were. Eligible asset classes were thus widenedpblytto allow issuers
judged to have virtually zero default risk. At thésage, central bank
defines default risk from the perspective of treues, which differs from
the probability of default that is commonly usedrhting agencies. They
first perceive the level of sovereignty (governmestiate/province, an
agency with or without explicit government indenynisupranational or
corporate) before the probability of default franogks of the rating

agencies.

The inclusion of the broader definitions of goveemnsecurities to the
existing government bond portfolio may provide éiddial diversification
benefits. Cifarelli and Paladino (2006) documentwiocing evidence of
emerging sovereign bonds co-movement spread, iggdsamore within
geographical area than between geographical areaever, very few
studies analysing the role of emerging market guwent bonds for
developed market government bond portfolios fromcentral bank

perspectives

Stages of the inclusion of emerging market govemtnb®nds strategies
are indicated from the 8 portfolio scenarios. Fitsf adding emerging
market bond index directly to the existing benchm&econd, by adding

emerging market together with a group of G7 bonsetss Third, by
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adding emerging market with the group of G7 andetped market
government bonds simultaneously. Fourth by addimgrging market,
G7, developed market and semi-supra-agency asHetgether to the
existing benchmark. Scenarios five to eight invakpeating the previous
scenarios for the different emerging market index.

. Test assets for inflation-linked strategy

Bri‘ere and Signori (2009) argue that, althoughlatién-linked bonds
once had significant diversification benefits, theye now highly

correlated with nominal bonds and have reachedlainolatility levels.

As a result, they argue that the two asset classes practically

substitutable. Although it was a valuable reasaniritroducing inflation-

linked bonds in a global portfolio before 2003,’&m and Signori (2009)
argue this is no longer the case.

The diversification benefits of the inclusion ofdex-linked government
bond will be examined using two different indexgibal government
inflation link and G7 government inflation linkeddex. 12 portfolios are
constructed to reflect stages of the index-linkeshd spanning to the
current benchmark. First, by adding index-linkechdadirectly to the

existing benchmark. Second, by adding index-linkedd together with
G7 bond assets. Third, by adding index-linked it G7 and developed
market simultaneously. Fourth by adding index-lohk&7, developed
market and semi-supra-agency. Fifth and sixth bgirgd index-linked

with G7, developed market, semi-supra-agency anergmnmg market
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geographic or country rating approach. Scenarea®rs to twelve are
constructed by repeating scenario one to six ferdifferent index-linked

government bonds.

Table 4.2 shows the construction of the weightsstraimts for the test
assets. Asset allocation decisions in general, teednsider all elements of risk
and the central banks’ policy objectives in manggtheir reserves. Asset
allocation constraints are proposed to addresstytpeal central banks’ risk
appetite that can be considered as low tolerams@rtbrisk and conservative.
Hence, this exercise tries to limit the interese rand market risks exposure by
setting up the total allocation of new assets téebs than 45 percent of the total
portfolio. In this framework, one may see that plogtfolio optimisation will only
be given less than half the portion of the totakrges portfolio. This framework
is intended to reflect conservatism and the cemitaalk will likely aim to avoid
radical change compare to the status quo; evemgththe new portfolio may offer

significant improvements.

In addition to the total test assets allocationis ttesearch also sets
portfolio weight constraints at the asset classlléy ensure that our framework is
consistent with the risk preference of central lsarurther, this individual asset
class weight constraint can be seen as a prevemeasure to avoid excessive
holdings of new and unfamiliar instruments and regrgarticularly emerging and
index-linked government bonds. This research dsficonstraints of maximum

10 percent to be held in SSA, maximum 10 perceld re emerging market
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government bond and maximum 15 percent to be halttiex-linked government

bonds markets.

43. Empirical Results

4.3.1. Descriptive statistics

Table 4.4 reports summary statistics for the boratket index and the
first four asset classes; treasury bills, G7, dgwetl market and semi-supra-
agency government bonds index. These will be useeikamine central banks’
foreign reserves diversification benefits by retaxibond maturity and credit
constraints to quasi-government. Average monthiyrreon the G7 1 to 5-year
maturity index was 0.49 percent over the entiregoerand the monthly volatility
was 1.52 percent. Mean return as well as the Vityatiaries substantially across
developed market government bond indexes as showable 4.4. Interestingly,
a non-US treasury bill provides lowest volatiligturns than US Treasury Bills.
Non-US Treasury Bills have the expected returns \aidltility of 0.23 percent

and 0.13 percent respectively, lowest amongst @tbset classes.
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Table 4.4 Summary statistics of benchmark assetgavernment bond portfolios

The table reports summary statics of the monthiyrns of the government bond benchmark assets Gmrplidsi-government bond indices between December
1985 and November 2013. Benchmark assets constiseaharket, UST Bills and Non-US Bills. Test assatlude a group of G7 government bond market,
developed government bond market, semi-governngipranational and government agency bond marketrggng government bond market and index-
linked government bond market. The table showsntkan, standard deviation, minimum and maximum mgm&turns (percent) and its correlations with
each benchmark assets.

Standard Correlation
Asset Class Mean o Minimum Maximum Bond . Non US
Deviation UST Bills ,
marke Bills
Benchmark
Bond Market index (G7 1-5 year) 0.4857 1.5185 -4.2092.10%Z% 1 0.0948 0.0630
US Treasury Bills 0.3014 0.2056 0.0025 0.7492 0.0948 1 293.9
G7 ex-US TBills 0.2346 0.1318 -0.0126 0.5698 0.0630 @192 1
L engthening Duration
Group G7 5-7 year 0.0876 0.9864 -2.8021 2.8961 0.4287 780.0 -0.0333
7-10 year 0.1517 1.2417 -3.4884 4.3097 0.4039 -0.0783 458.0
5-10 year 0.1196 1.1096 -3.1452 3.6029 0.4165 -0.0785 406R.0
Developed Mkt (DM) 1-5 year -0.0356 0.4522 -1.1234 10896 0.3024 -0.0601 0.0222
5-7 year 0.0888 0.9642 -2.5490 2.7860 0.2989 -0.1001 7B.03
7-10 year 0.1318 1.0703 -2.6752 3.7107 0.2764 -0.1131 628.0
Semis, Supranational and Govt. Agencies (SSA) 0.2160.9416 -3.5064 3.2574 0.4965 -0.0089 -0.0272
Emerging M arket
Geographics Sovereign B rated -0.0315 2.3366 -26.66818728. 0.0428 -0.0007 -0.0712
Sovereign BB rated 0.0969 1.6280 -18.3602 12.2182 0.1426.0734 -0.1218
Sovereign BBB rated 0.0336 1.3233 -11.6660 9.3027 0.231-D.0479 -0.0883
Country Rating Asia 0.0882 1.7390 -18.1024 13.2688 0.1364.0530 -0.1070
Europe, Midle East & Africa 0.0332 1.4234 -16.1205 @137 0.1512 -0.0493 -0.1013
Latin America 0.0246 1.6421 -16.9598 8.2663 0.1710 -(B021-0.0784
Index-linked Bond
Global Government Inflation-Linked Bond 0.3307 1.695711.9180 7.7225 0.5030 -0.1200 -0.1944
G7 Government Inflation-Linked Bond 0.1923 1.5214 3113 9.3810 0.4695 -0.1075 -0.1784
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Those short-dated assets’ risk and returns arerdded by their currency
performance over the sample period. From the petispeof the central bank as a
US investor, it can be seen that holding non-U8 sl reasonably comparable to
holding foreign currency portfolios. Most developadrket bond indexes exhibit
negative correlation with the market index. As sumie may see the potential for
diversification benefits through the reduction akr rather than return
enhancement. The mean return and volatility are&fly higher in longer dated
indexes than in short-dated bucket. The means,datdn deviations and
correlation of assets’ returns with to the marketex in this table, however, do
not provide a clear indication as to whether longeaturity bonds offer

diversification benefits beyond those offered bgdyenark portfolio.

The indices used to examine diversification besebl investing in
emerging market government bonds are categorisezbbytry credit rating and
geography. The average returns of emerging markgergment debt range
between -0.03 percent (Asia) and 0.10 percent (teyrbliddle East and Africa).
Emerging market government debt returns are relgtisimilar to those of
developed market government bonds. However, thenekide risk of sovereign
emerging market asset classes, as shown by themmimireturn of -26.67
percent, was almost ten times higher than the dpeel market bonds index (-
2.67 percent). In contrast to developed marketsretaions of sovereign
emerging market returns to the government bond etaridex are all positive,
which may offer return improvement to foreign resemportfolios. The main

reason as to why the difference in correlation leetwdeveloped and emerging
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markets exists is that aside from global econoriddions, emerging markets
have country specific situations influencing thgiowth potential. Additionally,
given their developing nature, emerging economislly enjoy higher growth
rates than developed markets as they acceleratatth up with advanced
markets. For this reason, investing in emergingketarwill not only diversify

portfolio risk, but can also add a source of higilwgvected return.

The average returns of index-linked bonds are @8&ent and 0.19
percent, and the standard deviations are 1.70 peaoel 1.52 percent. The means
and standard deviations of index-linked governniands returns in Table 4.4
provide a clearer early indication as to whethatenilinked government bond
markets offer diversification benefits for centrélanks’ foreign reserves
management beyond those offered by developed gowerin bond markets.
During the sample period, index-linked bonds gdheteave higher means, but
lower standard deviations and correlations withetlgyed and emerging market
government bond market indices. This low correfaBaggests that central banks

may benefit from investing in index-linked bonds.

In the following sections, this research examimesdiversification benefit
in term of risk reduction. The researcher considests reduction in two sources;
first the reductions of risk for a given benchmaeturn, and second the risk

reduction to the global minimum-variance portfolio.
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4.3.2. Risk reduction for a given existing benchmark returns

The sharp increase in central banks’ foreign resertias been an
important factor influencing the growth in attemti@s to how central banks
manage their foreign reserves. However, that ighmbnly factor. In general, the
amplified focus on transparency and accountabhidg also raised pressure on
central banks to better optimise the risk and retidrtheir foreign reserves funds.
From the perspective of a central banks’ portfali@nager, the increase in
reserves has provided extra flexibility. Thus, gitkat the focus has shifted more
towards the risk and return, the pressure to kéepréserves all for liquidity
purposes has become lesser. To capture these sspscfirst measure is the
reduction in government bond portfolio standardiagen when central banks
switch their investment from benchmark assets &ldmger maturity, emerging
market and inflation-linked government bonds foe ttame level of expected

benchmark returns.

4.3.2.1. Longer bond maturity diversification

Liquidity preference theory (Bodie et al., 2008ys#hat longer bonds are
subject to greater interest risk than short-termdso As a result, investors in
long-term bond bonds require a risk premium to censate them for the risk.
This theory is also derived from the fact that sfiobonds are more liquid than
the longer bonds. The preference to hold lowerididy bond will only occur if
those bonds offer higher expected returns. Thentad&aa-low yield phenomena,

however, raises doubts about the benefit of lemgtigegbond portfolio duration.
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The motivation to examine longer dated bond stsategrause investors
have typically been rewarded in higher returnsresting in longer-dated bond
(Berkelaar, Coche, and Nyholm, 2010). More spedliffc Johnson-Calari et al.
(2007) document a study about trends in reservesmgament by central banks.
They point out there are opportunities to relaxation and credit risks constraints
on the strategic asset allocation, which improves tisk-return performance
through diversification. The first part of my ansiky is to consider diversification
benefits from investing in a longer-dated governimieond. Subsequently, the
assets considered a move down the credit curvaasi-government for the short-
sale constrained reserves portfolio; the aim ofclwhs to minimise portfolio risk
for a given expected benchmark returns.

Table 4.5 reports the posterior distribution oftfmdio risk reduction in
switching from the efficient frontier of the existy K government bond
benchmarks to the efficient frontier portfolio ahghger government bonds
maturity, while the central bank maintains the entrstate of expected returns.
Table 4.5 contains the mean, standard deviatidnabmeasure,"y 50", and 9%’
percentile of the posterior distribution of thekrreduction. This table shows that
when central bank faces short-sale restrictionshamigjet constraint equal to one,

all the longer bond maturity strategies show pesisiigns of diversification
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Table 4.5 Posterior distribution of risk reductiointhe longer bond maturity
strategy for the same return as benchmark portfolio

This table reports the posterior distribution ofkrireduction benefits for a given expected
benchmark returns from two different constraintsl &1 diversification scenario by adding test
assets to the benchmark portfolio. In Panel A anthB actual efficiency gain is based on 10000
Monte Carlo simulation as in Li, et al. (2003) wiind without asset allocation constraints for
short-sales constrained investors. The first-3tfeons spanned by lengthening portfolio duration
within G7 government bond markets up to 10-yearturitg. The next strategy is diversifying to a

longer-dated selected developed market governnmard (DM) 1 to 10 year maturity. The last-4

portfolio is spanned by SSA asset class on top Mf $rategy. The summary statistics are the
mean, standard deviation, the average actualet$liction, and % 50", and 98' percentile.

Frontier of Benchmark Mean Stdev 5 Percentile

+ 5" 50" 95"
Panel A. Short-sales Constraints
G7 5-7year 0.3221 0.2395 0.4596 0.0103 0.2763 0.7366

7-10 year 0.3245 0.2398 0.4563 0.0103 0.2791 0.7377
5-10 year 0.3289 0.2400 0.4504 0.0103 0.2840 0.7358
G7+DM 5-7year 0.3317 0.2362 0.4466 0.0177 0.2875 0.7367
7-10 year 0.3375 0.2379 0.4390 0.0155 0.2997 0.7375
5-10 year 0.3419 0.2371 0.4331 0.0190 0.3038 0.7379
1-10year 0.3467 0.2361 0.4268 0.0242 0.3083 0.7393
G7+DM+SSA 5-7year 0.3700 0.2362 0.3969 0.0276 0.3491 00.74
7-10 year 0.3693 0.2404 0.3978 0.0270 0.3412 0.7437
5-10 year 0.3753 0.2368 0.3902 0.0306 0.3528 0.7434
1-10year 0.3801 0.2351 0.3843 0.0369 0.3595 0.7428
Panel B. Asset Allocation Constraints
G7 5-7year 0.0524 0.0759 0.8980 0.0000 0.0061 0.2294
7-10 year 0.0407 0.0643 0.9202 0.0000 0.0000 0.1888
5-10 year 0.0598 0.0806 0.8839 0.0000 0.0152 0.2328
G7+DM 5-7year 0.0796 0.0881 0.8472 0.0000 0.0442 0.2443
7-10 year 0.0653 0.0764 0.8736 0.0000 0.0291 0.2092
5-10 year 0.0889 0.0893 0.8302 0.0000 0.0581 0.2448
1-10year 0.1093 0.0978 0.7933 0.0000 0.0819 0.2743
G7+DM+SSA 5-7year 0.1053 0.0930 0.8005 0.0000 0.0831 10.26
7-10 year 0.1079 0.0945 0.7958 0.0000 0.0867 0.2617
5-10 year 0.1142 0.0944 0.7847 0.0000 0.0986 0.2626
1-10year 0.1337 0.1012 0.7505 0.0000 0.1181 0.2905
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benefits between 0.01 percent to 0.04 percenteaStipercentile. The average of
the new optimal portfolio risk is less than quadéthe existing portfolio risk, but
they failed to deliver greater than zero benefittha 5" percentile of the posterior

distribution.

Strategic asset allocation constraints for longendo diversification
strategy are defined as; 30 percent of bills witmiaimum of 15 percent in US
treasury bills; at least 25 percent needs to best®d in the bond market index,
and a maximum of 10 percent of the portfolios cannvested in SSA asset class.
The table shows that additional asset allocatiorsttaints change the location of
the posterior distribution of the risk minimizatidmenefits toward zero and
provide smaller diversification benefits. Longemdomaturity strategies deliver
zero diversification benefits at th& percentile of the posterior distribution, and
the average of the new optimal portfolio risk i®ab70 to 90 percent from the
existing portfolio volatility. These results sholat all the longer bond and quasi-
government diversification fail to reject the hyjpesis after imposing asset

allocation constraints.

Interesting findings are the sharp drop in meash standard deviation of
the benefits from before to after imposing asdetation constraints. These sharp
drops are due to asset allocations which limithbleling of the certain assets that
could be seen too strict from a standard portfoldimisation. This strict limit,
however, is a vital risk tool to regulate the politi to ensure consistency with

central banks’ investment policies. Imposing steimy constraints, however,
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significantly makes the benefits of constrained easallocation portfolio

disappear.

Table 4.5 reports the posterior distribution of #neerage and standard
deviations of the optimal asset weights for the esaxisting government bond
benchmark target return, resulting from the londgtied diversification strategies
consideredWhen there are only budget and no short-sales r@mnistaken into
consideration, US T-Bills and G7 government bones ylear require weights
amounting to almost 50 percent and 40 percentetdtal portfolio respectively.
Taking more restrictive asset allocation constginto account, total weights for
n assets is 7-8 percent and benchmark assets weightsore than 90 percent of
the total portfolio. The weights of assets is much smaller than was allowed and
resulted in a portfolio that relatively identical henchmark. This provides further
evidence that longer bond maturity may not abledé&hver significant risk

reduction benefits.

One possible reason of why longer dated bond imvest failed to offer
diversification benefits for government bond pditfos because during 1985-
2013 bond markets have often experienced whateanget! flight-to-quality and
flight-to-liquidity. Bernanke and Gertler (1995) sieibe flight-to-quality
phenomena as when market participants suddenly wantlecrease their
investment exposure to securities bearing credk and move to default-free
assets. In recent years, however, a related btérelt phenomenon has been

observed in the global financial markets: flighthtidity.
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Table 4.6 Portfolio weights in the efficient potifofor the same return as
benchmark portfolio of the longer bond maturityastgy.

This table reports the posterior distribution af #verage and standard deviations of the weights in
the efficient portfolio with the same target retuesulted from 9 spanning tests considered. Test
assets included in this scenario are emerging rhgdeernment bond indices based on country
rating (B, BB and BBB) and geographical area (A&arope, Middle East and Africa (EMEA),
and Latin America), G7 government maturity 5-7 &tl0 years, DM bond index 1-5 year, 5-7
year and 7-10 year and SSA. The last three arbeéhehmark assets; US Treasury Bills, non-US
bills and G7 government bond index 1-5 year. Thefplio weights are restricted to budget equal
to one, constrained to non-negativity and assetation.

5-7 year 7-10 year 5-10 year
Mean Stdev Mean Stdev Mean Stdev
Panel A. Group of G7 Bond

Bond Index

Panel A.1. No Short-sales Mean Stdev
G7 7-10 year 0.0473 0.0712 0.0312 0.0624
G75-7year 0.0528 0.0797 0.0237 0.0584

UST Bills 0.4832 0.2793 0.4933 0.2783 0.4943 0.2759
Non US Bills 0.0656 0.1044 0.0673 0.1047 0.0623 0.1021
G7 1-5 year 0.3984 0.2079 0.3921 0.2092 0.3886 0.2076
Panel A.2. Asset Allocation
G7 7-10 year 0.0682 0.0798 0.0231 0.0534
G75-7year 0.0784 0.0797 0.0646 0.0785
UST Bills 0.2236 0.0719 0.2094 0.0690 0.2272 0.0715
Non US Bils 0.0764 0.0719 0.0906 0.0690 0.0728 0.0715
G71-5 year 0.6216 0.0797 0.6318 0.0798 0.6123 0.0840
5-7 year 7-10 year 5-10 year 1-10 year
Mean Stdev Mean Stdev Mean Stdev Mean Stdev
Panel B. Developed Market Government Bonds
Panel B.1. No Short-sa
DM 7-10 year 0.0229 0.0491 0.0116 0.0364 0.0075 0.0293
DM 5-7 year 0.0229 0.0491 0.0162 0.0420 0.0116 0.0356
DM 1-5 year 0.0145 0.0442
G7 7-10 year 0.0349 0.0631 0.0216 0.0518 0.0224 0.0529
G75-7year 0.0349 0.0631 0.0134 0.0438 0.0136 0.0445
UST Bills 0.5181 0.2636 0.5181 0.2636 0.5187 0.2635 0.5272561
Non US Bills 0.0498 0.0940 0.0498 0.0940 0.0456 0.091036%20 0.0836
G71-5 year 0.3743 0.2023 0.3743 0.2023 0.3729 0.2016569.30.1976

Bond Index
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5-7 year 7-10 year 5-10 year 1-10 year
Mean Stdev Mean Stdev Mean Stdev Mean Stdev
Panel B. Developed Market Government Bonds
Panel B.2. Asset Allocation
DM 7-10 year 0.0306 0.0515 0.0107 0.0341 0.0047 0.0228
DM 5-7 year 0.0325 0.0532 0.0271 0.0491 0.0101 0.0327
DM 1-5 year 0.0512 0.0637
G7 7-10 year 0.0599 0.0742 0.0154 0.0445 0.0159 0.0450
G7 5-7year 0.0696 0.0794 0.0607 0.0770 0.0489 0.0707
UST Bills 0.2396 0.0694 0.2234 0.0700 0.2459 0.0674 0.2670597
Non US Bills 0.0604 0.0694 0.0766 0.0700 0.0541 0.067432B0 0.0597
G7 1-5 year 0.5979 0.0810 0.6094 0.0760 0.5862 0.081059P.50.0801
Panel C. Supranational/Semi-Government/Agency Badelx
Panel C.1. No Short-sales

Bond Index

SSA 0.0742 0.1199 0.0727 0.1182 0.0690 0.1169 0.0689 0.1158
DM 7-10 year 0.0208 0.0454 0.0088 0.0312 0.0053 0.0238

DM 5-7 year 0.0205 0.0455 0.0146 0.0393 0.0110 0.0343

DM 1-5 year 0.0124 0.0400

G7 7-10 year 0.0193 0.0501 0.0125 0.0392 0.0130 0.0399
G7 5-7year 0.0204 0.0517 0.0091 0.0352 0.0088 0.0343

UST Bills 0.5267 0.2607 0.5289 0.2634 0.5378 0.2577 0.5452515

Non US Bills 0.0426 0.0859 0.0422 0.0857 0.0385 0.0829310.0 0.0753

G7 1-5 year 0.3155 0.2124 0.3160 0.2145 0.3097 0.2099044.30.2052
Panel C.2. Asset Allocation

SSA 0.0530 0.0477 0.0532 0.0478 0.0536 0.0476 0.0514 0.0475
DM 7-10 year 0.0322 0.0510 0.0090 0.0298 0.0045 0.0218

DM 5-7 year 0.0323 0.0512 0.0261 0.0473 0.0107 0.0333

DM 1-5 year 0.0536 0.0635

G7 7-10 year 0.0618 0.0714 0.0113 0.0368 0.0118 0.0374
G7 5-7 year 0.0607 0.0707 0.0549 0.0702 0.0397 0.0614

UST Bills 0.2437 0.0654 0.2425 0.0655 0.2455 0.0648 0.2629561
Non US Bills 0.0563 0.0654 0.0575 0.0655 0.0545 0.0648301.0 0.0561
G7 1-5 year 0.5540 0.0940 0.5527 0.0948 0.5451 0.0943284.50.0921

Longstaff (2004) and DeSantis (2014) describe ithat flight to liquidity,
some market participants abruptly prefer to holghhi liquid assets such as US
treasury bonds rather than less liquid securitidghen financial market
experienced flight-to-quality or flight-to-liquidit it is likely that investors do not

want to know anything about whether a particulaeass risky or not. They just
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want to disengage. Moreover, the reason investotd & liquid asset is that
because this asset enables investors to disengdgstaas possible. Given these
arguments, one may expect that investors do noiregigher premiums to hold
higher risk instruments. Hence relaxing constraiata longer bond duration and
lower credit quality to quasi-government bond i$ switable for foreign reserves

portfolio risk reduction.

4.3.2.2. Emerging market diversification

The next part of the analysis examines reservegoporrisk minimization
for the same or higher return as the benchmarkhigicase when central banks
switch their investment to the combination of benalk and emerging
government bonds when short-sale constraints aeadyl in place. From the
equity markets perspective, De Santis (1997) anddya(1995) demonstrate that
the efficient frontier shifted when emerging markgicks are included. De Roon,
Nijman, and Werker (2001) find that the diversifioa benefits disappear when
short-sale restriction and transaction costs angosaed. It is possible that the
result will be similar to emerging market governmbonds, since some recent
studies on emerging market credit spread have dected significant co-
movement in spread changes. Cifarelli and Pala#806) document convincing
evidence of emerging sovereign bonds co-movemerdadp it changes more
within geographical area than between geographacad. In this sub-section,
however, this research extends the analysis tanthact of additional multi-asset
weights when the non-negativity weights restrictian any of the assets are

already in place.

139



Table 4.7 reports the statistics of the distributaf risk reduction for a
given expected returns for emerging market goventnbends diversification.
This table indicates only when emerging market gawvent bonds included
together with G7, developed market government bandSSA are able to offer
risk reduction benefits. All the emerging marketeadsifications strategy delivers

risk reduction benefits to the current benchmankfplbo.

However, when it is added together with the othesea classes, both
regional and country rating strategy delivers tlyggést mean of risk reduction of
around 0.47 percent and greater than 0.07 perdetiteafifth percentile. The
smallest benefits could be attained through addmgrging market index directly
to the current benchmark. This strategy could glethe average benefits of 0.40

percent and 0.07 percent at tffepgercentile of the posterior distribution.

Strategic asset allocations for the inclusion oérging government bonds
is similar to that of longer-dated bonds, and a@dpé&rcent holding limit is
imposed in emerging market. The results show tim@ipsing asset allocation in
addition to short-sale constraints reduces hathefbenefits. Ehling and Ramos
(2003) find that the choice of using the industiwal geographic approach of
emerging market assets does have an impact omgtliy @ortfolio performance.
However, when it is applied to fixed income poritbs] my result show that the
choice of credit rating and geographic approacleroérging government bond
provides similar risks reduction benefits. Both regiag strategies provide on

average 0.25% volatility reduction. At th8 percentile of the posterior
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Table 4.7 Posterior distribution of risk reductiéor the same return as the
benchmark of the emerging government bond strategy

This table reports the posterior distribution ofkrireduction for a given expected benchmark
return. Panel A for the budget and short-sale caimis on portfolio weight and Panel B for the
asset allocation constraints. First diversificatgrategy is spanned the emerging market directly
to the benchmark portfolio, the next are spanned thie inclusion of G7, developed government
bond market and SSA bond index. The summary statiare the mean, standard deviation, the
average of actual risk reduction measuf® 58" and 9%' percentile,

Frontier of Benchmark +

Percentile
5" 50" 95"

Mean Stdev 0

No Short-Sale
EM Geographics (EMG)

G7 + EMG

G7+DM+EMG
G7+DM+SSA+EMG

EM Country Rating (EMR)
G7 + EMR

G7+DM+EMR
G7+DM+SSA+EMR

0.3927 0.2504 0.3688 0.0165 0.39924%
0.4183 0.2441 0.3384 0.0328 0.4264 0.7533
0.4398 0.2348 0.3138 0.0553 0.4559 0.7550
0.4579 0.2298 0.2939 0.0683 0.4814 0.7562

0.3975 0.2497 0.3630 0.0188 %7400.7510
0.4303 0.2393 0.3246 0.0378 0.4498 0.7529
0.4508 0.2337 0.3017 0.0622 0.4720 0.7565
0.4688 0.2279 0.2822 0.0756 0.4996 0.7576

Asset Allocation Constraint
EM Geographics (EMG)
G7 + EMG
G7+DM+EMG
G7+DM+SSA+EMG
EM Country Rating (EMR)
G7 + EMR
G7+DM+EMR
G7+DM+SSA+EMR

0.1388 0.1123 0.7417 0.0000 0.1378138
0.1812 0.1195 0.6704 0.0000 0.1966 0.3407
0.2307 0.1270 0.5918 0.0000 0.2502 0.3948
0.2462 0.1278 0.5683 0.0065 0.2712 0.4082

0.1578 0.1221 0.7092 0.0000 4r160.3364
0.2031 0.1262 0.6351 0.0000 0.2272 0.3652
0.2497 0.1343 0.5630 0.0003 0.2783 0.4184
0.2678 0.1327 0.5361 0.0097 0.3041 0.4268
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distribution, it shows that this strategy might idet greater than zero risk
reduction benefits, and the average of the newr@btportfolio risk is only about
54 percent from the existing policy. More specifigait is only when emerging
market country rating is added together with long&f, developed market
government bonds and SSA has statistically sigaitiadiversification benefits

greater than zero at 0.05 significance level.

Table 4.8 presents the posterior distributionh&f average and standard
deviations of the optimal weights in the efficigmdrtfolio for a given expected
returns resulted from the emerging market goverrnends spanning strategies.
Test assets included in this scenario are emergiagket government bond
indices based on country rating (B, BB and BBB) aadional classifications
(Asia, EMEA, and Latam), G7 government maturityo7t and 7 to 10 years,
developed market bond index 1 to 5 year, 5to 7 ged 7 to 10 year and SSA

bond index.

The average weight of emerging market assetsdogmgphic and country
rating approaches relatively similar at more thigihtepercent, slightly lower than
the 10 percent limit for both non-negativity andsetsallocation restrictions.
Adding emerging markets to the investible governniemds portfolio strategies

significantly increases the holding af assets to 25 percent; more than half of the

142



Table 4.8 Portfolio weights in the efficient poltifofor the same return as benchmark portfoliohaf €merging market strategy

This table reports the posterior distribution of tiverage and standard deviations of the weightiseirefficient portfolio with the same target retuesulted
from 9 spanning tests considered. Test assetsdied|in this scenario are emerging market governimemd indices based on country rating (B, BB and8BB
and geographical area (Asia, Europe, Middle EadtAsfrica (EMEA), and Latin America), G7 governmanaturity 5-7 and 7-10 years, DM bond index 1-5
year, 5-7 year and 7-10 year and SSA. The lase thare the benchmark assets; US Treasury Bills,U®ills and G7 government bond index 1-5 year. The
portfolio weights are restricted to budget equadrnie, constrained to non-negativity and strateggefallocation.

EM Geographics G7+DM+ EM Country G7+DM+
+ +DM+ + +DM+
Asset Class (EMG) CT+EMG  GT+DM+EMG SSA+EMG  Rating (EMR) GT+EMR — GT+DM+EMR SSA+ EMR

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean Stdev
Panel A. No Short-sal
EM Asia 0.0271 0.0557 0.0245 0.0520 0.0242 0.0508 0.0232486.
EMEMEA  0.0340 0.0674 0.0333 0.0646 0.0336 0.0640 0.0310602
EM LATAM 0.0259 0.0576 0.0244 0.0545 0.0257 0.0547 0.02420519

EMB 0.0259 0.0456 0.0271 0.0456 0.0271 0.0448 0.0251 0.0421
EM BB 0.0278 0.0578 0.0255 0.0527 0.0261 0.0521 0.0245 0.0492
EM BBB 0.0349 0.0726 0.0301 0.0650 0.0287 0.0621 0.0302 0.0633
SSA 0.0542 0.0971 0.0536 0.0956

DM 7-10 year 0.0073 0.0278 0.0051 0.0221 0.0071 0.0269040.00.0220

DM 5-7 year 0.0000 0.0000 0.0111 0.0333 0.0103 0.0315 00.00.0000 0.0104 0.0324 0.0098 0.0304
DM 1-5 year 0.0000 0.0000 0.0208 0.0498 0.0165 0.0435 00.02.0497 0.0171 0.0441
G7 7-10 year 0.0183 0.0469 0.0126 0.0388 0.0075 0.0294 199.00.0487 0.0129 0.0391 0.0075 0.0289
G7 5-7 year 0.0217 0.0501 0.0134 0.0400 0.0087 0.0316 1D.00.0497 0.0141 0.0404 0.0088 0.0311

US Bills 0.4596 0.3062 0.5069 0.2894 0.5348 0.2689 0.5522599 0.4575 0.3098 0.5151 0.2870 0.5450 0.2676 0.5543 64.26
Non US Bils  0.1077 0.1069 0.0667 0.0963 0.0353 0.075629%0 0.0680 0.1095 0.1066 0.0655 0.0955 0.0342 0.0744 0.08IK07
G7 1-5year 0.3457 0.2317 0.3043 0.2177 0.2812 0.2017 7D.28.1969 0.3445 0.2326 0.2956 0.2141 0.2739 0.2005 0.232893)
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EM Geographic: G7+DM+ EM Country G7+DM+
+ +DM+ + +DM+
Asset Class (EMG) GT+EMG  GT+DMHEMG SSA+EMG  Rating (EMR) GT+EMR — GI+DM+EMR SSA+ EMR

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean  Stdev
Panel B. Asset Allocation
EM Asia 0.0243 0.0392 0.0217 0.0369 0.0259 0.0387 0.0258388.
EMEMEA 0.0244 0.0387 0.0296 0.0405 0.0248 0.0379 0.0248380L
EM LATAM 0.0219 0.0380 0.0219 0.0369 0.0251 0.0384 0.0262389

EMB 0.0388 0.0430 0.0470 0.0434 0.0458 0.0426 0.0473 0.0422
EM BB 0.0201 0.0349 0.0187 0.0329 0.0203 0.0336 0.0205 0.0333
EM BBB 0.0132 0.0301 0.0108 0.0273 0.0108 0.0271 0.0111 0.0273
SSA 0.0507 0.0468 0.0492 0.0462
DM 7-10 year 0.0047 0.0224 0.0036 0.0194 0.0052 0.0244040.00.0210

DM 5-7 year 0.0086 0.0303 0.0086 0.0294 0.0083 0.0300 82.00.0291

DM 1-5 year 0.0719 0.0724 0.0721 0.0696 0.0742 0.0736 5@.00.0713

G7 7-10 year 0.0128 0.0414 0.0099 0.0352 0.0070 0.0283 124.00.0407 0.0101 0.0362 0.0072 0.0288
G7 57 year 0.0656 0.0728 0.0395 0.0614 0.0281 0.0513 80.06.0741 0.0407 0.0619 0.0299 0.0524

US Bils 0.1180 0.0668 0.1894 0.0907 0.2652 0.0696 0.2670660 0.1090 0.0698 0.1836 0.0936 0.2629 0.0727 0.2652 90.06
Non USBils 0.1820 0.0527 0.1106 0.0869 0.0348 0.05673230 0.0577 0.1910 0.0597 0.1164 0.0879 0.0371 0.0637 0.034%87
G71-5year 0.6294 0.0422 0.5483 0.0916 0.4897 0.0916 34.48.1039 0.6279 0.0416 0.5431 0.0905 0.4846 0.0939 0.44/D4%)
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45 percent limit. More specifically, this strateggquires 8 percent of the total
portfolio to be invested in emerging market goveeninbonds, regardless the
emerging market approach used. However, none ohteeage weights of the
emerging market assets, both country credit radimd)geographic diversifications

are more than two standard errors.

These results demonstrate that the choice of cratliitg and regional
approach of emerging government bond provides armisks reduction benefits.
It shows both in the absence and in the presenasset allocation constraints, no
empirical evidence is found to support the argumehat geographic
diversification dominates country rating diversdiion. Our findings are different
from Ehling and Ramos (2006), finding that the ckoof index and constraints
does matter. Ehling and Ramos (2006) study theopaence of geographical and
industrial diversification in the Eurozone equityarkets. In an unconstraint case,
they did not find empirical evidence to support Hrgument that one of those
strategies provides better portfolio performanceithWshort-sell constraints,
however, their analysis shows that the tangencytfgior of geographic
diversification is not attainable by industry disiication. Applying in the
government bond portfolio, this research showsedsffit findings that the choice
of geographic or country rating diversificationnst essential for multi-weight

constraints portfolio when non-negativity consttaiare already considered.
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4323. I nflation-linked diversification

Inflation protected securities issued by the gonesnt might be the most
desirable asset classes for central banks singeatieethe least risky of all assets
because, theoretically, they are immune to botlatioh and default risks. Mamun
and Visaltanachoti (2006) conduct an empirical gialto show that introducing
inflation-indexed securities to a diversified potfitd of treasury bills, treasury
bonds, equities, corporate bonds and real-estatet alasses provides investors
with diversification benefits. Their findings arerdszed in different economic and
inflationary conditions, and confirm the predictitivat inflation-linked bonds are
important for investors who are exposed to inflaticsks. Cartea, Saul, and Toro
(2012) solve an optimal portfolio choice problem rteeasure the benefits of
Treasury Inflation Indexed Securities (TIPS) todators who are concerned about
inflation. By comparing optimal portfolio with angithout TIPS in the presence
of other asset classes such as equities, comnmmd#re real estate, they show
that the introduction of a real riskless asset detep the investor asset space.
Their analysis distinguishes between buy-and-hohdjiterm investors for whom
TIPS fully displace nominal risk-free assets andrsterm investors for whom
TIPS improve the investment opportunity set of retdirns. Finally, this research
shows how gains from inflation-linked treasuries alleviated by the availability

of alternative assets that co-vary with inflatieach as gold and real estate.

However, the more recent study of Huang and Zh@@3.3) using data
from 1970 to 2010 finds that the commodity, reahtesand inflation-protected

securities asset classes are not substitutes ¢br @her, and that diversification
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benefits of each asset class change substantiadly tone. Therefore, all those
three asset classes should be included in invégtorgolios. Another empirical
analysis by Hunter and Simon (2005) argue thatnd®xed bond does not deliver
diversification benefits and does not enhance tleanvariance efficiency of a
diversified portfolio. One possible explanation wagen by Bri'ere and Signori
(2009) when they study the dynamics of conditior@htilities and correlations
for inflation-protected bonds, nominal bonds andiiggasset classes for the
period 1997-2007. Bri’ere and Signori (2009) ardghat, although inflation-
linked bonds once had positive diversification pgwihey are now highly

correlated with nominal bonds and have reachedaiwolatility levels.

As a result, the two asset classes are practisalpgtitutable. This seems
to be due to more stable inflation expectations amdore liquid inflation-linked
bond market. Although diversification was a val@abeason for introducing
inflation-linked bonds in a global portfolio befor2003, Bri'ere and Signori
(2009) argue this is no longer the case. This edittion between theory and
empirical evidence calls for attention to examine benefits of inflation-indexed
government bond for government bonds portfolio.sTlast asset class selection
analysis is to examine the reduction of portfolisks for a given current

benchmark target returns from inflation-linked gowaent bonds diversification.

For a central bank which faces only short-sale twam in their
investment policy, there are eight out of 12 spagnistrategies (global

government index-linked (GIL), GIL+G7 5-7 year a@d government inflation
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linked+G7 5-7 year) able to rejelt, as indicated by its benefit greater than zero
at the §' percentile of the posterior distribution. The ag® of risk reduction of
the no short-sale and budget constraints optinozasi just below 0.50 percent or
only about 26 to 36 percent from the existing moitf risk. The minimum of the
reduction of risk is 0.02 percent at the fifth pmrile posterior distribution for
adding global government inflation linked togetketh group of G7 government
bonds market to the benchmark government bond gdiortf Both global
government and G7 government inflation-linked booffer the similar risk

reduction benefit for no short-sales constrainecegament bond portfolios.

The asset allocation constraint for index-linkedggament bond strategy
is defined similarly to that of emerging marketagtigy and limit to 15 percent
holding on inflation-linked bond. Imposing asskb@ations in addition to short-
sale constraint significantly reduce the powerhsa diversification benefits. The
reductions of the benefit change their significatm&ard zero and only two out
of 12 strategies provide benefits greater than aerd percent confidence level.
The average of risks reduction magnitude of thiatsgyy is 0.30 to 0.31 percent
and the benefits could be greater than 0.01 peraetite §' percentile of the

posterior distribution.
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Table 4.9 Posterior distribution of risk reductfon the same benchmark returns
of the index-linked government bond strategy.

This table reports the posterior distribution akrreductiond (percent) for a given target returns
resulted from the two different constraints and istex-linked government bond diversification
strategies. This study compares two different inilgked bonds; Global and G7 Government
index linked bonds. The first strategy is spannigdctly from the benchmark portfolio, the next
are spanned with the inclusion of the longer d&&d developed government bond market, SSA
and both country rating and geographic emergingketaapproaches. The summary statistics are

the mean, standard deviation, the average of adslareduction measure, and th& 50", and
95" percentile.

Percentile

Frontier of Benchmark + Mean Stdev o
5" 50" 05"

Panel A. Short-Sale Constraints

GGIL 0.2217 0.2861 0.6057 0.0021 0.0562 0.8475
GGIL+G7 0.3324 0.3093 0.4457 0.0037 0.2378 0.8646
GGIL+G7+DM 0.3722 0.3115 0.3941 0.0053 0.3156 0.8721
GGIL+G7+DM+SSA 0.3953 0.3079 0.3656 0.0062 0.3684 0.8728

GGIL+G7+DM+SSA+EMG  0.4524 0.3011 0.2998 0.0100 0.4678 7@&R8
GGIL+G7+DM+SSA+EMR  0.4637 0.2992 0.2876 0.0117 0.4875 7818

G7IL 0.2217 0.2851 0.6057 0.0021 0.0557 0.8408
G7IL+G7 0.3422 0.3079 0.4327 0.0041 0.2668 0.8647
G7IL+G7+DM 0.3825 0.3098 0.3813 0.0056 0.3394 0.8728
G7IL+G7+DM+SSA 0.4097 0.3090 0.3485 0.0070 0.3942 0.8729

G7IL+G7+DM+SSA+EMG  0.4472 0.3003 0.3056 0.0106 0.4582 7@&B8

G7I1L+G7+DM+SSA+EMR  0.4580 0.3004 0.2937 0.0119 0.4811 7148
Panel B. Asset Allocation Constraints

GGIL 0.0102 0.0251 0.9797 0.0000 0.0000 0.0785
GGIL+G7 0.1105 0.1316 0.7912 0.0000 0.0262 0.3471
GGIL+G7+DM 0.1975 0.2048 0.6441 0.0000 0.1095 0.5262
GGIL+G7+DM+SSA 0.2103 0.2067 0.6237 0.0000 0.1428 0.5279

GGIL+G7+DM+SSA+EMG  0.2596 0.2145 0.5481 0.0000 0.2694 4445
GGIL+G7+DM+SSA+EMR  0.2683 0.2160 0.5354 0.0000 0.2909 485

G7IL 0.0070 0.0172 0.9860 0.0000 0.0000 0.0387
G7IL+G7 0.1210 0.1392 0.7726 0.0000 0.0322 0.3624
G7IL+G7+DM 0.2063 0.2084 0.6300 0.0000 0.1300 0.5304
G7IL+G7+DM+SSA 0.2160 0.2095 0.6147 0.0000 0.1524 0.5296

G7IL+G7+DM+SSA+EMG 0.2970 0.1525 0.4941 0.0051 0.3336 814
G7IL+G7+DM+SSA+EMR  0.3109 0.1530 0.4749 0.0125 0.3539 904
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Both inflation-linked indexes are unable to provigenefits if they were
spanned directly to the current benchmark poliayfeBent from to the choice of
emerging market index, this study finds the diffexe between the use of global
government and Group G7 inflation-linked index. TIi&7 index-linked
government bonds provide diversification benefitdyovhen it added together
with group of G7, developed market, SSA and emergmarket (either regional
or country rating) government bonds index, but wbten global government

inflation linked index is used.

Table 4.10 reports the posterior distribution of tmean and standard
deviations of asset weights in the efficient pdrdfdfor a given target return
resulted from the inclusion of inflation-linked gawment bonds to the current
benchmark. Test assets included in this scenagoGat government inflation-
linked bond, G7 government maturity 5 to 7 and ZQ@oyears, developed market
government bond index 1 to 5 year, 5 to 7 yearatml 10 year, SSA, and three
emerging market government bond indices based agrgphic and country
rating classifications.

When short-sale constrained central bank pursugls minimization
portfolio while maintaining the existing expecteeturns, it requires 3 percent
global bond index and 4 percent G7 index-linked mvhe combined with
emerging market geographical approaches, and esgthree percent when it is

invested together with emerging market country ngatibond markets.

150



Table 4.10Portfolio weights in the efficient portfolio for ¢hsame return as benchmark portfolio of the indaked government
bond strategies

This table reports the posterior distribution of tverage and standard deviations of the weightgtihal portfolio resulted in the efficient porifo with the
same target return as the existing benchmark of@heest assets considered. Test assets includbdsiacenario are G7 government inflation-linkexhdb,

G7 government maturity 5-7 and 7-10 years, DM biodéx 1-5 year, 5-7 year and 7-10 year and also, 88®rging market government bond indices based
on geographic and country rating. The last threetlhe benchmark assets; US Treasury Bills, non-ll$ dnd G7 government bond index 1-5 year. The
portfolio weights are constrained for budget caaistrequal to one and to non-negativity, and cainsdd to asset allocation.

GGIL+G7+ GGIL+G7+DM+ GGIL+G7+DM+
Spanning Strategy GGIL CGIL+G7 — GGILYGTDM ) 5oa SSA+EMC SSA+EMF
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev  Meanlev St
Panel A. Global Inflation Linked
Short-Sale Constraints
Global Inflation-linked 0.1144 0.1391 0.0884 0.1222 QD8 0.1153 0.0742 0.1105 0.0404 0.0828 0.0384 0.0797

EM Asia 0.0202 0.0556
EM EMEA 0.0264 0.0709
EM LATAM 0.0226  0.0620
EM B rating 0.0277 0.0546
EM BB rating 0.0203 0.0572

EM BBB rating
SSA

0.0223 0.0675
0.0697 0.1519 0.0555 0.1325 0.0520 0.1270

DM 7-10 year 0.0976 0.1944 0.0896 0.1853 0.0895 0.1780 0.0902 0.1782
DM 5-7 year 0.0234 0.0881 0.0198 0.0794 0.0180 0.0745 0.0175 0.0727
DM 1-5 year 0.0297 0.0945 0.0260 0.0874  0.0223 0.0763 0.0217 0.0754
G7 7-10 year 0.0540 0.1199 0.0329 0.0949 0.0242 0.0790 219.00.0752 0.0205 0.0715
G7 5-7 year 0.0828 0.1660 0.0406 0.1196 0.0304 0.1029 99.0D.0978 0.0287 0.0945
US Bills 0.1727 0.2212 0.1697 0.2252 0.1542 0.2181 0.1498160 0.1433 0.2183 0.1431 0.2199
G7 Non US Bills 0.2793 0.2895 0.3005 0.3167 0.2661 0.306Z726 0.3200 0.3060 0.3333 0.3189 0.3400
G7 1-5 year 0.4336 0.2893 0.3045 0.2899 0.2743 0.281039.24.2729  0.2043 0.2503 0.1988 0.2455
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GGIL+G7+ GGIL+G7+DM+ GGIL+G7+DM+
Spanning Strategy CGIL CGIL+G7 CGIL+G7+DM DM+SSA SSA+EMC SSA+EMF
Mean Stdevn Mean Stdev Mean Stdevn Mean Stdev Mean Stdev  Meanlev St

Asset Allocation Constraints
Global Inflation-linked 0.0126 0.0371 0.0511 0.0649 O0®4 0.0640 0.0409 0.0606 0.0291 0.0536 0.0255 0.0506

EM Asia 0.0139 0.0317

EM EMEA 0.0135 0.0303

EM LATAM 0.0124 0.0303

EM B rating 0.0241 0.0372

EM BB rating 0.0107 0.0278

EM BBB rating 0.0066 0.0224
SSA 0.0183 0.0467 0.0183 0.0362 0.0142 0.0327 0.0136 0.0320
DM 7-10 year 0.1076 0.0747 0.1076 0.1476 0.1282 0.1541 0.1351 0.1583
DM 5-7 year 0.0087 0.0292 0.0087 0.0453 0.0085 0.0434 0.0078 0.0410
DM 1-5 year 0.0138 0.0207 0.0138 0.0530 0.0128 0.0495 0.0128 0.0498
G7 7-10 year 0.0176 0.0595 0.0157 0.0277 0.0157 0.0561 12D.0 0.0500 0.0129 0.0508
G7 5-7 year 0.0893 0.1380 0.0161 0.0514 0.0161 0.0606 34.010.0540 0.0143 0.0558
US Bills 0.2120 0.0733 0.2221 0.0745 0.2228 0.0701 0.2228746 0.2158 0.0738 0.2154 0.0739
G7 Non US Bills 0.0880 0.0072 0.0779 0.0067 0.0772 0.070Q772 0.0087 0.0842 0.0127 0.0846 0.0467
G7 1-5 year 0.6874 0.0371 0.5420 0.1816 0.4789 0.121489.470.2006 0.4413 0.1989 0.4366 0.1977
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GGIL+G7+ GGIL+G7+DM+ GGIL+G7+DM+
) IL IL+G7 IL+G7+DM
Spanning Strategy cG CGIL+G CGIL+G DM+SSA SSA+EMC SSA+EMF
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev  Meanlev St

Panel B. Group G7 Inflation-Linked Bond
Short-Sale Constraints
G7 Inflation-linked 0.1241 0.1518 0.1024 0.1344 0.09461286 0.0830 0.1208 0.0470 0.0932 0.0445 0.0904

EM Asia 0.0206  0.0567

EM EMEA 0.0227 0.0664

EM LATAM 0.0215 0.0609

EM B rating 0.0270 0.0534

EM BB rating 0.0186 0.0550

EM BBB rating 0.0208 0.0657
SSA 0.0674 0.1486 0.0598 0.1401 0.0524 0.1271
DM 7-10 year 0.0962 0.1911 0.0898 0.1817 0.0863 0.1729 0.0887 0.1732
DM 5-7 year 0.0248 0.0908 0.0224 0.0842 0.0195 0.0775 0.0187 0.0757
DM 1-5 year 0.0317 0.0955 0.0275 0.0874 0.0233 0.0789 0.0225 0.0773
G7 7-10 year 0.0600 0.1267 0.0354 0.0983 0.0279 0.0867220.00.0741 0.0222 0.0752
G7 5-7 year 0.0853 0.1687 0.0425 0.1210 0.0302 0.1008 8®.02.0958 0.0289 0.0957
US Bills 0.1707 0.2174 0.1669 0.2216 0.1518 0.2156 0.14712120 0.1462 0.2164 0.1427 0.2188
G7 Non US Bills 0.2669 0.2802 0.2923 0.3145 0.2590 0.3142714 0.3188 0.2946 0.3306 0.3089 0.3361
G7 1-5 year 0.4383 0.2876 0.2931 0.2868 0.2641 0.2776 38.23.2697 0.2078 0.2516 0.2041 0.2483
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GGIL+G7+ GGIL+G7+DM+ GGIL+G7+DM+
+ +G7+
Spanning Strategy CGIL COIL+GT CGIL+GT+DM DM+SSA SSA+EMG SSA+EMR

Mean Stdev Mean Stdev Mean Stdevn Mean Stdev Mean Stdev  Meanlev St

Asset Allocation Constraints
G7 Inflation-linked 0.0113 0.0264 0.0533 0.0653 0.04360608 0.0421 0.0610 0.0866 0.0643 0.0859 0.0637

EM Asia 0.0188 0.0344

EM EMEA 0.0274 0.0386

EM LATAM 0.0209 0.0355

EM B rating 0.0376  0.0385

EM BB rating 0.0179 0.0316

EM BBB rating 0.0136 0.0284
SSA 0.0173 0.0352 0.0393 0.0432 0.0384 0.0426
DM 7-10 year 0.1053 0.1461 0.1070 0.1466 0.0879 0.0750 0.0926 0.0762
DM 5-7 year 0.0095 0.0466 0.0079 0.0427 0.0080 0.0290 0.0072 0.0271
DM 1-5 year 0.0160 0.0577 0.0146 0.0541 0.0047 0.0221 0.0046 0.0219
G7 7-10 year 0.0191 0.0624 0.0198 0.0643 0.0163 0.0575068.00.0269 0.0064 0.0274
G7 5-7 year 0.0876 0.1365 0.0169 0.0626 0.0147 0.0579 68.010.0412 0.0177 0.0429
US Bills 0.2141 0.0735 0.2221 0.0745 0.2228 0.0745 0.22390746 0.2719 0.0522 0.2730 0.0516
G7 Non US Bills 0.0859 0.0567 0.0779 0.0207 0.0772 0.00050761 0.0072 0.0281 0.0522 0.0270 0.0516
G7 1-5 year 0.6887 0.0264 0.5400 0.1815 0.4889 0.2004 0D.48.2008 0.3831 0.1301 0.3782 0.1278
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If asset allocation constraints are imposed, addiginflation-linked government
bonds lowers index-linked assets holding at ninecgyg when it combined with
emerging market regional asset class, and two persten it combined with
emerging market country rating bond markets. Défferfrom longer bond maturity
and emerging market strategy, the average weidhitsdex-linked assets are higher
than two standard errors from zero, consistent thighresults of Britten-Jones (1999)
and Li et al. (2003). Our results show that thetgrasr distribution of index-linked
assets weights is less noisy when asset allocatinstraints imposed for the efficient

portfolio for a given expected returns.

Different to the emerging market diversificatiomdings that the choice of
country rating or geographic diversification is naotportant, this research finds
evidence that the choice of global inflation indeads to different diversification
benefits on government bond risk reduction porfols7 government inflation index
delivered significant risk reduction benefits whitgradded together with EM and

other longer government bonds.

4.3.3. Risk reduction to the minimum variance portfolio

In this section, this research examines divergiboabenefit in term of risk
reduction to the global minimum-variance portfolresulting from bond maturity
extension, emerging market and inflation-linked @wownent bonds spanning

strategies.
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4.3.3.1. Longer bond maturity diversification

Table 4.11 reports the posterior distribution sknminimisation to the global
minimum variance that resulted from longer datedegoment bonds portfolios when
short-sale and budget constraint equal to oneleeady in place. This table indicates
that relaxing all bond maturity and credit consttaistrategies provide significant
diversification benefits in a relatively similar gratude of risk reduction. The
average of risk reduction benefits that resultednfrthe new optimal portfolio is

about 0.73 percent or only six percent from thginal portfolio risk.

As expected, adding more restrictive weight comsisato the short-sale
constrained optimisation shift the location of tpesterior distribution of risk
reduction toward zero and reduces the risk redudtiothe average of 0.16 to 0.22
percent, much lower compared to that of no shde-sanstraints. Variability of the
reduction of risk when asset allocation constraares imposed also doubled from
0.01 percent to 0.02 percent. TH'épiarcentiIe of the posterior distribution showst tha
the new portfolio will deliver risk reduction by magnitude ranging from 0.15
percent to 0.24 percent; or only 20 percent ofdhginal portfolio risk. The biggest
diversification benefits of longer dated bonds agstreleven strategies is realised
when bond maturity 5-7 year bucket issued by GVeldped market government and
SSA bond markets; consistent with that of no skahkts and budget constraint

optimisation.
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Table 4.11 Posterior distribution of risk reductiaf the longer bond maturity
strategies to the GMV Portfolios

This table reports the posterior distribution ekrieduction to the GMV portfolio from 11 longerrzb
diversifications scenario for short-sale constrdineeserves portfolios. The first-3 frontier is
diversifying by longer bond within G7 governmentnbdomarket up to 10 years maturity. The next
strategy is diversifying to longer-dated selectegtedoped market government bond (DM) one to 10-
year maturity. The last-4 portfolio is diversifyinrg SSA asset class on top of DM strategy. The
summary statistics are the mean, standard devjatieraverage actual risk reduction measure and the
5" 53" and 9%' percentile

. _ Percentik
Frontier of Benchmark + Mean Stdev 1§} h och

geth

Panel A. Short-sales Constraints

G7 5-7 year 0.7495 0.0130 0.0627 0.7275 0.7499 0.7702
7-10 year 0.7494 0.0131 0.0628 0.7275 0.7497 0.7702
5-10 year 0.7497 0.0129 0.0627 0.7280 0.7500 0.7703

G7+DM 5-7 year 0.7496 0.0133 0.0627 0.7271 0.7499 0.7711
7-10 year 0.7493 0.0132 0.0629 0.7270 0.7496 0.7704
5-10 year 0.7497 0.0129 0.0626 0.7279 0.7500 0.7704
1-10 year 0.7497 0.0131 0.0626 0.7275 0.7501 0.7705

G7+DM+SSA 5-7 year 0.7507 0.0129 0.0621 0.7289 0.7512 1Q0.77
7-10 year 0.7505 0.0131 0.0622 0.7287 0.7506 0.7716
5-10 year 0.7508 0.0130 0.0621 0.7287 0.7511 0.7716
1-10 year 0.7505 0.0127 0.0623 0.7292 0.7508 0.7709

Panel B. Asset Allocation Constraints

G7 5-7 year 0.2390 0.0269 0.5791 0.1956 0.2389 0.2832
7-10 year 0.1808 0.0181 0.6710 0.1504 0.1808 0.2102
5-10 year 0.2391 0.0265 0.5789 0.1953 0.2394 0.2829

G7+DM 5-7 year 0.2388 0.0262 0.5795 0.1966 0.2383 0.2826
7-10 year 0.2026 0.0260 0.6358 0.1602 0.2023 0.2460
5-10 year 0.2387 0.0263 0.5797 0.1957 0.2381 0.2832
1-10 year 0.2680 0.0256 0.5358 0.2259 0.2681 0.3107

G7+DM+SSA 5-7 year 0.2521 0.0262 0.5594  0.2097 0.2520 58.29
7-10 year 0.2524 0.0259 0.5588 0.2093 0.2524 0.2948
5-10 year 0.2523 0.0260 0.5591 0.2091 0.2523 0.2956
1-10 year 0.2824 0.0256 0.5150 0.2406 0.2824 0.3239

It is worth to note that for central banks that énan objective to minimise
portfolio risk to the minimum variance portfoliowgching from the benchmark
portfolio to a longer bonds government maturity amzbrporating quasi-government

bonds to their investible assets, is able to offieersification benefits before and
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after imposing asset allocation constraints. Thelkst risk reduction benefit of
longer dated bond strategy is when central banks atié only group of G7
government bond maturity 7 to 10 year bucket ieserves portfolio with an average
of risk reduction 0.18 percent and a minimum of0pkrcent at the'5percentile of
the posterior distribution. The risks reductionlwignefit most for central bank when
they included G7 government 5 to 7 year, developedket 5 to 7 year and SSA
bond index altogether in their government bond fpbot This strategy offers risk

reduction of average 0.28 percent or about 50 péfehe original risk level.

Table 4.12 reports the means and standard dewatibthe asset weights in
the global minimum variance portfolios. Results &hort-sale constrained central
bank shows that the weights of almost all long¢edidonds are zero, only G7 5 to7
year bond index has positive weight at one percEmt indicates that the driver of
the results here is the fact that central banksiaveallowed to invest more in US T-
Bills. The standard deviation of the positive weigissets shows that the posterior

relatively stable at less than two percent and nioxfer than the mean.

When asset allocation constraints are taken intesideration, developed
market 1 to 5 years, G7 5 to 7 years and SSA slgnifisant positive weights at 16
percent, 4 percent and 9 percent respectively.clBeark asset weights are at around

70 percent, or 15 percent higher than the obligatdérolding. Optimal
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Table 4.12 Portfolio weights in the GMV portfolid ¢he longer bond maturity
strategy

This table reports the posterior distribution of tverage and standard deviations of the asseghtsei

in the GMV portfolio resulted from longer bond dotio diversification. Test assets included in this
scenario are G7 government maturity 5-7 and 7-EHdsyeDM bond index 1-5 year, 5-7 year and 7-10
year and SSA. The last three are the benchmarksadd8 Treasury Bills, non-US bills and G7
government bond index 1-5 year. The portfolio wisglre constrained for budget constraint equal to
one, constrained to non-negativity, and constratoeasset allocation.

5-7 year 7-10 year 5-10 year
Mean Stdev Mean Stdev Mean Stdev
Panel A. Group of G7 Bond
Panel A.1. No Short-sales
G7 7-10 year 0.0165 0.0054 0.0027 0.0062
G75-7year 0.0191 0.0056 0.0160 0.0082
UST Bills 0.0002 0.0012 0.0006 0.0027 0.0001 0.0012
Non US Bills 0.9597 0.0124 0.9643 0.0117 0.9605 0.0123
G7 1-5 year 0.0210 0.0085 0.0186 0.0082 0.0206 0.0085
Panel A.2. Asset Allocation
G7 7-10 year 0.1000 0.0000 0.0000 0.0000
G75-7year 0.3894 0.0262 0.2385 0.0274
UST Bills 0.1958 0.1272 0.1500 0.0000 0.2676 0.0354
Non US Bills 0.1042 0.1071 0.1500 0.0000 0.0324 0.0354
G7 1-5 year 0.3106 0.0262 0.6000 0.0000 0.4615 0.0274
5-7 yea 7-10 yea 5-10 yea 1-10 yea
Mean Stdev Mean Stdev Mean Stdev Mean Stdev
Panel B. Developed Market Government Bonds
Panel B.1. No Short-sa
DM 7-10 year 0.0013 0.0031 0.0002 0.0014 0.0002 0.0014
DM 5-7 year 0.0012 0.0032 0.0011 0.0030 0.0010 0.0030
DM 1-5 year 0.0002 0.0013
G7 7-10 year 0.0153 0.0063 0.0026 0.0060 0.0028 0.0061
G75-7year 0.0176 0.0068 0.0148 0.0086 0.0144 0.0087
UST Bills 0.0001 0.0009 0.0004 0.0021 0.0001 0.0009 0.00mDO08
Non US Bills 0.9598 0.0125 0.9642 0.0117 0.9601 0.01236039 0.0123
G7 1-5 year 0.0212 0.0085 0.0188 0.0083 0.0210 0.0085210.00.0085

Bond Index

Bond Index
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5-7 year 7-10 year 5-10 year 1-10 year
Mean Stdev Mean Stdev Mean Stdev Mean Stdev
Panel B. Developed Market Government Bonds
Panel B.2. Asset Allocation

DM 7-10 year 0.0036 0.0104 0.1567 0.0296 0.0991 0.0065

DM 5-7 year 0.0080 0.0152 0.0000 0.0000 0.0000 0.0000

DM 1-5 year 0.0000 0.0000

G7 7-10 year 0.2346 0.0295 0.0000 0.0000 0.0075 0.0152
G75-7year 0.1361 0.0219 0.0841 0.0348 0.1789 0.0336
UST Bills 0.1533 0.0112 0.2684 0.0355 0.3000 0.0000 0.2528400
Non US Bills 0.1467 0.0112 0.0316 0.0355 0.0000 0.000045&0 0.0400
G71-5 year 0.5559 0.0131 0.4618 0.0274 0.4592 0.0103144.40.0304
Panel C. Supranational/Semi-Government/Agency Biatelx
Panel C.1. No Short-sales

Bond Index

SSA 0.0204 0.0129 0.0201 0.0130 0.0199 0.0128 0.0198 0.0128
DM 7-10 year 0.0018 0.0035 0.0001 0.0009 0.0001 0.0009

DM 5-7 year 0.0017 0.0035 0.0016 0.0033 0.0015 0.0033

DM 1-5 year 0.0002 0.0013

G7 7-10 year 0.0101 0.0074 0.0013 0.0038 0.0013 0.0038
G7 5-7year 0.0100 0.0073 0.0089 0.0076 0.0088 0.0075

UST Bills 0.0002 0.0013 0.0002 0.0013 0.0002 0.0014 0.002DO11

Non US Bills 0.9559 0.0120 0.9558 0.0120 0.9560 0.0122561.9 0.0121

G7 1-5 year 0.0118 0.0093 0.0121 0.0095 0.0120 0.009412D.00.0094
Panel C.2. Asset Allocation

SSA 0.0530 0.0477 0.0991 0.0065 0.0991 0.0062 0.0994 0.0041
DM 7-10 year 0.0075 0.0152 0.0000 0.0000 0.0000 0.0000

DM 5-7year 0.0323 0.0512 0.0078 0.0156 0.0000 0.0000

DM 1-5 year 0.1595 0.0259

G7 7-10 year 0.1789 0.0336 0.0000 0.0000 0.0000 0.0000
G7 5-7year 0.0607 0.0707 0.1790 0.0340 0.0401 0.0304

UST Bills 0.2437 0.0654 0.2544 0.0400 0.2546 0.0397 0.300O000
Non US Bills 0.0563 0.0654 0.0456 0.0400 0.0454 0.039700m0 0.0000
G7 1-5 year 0.5540 0.0940 0.4144 0.0304 0.4141 0.0304010.40.0102
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weights after imposing asset allocation constraimtdonger dated bond strategy
might also deliver longer portfolio duration sir@@ percent of the total portfolios
have positive weights on the test assets. The impacportfolio duration is

expected to be moderate since they long positiothermoderate and mimicking

bond market bucket maturity.
4.3.3.2. Emerging market diversification

My next analysis is to examine the reduction okign reserves portfolio
uncertainty when central banks sell some of theitchmark government bonds
holding to fund their emerging government bondscpase when short-sales is

not allowed, and budget constraint equal to one laneady in place.

Table 4.13 reports that all the emerging markeemNications strategy
delivers significant risk reduction, the averagdenhefits are around 0.75 percent
or less than five percent of the original portfalisks. The reduction in portfolio
risk does not have a big variation as indicatedhgystandard deviation of 0.01
and relatively small difference betweell &nd 98" percentile of the posterior
distribution of risk reduction. Both emerging gowerent market classification;
regional and country rating provide similar riskluetion benefit for government

bond portfolios.

Asset allocation drastically reduces the diveratian benefit to 0.11-0.41
percent. Variability of the reduction of risk whasset allocation constraints are

added doubled to 0.02 percent from 0.01 percerd.rimimum reduction in
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Table 4.13 Posterior distribution of risk reductiohthe emerging government

bond strategy to GMV Portfolios

This table reports the posterior distribution afkrireduction®,,, (percent) to GMV portfolio
resulted from emerging market diversification usggpgraphic and country rating index. First
scenario is spanned directly from the benchmarkigar, the next are spanned with the inclusion
of G7, developed government bond market and SSAl limahex. The summary statistics are the
mean, standard deviation, the average of actuklrdduction measure, and" 550" and 9%'

percentile.
Frontier of Benchmark + Mean Stdev 0o Percentie
5" 50" 95"
Panel A. Short-Sale Constraints
EM Regional (EMG) 0.7543 0.0128 0.0604 0.7328 0.7545 4977
G7 + EMG 0.7562 0.0128 0.0594 0.7350 0.7565 0.7765
G7+DM+EMG 0.7571 0.0127 0.0590 0.7356 0.7574 0.7772
G7+DM+SSA+EMG 0.7579 0.0125 0.0586 0.7369 0.7581 0.7778
EM Country Rating (EMR) 0.7546 0.0129 0.0602 0.7331 ®81750.7757
G7 + EMR 0.7563 0.0128 0.0594 0.7348 0.7567 0.7767
G7+DM+EMR 0.7571 0.0126 0.0590 0.7359 0.7574 0.7775
G7+DM+SSA+EMR 0.7579 0.0128 0.0586 0.7363 0.7582 0.7787
Panel B. Asset Allocation Constraints
EM Regional (EMG) 0.1147 0.0071 0.7838 0.1030 0.1148 @312
G7 + EMG 0.3289 0.0233 0.4504 0.2909 0.3287 0.3672
G7+DM+EMG 0.3852 0.0227 0.3780 0.3483 0.3851 0.4225
G7+DM+SSA+EMG 0.3969 0.0228 0.3637 0.3592 0.3969 0.4343
EM Country Rating (EMR) 0.3358 0.0218 0.4412 0.2993 @833 0.3712
G7 + EMR 0.3539 0.0241 0.4175 0.3135 0.3540 0.3932
G7+DM+EMR 0.4082 0.0234 0.3503 0.3699 0.4083 0.4465
G7+DM+SSA+EMR 0.4171 0.0233 0.3398 0.3779 0.4174 0.4550

portfolio volatility is 0.10 percent at the fifthepentile posterior distribution

when emerging market geographic is added directlthé existing benchmark.

This new optimal portfolio provides less than 50cpat of the existing portfolio

volatility.
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Table 4.14 Portfolio weight in the GMV portfolid the emerging market strategy

This table reports the posterior distribution of theans and standard deviations of the optimalhi®ig the GMV portfolio. Test assets includedhistscenario
are emerging market government bond indices basemontry rating (B, BB and BBB) in Panel B and gephical area (Asia, Europe, Middle East and Afric
(EMEA), and Latin America) in Panel A, G7 governrharaturity 5-7 and 7-10 years, DM bond index 1-&ry&-7 year and 7-10 year and SSA. The last three
the benchmark assets; US Treasury Bills, non-US &ild G7 government bond index 1-5 year. The g@iastiveights are constrained for budget constraguial to
one, constrained to non-negativity, and asset alioe constraints.

EM Geographic G7+DM+ EM Country G7+DM+
AssetClss  (EMG) CT+EMG  GTDMHEMG  oo)\eMG  Rating &MR) O TEMR - GT*DMHEMR oot EMR
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean Stdev
Panel A. No Short-sales
EM Asia 0.0065 0.0081 0.0049 0.0072 0.0058 0.0078 0.0060080.
EMEMEA  0.0259 0.0118 0.0259 0.0111 0.0263 0.0116 0.0250120.

EM LATAM 0.0013 0.0038 0.0013 0.0039 0.0016 0.0043 0.0018046

EMB 0.0018 0.0033 0.0025 0.0038 0.0028 0.0040 0.0025 0.0038
EM BB 0.0192 0.0118 0.0185 0.0111 0.0199 0.0115 0.0185 0.0117
EM BBB 0.0122 0.0134 0.0097 0.0122 0.0101 0.0124 0.0117 0.0130
SSA 0.0162 0.0123 0.0167 0.0121
DM 7-10 year 0.0003 0.0018 0.0002 0.0014 0.0003 0.0016000.00.0012

DM 5-7 year 0.0013 0.0037 0.0020 0.0042 0.0014 0.0038 16.00.0040

DM 1-5 year 0.0051 0.0069 0.0051 0.0066 0.0061 0.0074 60.00.0070

G7 7-10 year 0.0001 0.0013 0.0001 0.0013 0.0001 0.0009 00@.00.0007 0.0000 0.0008 0.0000 0.0005
G7 5-7 year 0.0193 0.0068 0.0162 0.0092 0.0100 0.0088 89.00.0069 0.0151 0.0092 0.0088 0.0085
US Bills 0.9084 0.0209 0.9251 0.0165 0.9209 0.0155 0.918815@ 0.9117 0.0207 0.9269 0.0163 0.9225 0.0152 0.919750@.01

Non US Bills 0.0249 0.0074 0.0034 0.0067 0.0004 0.002500&0 0.0025 0.0240 0.0074 0.0037 0.0069 0.0003 0.0021 0.000H24
G71-5year 0.0330 0.0117 0.0200 0.0096 0.0218 0.008848.00.0098 0.0311 0.0120 0.0197 0.0100 0.0215 0.0090 0.018B9®

163



EM Geographic G7+DM+ EM Country G7+DM+
AssetClass  (EMG) CT+EMG  GHDMHEMG  oopieMG  Rating @MR) O TEMR - GTOMAEMR oo EMR
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean Stdev
Panel B. Asset Allocation
EM Asia 0.0074 0.0187 0.0127 0.0197 0.0336 0.0275 0.0328260.
EMEMEA 0.0916 0.0198 0.0713 0.0281 0.0354 0.0293 0.0338280.

EMLATAM 0.0010 0.0067 0.0159 0.0227 0.0310 0.0280 0.03420288

EMB 0.0907 0.0115 0.0931 0.0099 0.0865 0.0125 0.0831 0.0135
EM BB 0.0092 0.0115 0.0069 0.0099 0.0134 0.0125 0.0166 0.0135
EM BBB 0.0000 0.0008 0.0001 0.0010 0.0001 0.0010 0.0003 0.0021
SSA 0.0956 0.0112 0.0903 0.0165

DM 7-10 year 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000000.00.0000

DM 5-7 year 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 00.00.0000

DM 1-5 year 0.1797 0.0223 0.1702 0.0124 0.1751 0.0228 08.1D.0153

G7 7-10 year 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 000.00.0000 0.0000 0.0000 0.0000 0.0000
G7 5-7 year 0.1183 0.0300 0.0326 0.0259 0.0053 0.0118 4©.10.0287 0.0420 0.0268 0.0101 0.0162

US Bills 0.0007 0.0132 0.1435 0.0404 0.3000 0.0036 0.3000008 0.2996 0.0108 0.1695 0.0395 0.3000 0.0001 0.300032.00
Non US Bils  0.2993 0.0121 0.1565 0.0540 0.0000 0.000000m0 0.0001 0.0004 0.0018 0.1305 0.0039 0.0000 0.0001 0.000DO2
G7 1-5year 0.6000 0.0000 0.4817 0.0300 0.3877 0.008490.32.0103 0.6000 0.0000 0.4854 0.0287 0.3829 0.0082 0.328129
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Table 4.14 reports the average and standard davsatif the asset weights
resulted from the inclusion emerging market geogiGg area and country rating
index in the global minimum portfolio. The emergintarket weights on both
approaches range between three and four percewrt) tower than 10 percent
limit. In the case of asset allocation constraibtsth emerging market strategies
show significant increase holding to the 10 perd¢etling limit. However, most
of the average weights in emerging market assetsrithan two standard errors

from zero as it reported by Britten-Jones (1999) kiret al. (2003).

Our results show that the posterior distribution tbé assets weight
resulted from emerging market diversification arelatively stable before
imposing asset allocation constraints and more yn@ifier asset allocation

constraints are implemented.

4.3.3.3. Inflation-linked diversification

The third part of the global minimum variance politf analysis is when
central bank objective to maximise benefits of difecation by allowing to
invest in inflation-protected government bonds. [€a#.15 reports the posterior
distribution of the risk reduction to the minimurariance portfolio when index-
linked bonds are considered in their investibleetsssThe magnitude of average of
risk reduction that resulted from inflation-linkediversifications, for before
imposing asset weights constraints, is around Opg&Scent when global

government inflation-linked bonds are used, an@ P&cent if using G7
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Table 4.15 Posterior distribution of risk reductmiithe index-linked government
bond strategies to the GMV portfolio

This table reports the posterior distribution afkrireduction® (percent) to the GMV portfolio
resulted from index-linked government bond divécsaiion for short-sale constrained reserves
portfolio. This study compares two different indiked diversifications; Global and G7
Government index linked bonds. The first strategyspanned directly from the benchmark
portfolio; the next are spanned with the inclusafrthe longer dated G7, developed government

bond market, SSA and both country rating and ggatcaEM approaches. The summary statistics

are the mean, standard deviation, the averagetoéladgsk reduction measure, antl, 53", and
95" percentile.

. Percentil
Frontier of Benchmark + Mean Stdev 6 o o ™
5 5C 9k
Panel A. Short-Sale Constraints
GGIL 0.7589 0.0125 0.0581 0.7377 0.7594 0.7790
GGIL+G7 0.7605 0.0124 0.0574 0.7392 0.7607 0.7803
GGIL+G7+DM 0.7612 0.0125 0.0570 0.7402 0.7614 0.7811
GGIL+G7+DM+SSA 0.7616 0.0123 0.0568 0.7405 0.7619 0.7814

GGIL+G7+DM+SSA+EMG 0.7628 0.0125 0.0562 0.7418 0.7633 8Z67
GGIL+G7+DM+SSA+EMR 0.7628 0.0125 0.0563 0.7418 0.7631 8317

G7IL 0.7599 0.0126 0.0577 0.7387 0.7603 0.7799
G7IL+G7 0.8820 0.0061 0.0139 0.8720 0.8821 0.8917
G7IL+G7+DM 0.8847 0.0059 0.0133 0.8748 0.8849 0.8941
G7IL+G7+DM+SSA 0.8848 0.0059 0.0133 0.8750 0.8850 0.8943

G7IL+G7+DM+SSA+EMG 0.8850 0.0060 0.0132 0.8749 0.8853 9458

G7IL+G7+DM+SSA+EMR 0.8850 0.0060 0.0132 0.8751 0.8852 9458
Panel B. Asset Allocation Constraints

GGIL 0.1078 0.0140 0.7960 0.0844 0.1079 0.1310
GGIL+G7 0.3145 0.0260 0.4700 0.2719 0.3147 0.3572
GGIL+G7+DM 0.3710 0.0238 0.3957 0.3314 0.3713 0.4096
GGIL+G7+DM+SSA 0.3804 0.0242 0.3839 0.3397 0.3805 0.4195

GGIL+G7+DM+SSA+EMG 0.4391 0.0235 0.3146 0.3994 0.4395 7104
GGIL+G7+DM+SSA+EMR 0.4500 0.0238 0.3025 0.4109 0.4500 8@04

G7IL 0.1422 0.0125 0.7358 0.1211 0.1424 0.1626
G7IL+G7 0.3586 0.0170 0.4114 0.3302 0.3588 0.3864
G7IL+G7+DM 0.5440 0.0098 0.2080 0.5280 0.5440 0.5598
G7IL+G7+DM+SSA 0.5440 0.0098 0.2080 0.5278 0.5440 0.5599

G7IL+G7+DM+SSA+EMG  0.4721 0.0228 0.2787 0.4342 0.4724 085
G7IL+G7+DM+SSA+EMR  0.4792 0.0229 0.2712 0.4407 0.4792 1®/5
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inflation-linked bond index. The smallest reductioh 0.74 percent appeared

when inflation-linked bonds added directly to tixéséng benchmark portfolio.

The asset weight constraints for the index-linkeavegnment bond
strategy are defined similarly to that of emergmgrket strategy. In this case,
though, an added constraint on inflation-linked dsrs that they can be invested
for no more than 15 percent. As expected, the adleeation constraints shift the
location of the posterior distribution of risk rexion toward zero. The average
risk reduction decreased to 0.11-0.48 percent.shii@lest benefits were obtained
when global government inflation-linked bonds weadded directly to the
existing benchmark portfolio and the greatest w&&ninflation linked bond are

added together with EM and the other longer madsrivond indexes.

Variation of the reduction of risk when asset alfitan constraints are
added into optimisation has also increased sigmtig from 0.01 percent to 0.02
percent. The biggest benefit occurred when G7 gowent index-linked bond
included together with longer dated and quasi-gowent, and country rating
diversifications. These two strategies yield averagk reduction of 0.47 percent
and could be expected to gain more than 0.43 percs reduction at the's

percentile of the posterior distribution.

Table 4.16 reports the average and standard daevsatif the asset weights
of the inclusion global or group of G7 index-linkgdvernment bonds in the
global minimum variance portfolio. The average vrtighows some variations
when applying these scenarios on country rating geagraphical approaches.

Both adding global and G7 inflation-linked govermmbond diversifications
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Table 4.16 Portfolio weight in the GMV portfolio tfe Index-linked government bond strategy

This table reports the posterior distribution of tverage and standard deviations of the optimahtsein the GMV portfolio of the inflation-
linked diversification. Test assets included irsthcenario are G7 government inflation-linked badd,government bond 5-7 and 7-10 years, DM
government bond 1-5 year, 5-7 year and 7-10 yeBA, &nd also EM government bond indices based ogrgphic and country rating. The last
three are the benchmark assets; US Treasury Bdls,US bills and G7 government bond index 1-5 y&he portfolio weights are constrained for
budget constraint equal to one, constrained totstade, and asset allocation.

GGIL+G7+ GGIL+G7+DM+ GGIL+G7+DM+
Spanning Strategy celL CGIL+GT CGIL+GT+DM DM+SSA SSA+EMC SSA+EMF
Mean Stdev Mean Stdevn Mean Stdev Mean Stdevn Mean Stdev  Meamlev St
Panel A. Global Inflation Linked
Short-Sale Constraints
Global Inflation-linked 0.0423 0.0074 0.0397 0.0071 G®4 0.0076 0.0425 0.0076 0.0347 0.0089 0.0345 0.0088

EM Asia 0.0039 0.0058

EM EMEA 0.0095 0.0090

EM LATAM 0.0008 0.0028

EM B rating 0.0014 0.0027

EM BB rating 0.0110 0.0079

EM BBB rating 0.0020 0.0053
SSA 0.0116 0.0099 0.0122 0.0102 0.0124 0.0104
DM 7-10 year 0.0143 0.0088 0.0139 0.0083 0.0156 0.0081 0.0161 0.0081
DM 5-7 year 0.0004 0.0020 0.0005 0.0023 0.0004 0.0020 0.0004 0.0020
DM 1-5 year 0.0001 0.0010 0.0000 0.0007 0.0000 0.0006 0.0000 0.0007
G7 7-10 year 0.0000 0.0004 0.0000 0.0006 0.0000 0.0003000.00.0002 0.0000 0.0002
G7 5-7 year 0.0202 0.0078 0.0094 0.0090 0.0058 0.0076 58.0M.0074 0.0049 0.0072
US Bills 0.9139 0.0181 0.9284 0.0137 0.9250 0.0127 0.9208)128 0.9112 0.0143 0.9104 0.0142
G7 Non US Bills 0.0272 0.0069 0.0054 0.0078 0.0007 0.00800014 0.0040 0.0010 0.0033 0.0010 0.0034
G7 1-5 year 0.0166 0.0108 0.0063 0.0076 0.0065 0.0070 34.0M.0056 0.0056 0.0071 0.0060 0.0073
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GGIL+GT7+ GGIL+G7+DM+ GGIL+G7+DM+
. GGIL IL+G7 IL+G7+DM
Spanning Strategy © COIL+G CCIL+G DM+SSA SSA+EMC SSA+EMF
Mean Stdevn Mean Stdevn Mean Stdevn Mean Stdevn Mean Stdev Meamlev St

Asset Allocation Constraints
Global Inflation-linked 0.1500 0.0000 0.1493 0.0034 045 0.0002 0.1500 0.0007 0.1117 0.0147 0.1006 0.0149

EM Asia 0.0159 0.0199

EM EMEA 0.0589 0.0283

EM LATAM 0.0252 0.0252

EM B rating 0.0676 0.0144

EM BB rating 0.0269 0.0169

EM BBB rating 0.0055 0.0110
SSA 0.0890 0.0173 0.0530 0.0226 0.0541 0.0242
DM 7-10 year 0.2085 0.0143 0.1861 0.0094 0.1801 0.0103 0.1838 0.0104
DM 5-7 year 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
DM 1-5 year 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
G7 7-10 year 0.0000 0.0000 0.0000 0.0000 0.0000 0.000000@.00.0000 0.0000 0.0000
G7 5-7 year 0.0000 0.0000 0.0094 0.0156 0.0005 0.0033 00.0®.0007 0.0001 0.0014
US Bills 0.1500 0.0000 0.1866 0.0346 0.3000 0.0000 0.300000 0.2999 0.0013 0.2999 0.0010
G7 Non US Bills 0.1500 0.0000 0.1134 0.0346 0.0000 0.00000000 0.0000 0.0001 0.0007 0.0001 0.0006
G7 1-5 year 0.5500 0.0000 0.3874 0.0265 0.3321 0.0075 49.20.0134 0.2551 0.0098 0.2614 0.0143
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Spanning Strategy

GGIL+G7+  GGIL+G7+DM+ GGIL+G7+DM+

GGIL GGIL+G7  GGIL+GT+DM ) ooy SSA+EMC SSA+EMF

Mean Stdev Mean Stdevn Mean Stdev Mean Stdevn Mean Stdev  Meanlev St

Panel B. Group G7 Inflation-Linked Bond

Short-Sale Constraints
G7 Inflation-linked

EM Asia

EM EMEA

EM LATAM
EM B rating
EM BB rating
EM BBB rating
SSA

0.0500 0.0082 0.0201 0.0045 0.02050043 0.0204 0.0043 0.0175 0.0053 0.0445 0.0904
0.0014 0.0026
0.0026  0.0039
0.0002 0.0011

0.0186 0.0550
0.0208 0.0657
0.0001 0.0009 0.0001 0.0010 0.0524 0.1271

DM 7-10 year 0.0676 0.0143 0.0674 0.0144 0.0673 0.0143 0.0887 0.1732
DM 5-7 year 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0187 0.0757
DM 1-5 year 0.0000 0.0001 0.0000 0.0001 0.0000 0.0002 0.0225 0.0773
G7 7-10 year 0.0003 0.0019 0.0000 0.0003 0.0000 0.000200@.00.0003 0.0222 0.0752
G7 5-7 year 0.0153 0.0071 0.0000 0.0005 0.0000 0.0004 0@.0M.0006 0.0289 0.0957
US Bills 0.8958 0.0197 0.0000 0.0000 0.0000 0.0000 0.000000 0.0000 0.0000 0.1427 0.2188
G7 Non US Bills 0.0316 0.0072 0.9642 0.0075 0.9118 0.0180120 0.0147 0.9108 0.0146 0.3089 0.3361
G7 1-5 year 0.0226  0.0111 0.0000 0.0000 0.0000 0.0000 0@.0M.0000 0.0000 0.0000 0.2041 0.2483
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GGIL+GT+ GGIL+G7+DM+ GGIL+G7+DM+
+ +G7+
Spanning Strategy CGIL CGIL+G7 CGIL+GT+DM DM+SSA SSA+EMG SSA+EMR

Mean Stdevn Mean Stdev Mean Stdev Mean Stdev Mean Stdev  Meamlev St

Asset Allocation Constraints
G7 Inflation-linked 0.1500 0.0000 0.0808 0.0220 0.04360608 0.0000 0.0002 0.1448 0.0082 0.1429 0.0101

EM Asia 0.0091 0.0149

EM EMEA 0.0730 0.0242

EM LATAM 0.0159 0.0200

EM B rating 0.0574 0.0132

EM BB rating 0.0198 0.0184

EM BBB rating 0.0125 0.0162
SSA 0.0000 0.0000 0.0220 0.0144 0.0285 0.0168
DM 7-10 year 0.1053 0.1461 0.4500 0.0002 0.1848 0.0089 0.1879 0.0090
DM 5-7 year 0.0095 0.0466 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
DM 1-5 year 0.0160 0.0577 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
G7 7-10 year 0.0000 0.0000 0.0198 0.0643 0.0000 0.0000000.00.0000 0.0000 0.0000
G7 5-7 year 0.3692 0.0220 0.0169 0.0626 0.0000 0.0000 O®.0®.0005 0.0001 0.0011
US Bills 0.1500 0.0000 0.1645 0.0416 0.2228 0.0745 0.15220160 0.2995 0.0029 0.2996 0.0028
G7 Non US Bills 0.1500 0.0000 0.1355 0.0014 0.0772 0.00061478 0.0099 0.0005 0.0029 0.0004 0.0028
G7 1-5 year 0.5500 0.0000 0.2500 0.0000 0.4889 0.2004 00.2%.0000 0.2504 0.0021 0.2510 0.0038
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show significant increase of holding index-linkessets to more than 12 percent,
slightly lower from the 15 percent limit. Differeffom lengthening duration and
emerging strategy, our results of the average weigbsets here are higher than
two standard errors, consistent with the resultBritten-Jones (1999) and Li et
al. (2003). Our results show that the posteriotrithigtion of index-linked assets

weights is less noisy when asset allocation comésramposed.

Different from portfolio risk reduction to the glabminimum variance
portfolio, diversification benefits in term of rection of portfolio risk for the
same expected returns as benchmark portfolio velsitvary within strategies and
across portfolio constraints. Incremental impactemf imposing different
strategies and constraints are more challenging that of minimum variance
framework. Furthermore, minimum variance resules @rven more by treasury
bills and so perhaps less interesting. More intergsare the risk reduction

benefits while maintaining expected returns as smselts show here.

4.34. Comparing the impact of assets selection versus strategic asset

allocation

The results of the emerging market diversificatdemonstrate that the
choice of geographic or country rating diversificat does matter; more
specifically when asset allocation constraintsiam@osed. The risk reduction for a
given expected benchmark return that resulted toontry rating diversification,
is not achievable by geographic diversification.isThtudy documents parallel
findings to that of Ehling and Ramos (2006), whecdver that the choice of

index is essential for emerging market equity dids. Different from emerging
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market diversification that the choice of countratimg or geographic
diversification is important, the choice of inflati-linked government index does
matter. This research finds empirical evidencet ttiee choice of global
government and G7 government inflation-linked defezation offer different
impacts on government bond risk reduction portfdlichows that in both short-
selling and asset allocation constraints, thereengpirical evidence found to
support the argument that G7 inflation-index dekvgreater benefits than that of

global index-linked diversification.

Comparing all the results of the risk reduction gadtfolio weights also
reveal the role of asset allocation policy for tis# reduction in government bond
portfolios. Applying Bayesian mean-variance framekythis research shows that
the variability of risk reductions of the strategiare low within the same
constraints and are higher across the differenstcaimts. The benefits resulted
from longer bond maturity, emerging market and xlileked diversification
looks similar within the same constraint. It shothat the magnitude of the
posterior risk reduction distributions is less wedriin term of mean, standard
deviation, £ and %" percentile, and median. The impacts of imposirfteuint
constraints, however, are more prevalent on theregduction impacts than that of
asset selections. This indicates that asset albocatonstraints give a bigger
impact to risk reduction portfolio performance &tthan moving to higher credit

risk securities when short-sale restrictions areaaly in place.
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Grauer and Shen (2000) find that constrainindgfplos weights provide
less portfolio risk with the cost of less realigeturn, in mean-variance portfolio
for a given expected returns framework. Our resshitsw, however, multi-weight
asset constraints do not provide better risk redacdbn short-sale constrained
government bonds portfolio. Our results are simiarJagannathan and Ma
(2003), finding that when the no-short-sale restnt is already in place,
minimum variance portfolio for a given target retsirperforms well, for both
before and after imposing asset allocation comggaiOur analysis shows that
imposing asset allocation constraints provide naversified portfolios than the

theory suggests it should, with the cost of podseperformance.

4.4. Conclusion

This study examines the effect of asset allocatonstraints on the
inclusion of longer dated bonds, emerging goverrirbends and inflation-linked
government bonds. The corresponding diversificabenefits on the short-sale
constrained central banks reserves portfolio araluated. An unconditional
Bayesian mean-variance framework is used for tladyais. This study measures
the benefits using the risk reduction measures a@h§V(1998) and Li et al.
(2003). This research investigates two sourcesséfreduction; first, to reduce
portfolio variability without sacrificing the exisiy benchmark returns, and

second, to minimise the risk to the minimum vareportfolio.

Central banks have to deal with specific objectiiregheir investment

choice related monetary and exchange rate polioygaivith financial stability.
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Accordingly, reserves have to be managed in a coasee manner with strong
focus on liquidity, and safety. Taking into accouhbse three factors, using
Monte Carlo simulation (10,000 iterations), our Bsian test for relaxing longer
bonds maturity restrictions convincingly shows #iality to minimise foreign
reserve risks, but not when the existing expectedifqio return is also
maintained. For a central bank that has the ol¢ti minimise portfolio risks to
the global minimum variance portfolio, all of longgond maturity diversification
strategies offer significant benefit to the goveeminbond portfolio across the
three constraints. However, if central bank aimseiuce portfolio risk for the
same target return, this research could not réfechull hypotheses even before

Imposing asset allocation constraints.

The upsurge of foreign reserves accumulation magulrein a re-
assessment of risk-return characteristics of varimwestment opportunity sets
and may alter central banks’ tolerance for maretlit, liquidity and reputational
risk. Based on our findings; it should also chanbe central banks’ asset
allocation. Our finding shows that the current Bemark is an inefficient
portfolio. Hence spanning government bond portfalith longer-dated bonds,
emerging market country rating and G7 inflatiorkéd government bonds
altogether improve the investment opportunity set deliver significant portfolio
risk reduction. The inclusion of inflation-linkedogernment bonds cannot be
spanned directly to the current benchmark, buedds to be added together with
the other government bonds index to be able toelelignificant benefits. This

investment choice may offer average monthly divieegion benefits of 0.30
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percent with a standard deviation of 0.15 percedtraagnitude of risk reduction

at the fifth percentile is 0.013 percent.

In order to obtain above mentioned diversificatidienefits, the
optimization results suggest the central bank tocate its reserves into 38
percent in G7 1-5 year, 27 percent in US Treasuhg,B3 percent in Non-US
bills, 8.5 percent in G7 inflation-linked bond, érpent in emerging market bond
index, 10 percent in DM, 2.5 percent in G7 longetumty bond index, and 0.5
percent in SSA. This strategy requires the cemiaak to execute a switching 32
percent of the reserve to be diversified beyondettisting asset allocation policy.
The majority of the 68 percent, however, shouldtiome to be invested in the

existing benchmark policy.

The purpose of holding reserves and the mandatiatdranks have in
managing their reserves vary between central bamkk therefore the choice
between two measures will differ amongst them. ulMtargue that reducing the
risk for a given existing target return is more igdse for central bank reserve
managers than the second measure. Foreign resélivessification ideas
resulting from the first measure are also easi@otamunicate to the government
and other stakeholders, since the benefits araledelwithout giving up the
existing expected returns. However, it is interegtihat the empirical findings
reveal the minimum variance portfolio offers sigraiht benefits across all
constraints. It could be worth thinking as to wleetthe central bank should

follow the GMV strategy.
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Our findings also reveal the role of constraints tfze risk reduction in
government bond portfolios. Applying Bayesian meaniance framework, this
research shows that asset allocation constraifes afbigger impact to portfolio
performance rather than moving to higher credik r&ecurities or security
selection when short-sale restrictions are alréagytace. The sharp drops of the
benefits are due to asset allocations which litmét holding of the certain assets
that could be too strict from a standard portfadtimisation. This strict limit
however is a vital risk tool to regulate the pditfaconsistent with the investment
policies of central banks. Imposing stringent comsets relative to the
conventional portfolio optimisation, however, siggantly makes the benefits of
constrained asset allocation portfolio be wiped @t lower standard deviation,
however, indicates better chance the benefits cbal@chieved. Our results are
similar to Jagannathan and Ma (2003), finding tihditen the no-short-sale
restriction is already in place, minimum varianaatfolio for a given target
returns performs well, for both before or after osmg asset allocation

constraints.
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CHAPTER FIVE

This chapter examines central bank risk reductienekits for a given expected
benchmark return for a variety of investment polssttings. The impact of
budget constraints, liquidity buffer allocation, darglobal financial crisis
investment opportunities, non-government bond itmesat; and sample selection
bias test are investigated.
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5. OPTIMAL FOREIGN RESERVE ASSET ALLOCATION IN
VARIOUSSETTING

Abstract

This study develops various analysis on a riskamizmation government bonds
portfolio for a given benchmark returns. This rasdaexamines the role of
budget constraints, liquidity buffer allocation,néincial crisis investment
opportunities, sample selection bias test, and lbonds investment policy.
Analysis on the impact of budget and liquidity edlbon constraints has policy
implications that central bank should not to trardheir reserves, but express the
external transaction requirements in the form ohsteaints on the portfolio
optimisation framework. The impact of global finehccrisis since 2008
emphasises the need for central banks to diverdifgir foreign reserves
benchmark beyond its current setting. Lastly, addél new asset classes beyond
quasi-government securities provide significantdigés compare to the existing
benchmark and provide significant incremental bimefelative to well-
diversified government bond portfolios.
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5.1. Introduction

Different economic conditions and size of reservektive to their
economy may change central banks’ risk appetiteéciwill be reflected in their
reserve management policy adjustments. Adverseoetiocrconditions may cause
central banks to take preventive measures, subly agreasing the allocating of
their portfolio to more liquid securities (Romanyuk012). More specifically,
some central banks might also have different peeieg to allocate a separate cash
portfolio to cover the day-to-day payment. The liggxcess reserves could be
expected to result in more allocation for incoreaeration, or smaller portion for
the liquidity and safety purposes (Bakker and He2p07). These variances and
different risk preference in investing in ultra4pond maturity and different
investment opportunities may provide a richer asialyn which cases are more
appropriate for a specific central bank and whaestiment strategy should be

pursued.

This empirical chapter investigates whether thle megiuction benefits are
sensitive to the different central bank requireraeior the precautionary, risk
appetite, change investment opportunities or sapg@i®d. More specifically the
four research questions are raised 1) Does thesidacof the central bank to
allocate cash to cover day-to-day payment, apan fthe bond portfolio, change
the benefits? 2) Do precautionary needs to covermiantion, and short-term
liabilities change the important central bankskrreduction benefits? 3) What

does financial crisis mean for risk minimization ofserves portfolio? By
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analysing diversification benefits before and af2®08, this research tries to
answer a question: Does different investment oppdres changed the benefits?
4) To answer a question whether the preferencdtta-long government bond

offer different benefits for central bank portfdioMoreover, 5) whether non-
government bond investment which includes gold, tgame-backed securities
(MBS), Asset-backed securities (ABS), corporatedyand world equity offer

significant benefits for central bank portfolio?yis, do the incremental benefits
matter relative to the portfolio risk of well-distfied government bonds

investment?

The literature shows few studies suggesting the afsenean-variance
Markowitz (1952) framework for bond portfolio allatton (see, for example,
Korn and Koziol (2006) and Puhle (2008)). There some reasons to justify the
slow development of the usage of mean-variance,namch less is known about
Bayesian mean-variance in fixed-income, more spatly in government bond
portfolio. Korn and Koziol (2006) and Puhle (2008)gue the reason why
Markowitz approach to portfolio selection has neei popular to fixed income
due to problems in modelling returns and covariamoatrix of bonds.
Furthermore, Fabozzi and Fong (1994) claim thatdafe possible to work out a
various bonds covariance matrix, fixed income opgation could be similar to

that of equity portfolios.

The main reason why mean-variance framework hadbeet applied for
fixed-income, according to Korn and Koziol (2006)that historically bond

assets exhibit low volatility, which discouragede tise of the sophisticated
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method. However, this environment is shifting rdyiah latest years, even in
markets where assets have low a probability ofudefahe turbulence in global
markets brought great volatility to fixed-incomeseis prices. As such, the
importance of portfolio optimisation approachest tta&ke into account both risk-
return trade-off, and risk diversification acrosdfedent opportunities has

increased.

Previous research, for example Korn and Koziol @0thd Puhle (2008)
proposes the application of mean-variance framewsmg one factor model for
the yield curve. A more recent paper by CaldeirmuM, and Santos (2012)
extend heteroskedastic dynamic factor models toteh@a structure of interest
rates. These estimates are used as inputs to tha-vaeiance bond portfolio

optimisation.

This research extends the Bayesian approach of \{@1&8$) and Li et al.
(2003) that has been implemented for equity markete now applied for
government bonds portfolio. It is noteworthy that approach for bond portfolio
optimisation here differs in several respects tisterg Bayesian frameworks. Li
et al. (2003), for example, examine diversificatioenefits in term of returns
enhancement and risks reduction subject to shtetesamstraints for the minimum
variance portfolio. The framework here, on the otiend, extends constraints not
only short-sale but also multiple weights restaotiof Jagannathan and Ma
(2003). Furthermore, to address liquidity and sedespects of the foreign reserves
management, our objective here is to minimise gowent bonds portfolio

volatility for the given benchmark returns.
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In this study, the researcher considers stratesgietaallocation for foreign
reserves approach that is based on the risk reductThe idea of risk
minimization implies that among the traditional @tijves of reserves
management, which is liquidity, safety and returfisis chapter focuses on the
safety, and uses liquidity requirements for varyrgk choices framework and
leave returns objective for the future study. ldwet scenario analysis to address
the problem that central banks may have differeskt preference in managing

their reserves.

More specifically, it is important to examine ttader of central banks’ risk
appetite, sample period, sample selection bias,oimel particular constraints in
the minimization portfolio volatility analyses. \faus scenarios considered in this
study include two sub-period analyses, the inclusab ultra-long government
bond to address the potential sample selectionds@sem, and to check whether
the risk reduction is the result from particulasetswveight constraints. This
research performs varying budget and treasury &lidkxation constraints. Lastly,
in this study | will also look at the opportunitp invest beyond government
bonds. The economic interpretation of our meassistraightforward, and it tells
directly how much portfolio risk would reduce byisshing their investment from
the existing policy for the same expected retumtha given benchmark portfolio

for different risk preference.

Our study contributes to an increasing popularityiterature that apply
Bayesian framework for analysing portfolio diveisation benefits; more

specifically for foreign reserve portfolio. Thisiaysis is enhanced from the
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previous empirical chapter by employing technigieeptimal government bond
portfolio construction in the presence of varyingdget constraints, liquid-asset
weight policies, time-varying investment opportigst and test for sample
selection bias to address central banks’ differaimsletolerance and investment
opportunities. The importance to study the varywogstraints is to answer the
problems that may arise in managing reserve patfol'he key contribution of
this paper iso fill the gap of the portfolio selection probleny including
multiple weight constraints in mean-variance Bagesiramework. This study
may also relevant for central bank’s reserves menég review their existing

investment policy with regards to the subjectiwk preference.

Our results show that global inflation-linked gawverent bonds, together
with the emerging market country rating and londated a group of G7 bonds
index, developed market and SSA bond index, spgnné a significant
diversification strategy for both short-sale andateigic asset allocation
constraints. Furthermore, this analysis showstti@atequirement to provide more
cash resulting in a higher uncertainty of the rmaknimization benefits. The
impact of liquidity buffer allocation confirmed thane of the main sources of risk
reduction on government bond portfolio is drivenW§ Treasury Bills. Allowing
the portfolio to mimic US Treasury Bills weights the benchmark offers
optimum benefits. However if it exceeded too famirthe benchmark holding it
may lead to a lower return, which violates the otiye to maintain the same

expected returns with the current benchmark.
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The impact of global financial crisis since 2008pém@msises the need for
central banks to diversify their foreign reservemndhmark from its current
setting. Lastly, the sample selection bias thathtnigccur in this study, more
specifically for longer dated bond strategy, isestigated It is proven that the
reason this research could not find diversificati@mmefits on longer dated bond
strategy in the earlier empirical chapter is notduse of sample selection bias
problem. The inclusion of new asset classes inolp@quities and asset-backed
securities significantly provide risk reduction eisification benefits for central

bank reserve management.

The additional new asset classes beyond quasidgmest securities
provide significant benefits compared to the eRrgtbenchmark, and provide
significant incremental benefits compare to welledsified government bond
portfolios. Overall, these results look interestirgnd it provides practical
implication for different central bank reserve mag@ment risk preference. Our
analysis provides some risk preference alternatares their impact on reserves
portfolio risk minimization; more specifically inddressing safety and liquidity

needs.

The remainder of the chapter is organised as falldsection 2 describes
data and followed by the concept of the researcthods used to perform
scenario analysis. Section 3 presents and discikeesmpirical findings, and

concludes in Section 4.
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5.2. Data and Research Methods

5.21. Data

Data for this study is the same as the data sdtsedirst empirical chapter,
which consist of several government bonds retueta/éen the period December
1985 and December 2014 to represent central bdakegn exchange reserves
allocation policy. Government bond for maturity ¢@m than 10 years will also be
included more specifically to investigate if thaseany sample selection bias.
This research uses two approaches first by inctutive US more than 10 year
government bond return and by constructing equedlight bond return of United
States (US), United Kingdom (UK) and Germany (GHE)e main reason the
researcher uses those bond indexes is becauseatteodee most liquid ultra-long
government bond markets. In addition to those data, non-bond asset classes

which consist of gold, ABS, MBS, corporate bondd aquities are also included.

5.2.2. Research Methods

This chapter focuses on the objective of risk mimation for a given
expected benchmark returns when the central bask réstrictions on their
investment policy, including no short-selling anglget constraint equal to one as
given by the equation (3.1) in Chapter Three. lis #tudy, | concentrate on

analysing risk reduction benefits for a given ergbenchmark returns.
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5.2.2.1. Budget constraint

Budget constraints are particular linear constsaiiat limit the sum of
portfolio weights to fall either or below specifomunds. To study the impact of
varying budget constraint, the researcher replémesonditiont’e = 1 with:

x'e = j, wherej = 0.90;0.95; 1.00 (5.1)
Here the researcher evaluates three different burtgestraint scenarios; first to
limit the sum of portfolio weight equal to 90 pemnted5 percent and 100 percent.
If the sum of portfolio weight less than 100 petcereans that the difference has
to be reserved in cash to cover day-to-day traisectFor example, if = 0.90
then the portfolio manager is only allowed to inv@8 percent of the investable
asset and put aside 10 percent of the reservessmto cover day-to-day external
payments. In this study, | propose this budget traimgs framework as an
alternative approach to investigating whether theigion to tranche the foreign
into liquidity and investment portfolios providesegter benefits than the single

portfolio for risk reduction framework.

5.2.2.2. Liquid asset weight constraint

Asset weights are common constraints imposed Hitutienal investors.
Previous studies, for example Frost and Savarit@9g) and Jagannathan and Ma
(2003), have seen portfolio weight constraints ciéfé empirically. In the second
empirical chapter, it shows that the risk reductimmefits on government bond
portfolios are generally driven by treasury billa. order to confirm whether

government bond portfolio risk reduction benefite aensitive to liquid assets,
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three varying allocations of treasury bills arerakged. In addition, this research
maintains the allocation for US treasury bills ba$e more than 15 percent as in
the previous chapter. To address this problem, idweeind constraint from the

equation (4.2) is combined with equality bound ¢iaists:

Aeq * x; = X, x=0,2,0.304 (5.2)

These constraints are intended to examine wheilfferamt allocation from 30

percent, 20 percent and 40 percent of treasuryWwill change the benefits.

52.23.  Sub-period

This sub-section will examine whether the risk i@thn and the impact of
asset allocation documented in the earlier empiridaapter are different
following the intensification of the financial cissin September 2008 after the
collapse of Lehman, and the severe Greek fiscabl@no announcement on 5
November 2009. It is well known that bond yieldscs that period were quite
different from those in the past due to major a@riianks implementing ultra-low
interest rate policy. Therefore, it is reasonablestispect that government bond
diversification benefits and the impact of assédcaltion constraints might have
changed as a result of a very low yield environmémtorder to study these
problems, the researcher examines the risk readuttmefits separately for the
period from December 1985 to December 2006 and fdamuary 2007 to

December 2014.

187



5.2.24.  Sample selection bias

In this subsection, this research tries to additesssample selection bias
that might occur in this study; more specificalor fonger dated bond strategy.
The researcher is aware that particular investrpelity could be causing a non-
random sampling of a population, and causing somelpers of the asset classes
to be less likely to be included in this exercisart others. Our framework for the
longer bond is restricted up to 10 years maturltgerefore, it is realistic to
question whether the reason this thesis in ead@pter could not document
diversification benefits evidence on longer dateddstrategy was because of the
researcher did not include government bonds that Bamaturity longer than 10
years. To answer this issue, | conducted an exetoisnclude US government
bond index longer than 10 years maturity and arajgweight bond index of

longer than 10 year maturity of US, UK and Germawegnment bonds.

5.2.2.5. Non-government diversification

To limit certain asset class holding in foreigneme portfolio we apply
upper bound constraints as in equation 4.3. Int&hdito those constraints,
additional linear inequality constraint matéx and vectc ik, every weightr; in a
portfolio must satisfy the following:

Axx; <X, x = 0.05,0,1,0.05 (5.3)
intended to limit non-government asset class hgldivhich includes 5 percent in
gold; 10 percent in ABS or/and MBS; and 5 percena icorporate bond or/and

equity asset classes.
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5.3. Empirical Results

5.3.1. Descriptive statistics

Table 5.1 reports summary statistics for the boradket index and the
first four asset classes; treasury bills, grou®@f developed market government
and government-related entities bond index thal lval used to examine central
banks’ foreign reserves diversification benefits & given benchmark return.
Average monthly return on the G7 1 to 5 year matusond index was 0.49
percent over the entire period, 0.57 percent dutivg period 1985-2006 and
halved to 0.25 percent during financial turmoil wionthly volatility increased
slightly to 1.57 percent from 1.50 percent. US $teg Bills mean return during
pre-crisis was 0.39 percent and dropped dramatitalD.07 percent in a time of
financial crisis. Mean returns and volatility ofmtJS bills relatively stable in the

two sub-periods at 0.16 percent and 0.12 percepectively.

Interestingly, non-US short-term assets have alemariation in term of
monthly risk and return. Non-US bills have expecteturns for the two sub
period of 0.19 percent and 0.20 percent with vidhatof 2.45 and 2.66 percent,
the smallest variation amongst all other asseselfor the respective sub-period.
Those short-dated assets risk-return are domirtebeir currency performance
over the sample period. From the central bank @S anvestor perspective, this
could be seen that holding non-US Treasury Billwilar to holding foreign
currency portfolios. Mean return as well as theatibty, varies substantially

across developed market government bond indexslscasn in Table 5.1.
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Table 5.1 Summary statistics

The table reports summary statics of the monthiyrns of the government bond benchmark assetsestcssets for the period of December 1985-December
2006 and January 2007-December 2014. Ultra-longreimdgovernment bonds data cover the period of Dbee 1985-December 2014. Benchmark assets
consist of the bond market, US bills and Non-U$biTest assets include a group of G7 governmemd Inoarket, developed government bond market, semi-
government, supranational and government agencg bwarket, emerging market, index-linked, ultra-ldrand and non-government bonds. The table shows
the mean, standard deviation, and its correlatigtiseach benchmark assets for the correspondimg pieriod.

Asset Class

o Correlatior
Mean Standard Deviation -
viati US Bills Non US Bills Bond Markei
all 1985- 2007- all 1985- 2007- 1985- 2007- 1985- 2007- 1985- 2007-

period 2006 2014 period 2006 2014 2006 2014 2006 2014 2006 2014

Benchmark
uUsS Bills 0.3014 0.3896 0.0664 0.2056 0.1569 0.1157 1 1 3.163.0659 -0.0008 0.1738
Non US Bills 0.1892 0.1853 0.1996 2.5101 2.4566 2.6608331 -0.0659 1 1.0000 -0.8477 -0.6599
Bond Market (G7 1-5 year) 0.4857 0.5756 0.2462 1.5189917. 1.5707 -0.0008 0.17375 -0.8477 -0.6599 1 1.0000

L engthening Duration

Group G7 5-7 year
7-10 year

Developed Mkt 1-5 year
5-7 year
7-10 year

Semis, Supranat. & Agencies (S.

0.0594 -0.0182 0.2661 2.2736 2.1874 92.480238 -0.0991 0.8722 0.9106 -0.5812 -0.4433
0.1236 0.0393 0.3480 2.3824 2.2922 2.6072 0.04B2137 0.8261 0.8646 -0.5174 -0.3976
-0.0930 -0.1399 0.0322 2.8084 72453.5929 0.0639 -0.0743 0.9468 0.9659 -0.7211 -0.5006
0.0333 -0.0377 0.2225 3.0552 2.7604 3.7389 0.0xZ28040 0.8852 0.9311 -0.6402 -0.4536
0.0745 -0.0014 0.2764 3.0183 2.6267 3.8827 0.0321033 0.8850 0.9241 -0.6102 -0.4236
0.2176 0.2112 0.2347 1.0294 1.1025 0.8079 0.0218 0.089004®. 0.3779 0.3256 0.2207

Emerging M ark et
Country Rating Sovereign B
Sovereign BB
Sovereign BBB
Geographics Asia
EMEA
Latin America

-0.0315 0.0409 -0.2241 2.3386503 4.3921 -0.0111 -0.1212 -0.0017 -0.5349 -0.0458 66.08
0.0969 0.0293 0.2770 1.6280 0.5657 2.980mlGB -0.0854 0.0175 -0.5700 -0.0178 0.2994
0.0336 0.0048 0.1103 1.3233 0.4807 2.4039237 -0.0654 0.0160 -0.6102 0.0151 0.4520
0.0882 0.0574 0.1701 1.7390 0.4643 3.22319 -0.0984 0.0331 -0.5601 -0.0771 0.2937
0.0332 0.0035 0.1122 1.4234 0.4289 2.6415 -0.0254750.00.0122 -0.5862 0.0073 0.2942
0.0246 0.0291 0.0126 1.6421 0.5746 3.01161AZD -0.0789 0.0090 -0.6246 -0.0095 0.3366

I ndex-linked Bond
Global Govt Inflation-Linked Bond
G7 Govt Inflation-Linked Bond

0.3307 0.2865 0.448B.6957 1.2335 2.5528 -0.2499 0.0463 -0.4152 -0.8408 0.402&211
0.1923 0.1255 0.3700 142 0.6647 2.7048 -0.2863 0.0447 -0.4497 -0.8980 0.4845 3B.65

Ultra-Long Bond

US Government +10 year 0.2230 2.9179 0.386¢ -0.0184 -0.0598
G3 Government +10 year 0.2242 3.0027 -0.1544 -0.0622 0.5600
Non-Government Bond

Gold 0.4678 4.4236 -0.078( -0.349¢ 0.316¢
Mortgage-Backed Securities (ME -0.0046 0.9921 -0.031( -0.227: 0.273°
Asset-Backed Securities (ABS) 0.0184 0.9846 -0.003: -0.113¢ 0.391°
Investment Grade Corporate Bonds 0.0171 1.2497 -0.0578 -0.1039 0.0590
World Equity 0.6469 4.4474 0.0303 -0.3821 0.2105
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Most developed market bond indexes exhibit negatioeelation with
market index, which one may see potential divaraifon benefits through the
reduction of risk rather than return enhancemehe hean return and volatility
are typically higher in longer dated indexes thanshort-dated bucket. The
means, standard deviations and correlation ofmettor market index in this table,
however, do not provide a clear indication as teetiar longer bonds maturity

offer diversification benefits beyond those offelgdbenchmark portfolio.

The indices used to examine diversification beseby investing in
emerging market government bonds are categorisezbbytry credit rating and
geographic. The average returns of emerging magkeernment debt range
between -0.03 percent (Asia) and 0.10 percent (teyrbliddle East and Africa).
During the period of 1985-2006, all emerging marketices exhibit positive
average returns, while in the later subperiod emgrésia indicates substantial
negative mean returns of -0.22 percent. Emergingkenhabonds’ volatility
increased significantly from 0.50 percent to 2.5-f#ercent during low yield
environment. Emerging market government debt nstshow relatively similar
to that of developed market government bond. Intreshto a developed market,
correlations of emerging market returns to market @l positive which may

provide return enhancement to foreign reserve qloot.

The average returns of index-linked bonds are Q8&ent and 0.19
percent and the standard deviations are 1.70 peaoeinl.52 percent. The means,

and standard deviations of index-linked governnisnds returns in Table 5.1
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provide a clearer early indication as to whetheateiilinked government bond
markets offer diversification benefits for centrélanks’ foreign reserves
management beyond those offered by developed gmestn and emerging
government bond markets. During the sample periodex-linked bonds
generally have higher means but lower both standavehtions and correlation to
developed market and emerging market governmend Inoarket indices. This
low correlation suggests that central banks mayefitefiom investing in index-

linked bonds.

This research conducts various analyses of wheterdiversification
benefits of longer dated maturity, emerging markahd inflation-linked
government bonds and the impact of asset allocatimstraints on government
bond portfolio, are sensitive to varying subjectosntral bank risk preferences.
First, budget constraints; second, liquidity coasits; third, different time period
investment opportunities; fourth, the impact of tfmio risk reduction from
investing in government bonds longer than 10 yeatunity; and fifth, the impact

and marginal impact of non-bond investments.

5.3.2. Impact of budget constraint

In this section, the research will examine whetertral banks should or
should not put cash aside from investible foreiggserves portfolio. The
alternative that some central banks segregategtiortranches to cover specific
objectives, as Caballero and Panageas (2005) duggeght be the potential

answer for this problem. The cash tranche servesetet the day-to-day external
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payment. This portfolio tranche is normally held demand deposits or time
deposit at commercial banks or an internationdituigon such as the Bank for
International Settlement. The liquidity tranche vesr as a cushion to meet
unanticipated and possibly large demand of foregpchange. As a result,
liquidity tranche needs to be held in highly liqugtruments that can be sold in
large quantity without having a major impact on kearprices. The investment
tranche can be considered as the tranche for surpierves with a larger focus

on generating returns over the long run, which ballleft for the future research.

The objective of imposing budget constraints islitit the sum of
portfolio weights to fall below specific bounds, ¢ require some foreign
reserves to be held in cash or demand depositsnmmercial banks in order to
cover central banks’ day-to-day liabilities. Héne researcher examines whether
different budget constraints offer different rigdduction benefits for government
bonds portfolio. First is to limit the sum of palib weight equal to 90 percent,
95 percent, and 100 percent. If the sum of podfaleight less than 100 percent,
this means that the difference has to be reservedsh assets. For examplg, 3
0.95 then the portfolio manager can only invesp8g&ent of the investable asset
into benchmark and test assets portfolio and pideafive percent in cash

equivalent assets.

Table 5.2 reports the posterior distribution okrreduction for a given

expected current benchmark returns when centrdd saiiches their investment
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Table 5.2 Posterior distribution of risk reductifur a given benchmark returns from the spanningtagyy for different budget

constraints

This table reports the posterior distribution akrreduction for a given expected benchmark retuimsn investor switches their investment to longdgeted,
emerging market and inflation-linked governmentdbdor three different budget constraints 100%, 95% 90%. The first frontier is spanned by longaeda
bonds within G7, DM government and SSA bond mauigeto 10 years maturity. The next two frontiers spanned by EM government bond for regional and
credit rating bond index. The last four frontiers apanned by the inclusion of inflation-linked Harsing global government and G7 index-linked goreznt
bond market. The summary statistics are the méangard deviation, the average of actual risk rédneneasure, and"550" and 9%' percentile.

No Short-Sale

Asset Allocation

Frontier of Benchmark + _ Percentie _ Percentile
Mean Stdev ° 5t 50" ggh Mean Stdev 5t 50" 95th
Panel A. For the budget constraints 100%o
Longer Bond Maturity 0.3727 0.2326 0.3935 0.0343 0.34794GB 0.1273 0.0970 0.7616 0.0000 0.1150 0.2758
EM Regional 0.4655 0.2275 0.2857 0.0752 0.4932 0.7569 26.240.1217 0.5736 0.0000 0.2662 0.3963
EM Country Rating 0.4374 0.3042 0.3165 0.0089 0.4449 4387 0.2485 0.2204 0.5648 0.0000 0.2176 0.5493
Global Inflation + EM Regional 0.4524 0.3011 0.2998 10® 0.4678 0.8762 0.2596 0.2145 0.5481 0.0000 0.2694 0.5444
Global Inflation + EM Rating 0.4637 0.2992 0.2876 0D0110.4875 0.8781 0.2683 0.2160 0.5354 0.0000 0.2909 0.5487
G7 inflation + EM Regional 0.4472 0.3003 0.3056 0.01064582 0.8763 0.3118 0.2704 0.4736 0.0030 0.2734 0.7154
G7 inflation + EM Rating 0.4580 0.3004 0.2937 0.0119 804 0.8774 0.3351 0.2684 0.4422 0.0035 0.3295 0.7189
Panel B. For the budget constraints 95%
Longer Bond Maturity 0.3788 0.2372 0.3859 0.0335 0.752T7571 0.1649 0.1089 0.6973 0.0000 0.1549 0.3265
EM Regional 0.4672 0.2341 0.2838 0.0683 0.7682 0.7682 10.2D.1398 0.5304 0.0000 0.2992 0.4435
EM Country Rating 0.4808 0.2299 0.2695 0.0786 0.7701 077 0.2540 0.2222 0.5565 0.0000 0.2163 0.5603
Global Inflation + EM Regional 0.4984 0.2275 0.2516 92D 0.7749 0.7749 0.2795 0.2183 0.5191 0.0000 0.3058 0.5604
Global Inflation + EM Rating 0.5001 0.2260 0.2499 0M@9D.7749 0.7749 0.2805 0.2189 0.5176 0.0000 0.3057 0.5608
G7 inflation + EM Regional 0.4867 0.2312 0.2635 0.08057764 0.7764 0.2645 0.2214 0.5409 0.0000 0.2680 0.5566
G7 inflation + EM Rating 0.4550 0.3049 0.2970 0.0057 7854 0.8825 0.2796 0.2226 0.5190 0.0000 0.3072 0.5612
Panel C. For the budget constraints 90%
Longer Bond Maturity 0.3816 0.2415 0.3824 0.0320 0.3553%64% 0.1978 0.1276 0.6435 0.0000 0.1983 0.3760
EM Regional 0.4701 0.2377 0.2808 0.0704 0.4961 0.7805 40.29.1643 0.4978 0.0000 0.3346 0.4899
EM Country Rating 0.4408 0.3109 0.3128 0.0000 0.4471 6288 0.2600 0.2219 0.5476 0.0000 0.2158 0.5722
Global Inflation + EM Regional 0.4567 0.3065 0.2952 00® 0.4746 0.8872 0.2899 0.2182 0.5043 0.0000 0.3079 0.5717
Global Inflation + EM Rating 0.4570 0.3063 0.2948 0MOM.4773 0.8867 0.2882 0.2162 0.5067 0.0000 0.2994 0.5720
G7 inflation + EM Regional 0.4456 0.3113 0.3074 0.000045862 0.8871 0.2704 0.2217 0.5323 0.0000 0.2465 0.5687
G7 inflation + EM Rating 0.4613 0.3065 0.2902 0.0000 884 0.8888 0.2891 0.2206 0.5054 0.0000 0.3044 0.5725
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from the existing benchmark allocation policy toder dated government bond
for three different budget allocations. When ingestaces only short-sale
constraints, the inflation-linked and the emergin@rket government bond
strategy may offer risk reduction benefits, but fmtthe longer bond maturity
strategies, across all three budget allocationsposimg different budget
constraints from 100 percent to 90 percent do nghifccantly change the
magnitude of benefits. The mean of risk reductiomaround 0.50 percent or less
than 30 percent of the initial risk, and standagsliations are about 0.23 percent.
At the 5" percentile distribution of risk reduction from &sting in equally-weight
G7 inflation-linked combined with emerging markegional strategy, the new
optimal portfolio delivers 0.09 percent risk redantor 80 percent from the initial

portfolio risk.

Asset allocation constraint does change the smamti of the mean of risk
reduction benefits. Inflation-linked strategy alvteoffer risk reduction benefits
only if budget constraint equal to one and 95 pa#rcBlone of the 90 percent
budget constraints is able to offer risk minimiaati benefits. The average
portfolio risk decreases 0.30 percent or aroundp®fcent from the initial
portfolio risk with the risk reduction 0.01 perceatt the fifth percentile. These
benefits could be achieved either by emerging ntarke inflation-linked

government bonds spanning strategy.

The mean of risk reduction benefits for the 95 petdudget is only being
achievable through inflation-linked strategy. Narsfelonger bond and emerging

market strategy is able to deliver benefits whartred banks allocate
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Table 5.3 Assets weight in the risk minimization &given benchmark return portfolio for differdntdget constraints

This table reports posterior distribution of theameand standard deviations of the optimal weightthe efficient portfolio for a given existing bdmark
returns for three different budget constraints PAnés longer bond maturity strategy that consgdirst assets consist of G7 government maturityaber7-10
years, DM bond index 1-5 year, 5-7 year and 7-1&r ynd SSA. Benchmark assets are 15% of US Tre&ilisy 15% of non-US bills and 70% of G7
government bond index 1-5 year. Panel B. is Emgriylarket diversification which added test assets dgMernment bond indices based on country rating (B
BB and BBB) and geographical area (Asia, EuropeJdié East and Africa (EMEA), and Latin America)the longer bond strategy. Panel C is inflation-
linked diversification which added test asset aflgall or G7 inflation-linked government bond on tdgemerging market diversification.

No-Short Sale Asset Allocation
Bond Index 100 percent 95 percent 90 percent 100 percent 95 gercen 90 percent
Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Meamev St
Panel A. Longer Bond Maturity
SSA 0.0689 0.1158 0.0380 0.0690 0.0374 0.0687 0.0514 0.0475 0.0218 0.0384 0.0214 0.0387
DM 7-10 year 0.0053 0.0238 0.0058 0.0254 0.0056 0.0247 0.0045 0.0218 0.0036 0.0229 0.0039 0.0328
DM 5-7 year 0.0110 0.0343 0.0119 0.0355 0.0113 0.0346 0.0107 0.0333 0.0095 0.0318 0.0081 0.0354
DM 1-5 year 0.0124 0.0400 0.0122 0.0401 0.0130 0.0416 0.0536 0.0635 0.0482 0.0604 0.0410 0.0568
G7 7-10 year 0.0130 0.0399 0.0142 0.0419 0.0138 0.0413 0.0118 0.0374 0.0106 0.0348 0.0100 0.0392

G7 5-7 year 0.0088 0.0343 0.0095 0.0360 0.0100 0.0376 0.0397 0.0614 0.0414 0.0630 0.0344 0.0578
UST Bills 0.5451 0.2515 0.5098 0.2455 0.4628 0.2422 0.2699 0.0561 0.2723 0.0605 0.2761 0.0613
Non US Bills 0.0311 0.0753 0.0303 0.0716 0.0278 0.0659 0.0301 0.0561 0.0277 0.0456 0.0239 0.0610
G7 1-5 year 0.3044 0.2052 0.3184 0.1994 0.3182 0.1980 0.5284 0.0921 0.5148 0.0820 0.4812 0.0901
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No-Short Sale

Asset Allocation

Bond Index 100 percent 95 percent 90 percent 100 percent 95 gercen 90 percent
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meamev St

Panel B. Emerging Market Government Bond

Panel B.1. Geographical
EM Asia 0.0232 0.0486 0.0242 0.0496 0.0231 0.0482 0.0255 0.0385 0.0247 0.0380 0.0222 0.0369
EM EMEA 0.0317 0.0602 0.0334 0.0621 0.0333 0.0627 0.0248 0.0381 0.0252 0.0380 0.0247 0.0381
EM LATAM 0.0242 0.0519 0.0245 0.0525 0.0259 0.0549 0.0262 0.0389 0.0255 0.0386 0.0233 0.0376
SSA 0.0542 0.0971 0.0395 0.0666 0.0399 0.0666 0.0507 0.0468 0.0236 0.0389 0.0240 0.0394
DM 7-10 year 0.0051 0.0221 0.0046 0.0209 0.0048 0.0218 0.0036 0.0194 0.0036 0.0224 0.0041 0.0311
DM 5-7 year 0.0103 0.0315 0.0101 0.0313 0.0093 0.0297 0.0086 0.0294 0.0073 0.0278 0.0069 0.0310
DM 1-5 year 0.0165 0.0435 0.0162 0.0437 0.0164 0.0436 0.0721 0.0696 0.0643 0.0673 0.0546 0.0637
G7 7-10 year 0.0075 0.0294 0.0066 0.0273 0.0068 0.0277 0.0070 0.0283 0.0066 0.0284 0.0064 0.0359
G7 5-7 year 0.0087 0.0316 0.0088 0.0314 0.0089 0.0320 0.0281 0.0513 0.0297 0.0511 0.0232 0.0447
US Bills 0.5520 0.2599 0.5195 0.2559 0.4732 0.2488 0.2677 0.0667 0.2736 0.0601 0.2772 0.0597
Non US Bills 0.0295 0.0680 0.0275 0.0638 0.0246 0.0573 0.0323 0.0577 0.0264 0.0576 0.0228 0.0587
G7 1-5 year 0.2371 0.1969 0.2353 0.1945 0.2337 0.1915 0.4534 0.1039 0.4393 0.0924 0.4106 0.1022

Panel B.2. Country Rating
EM B 0.0251 0.0421 0.0286 0.0450 0.0317 0.0588 0.0473 0.0422 0.0242 0.0392 0.0243 0.0422
EM BB 0.0245 0.0492 0.0254 0.0499 0.0251 0.0644 0.0205 0.0333 0.0097 0.0275 0.0102 0.0307
EM BBB 0.0302 0.0633 0.0289 0.0619 0.0313 0.0815 0.0111 0.0273 0.0056 0.0217 0.0055 0.0231
SSA 0.0536 0.0956 0.0392 0.0660 0.0604 0.1361 0.0492 0.0462 0.0102 0.0318 0.0058 0.0312
DM 7-10 yr 0.0049 0.0220 0.0042 0.0197 0.0238 0.0812 0.0042 0.0210 0.0113 0.0493 0.0110 0.0535
DM 5-7yr 0.0098 0.0304 0.0094 0.0297 0.0221 0.0842 0.0082 0.0291 0.0060 0.0377 0.0057 0.0403
DM 1-5yr 0.0171 0.0441 0.0170 0.0436 0.0715 0.1505 0.0752 0.0713 0.0991 0.1380 0.0762 0.1179
G7 7-10yr 0.0075 0.0289 0.0064 0.0269 0.0246 0.0800 0.0072 0.0288 0.0156 0.0638 0.0173 0.0744
G7 5-7yr 0.0088 0.0311 0.0084 0.0297 0.0301 0.0997 0.0299 0.0524 0.0095 0.0458 0.0071 0.0413
US Bills 0.5543 0.2664 0.5281 0.2548 0.1029 0.1796 0.2652 0.0697 0.2204 0.0774 0.2215 0.0821
Non US Bills 0.0315 0.0707 0.0274 0.0631 0.2416 0.2964 0.0348 0.0587 0.0830 0.0772 0.0867 0.0815
G7 1-5yr 0.2326 0.1993 0.2269 0.1908 0.2349 0.2632 0.4472 0.1045 0.4756 0.2007 0.4778 0.2015
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No-Short Sale Asset Allocation
Bond Index 100 percent 95 percent 90 percent 100 percent 95 gercen 90 percent
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meamlev St

Panel C. Inflation Linked Government Bond
Panel C.1. Global Government Inflation-Linked Bond

GGIL 0.0393 0.0811 0.0430 0.0626 0.0368 0.0784 0.0275 0.0521 0.0238 0.0518 0.0215 0.0532
EM Asia 0.0275 0.0542 0.0222 0.0398 0.0280 0.0549 0.0245 0.0374 0.0228 0.0374 0.0224 0.0388
EM EMEA 0.0199 0.0566 0.0192 0.0437 0.0201 0.0573 0.0107 0.0274 0.0101 0.0275 0.0101 0.0284
EM LATAM 0.0232 0.0685 0.0182 0.0500 0.0238 0.0702 0.0070 0.0229 0.0059 0.0216 0.0055 0.0218
SSA 0.0524 0.1294 0.0413 0.0659 0.0513 0.1266 0.0135 0.0320 0.0098 0.0305 0.0063 0.0298
DM 7-10 year 0.0884 0.1747 0.0195 0.0454 0.0704 0.1483 0.1384 0.1578 0.1116 0.1387 0.0876 0.1192
DM 5-7 year 0.0176 0.0738 0.0088 0.0282 0.0214 0.0827 0.0085 0.0429 0.0068 0.0401 0.0059 0.0393
DM 1-5 year 0.0221 0.0771 0.0039 0.0191 0.0223 0.0775 0.0129 0.0506 0.0109 0.0471 0.0110 0.0498
G7 7-10 year 0.0205 0.0715 0.0051 0.0242 0.0223 0.0748 0.0132 0.0515 0.0131 0.0579 0.0162 0.0681
G7 5-7 year 0.0284 0.0939 0.0075 0.0286 0.0276 0.0935 0.0129 0.0523 0.0099 0.0456 0.0067 0.0379
US Bills 0.1467 0.2236 0.5389 0.2522 0.1117 0.1881 0.2156 0.0738 0.2173 0.0763 0.2204 0.0801
Non US Bills 0.3131 0.3376 0.0271 0.0606 0.2547 0.3001 0.0844 0.0738 0.0853 0.0761 0.0860 0.0794
G7 1-5 year 0.2008 0.2459 0.1953 0.1884 0.2095 0.2561 0.4310 0.1970 0.4385 0.2000 0.4385 0.2005
GGIL 0.0402 0.0826 0.0433 0.0632 0.0386 0.0800 0.0270 ©.05D.0235 0.0516 0.0223 0.0540
EM B 0.0278 0.0548 0.0222 0.0395 0.0277 0.0553 0.0246 8.030.0225 0.0371 0.0224 0.0389
EM BB 0.0191 0.0548 0.0196 0.0439 0.0200 0.0564 0.0102 60.02 0.0101 0.0272 0.0098 0.0285
EM BBB 0.0237 0.0702 0.0180 0.0494 0.0235 0.0705 0.0068 22@.0 0.0060 0.0218 0.0061 0.0232
SSA 0.0526 0.1281 0.0421 0.0664 0.0504 0.1254 0.0140 0.03R60094 0.0299 0.0062 0.0297
DM 7-10 yr 0.0884 0.1746 0.0190 0.0436 0.0725 0.1505 0.139.1597 0.1133 0.1407 0.0862 0.1190
DM 5-7yr 0.0185 0.0759 0.0086 0.0281 0.0205 0.0801 0.0078408 0.0069 0.0402 0.0055 0.0384
DM 1-5yr 0.0206 0.0720 0.0035 0.0181 0.0223 0.0773 0.01240496  0.0111 0.0477 0.0107 0.0490
G7 7-10yr 0.0208 0.0717 0.0048 0.0230 0.0211 0.0724 0.0130503 0.0123 0.0547 0.0169 0.0697
G7 5-7yr 0.0290 0.0959 0.0078 0.0297 0.0285 0.0954 0.0128530 0.0094 0.0447 0.0066 0.0377
US Bills 0.1446 0.2197 0.5399 0.2511 0.1110 0.1895 0.21530738 0.2187 0.0766 0.2204 0.0800
Non US Bills 0.3172 0.3385 0.0280 0.0629 0.2551 0.3005 847.0 0.0738 0.0839 0.0762 0.0859 0.0791
G7 1-5yr 0.1973 0.2452 0.1932 0.1886 0.2087 0.2563 0.4323967 0.4384 0.1999 0.4389 0.1989
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No-Short Sal

Asset Allocatior

Bond Index 100 percer 95 percer 90 percer 100 percer 95 percer 90 percer
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meamlev St
Panel C.2. Group G7 Inflation Linked Bond

G7 IL 0.0402 0.0826 0.0591 0.0797 0.0477 0.0954 0.0297 40.050.0241 0.0527 0.0213 0.0540
EM Asia 0.0278 0.0548 0.0167 0.0410 0.0207 0.0573 0.012®306. 0.0118 0.0300 0.0122 0.0324
EM EMEA 0.0191 0.0548 0.0193 0.0490 0.0231 0.0665 0.01380302.  0.0121 0.0293 0.0110 0.0287
EM LATAM 0.0237 0.0702 0.0172 0.0448 0.0223 0.0614 0.012703@6 0.0112 0.0298 0.0115 0.0320
SSA 0.0526 0.1281 0.0443 0.0683 0.0529 0.1279 0.0139 0.033095 0.0305 0.0049 0.0289
DM 7-10 year 0.0884 0.1746 0.0201 0.0461 0.0693 0.1464 250.1 0.1541 0.1025 0.1352 0.0798 0.1157
DM 5-7 year 0.0185 0.0759 0.0099 0.0303 0.0210 0.0808 80.000.0424 0.0060 0.0372 0.0057 0.0401
DM 1-5 year 0.0206 0.0720 0.0050 0.0225 0.0235 0.0798 2@0.010.0502 0.0109 0.0486 0.0102 0.0487
G7 7-10 year 0.0208 0.0717 0.0047 0.0230 0.0228 0.0765 14@.0 0.0547 0.0135 0.0607 0.0173 0.0745
G7 5-7 year 0.0290 0.0959 0.0070 0.0284 0.0285 0.0946 28.010.0529 0.0091 0.0437 0.0057 0.0365
US Bills 0.1446 0.2197 0.5173 0.2529 0.1056 0.1809 0.217974@ 0.2200 0.0770 0.2231 0.0812
Non US Bills 0.3172 0.3385 0.0274 0.0624 0.2451 0.2963 8210 0.0742 0.0831 0.0767 0.0843 0.0803
G7 1-5 year 0.1973 0.2452 0.2020 0.1928 0.2175 0.2613 50.44.2002 0.4545 0.2055 0.4579 0.2057
G7 IL 0.0439 0.0902 0.0427 0.0894 0.0426 0.0878 0.0264 18.050.0224 0.0508 0.0203 0.0524
EM B 0.0256 0.0522 0.0257 0.0522 0.0265 0.0540 0.0243 0.03D.0223 0.0366 0.0217 0.0383
EM BB 0.0187 0.0551 0.0183 0.0541 0.0189 0.0552 0.0107 7@.02 0.0097 0.0268 0.0095 0.0278
EM BBB 0.0221 0.0682 0.0217 0.0679 0.0209 0.0666 0.0065 223.0 0.0058 0.0217 0.0057 0.0222
SSA 0.0525 0.1279 0.0546 0.1312 0.0525 0.1269 0.0126 0.030@091 0.0298 0.0053 0.0285
DM 7-10 yr 0.0900 0.1745 0.0817 0.1623 0.0728 0.1496 @.136.1589 0.1133 0.1418 0.0883 0.1208
DM 5-7yr 0.0191 0.0763 0.0219 0.0844 0.0203 0.0796 0.0070410  0.0058 0.0368 0.0061 0.0410
DM 1-5yr 0.0231 0.0782 0.0222 0.0763 0.0261 0.0844 0.01220490  0.0109 0.0483 0.0104 0.0498
G7 7-10yr 0.0209 0.0718 0.0228 0.0763 0.0235 0.0770 0.01@3B8522  0.0127 0.0573 0.0166 0.0710
G7 5-7yr 0.0288 0.0951 0.0300 0.0979 0.0278 0.0926 0.013053® 0.0087 0.0421 0.0065 0.0384
US Bills 0.1386 0.2163 0.1254 0.2009 0.1084 0.1848 0.2150739 0.2175 0.0766 0.2203 0.0803
Non US Bills 0.3177 0.3374 0.2757 0.3156 0.2532 0.3010 8420 0.0739 0.0853 0.0763 0.0862 0.0794
G7 1-5yr 0.1991 0.2470 0.2073 0.2524  0.2065 0.2560 0.4369992 0.4431 0.2032 0.4424  0.2029
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more cash outside the portfolio. Diversificatioméfts could only be achieved
by inflation-linked diversification. Interestinglgven though, the average benefits
from the new optimal portfolio resulted from G7latfon-linked bond combined
with emerging market rating and global inflationked deliver significant benefit
at 0.32 percent and 0.31 percent or only 45 perfrent the initial benchmark
risk, at the fifth percentile of distribution insid of reducing portfolio risk, it
increases the portfolio risk for 0.00 or 100.88ceet higher than the initial
benchmark portfolio risks. These two strategies ndorirelatively high

diversification benefits uncertainty.

When a central bank needs to allocate more cash WP percent of their
portfolio, none of those spanning strategies casid in the scenario offers
diversification benefits. Even though, the averapl reduction benefits are
higher relative to the previous budget scenarib®fahem have a higher variance
of the expected benefits. At the fifth percentifetlee distribution all strategies,

instead of reducing risk, this spanning strategyeases portfolio risks.

Table 5.3 shows the posterior distribution of theam and standard
deviation of the optimal weight in the mean-varngortfolio for a given
benchmark returns for three different budget camsts. Table 5.3 Panel A
reports the results of the mean of the optimal ttsigf the efficient portfolio by
investing in longer bond maturity strategy, Tabl8 Panel B by investing in
emerging market strategy, and Table 5.3 Panel @\msting in inflation-linked
bond strategy. Those three panels show that img@seet allocation constraints

generally deliver more diversified portfolio witeds variation in weights than it
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delivered before asset allocation constraints emgosed. These results indicate
that the requirement to preserve more cash out&eortfolio optimisation may
deliver higher uncertainty of the risk reductiombgts of government portfolio to
switch their investment from its current benchmpdiicy. Hence these results
imply that the portfolio segregation to cover dayday foreign transactions is not

necessarily suitable for government bond risk rédas portfolio.

The results show that when more cash is needed #didcated outside the
portfolio, it tends to deliver higher uncertainty the expected benefits. The
impact of varying budget constraint provides an liogtion that central bank
should not isolate cash from the investible poitfol'he idea that some central
banks segregate portfolio tranches to cover speolfiectives may come from
Caballero and Panageas (2005) suggestions. Odtstesowever, confirm Kotz
and Strauss-Kahn (2007) claims that central barfi@uld not tranche their
portfolio. These findings show that for the risksbd framework for foreign
reserves optimisation, the more cash allocateddmitee investible portfolio, the

less likely the diversification strategy will dedivrisk minimisation benefits.

5.3.3. Impact of liquidity cushion allocation

Central banks face a number of conflicting objexdithat arise in reserve
management, include liquidity considerations versimsage of national wealth
considerations. When an economy faces rapid cagitiflows, there tends to be
massive pressure to depreciate the currency. Monatdhorities have a limited

set of policy choices to safeguard this curren@spure. Dominguez, Hashimoto,
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and Ito (2012) argue that central banks can (lgrabé the exchange rate to
decline, (2) sell foreign reserves to protect tihehange rate, (3) increase the
interest rate in order to discourage capital outflo(4) impose capital controls, or
(5) use a combination of all of the above. Furtramen Dominguez et al (2012)
say that if the pressure is moderate, central bafiks tolerate the exchange rate
to decline. However, if the pressure is strong,ceons normally arise that
depreciation will be excessive and may boost furttepital outflows, which

could quickly affect in a systemic crisis in thadncial institutions. In these
circumstances, the central bank typical choiceoisige of foreign reserves to
absorb capital outflow and to moderate the speeclioency depreciation or to

reduce currency fluctuation.

The rationale behind liquidity consideration is tthfareign exchange
reserves represent a contingency cushion to suppoeixchange rate policy and
to support external liabilities. Bakker and van ptef2007) argue this liquidity
requirement dictate reserves management at theatdank to preserve their
foreign currency assets, even in the short termd,ranst be held in highly liquid
securities. However, Johnson-Calari, Grava, andoKo(2007) document that
over few years this traditional image of reservemnagement has shown some
changes because of the accumulation of reserva@sdoord level, mainly in Asia
and oil-exporting countries. As the foreign reserggow larger, they are less
likely that all to be needed to cover financial @wogency. The traditional
consideration of keeping reserves in liquid assetsder to cover for intervention

needs has waned to some extent. | could expecashidte size increased, the less
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portion of the reserve has to be kept in highlypiligassets. Kotz and Strauss-
Kahn (2007) claim, however, that minimum of 20 erclevel of gross reserve

must be held in highly liquid securities to coventingency plan.

In order to capture these issues and the factithadity needs may vary
from one central bank to another, this researcimexes whether varying liquidity
assets constraints change the risk reduction lisrgfgovernment bond portfolio.
Based on the survey from earlier empirical chaptedt Kotz and Strauss-Kahn
(2007) claim, hence 20 to 40 percent liquid aspettions of the official reserve
will be adopted in this analysis. Here the reseamasures diversification
benefits for three different liquidity allocations be held 20 percent, 30 percent
and 40 percent in treasury bills while maintainlng treasury bills allocation at
least 15 percent. Table 5.4 reports the basicsstatiof the distribution of risk
reduction for a given expected returns for the @hdbfferent liquid assets

allocations.

Table 5.4 presents the posterior distribution sk rieduction for a given
expected benchmark returns when reserve portfolamager switches their
investment to test assets for three different tguibuffer scenarios. Investing in
emerging market government bond does deliver dii@aton benefits only for
40 percent liquid assets allocation scenario fothbmo short sale and asset
allocation constraints. Some of spanning strategres?20 percent liquidity
allocation provide diversification benefits befareposing asset allocation, but
the all the benefits at the fifth percentile disagp after asset allocation

constraints are imposed. None of the longer matuliversification strategy
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Table 5.4 Posterior distribution of risk reduction a given benchmark returns for different ligtyduffer

This table reports the posterior distribution cfkrireduction for a given expected benchmark retuvhen investor diversifies their investment forethr
different liquidity buffers. The first frontier ispanned by longer-dated bonds within G7, DM goveminand SSA bond market up to 10 years maturitg. Th
next two frontiers are spanned by EM governmentdbaesing regional and credit rating bond index. Tdst four frontiers are spanned by the inclusion of
inflation-linked bond using global government and @dex-linked government bond market. The sumnsdagistics are the mean, standard deviation, the
average of actual risk reduction measure, ah®6" and 95' percentile.

No Short-Sale Asset Allocation
Frontier of Benchmark + _ Percentie _ Percentile
Mean Stdev 5" s5g" o Mean Stdev ° 5" s5g" 95th
Panel A. 30% Treasury Bills
Longer Bond Maturity 0.3727 0.2326 0.3935 0.0343 0.347940B 0.1273 0.0970 0.7616 0.0000 0.1150 0.2758
EM Regional 0.4655 0.2275 0.2857 0.0752 0.4932 0.7569 26.24€.1217 0.5736 0.0000 0.2662 0.3963
EM Country Rating 0.4374 0.3042 0.3165 0.0089 0.4449 4387 0.2485 0.2204 0.5648 0.0000 0.2176 0.5493

Global Inflation + EM Regional 0.4524 0.3011 0.2998 10@® 0.4678 0.8762 0.2596 0.2145 0.5481 0.0000 0.2694 0.5444
Global Inflation + EM Rating 0.4637 0.2992 0.2876 0.0110.4875 0.8781 0.2683 0.2160 0.5354 0.0000 0.2909 0.5487

G7 inflation + EM Regional 0.4472 0.3003 0.3056 0.01064582 0.8763 0.3118 0.2704 0.4736 0.0030 0.2734 0.7154

G7 inflation + EM Rating 0.4580 0.3004 0.2937 0.0119 8014 0.8774 0.3351 0.2684 0.4422 0.0035 0.3295 0.7189
Panel B. 20% Treasury Bills

Longer Bond Maturity 0.1853 0.2600 0.6637 0.0000 0.0095B6%P 0.1379 0.1302 0.7432 0.0000 0.0867 0.3668

EM Regional 0.3122 0.1815 0.4731 0.0003 0.3715 0.5225 16.24€.1564 0.5752 0.0000 0.2356 0.4615

EM Country Rating 0.3209 0.1812 0.4612 0.0012 0.3846 5752 0.2625 0.1637 0.5439 0.0000 0.2737 0.4804

Global Inflation + EM Regional 0.3443 0.1769 0.4299 10® 0.4132 0.5338 0.3026 0.1739 0.4864 0.0000 0.3380 0.5169
Global Inflation + EM Rating 0.3461 0.2785 0.4276 0MOM.3947 0.7168 0.2756 0.2283 0.5248 0.0000 0.2784 0.5821

G7 inflation + EM Regional 0.3345 0.2846 0.4429 0.00003863 0.7152 0.2582 0.2291 0.5502 0.0000 0.2442 0.5767

G7 inflation + EM Rating 0.3474 0.2839 0.4259 0.0000 0884 0.7190 0.2712 0.2308 0.5312 0.0000 0.2689 0.5813
Panel C. 40% Treasury Bills

Longer Bond Maturity 0.1149 0.0624 0.7835 0.0000 0.12839&L 0.1085 0.0605 0.7947 0.0000 0.1192 0.1915

EM Regional 0.2572 0.1071 0.5518 0.0305 0.2906 0.3801 80.2».0926 0.5953 0.0304 0.2566 0.3351

EM Country Rating 0.2647 0.1067 0.5407 0.0368 0.2993 5338 0.2426 0.0975 0.5737 0.0356 0.2718 0.3543

Global Inflation + EM Regional 0.2822 0.1048 0.5152 53® 0.3172 0.3963 0.2700 0.1053 0.5329 0.0455 0.3041 0.3888
Global Inflation + EM Rating 0.3558 0.2733 0.4150 0302.4019 0.7126 0.2703 0.1947 0.5325 0.0023 0.3244 0.5029
G7 inflation + EM Regional 0.3486 0.2761 0.4243 0.00213906 0.7139 0.2511 0.1976 0.5608 0.0019 0.2904 0.4987
G7 inflation + EM Rating 0.3620 0.2735 0.4071 0.0022 103 0.7160 0.2688 0.1966 0.5347 0.0021 0.3288 0.5026
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across all the liquidity allocations provides gezathan zero benefits at th&' 5

percentile.

The 40 percent treasury bills allocation may del®&£6-0.35 percent of
risk reduction or less than one third from theiahiportfolio risks. Imposing more
restrictive asset allocation constraints change ld@ation of risk reduction
distribution toward zero but it does not change slgmificance of the spanning
strategy. Imposing asset allocation constraintsgedhe average benefits to 0.22
-0.27 percent and 0.02 to 0.03 percent at tﬁepércentile of the posterior
distribution of the benefits. For this liquidity@tation, only longer bond maturity
strategy fails to offer risk reduction benefits evéefore imposing asset
allocations. All the emerging market and inflatiomked spanning strategies are

able to provide greater than zero benefits at theescentile.

The least treasury bills allocation scenario shoheg it may provide a
similar magnitude of the benefits to the 40 perdeqntidity allocation, but the
uncertainty is higher for both short sale and as#letation constraints. When
more restricted constraints are imposed, it redibedenefits and wipes all the
benefits. Allowing 20 percent liquidity allocaticand imposing asset allocation
constraints makes none of those spanning stratqgegides diversification

benefits for foreign reserve risk minimization fokb.
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Table 5.5 Assets weight in the efficient portfdioo a given expected benchmark returns for difietiguidity buffer allocation

This table reports the posterior distribution oé tAverage and standard deviations of the optiméjhige in the efficient portfolio for a given exist
benchmark returns for three different 30%, 20% 40f%b Treasury Bills allocation. Panel A. is longent maturity strategy that considers test assetsisioof

G7 government maturity 5-7 and 7-10 years, DM biod@x 1-5 year, 5-7 year and 7-10 year and SSAcBmark assets are 15% of US treasury Bills, 15% of
non-US bills and 70% of G7 government bond indéxyear. Panel B. is Emerging Market Government Betrategy which added test assets EM government
bond indices based on country rating (B, BB and BB geographical area (Asia, Europe, Middle BadtAfrica (EMEA), and Latin America) to the longer
bond strategy. Panel C. is Inflation Linked strgteghich added test asset of Global or G7 inflatioked government bond on top of emerging market
diversification

No-Short Sall Asset Allocatior
Bond Index 30 percer 20 percer 40 percer 30 percer 20 percer 40 percer
Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Mearmlev St
Panel A. Longer Bond Maturity
SSA 0.0625 0.1418 0.0625 0.1418 0.0935 0.0887 0.0182 0.0358 0.0484 0.0484 0.0573 0.0451
DM 7-10 year 0.0141 0.0643 0.0141 0.0643 0.0011 0.0092 0.0150 0.0576 0.0059 0.0249 0.0013 0.0105
DM 5-7 year 0.0095 0.0552 0.0095 0.0552 0.0038 0.0175 0.0089 0.0462 0.0107 0.0329 0.0040 0.0179
DM 1-5 year 0.1118 0.1951 0.1118 0.1951 0.0755 0.0576 0.0704 0.1274 0.0412 0.0624 0.0740 0.0589
G7 7-10 year 0.0182 0.0717 0.0182 0.0717 0.0022 0.0146 0.0183 0.0627 0.0156 0.0420 0.0032 0.0175
G7 5-7 year 0.0193 0.0807 0.0193 0.0807 0.0333 0.0519 0.0159 0.0614 0.0298 0.0578 0.0424 0.0558
UST Bills 0.2289 0.0744 0.2289 0.0744 0.3642 0.0707 0.2254 0.0746 0.1757 0.0485 0.3607 0.0733
Non US Bills 0.0711 0.0744 0.0711 0.0744 0.0358 0.0707 0.0746 0.0746 0.0243 0.0125 0.0393 0.0637
G7 1-5 year 0.4646 0.3091 0.4646 0.3091 0.3906 0.0968 0.5533 0.1948 0.6484 0.1032 0.4179 0.0796
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No-Short Sal

Asset Allocatiol

Bond Index 30 percer 20 percer 40 percer 30 percer 20 percer 40 percer
Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Meamlev St

Panel B. Emerging Market Government Bond

Panel B.1. Geographical
EM Asia 0.0282 0.0525 0.0358 0.0709 0.0243 0.0405 0.0255 0.0385 0.0254 0.0400 0.0233 0.0340
EM EMEA 0.0797 0.0865 0.0857 0.1061 0.0724 0.0682 0.0249 0.0379 0.0217 0.0376 0.0313 0.0377
EM LATAM 0.0403 0.0628 0.0476 0.0803 0.0332 0.0471 0.0260 0.0388 0.0251 0.0400 0.0263 0.0360
SSA 0.0803 0.1073 0.0878 0.1263 0.0615 0.0742 0.0508 0.0468 0.0489 0.0480 0.0528 0.0442
DM 7-10 year 0.0034 0.0191 0.0040 0.0213 0.0018 0.0126 0.0040 0.0205 0.0052 0.0238 0.0021 0.0140
DM 5-7 year 0.0065 0.0261 0.0068 0.0272 0.0041 0.0195 0.0083 0.0291 0.0104 0.0336 0.0043 0.0195
DM 1-5 year 0.0816 0.0703 0.0775 0.0802 0.0871 0.0578 0.0717 0.0699 0.0567 0.0742 0.0858 0.0597
G7 7-10 year 0.0044 0.0234 0.0056 0.0265 0.0021 0.0147 0.0071 0.0286 0.0120 0.0378 0.0029 0.0168
G7 5-7 year 0.0125 0.0366 0.0113 0.0366 0.0136 0.0362 0.0273 0.0504 0.0275 0.0547 0.0221 0.0427
US Bills 0.2729 0.0611 0.1785 0.0490 0.3683 0.0676 0.2664 0.0674 0.1734 0.0544 0.3651 0.0704
Non US Bills 0.0271 0.0611 0.0215 0.0490 0.0317 0.0676 0.0336 0.0407 0.0266 0.0215 0.0349 0.0647
G7 1-5 year 0.3631 0.1393 0.4379 0.1776 0.2999 0.1056 0.4545 0.1048 0.5672 0.1195 0.3491 0.0863

Panel B.2. Country Rating
EM B 0.0500 0.0492 0.0582 0.0642 0.0425 0.0365 0.0458 0.0420 0.0466 0.0451 0.0438 0.0360
EM BB 0.0324 0.0569 0.0372 0.0718 0.0275 0.0435 0.0210 0.0337 0.0179 0.0340 0.0248 0.0316
EM BBB 0.0629 0.0782 0.0699 0.0983 0.0559 0.0612 0.0112 0.0274 0.0100 0.0273 0.0132 0.0271
SSA 0.0750 0.1013 0.0853 0.1223 0.0609 0.0729 0.0487 0.0465 0.0480 0.0477 0.0497 0.0438
DM 7-10 yr 0.0030 0.0182 0.0041 0.0221 0.0019 0.0135 0.0038 0.0201 0.0055 0.0244 0.0021 0.0136
DM 5-7yr 0.0068 0.0268 0.0071 0.0277 0.0040 0.0191 0.0083 0.0292 0.0098 0.0326 0.0044 0.0201
DM 1-5yr 0.0866 0.0714 0.0812 0.0821 0.0903 0.0589 0.0746 0.0713 0.0620 0.0772 0.0871 0.0605
G7 7-10yr 0.0044 0.0234 0.0057 0.0272 0.0024 0.0157 0.0074 0.0297 0.0116 0.0376 0.0025 0.0153
G7 5-7yr 0.0128 0.0366 0.0120 0.0380 0.0137 0.0357 0.0295 0.0529 0.0305 0.0574 0.0246 0.0442
US Bills 0.2730 0.0611 0.1771 0.0512 0.3688 0.0666 0.2662 0.0687 0.1739 0.0537 0.3642 0.0711
Non US Bills 0.0270 0.0611 0.0229 0.0512 0.0312 0.0666 0.0338 0.0377 0.0261 0.0445 0.0358 0.0537
G7 1-5yr 0.3661 0.1368 0.4394 0.1736 0.3007 0.1031 0.4496 0.1038 0.5580 0.1217 0.3478 0.0863
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No-Short Sal Asset Allocatior

Bond Index 30 percer 20 percer 40 percer 30 percer 20 percer 40 percer

Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Meanlev St
Panel C. Inflation Linked Government Bond
Panel C.1. Global Government Inflation-Linked Bond
GGIL 0.0517 0.0634 0.0611 0.0827 0.0464 0.0474 0.0692 0.0585 0.0753 0.0654 0.0579 0.0472
EM Asia 0.0478 0.0468 0.0550 0.0599 0.0388 0.0335 0.0419 0.0393 0.0430 0.0431 0.0380 0.0330
EM EMEA 0.0285 0.0508 0.0327 0.0633 0.0254 0.0394 0.0205 0.0322 0.0187 0.0335 0.0219 0.0301
EM LATAM 0.0436 0.0642 0.0491 0.0804 0.0387 0.0507 0.0127 0.0274 0.0107 0.0272 0.0159 0.0276
SSA 0.0684 0.0952 0.0799 0.1149 0.0537 0.0669 0.0446 0.0445 0.0436 0.0462 0.0415 0.0416
DM 7-10 year 0.0983 0.0732 0.0964 0.0857 0.1024 0.0583 0.0942 0.0758 0.0826 0.0866 0.1015 0.0614
DM 5-7 year 0.0053 0.0242 0.0062 0.0259 0.0033 0.0174 0.0068 0.0265 0.0083 0.0296 0.0034 0.0176
DM 1-5 year 0.0032 0.0189 0.0037 0.0204 0.0016 0.0123 0.0036 0.0197 0.0050 0.0237 0.0017 0.0123
G7 7-10 year 0.0034 0.0207 0.0042 0.0239 0.0016 0.0131 0.0049 0.0237 0.0082 0.0314 0.0022 0.0144
G7 5-7 year 0.0107 0.0337 0.0108 0.0358 0.0107 0.0322 0.0176 0.0421 0.0202 0.0478 0.0146 0.0363
US Bills 0.2732 0.0613 0.1783 0.0507 0.3717 0.0644 0.2678 0.0673 0.1725 0.0558 0.3666 0.0692
Non US Bills 0.0268 0.0613 0.0217 0.0507 0.0283 0.0644 0.0322 0.0212 0.0275 0.0326 0.0334 0.0587
G7 1-5 year 0.3393 0.1363 0.4009 0.1718 0.2775 0.1020 0.3840 0.1280 0.4845 0.1534 0.3015 0.1014
GGIL 0.0528 0.0640 0.0415 0.0949 0.0324 0.0707 0.0701 9.058®.0313 0.0559 0.0208 0.0447
EM B 0.0470 0.0461 0.0352 0.0657 0.0270 0.0483 0.0418 B.039.0266 0.0394 0.0224 0.0346
EM BB 0.0292 0.0504 0.0199 0.0622 0.0147 0.0453 0.0206 26.030.0110 0.0285 0.0107 0.0269
EM BBB 0.0439 0.0656 0.0285 0.0800 0.0204 0.0562 0.0123 2702.0 0.0071 0.0236 0.0066 0.0221
SSA 0.0691 0.0951 0.0426 0.1144 0.0312 0.0835 0.0432 0.04880155 0.0343 0.0119 0.0297
DM 7-10 yr 0.0989 0.0730 0.2499 0.2741 0.1933 0.2072 7.098.0751 0.1624 0.1934 0.1163 0.1249
DM 5-7yr 0.0053 0.0240 0.0084 0.0517 0.0074 0.0413 0.00620252 0.0103 0.0524 0.0055 0.0299
DM 1-5yr 0.0034 0.0196 0.0113 0.0574 0.0088 0.0432 0.0039020@ 0.0144 0.0577 0.0106 0.0401
G7 7-10yr 0.0035 0.0212 0.0140 0.0633 0.0102 0.0462 0.0028235 0.0154 0.0608 0.0102 0.0400
G7 5-7yr 0.0105 0.0334 0.0213 0.0829 0.0161 0.0625 0.018P43D0 0.0172 0.0671 0.0093 0.0396
US Bills 0.2735 0.0610 0.1761 0.0249 0.2653 0.1216 0.2660689 0.1732 0.0249 0.2489 0.1200
Non US Bills 0.0265 0.0610 0.0239 0.0250 0.1347 0.1216 3400 0.0447 0.0268 0.0250 0.1511 0.1200
G7 1-5yr 0.3364 0.1349 0.3277 0.3497 0.2386 0.2568 0.388324277 0.4891 0.2415 0.3756 0.1494
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No-Short Sal

Asset Allocatior

Bond Index 30 percent 20 percent 40 percent 30 percent 20 percent 0 perdent
Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Mean  Stdev Meamev St
Panel C.2. Group G7 Inflation Linked Bond
G7IL 0.0472 0.0955 0.0509 0.1078 0.0405 0.0818 0.0298 38.050.0342 0.0577 0.0235 0.0471
EM Asia 0.0169 0.0529 0.0203 0.0625 0.0146 0.0449 0.013031@8. 0.0146 0.0328 0.0124 0.0292
EM EMEA 0.0251 0.0654 0.0280 0.0748 0.0220 0.0564 0.0133300. 0.0135 0.0307 0.0126 0.0285
EM LATAM 0.0203 0.0584 0.0240 0.0680 0.0176 0.0499 0.012303@2 0.0130 0.0311 0.0109 0.0278
SSA 0.0370 0.0999 0.0427 0.1153 0.0334 0.0877 0.0133 0.0308€157 0.0345 0.0116 0.0291
DM 7-10 year 0.2085 0.2355 0.2337 0.2675 0.1809 0.2025 250.1 0.1541 0.1453 0.1854 0.1031 0.1200
DM 5-7 year 0.0083 0.0480 0.0095 0.0556 0.0079 0.0448 70.000.0392 0.0092 0.0508 0.0063 0.0327
DM 1-5 year 0.0111 0.0528 0.0117 0.0589 0.0097 0.0463 20.010.0485 0.0142 0.0573 0.0100 0.0388
G7 7-10 year 0.0131 0.0581 0.0143 0.0658 0.0118 0.0499 12®.00.0514 0.0164 0.0639 0.0095 0.0386
G7 5-7 year 0.0176 0.0714 0.0212 0.0848 0.0155 0.0625 28.010.0514 0.0168 0.0680 0.0092 0.0390
US Bills 0.2266 0.0740 0.1769 0.0249 0.2654 0.1215 0.2160740 0.1742 0.0250 0.2554 0.1210
Non US Bills 0.0734 0.0740 0.0232 0.0250 0.1346 0.1215 8320 0.0740 0.0258 0.0250 0.1446 0.1210
G7 1-5 year 0.2951 0.3124 0.3442 0.3614 0.2460 0.2624 80.440.2014 0.5074 0.2458 0.3911 0.1546
G7IL 0.0438 0.0919 0.0483 0.1032 0.0395 0.0787 0.0278 28B.050.0316 0.0562  0.0213 0.0451
EM B 0.0290 0.0555 0.0313 0.0621 0.0246 0.0466 0.0243 D.03D.0253 0.0386  0.0219 0.0341
EM BB 0.0159 0.0518 0.0174 0.0583 0.0141 0.0444 0.0109 7©.020.0106 0.0278 0.0105 0.0266
EM BBB 0.0203 0.0623 0.0244 0.0739 0.0179 0.0553 0.0066 223.0 0.0070 0.0233 0.0066 0.0218
SSA 0.0366 0.0991 0.0403 0.1111 0.0327 0.0866 0.0133 0.0300146 0.0336 0.0112 0.0289
DM 7-10 yr 0.2183 0.2388 0.2486 0.2755 0.1906 0.2045 ®130.1588 0.1576 0.1937 0.1141 0.1244
DM 5-7yr 0.0089 0.0496 0.0098 0.0570 0.0084 0.0451 0.008%43@ 0.0101 0.0526 0.0063 0.0324
DM 1-5yr 0.0107 0.0514 0.0116 0.0581 0.0097 0.0456 0.0110479 0.0143 0.0587 0.0104 0.0404
G7 7-10yr 0.0135 0.0585 0.0143 0.0652 0.0113 0.0480 0.0129507 0.0161 0.0619 0.0098 0.0382
G7 5-7yr 0.0178 0.0707 0.0212 0.0848 0.0167 0.0643 0.0128518 0.0157 0.0647 0.0086 0.0375
US Bills 0.2240 0.0741 0.1767 0.0249 0.2631 0.1212 0.21420D730 0.1735 0.0249 0.2516 0.1205
Non US Bills 0.0760 0.0741 0.0234 0.0249 0.1369 0.1212 8580 0.0737 0.0266 0.0250 0.1484 0.1205
G7 1-5yr 0.2852 0.3074 0.3331 0.3561 0.2344 0.2577 0.4333987 0.4974 0.2444 0.3792 0.1514

209



Table 5.5 reports the posterior distribution of #heerage and standard
deviations of the portfolio weights for a given &tig benchmark returns resulted
from seven spanning strategies for different ligyituffer allocation.Imposing
asset allocation constraints for 40 percent liguitluffers, total weights for the
assets is 22 percent and existing benchmark asegjbts become 77 percent of
the total portfolio. This strategy requires theerees to be held 2 percent in an
inflation-linked government bond, 3.5 percent ineeging market government
bond and one percent in SSA, 12-13 percent in dpeel market and 2 percent in

G7 5-10 year maturity bond index.

The results from three different liquidity buffezemarios confirm that one
of the main sources of risk reduction is drivenUfy treasury bills. Allowing the
new optimal portfolio to hold US treasury bills teplicate its weights in the
benchmark provide significant benefits. These figdi provide practical
implications. The size of the reserves relativéh&r economy, risk aversion, or
economic conditions which could have an impactlairtliquidity portions have
important role for the risk minimization analys&maller the size of the reserve
relative to the economy, the more risk averse akeatral bank, and negative
economic environments could have impact on thedsigjguidity allocation. This
bigger liquidity allocation in turn could increatiee chance to gain the benefits.
For the 40 percent liquidity allocation, signifi¢abenefits for foreign reserve
portfolios could be attained though emerging marketd inflation-linked

diversification.
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5.34. Impact of global financial crisis

It is well known that recent bond yields were gudifferent from those
before the 2010s due to low interest rate polidkgetaby major central banks
following the sovereign debt crisis in some Eurapeauntries. Therefore, it is
reasonable to doubt that government bond diveasifin benefits and the impact
of asset allocation constraints might have charageg@rolonged low bond vyield
environment. It is also likely to question if thesults on the second empirical
chapter are mainly influenced by low interest ratdicy since global financial
crisis. To examine these problems, this researchsures the risk reduction
benefits separately for the period from Decemb&51® December 2006 and for
the period from January 2007 to December 2014. fidgesarch looks at the risk
reduction benefits both constrained to be non-megatveight and asset
allocations. Table 5.6 presents the basic staistic the distribution of risk

reduction for a given expected returns for the swb-periods.

Table 5.6 shows that two diversification strategleager bond maturity
and emerging market regional, fail to deliver bésefbr both sub-periods even
before imposing asset allocation constraint. Befm®et allocation constraints are
imposed, during the period of 1985 to 2006, inflatlinked spanning strategy
may be able to offer a mean of risk reduction @f70to 0.52 percent with a
minimum reduction of 0.06 percent at the fifth paridle of the posterior
distribution. These results show that risk reducti@nefits are important during

both periods of high and low volatility financialamiket.
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Table 5.6 Posterior distribution of risk reduction for a givbenchmark return for different sub-period

This table reports the posterior distribution a@krireduction for the same target return as a beadhmhen investors diversify their investment faffedent
sub period. The first frontier is spanned by leegihg portfolio duration within G7 government bamdrket up to 10 years maturity. The next-two sga®is
spanned with emerging market government bonds hiegetith longer-dated maturity scenario. The lagisdtfolio is spanned by inflation-linked combined
with emerging market strategy. The summary staiséire the mean, standard deviation, the averagetafl risk reduction measure”, 50" and 9%’

percentile.
No Short-Sal Asset Allocatiol
Frontier of Benchmark + Mean Stdev o h Perc:\]ntlle n Mean Stdev o h Perccts;ntlle h
5 5C ot 5 5C ot

For the period of 1985-2006
Longer Bond Maturity 0.3795 0.2483 0.3850 0.0285 0.3472784D 0.1528 0.1267 0.7178 0.0000 0.1222 0.3584
EM Regional 0.1707 0.1491 0.6877 0.0000 0.1484 0.4709 8B.140.0959 0.7253 0.0000 0.1431 0.3089
EM Country Rating 0.4726 0.2478 0.2782 0.0642 0.4911 63800.2386 0.1469 0.5798 0.0005 0.2318 0.4522
Global Inflation + EM Regional 0.5012 0.2463 0.2488 83® 0.5276 0.8194 0.2953 0.1592 0.4965 0.0175 0.3172 0.5024
Global Inflation + EM Rating ~ 0.5075 0.2448 0.2426 09850.5419 0.8176 0.2951 0.1588 0.4969 0.0167 0.3169 0.5019
G7 inflation + EM Regional 0.5107 0.2491 0.2395 0.08285401 0.8290 0.3128 0.1760 0.4723 0.0132 0.3238 0.5560
G7 inflation + EM Rating 0.5188 0.2443 0.2316 0.0936 5R15 0.8276 0.3177 0.1743 0.4655 0.0214 0.3286 0.5547

For the period of 2007-2013
Longer Bond Maturity 0.4021 0.2636 0.3575 0.0340 0.3646847 0.1379 0.0822 0.7431 0.0000 0.1372 0.2699
EM Regional 0.1733 0.1557 0.6835 0.0000 0.1486 0.5021 8@.140.0914 0.7256 0.0000 0.1458 0.3035
EM Country Rating 0.4962 0.2650 0.2538 0.0626 0.5089 1®870.2725 0.1343 0.5292 0.0176 0.3029 0.4489
Global Inflation + EM Regional 0.5073 0.2625 0.2428 68® 0.5260 0.8702 0.2660 0.1270 0.5387 0.0162 0.2968 0.4314
Global Inflation + EM Ratng ~ 0.5200 0.2632 0.2304 08690.5491 0.8740 0.2968 0.1400 0.4945 0.0213 0.3330 0.4739
G7 inflation + EM Regional 0.5103 0.2615 0.2399 0.07025302 0.8714 0.2816 0.1342 0.5162 0.0181 0.3145 0.4551
G7 inflation + EM Rating 0.5184 0.2614 0.2319 0.0734 4635 0.8730 0.3049 0.1438 0.4832 0.0250 0.3406 0.4895
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Imposing asset allocation constraints reduce thersification benefits
toward zero for both sub-periods. The average ltsnéfowever, different from
what this research found in the no short-sale iotisin case. The benefits are
slightly higher during the first sub-period compé&wehe more recent one. For the
earlier period, diversification benefits are ramgifrom 0.24 percent for an
emerging market regional strategy to 0.32 percemt G7 inflation linked-
emerging rating strategy, relatively higher compar®.26 and 0.30 percent for
the same strategy for 2007-2014 years. If we Idakea standard deviation of the
benefits, the later period provides more certafiotythe benefits as shown by

relatively lower standard deviations.

The portfolio risk reduction benefits are relativéhe same for the short-
sale constrained portfolio and more obvious in thest strategies during low
yield environment after imposing asset allocatiomnstraints. The standard
deviation of the risk reduction during financiaists ranged between 0.12 to 0.14

percent, lower than 0.14-0.17 percent for the eaperiod.

Table 5.7 reports the posterior distribution of #neerage and standard
deviations of the weights of the optimal portfaliothe efficient portfolio with the
same target return as the existing benchmark sskuitom seven spanning
strategies consideredlore specifically this research focuses on the Table 5.7

Panel C1., emerging market country rating approgehonly strategy that has
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Table 5.7 Assets weight in the efficient portfdiom a given benchmark return
for different sub-period

This table reports the posterior distribution of tverage and standard deviations of the optimal
weights in the efficient portfolio for a given etirgg benchmark returns for different sub-period.
Panel A. is longer bond maturity strategy that @mers test assets consist of G7 government

maturity 5-7 and 7-10 years, DM bond index 1-5 yea7 year and 7-10 year and SSA.
Benchmark assets are 15% of US Treasury Bills, @6%0on-US bills and 70% of G7 government
bond index 1-5 year. Panel B is Emerging Market &@oment Bond strategy which added test
assets EM government bond indices based on corating (B, BB and BBB) and geographical

area (Asia, Europe, Middle East and Africa (EMEARd Latin America) to the longer bond

strategy. Panel C is an Inflation-linked stratedyich added test asset of Global or G7 inflation-
linked government bond on top of emerging marke¢diification.

Short-Sale Constraints

Asset Allocation

Bond Index 1985-2006 2006-2013 1985-2006 2006-2013
Mean Stdev Mean Stdev Mean Stdev Mean Stdev
Panel A. Longer Bond Maturity
SSA 0.0571 0.1008 0.0867 0.1645 0.0369 0.0456 0.0735 0.0416
DM 7-10 year 0.0061 0.0274 0.0048 0.0214 0.0055 0.0253 0.0030 0.0163
DM 5-7 year 0.0151 0.0411 0.0070 0.0269 0.0157 0.0416 0.0048 0.0209
DM 1-5year 0.0160 0.0495 0.0088 0.0325 0.0682 0.0754 0.0276 0.0430
G7 7-10 year 0.01050.0367 0.0175 0.0465 0.0094 0.0346 0.0189 0.0454
G7 5-7 year 0.00720.0313 0.0091 0.0373 0.0219 0.0502 0.0540 0.0647
UST Bills 0.5247 0.2588 0.5353 0.2591 0.2552 0.0727 0.2771 0.0577
Non US Bills 0.0358 0.0783 0.0281 0.0710 0.0448 0.0727 0.0229 0.0176
G7 1-5 year 0.32750.2078 0.3027 0.2073 0.5425 0.0900 0.5183 0.0804
Panel B. Emerging Market
Geographical
EM Asia 0.0880 0.1552 0.0145 0.0314 0.0418 0.0467 0.0111 0.0261
EM EMEA 0.0770 0.1550 0.0211 0.0418 0.0167 0.0353 0.0344 0.0387
EM LATAM 0.0518 0.1247 0.0199 0.0386 0.0213 0.0386 0.0257 0.0357
SSA 0.0435 0.0828 0.0758 0.1487 0.0353 0.0449 0.0763 0.0403
DM 7-10 yr 0.0042 0.0209 0.0041 0.0178 0.0061 0.0277 0.0024 0.0162
DM 5-7yr 0.0119 0.0362 0.0060 0.0231 0.0124 0.0361 0.0032 0.0183
DM 1-5yr 0.0115 0.0384 0.0122 0.0352 0.0629 0.0704 0.0456 0.0541
G7 7-10yr 0.0069 0.0281 0.0110 0.0359 0.0092 0.0328 0.0085 0.0324
G7 5-7yr 0.0060 0.0273 0.0102 0.0361 0.0134 0.0374 0.0711 0.0769
US Bills 0.4118 0.2894 0.5745 0.2759 0.2567 0.0757 0.2729 0.0673
Non US Bills 0.0292 0.0702 0.0346 0.0757 0.0433 0.0757 0.0271 0.0147
G7 1-5yr 0.2581 0.2081 0.2160 0.1988 0.4810 0.0941 0.4218 0.1114
Country Rating
EM B 0.0924 0.1514 0.0212 0.0310 0.0423 0.0470 0.0481 0.0382
EM BB 0.0332 0.1005 0.0146 0.0328 0.0152 0.0343 0.0161 0.0283
EM BBB 0.0883 0.1573 0.0176 0.0416 0.0230 0.0399 0.0068 0.0208
SSA 0.0425 0.0830 0.0642 0.1387 0.0354 0.0449 0.0715 0.0433
DM 7-10 year 0.0046 0.0222 0.0042 0.0193 0.0054 0.0245 0.0026 0.0161
DM 5-7 year 0.0106 0.0323 0.0064 0.0248 0.0127 0.0358 0.0036 0.0189
DM 1-5year 0.0133 0.0424 0.0129 0.0377 0.0598 0.0702 0.0411 0.0543
G7 7-10 year 0.00680.0275 0.0139 0.0404 0.0099 0.0346 0.0108 0.0371
G7 5-7 year 0.00590.0269 0.0130 0.0422 0.0157 0.0405 0.0824 0.0845
UsS Bills 0.4282 0.2839 0.5700 0.2768 0.2584 0.0708 0.2713 0.0676
Non US Bills 0.0262 0.0641 0.0364 0.0770 0.0416 0.0708 0.0287 0.0279
G7 1-5 year 0.24780.1960 0.2257 0.2052 0.4807 0.0956 0.4170 0.1178
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No Short-sale Asset Allocation No Short-sale Agsletation
Bond Index 1985-2006 2007-2013 1985-2006 2007-2013 1985-2006 2007-2013 1985-2006 2007-2013
Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean Stdev
Panel C1. Global Government Inflation Index PanelG2 Government Inflation Index
Geographics
Inflation-Linked 0.0593 0.0823 0.0362 0.0644 0.0778 0.0662 0.0776 0.0663 0.1212 0.1523 0.0470 0.0769 0.0993 0.0661 0.1003 0.0638
EM Asia 0.0881 0.1517 0.0115 0.0285 0.0451 0.0476 0.0459 0.0473 0.0832 0.1458 0.0109 0.0276 0.0396 0.0467 0.0387 0.0336
EM EMEA 0.0601 0.1330 0.0138 0.0346 0.0163 0.0351 0.0146 0.0336 0.0569 0.1306 0.0129 0.0336 0.0167 0.0355 0.0091 0.0224
EM LATAM  0.0397 0.1065 0.0161 0.0349 0.0198 0.0381 0.0209 0.0382 0.0386 0.1047 0.0152 0.0345 0.0208 0.0388 0.0056 0.0192
SSA 0.0379 0.0783 0.0588 0.1321 0.0314 0.0430 0.0303 0.0426 0.0386 0.0785 0.0576 0.1305 0.0323 0.0436 0.0703 0.0439
DM 7-10 year 0.0137 0.0412 0.0153 0.0411 0.0693 0.0712 0.0692 0.0718 0.0138 0.0399 0.0162 0.0440 0.0508 0.0629 0.0671 0.0681
DM 5-7year  0.0086 0.0294 0.0068 0.0257 0.0093 0.0305 0.0095 0.0307 0.0087 0.0288 0.0077 0.0278 0.0118 0.0338 0.0043 0.0218
DM 1-5year  0.0041 0.0206 0.0035 0.0177 0.0045 0.0224 0.0045 0.0222 0.0042 0.0210 0.0043 0.0202 0.0054 0.0248 0.0026 0.0169
G7 7-10year  0.00600.0258 0.0102 0.0347 0.0074 0.0292 0.0070 0.0284 0.0056 0.0250 0.0115 0.0384 0.0099 0.0341 0.0084 0.0340
G7 5-7 year 0.0046 0.0226 0.0133 0.0420 0.0112 0.0341 0.0116 0.0344 0.0050 0.0242 0.0134 0.0428 0.0112 0.0337 0.0758 0.0841
US Bills 0.4477 0.2825 0.5795 0.2786 0.2625 0.0680 0.2616 0.0685 0.4038 0.2784 0.5717 0.2812 0.2637 0.0686 0.2653 0.0768
Non US Bills  0.0251 0.0608 0.0430 0.0826 0.0375 0.0680 0.0384 0.0685 0.0228 0.0591 0.0472 0.0876 0.0363 0.0686 0.0347 0.0188
G7 1-5 year 0.20510.1941 0.1921 0.2018 0.4079 0.1195 0.4089 0.1195 0.1975 0.1936 0.1843 0.2011 0.4022 0.1199 0.3335 0.1575
Country Rating
Inflation-Linked 0.0590 0.0812 0.0339 0.0615 0.0776 0.0663 0.0615 0.0581 0.1212 0.1523 0.0470 0.0769 0.1003 0.0657 0.0845 0.0638
EMB 0.0783 0.1346 0.0181 0.0290 0.0459 0.0473 0.0435 0.0356 0.0832 0.1458 0.0109 0.0276 0.0409 0.0468 0.0387 0.0336
EM BB 0.0310 0.0936 0.0111 0.0286 0.0146 0.0336 0.0110 0.0242 0.0569 0.1306 0.0129 0.0336 0.0146 0.0338 0.0091 0.0224
EM BBB 0.0728 0.1395 0.0113 0.0336 0.0209 0.0382 0.0041 0.0166 0.0386 0.1047 0.0152 0.0345 0.0229 0.0396 0.0056 0.0192
SSA 0.0370 0.0764 0.0607 0.1329 0.0303 0.0426 0.0726 0.0428 0.0386 0.0785 0.0576 0.1305 0.0330 0.0437 0.0703 0.0439
DM 7-10 year 0.0136 0.0404 0.0151 0.0404 0.0692 0.0718 0.0589 0.0624 0.0138 0.0399 0.0162 0.0440 0.0527 0.0641 0.0671 0.0681
DM 5-7 year  0.0083 0.0280 0.0067 0.0252 0.0095 0.0307 0.0035 0.0191 0.0087 0.0288 0.0077 0.0278 0.0118 0.0342 0.0043 0.0218
DM 1-5year  0.0039 0.0199 0.0035 0.0180 0.0045 0.0222 0.0021 0.0148 0.0042 0.0210 0.0043 0.0202 0.0053 0.0241 0.0026 0.0169
G7 7-10year  0.00520.0234 0.0115 0.0369 0.0070 0.0284 0.0059 0.0279 0.0056 0.0250 0.0115 0.0384 0.0096 0.0334 0.0084 0.0340
G7 5-7 year 0.00510.0241 0.0142 0.0438 0.0116 0.0344 0.0799 0.0828 0.0050 0.0242 0.0134 0.0428 0.0114 0.0346 0.0758 0.0841
US Bills 0.4608 0.2827 0.5763 0.2830 0.2616 0.0685 0.2679 0.0729 0.4038 0.2784 0.5717 0.2812 0.2655 0.0664 0.2653 0.0768
Non US Bills  0.0254 0.0609 0.0435 0.0824 0.0384 0.0685 0.0321 0.0473 0.0228 0.0591 0.0472 0.0876 0.0345 0.0664 0.0347 0.0188
G7 1-5 year 0.19970.1926 0.1941 0.2020 0.4089 0.1195 0.3570 0.1457 0.1975 0.1936 0.1843 0.2011 0.3977 0.1186 0.3335 0.1575
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significant risk reduction benefits for both persodf 1985-2006 and 2007-2014
investment opportunity. Accounting for asset altmra constraints during pre-
financial crisis era, total weights for n asset80gpercent and existing benchmark
assets weights become 70 percent of the totalghortThe weights of the totah
assets are much smaller than the 45 percent liFhis strategy requires nine
percent of inflation-linked, seven percent of enmeggnarket and three percent of
SSA assets holding. The optimized portfolio suggésatn assets holding during
2007-2014 year relatively similar to that of prevsgperiod. However, it requires
less inflation-index to five percent, and more egitey market and SSA assets to

eight and four percent respectively.

Our results show that for government bond portfslimuidity and safety
framework, diversification benefits are importaat before and during financial
crisis. The risk reductions are apparent in thetrstrategies during normal and
low vyield environment, both before and after impgsiasset allocation
constraints. Only longer bond maturity and emergragket regional strategy fail
to offer diversification benefits, even before asa#ocation constraints are

imposed.

5.3.5. Impact of ultra-long bond

Extending bond portfolio duration would be a natwstep to diversify
foreign reserves assets. Since reserves couldnadsm intergenerational wealth
accumulation, it drives central banks to match Ilthve-term liability to future

generations with long-dated securities. This adiesc#hat central banks should
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incorporate asset-liability-matching considering tineir investment process,
relatively similar to what pension funds and lifesuirance companies are doing,
even though both the nature and the duration dir@ebanks liabilities to future

generations much less clearly defined (Fels, 2007).

Johnson-Calari et al. (2007) convincingly argue tleparting from a short
duration government portfolio the risk-return traafé can be significantly
improved when duration and credit risk constraiate relaxed. In the first
empirical chapter, however, shows that there areisioreduction benefits by
investing in a longer dated bond up to 10 year ntgtand moving down the
credit curve to quasi-government bonds. Therefdres realistic to question
whether central banks should relax the maturityst@mts beyond 10 years. To
answer this issue, this study performs an exetoiseclude US government bond
for more than 10 years maturity and an equally-hieigdex of longer than 10
year maturity of US, UK and German government bofda@dble 5.8 reports the
basic statistics of the distribution of risk redantfor a given expected returns for

the inclusion of ultra-long major government bonarkets.

This table shows that both government bonds indeyomd ten years
maturity are able to offer diversification beneffts short-sale constrained but
they failed to offer benefits once asset allocatomstraints are imposed. The
mean of risk reduction for short-sale constrainedfplios are 0.40 percent and

0.39 percent with relatively the same standard aten of 0.23 percent. When

217



Table 5.8 Posterior distribution of risk reductermd portfolio weights for a given benchmark resuimom the impact of ultra-long
bond diversification

Panel A. reports the posterior distribution of rigkluction for a given expected benchmark returnsminvestor diversifies into a longer bond mayrétnd
ultra-long government bonds are considered. Tlst fiiontier is spanned by US government bond mioa@ tL0 year maturity. The second is spanned using
equally weight US, UK and Germany government boratemthan 10 year maturity. The summary statistiestiae mean, standard deviation, the average of

actual risk reduction measure, and tfe 50", and 9%' percentile. Panel B. presents the posterior Histion of the average and standard deviations f th
optimal weights when longer-dated bonds index ackided in the optimisation.

Panel A. Risk Reduction Asset Allocation
ity + Percentie Percentie
Long bond maturity Mean Stdev 0 o " o Mean Stdev 0 o " o

US 10+ yrs 0.3969 0.2325 0.3637 0.0438 0.3859 0.7441 10.146.0983 0.7342 0.0000 0.1374 0.2917
G3 10+ yrs 0.3897 0.2327 0.3724 0.0405 0.3748 0.7427 10.140.0986 0.7384 0.0000 0.1322 0.2905
Panel B. Asset Weight ~ US 10+ yrs G3 10+ yrs US 10+ yrs G3 10+ yrs

Mean Stdev Mean Stdev Mean Stdev Mean Stdev
10+ Bond Maturity 0.0181 0.0355 0.0156 0.0344 0.0060 5B01 0.0055 0.0168
SSA 0.0543 0.1023 0.0653 0.1119 0.0528 0.0472 0.0526 73.04
DM 7-10 year 0.0043 0.0211 0.0034 0.0189 0.0030 0.0181 .0020 0.0174
DM 5-7 year 0.0104 0.0328 0.0091 0.0307 0.0100 0.0321 0098. 0.0312
DM 1-5 year 0.0132 0.0411 0.0125 0.0402 0.0588 0.0644 0568. 0.0634
G7 7-10 year 0.0056 0.0259 0.0047 0.0243 0.0074 0.0304 .007® 0.0300
G7 5-7 year 0.0083 0.0332 0.0072 0.0308 0.0430 0.0632 042D. 0.0621
US Bills 0.5818 0.2567 0.5696 0.2460 0.2650 0.0684 ®26%.0660
Non US Bills 0.0312 0.0747 0.0272 0.0705 0.0350 0.0727 .0342 0.0257
G7 1-5 year 0.2728 0.2087 0.2855 0.2024 0.5191 0.0899 5238. 0.0889
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asset allocation constraints are imposed, it resdlicgh the mean and standard
deviation of risk reduction benefits. Relativelgin standard deviation compare
to the mean indicates the uncertainty of diveratfan benefits from the inclusion
of bond maturity beyond 10 years. More importanthe fifth percentile shows
those two scenarios deliver zero benefits. Theselteeare different from that of
Johnson-Calari et al. (2007) due to some respdictd; is the difference of
diversification benefits measure. Johnson-Calaglef2007) framework focused
on return enhancement while in this study the dbjecof diversification is to
minimise the risk for a given expected portfoliduras. Second, it might be due
to time-varying investment opportunities. One polgsreason why longer dated
bond investments did not offer diversification biésefor government bond
portfolio because during our observation governmamid markets has often

experienced flight-to-quality and flight-to-liquigfi

Flight-to-quality occurred when market players serg want to decrease
their investment exposure to securities bearinditrssk and move to default-free
assets (Bernanke and Gertler, 1995), while fligHiguidity is when market
participants abruptly prefer to hold highly liquaksets such as US Treasury
Bonds rather (DeSantis, 2014). Given these argwsnemie may expect that
investor does not require more premium to hold éighsk instruments hence
longer bond strategy and relaxing credit curveuasitgovernment bonds market

might not be suitable for risk reduction portfolio.

These findings raise some warnings, whether invgsin long-dated

bonds is an appropriate strategy at this point. filse is that currently the yield
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curve is extremely flat in most major governmenndbanarkets. The second is
related to the exceptional amount of liquidity. Shexcess liquidity has been
generated by loose monetary policies around thdédworthe last several years
and to some extent also by the rapid pace of afficeserve accumulation.
Exceptionally low or negative short-term intereastes have encouraged central
banks to move out on the yield curve, consequdedging to flatter yield curve.
Thus the vyield pick-up to be gained from extendingp long-dated bonds is
extremely low. After several years of good perfones the risk of an under-
performance of long-dated in the period ahead rigelamore specifically once
central banks started to raise their policy raReserve managers should be aware
of this potential risk when looking at the excesgims gained by other central

banks that have lengthened their portfolios inléise few years.

These results confirm our findings in the earlieauter that we could not
find empirical evidence that relaxing duration atmdit curve constraints to
guasi-government able to deliver fewer risk besefior government bond
portfolio. These results are valid after imposingset allocation constraints.
Therefore, this sub-section rejects the hypothékat the reason | could not
document diversification benefits on longer dateshd strategy because of

sample selection bias to restrict the investmertoul® years.

The analysis of the impact of budget constraindgiidity asset allocation
and different time period of investment opportundfyows that the choice of
geographic or country rating diversification proesd similar magnitudes of

diversification benefits. The results are differambwever, if emerging market is
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combined with inflation-linked diversification. €hows that only when country
rating diversification included together with gldhbaflation index is able to
deliver significant risk reduction across the entstenario analysis considered.
This concludes that it needs global inflation-index be added together with
country rating emerging market, developed governrbend 1 to 10 year, group
of G7 government bond index 5 to 10 year and SSAdbmarket to deliver
significant benefits for varying budget constrajrdgferent liquidity allocation,
and different investment opportunity for both sksate and asset allocation

constraints.

5.3.6. Impact of non-gover nment bond investments

Central banks have traditionally held most of threserves in gold and
government bonds, and within that, mostly in smoaturities (Fels, 2007). More
central banks are broadening the set of asseteslassvhich they are prepared to
invest. The search for return in a low-yield enmiment certainly plays an
important role, as does in many countries theiemess far exceeds the amount
considered necessary for liquidity purposes. Lifyiénd safety requirements
inherent in reserves management might result imkaoptimal portfolio when
compared to the overall market, as some asseteslassist be avoided or
restricted in a reserves portfolio. In order tovyade higher expected returns, the
choice can be sought by the central bank is whdifzencreasing risk tolerance
with the same asset classes or adding new assseslar risks into the investible

assets. A survey among central bank (Pringle anmdefa2006) shows a general
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attitude towards riskier assets. Three-quarteth®fcentral banks surveyed said
they had introduced new asset classes to theisimant. In a few central banks,

Table 5.9 Posterior distribution of risk reductifam a given benchmark returns
for non-government bond investments

This table reports the posterior distribution ofkrireduction for the same target return as
benchmark when investors diversify their investmanb non-government asset classes. The
frontiers are spanned by investing in single asksses, gold, ABS, MBS, Corporate Bond, and
equity index, dual assets: ABS+MBS and corporatad; 5 non-bonds asset classes altogether. The
summary statistics are the mean, standard devjatieraverage of actual risk reduction measure,
and %", 50" and 9% percentile.

Frontier of B Percentile
Government Bond + Mean  Stdev © gh 5" geh
Panel A. No Short-S¢
Gold 0.5090 0.2159 0.2411 0.1058 0.5545 0.7649
ABS 0.5077 0.2174 0.2423 0.1107 0.5522 0.7656
MBS 0.4919 0.2256 0.2582 0.0874 0.5354 0.7644
ABS+MBS 0.4983 0.2212 0.2517 0.0927 0.5383 0.7635
Corporate Bond 0.5023 0.2217 0.2477 0.0971 0.5450 0.7672
World Equity 0.5051 0.2192 0.2450 0.1042 0.5464 0.7676
Corporate 0.5222 0.2116 0.2283 0.1184 0.5704 0.7671
All Non Bonds 0.5577 0.1966 0.1956 0.1684 0.6150 0.7709
Panel B. Asset Allocatic
Gold 0.3063 0.1326 0.4812 0.0388 0.3502 0.4547
ABS 0.3053 0.1326 0.4827 0.0375 0.3490 0.4544
MBS 0.2920 0.1407 05012 0.0153 0.3315 0.4565
ABS+MBS 0.3093 0.1436 0.4771 0.0211 0.3568 0.4700
Corporate Bond 0.3080 0.1457 0.4788 0.0218 0.3509 0.4753
World Equity 0.3108 0.1445 0.4750 0.0222 0.3550 0.4752
Corporate 0.3320 0.1398 0.4462 0.0435 0.3814 0.4833
All Non Bonds 0.3660 0.1277 0.4020 0.0965 0.4146  0.4968

equities and hedge funds have also been includettheir publication, however,
there is no information whether central banks keentaining the existing loss

tolerance or increase portfolio risk when addirsggigr asset classes.

In this section, applying the same framework frdma first-two objective

function in the earlier section | will also invagie whether central banks’
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broader investment move beyond quasi-governmentl hwovides significant
benefits for a given benchmark returns. A set oflder investment asset classes
in this study includes gold, mortgage-backed, asaeked securities, corporate
bonds, and equities in addition to the governmemididiversification considered

in the earlier chapter and sections.

Table 5.9 reportthe posterior distribution of risk minimization fargiven
benchmark return by including risky assets to ttechmark portfolio. Additional
assets considered are Gold, mortgage-backed sesuasset-backed securities,
investment grade corporate bond and world equitiexn Panel A shows that
central banks’ broader investment universe divieedibn offers significant risk
reduction benefits for all scenarios and acrossctmestraints. As expected, asset
allocation constraints reduce the benefits from tfiano asset weight constraints.
The means of risk reduction are between 0.30 peraed 0.37 percent. The
standard deviations of the benefits for asset caimstindicate that the risk of the
benefits to deviate from the suggested value atsalsr than that of before asset

allocation constraints been imposed.

The table shows that the biggest benefit happemnwali non-bond assets
are included together with diversified governmeand portfolio. This strategy
provides average risk reduction of 0.37 percent emuld be expected to gain
more than 0.09 percent risk reduction at th® gercentile of the posterior
distribution. The other spanning strategies proydential benefits between 0.01

percent and 0.04 percent at the fifth percentile.
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Table 5.10 Risk minimization portfolio weights famgiven expected benchmark the impact of non-gwaent bond diversification

This table reports the posterior distribution of tverage and standard deviations of the optimgghtgin the efficient portfolio for a given exist benchmark
returns for non-government bond investments. PAnil for short-sale constraints. Panel B. is aaletation constraints

Spanning Strate:
Gold ABS MBS ABS+MBS  Corporate Bon Equity Corpoat Al Non-Bonc

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean Stdev
Panel A. No Short Sale

Gold 0.0150 0.0221 0.0108 0.0178
ABS 0.0144 0.0216 0.0337 0.0710 0.0345 0.0543
MBS 0.0364 0.0799 0.0335 0.0767 0.0211 0.0519
Corporate Bond 0.0442 0.0680 0.0122 0.0199 0.0268 0.0613
World Equity 0.0454 0.0685 0.0437 0.0652 0.0119 0.0184
Inflation-linked 0.0363 0.0569 0.0358 0.0562 0.0393 08059.0360 0.0568 0.0398 0.0594 0.0398 0.0599 0.0370 0.054278. 0.0444
EM Asia 0.0158 0.0381 0.0156 0.0382 0.0169 0.0398 0.014@378. 0.0142 0.0369 0.0140 0.0368 0.0117 0.0330 0.0088 2D.026
EM EMEA 0.0191 0.0456 0.0185 0.0444 0.0194 0.0468 0.0158410. 0.0145 0.0405 0.0149 0.0409 0.0113 0.0347 0.0073 2.026
EM LATAM 0.0142 0.0380 0.0144 0.0383 0.0155 0.0413 0.0149398 0.0152 0.0401 0.0156 0.0408 0.0126 0.0361 0.0078 69.02
SSA 0.0460 0.0855 0.0474 0.0865 0.0377 0.0799 0.0316 0.003BI53 0.0867 0.0456 0.0872 0.0440 0.0822 0.0291 0.0659
DM 7-10 year 0.0198 0.0440 0.0195 0.0438 0.0211 0.0459190.00.0430 0.0183 0.0431 0.0177 0.0416 0.0186 0.0418 0.0081B87

DM 5-7 year 0.0082 0.0274 0.0080 0.0266 0.0078 0.0267 70.00.0266 0.0084 0.0274 0.0081 0.0272 0.0067 0.0244 0.00521®
DM 1-5 year 0.0044 0.0198 0.0049 0.0214 0.0041 0.0198 40.0@.0191 0.0047 0.0211 0.0049 0.0216 0.0045 0.0200 0.004118D

G7 7-10 year 0.0083 0.0286 0.0090 0.0306 0.0068 0.026906D.00.0257 0.0085 0.0299 0.0080 0.0281 0.0085 0.0288 0.00864

G7 5-7 year 0.0062 0.0255 0.0062 0.0260 0.0048 0.0234 4©.00.0225 0.0058 0.0246 0.0058 0.0247 0.0059 0.0250 0.00420D

US Bills 0.6088 0.2488 0.6054 0.2505 0.5755 0.2574 0.5702560 0.5645 0.2602 0.5690 0.2570 0.5831 0.2543 0.621599.23
G7 Non US Bils  0.0265 0.0618 0.0273 0.0637 0.0275 0.0639285 0.0646 0.0285 0.0647 0.0273 0.0631 0.0300 0.064248.00.0569

G7 1-5 year 0.1714 0.1794 0.1736 0.1814 0.1874 0.1916 90.10.1872 0.1882 0.1878 0.1837 0.1836 0.1700 0.1770 0.127559
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Spanning Strategy
Gold ABS MBS ABS+MBS  Corporate Bond Equity Corpoate Al Non-Bond

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean Stdev
Panel B. Asset Allocation

Gold 0.0140 0.0137 0.0157
ABS 0.0137 0.0175 0.0466 0.0441 0.0281 0.0193
MBS 0.0276 0.0238 0.0237 0.0367 0.0452 0.0410
Corporate Bond 0.0346 0.0221 0.0150 0.0172 0.0250 0.0351
World Equity 0.0350 0.0218 0.0264 0.0201 0.0120 0.0181
Inflation-inked 0.0694 0.0563 0.0689 0.0567 0.0676 00058.0560 0.0528 0.0639 0.0566 0.0653 0.0566 0.0640 0.053B11%D. 0.0441
EM Asia 0.0208 0.0344 0.0210 0.0346 0.0209 0.0351 0.020@340. 0.0197 0.0342 0.0200 0.0345 0.0189 0.0328 0.0186 ®.031
EM EMEA 0.0316 0.0393 0.0312 0.0393 0.0292 0.0392 0.026237. 0.0272 0.0380 0.0276 0.0381 0.0295 0.0383 0.0272 $.035
EM LATAM 0.0233 0.0358 0.0233 0.0358 0.0228 0.0363 0.0230360 0.0236 0.0364 0.0236 0.0364 0.0231 0.0351 0.0231 34.03
SSA 0.0447 0.0428 0.0444 0.0428 0.0357 0.0427 0.0298 0.08@z84 0.0427 0.0392 0.0429 0.0401 0.0419 0.0244 0.0373

DM 7-10 year 0.1036 0.0732 0.1031 0.0731 0.0914 0.0725888.00.0693 0.0864 0.0707 0.0861 0.0710 0.0997 0.0714 0.103644
DM 5-7 year 0.0053 0.0232 0.0051 0.0232 0.0062 0.0248 56.00.0233 0.0065 0.0258 0.0064 0.0254 0.0047 0.0221 0.003883
DM 1-5 year 0.0035 0.0190 0.0032 0.0180 0.0034 0.0185 38.00.0182 0.0038 0.0201 0.0037 0.0199 0.0032 0.0182 0.00ZBE6®
G7 7-10 year 0.0182 0.0426 0.0184 0.0431 0.0152 0.0391139.00.0363 0.0177 0.0422 0.0175 0.0414 0.0164 0.0406 0.00.3B55

G7 5-7 year 0.0047 0.0235 0.0052 0.0249 0.0045 0.0228 48.00.0221 0.0056 0.0262 0.0056 0.0256 0.0047 0.0235 0.003R9®
US Bills 0.2756 0.0498 0.2752 0.0502 0.2726 0.0517 0.2718500 0.2722 0.0516 0.2710 0.0521 0.2716 0.0519 0.2726 7D.04
G7Non US Bils  0.0244 0.0055 0.0248 0.0065 0.0274 0.0009287 0.0045 0.0278 0.0035 0.0290 0.0045 0.0284 0.005274.00.0055
G7 1-5 year 0.3609 0.1177 0.3624 0.1185 0.3755 0.1266 92.36.1249 0.3728 0.1261 0.3700 0.1247 0.3541 0.1200 0.3139049
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Table 5.10 reports the asset weights of the additdd non-bond
diversification in the well-diversified governmehonds portfolio. The average
weight shows some variations when non-bond goventmssets are included in
diversified government bond portfolios. Intereshintpere is not much difference
in non-bond asset compositions between before #&rd inposing asset weight
constraints. It needs 1 percent of the reservestmiested in gold, 2.5 percent in
ABS, 4.5 percent in MBS, 2.5 percent in corporaiads and 1 percent in equity

in order to obtain the benefits.

However, it is questionable whether it is sensiblextend the investments
into gold, mortgage-backed securities, asset-baskedrities, corporate bond and
equity at this particular point in time. The reas®that risk spreads are extremely
tightened and unprecedented amount of excess liguieixcess liquidity was
created by easy monetary policies around the globee last several years and by
the rapid increase of central banks reserve acatmnl Negative/low short-term
interest rates have encouraged central banks'veseanagers to move out the
yield curve, thus leading to flatter curves, andnive out to the risk curve which

then compressing risks spreads.

In order to answer the question, | calculated tl@emental benefits of
non-government investments over well-diversifiedegroment bond portfolio. In
this analysis the original benchmark is replaced@# government inflation-
linked, EM government bonds, SSA, selected Develamrintries bond market,

longer bond maturity from G7 countries, and thgioal benchmark bond
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Table 5.11 Incremental benefits of risk reductiona given benchmark returns
for non-government bond investments

This table reports the posterior distribution ofkrireduction for the same target return as
benchmark when investors diversify their investmanb non-government asset classes. The
frontiers are spanned by investing in single asksses, gold, ABS, MBS, Corporate Bond, and
equity index, dual assets: ABS+MBS and corporatad; 5 non-bonds asset classes altogether. The
summary statistics are the mean, standard devjatieraverage of actual risk reduction measure,

5™ 50" and 95" percentile.

Frontier of ~ Percentie
Government Bond + Mean Stdev © g 5d" gg"
No Short-Sal
Gold 0.4870 0.1424 0.2632 0.2125 0.5247 0.6502
ABS 0.4822 0.1435 0.2682 0.2099 0.5173 0.6477
MBS 0.4799 0.1453 0.2705 0.2012 0.5156 0.6488
ABS+MBS 0.4885 0.1416 0.2616 0.2142 0.5248 0.6497
Corporate Bond 0.4895 0.1417 0.2606 0.2129 0.5255 0.6525
World Equity 0.4862 0.1444 0.2640 0.2068 0.5236  0.6529
Corporate 0.5008 0.1384 0.2492 0.2264 0.5435 0.6537
All Non Bonds 0.5218 0.1286 0.2287 0.2599 0.5648 0.6586
Asset Allocation
Gold 0.1266 0.0312 0.7628 0.0688 0.1299 0.1732
ABS 0.1368 0.0343 0.7451 0.0738 0.1410 0.1868
MBS 0.1290 0.0321 0.7587 0.0703 0.1328 0.1767
ABS+MBS 0.1481 0.0341 0.7257 0.0844 0.1523 0.1971
Corporate Bond 0.1554 0.0371 0.7134 0.0851 0.1609  0.2080
World Equity 0.1555 0.0367 0.7132 0.0855 0.1609 0.2067
Corporate 0.2800 0.0787 0.5183 0.1249 0.3007 0.3704
All Non Bonds 0.2786 0.0793 0.5204 0.1217 0.3002 0.3700

indexes. From that new benchmark, risk reductiorfq@o for a given expected
return then to be optimised using gold, ABS, MB8iporate bonds and world
equity.

The results of the incremental benefits analysessaown in the Table
5.11. The table shows that there are significatémg@l incremental benefits for
both before and after constraining asset weightgtest beyond government-

related assets. The average risk reduction berwflis49 percent to 0.52 percent
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could be achieved for central banks that do notlesset allocation constraints in

their reserve portfolios.

The more realistic model shows that asset allogationstraints reduce
half of the benefits to between 0.12 percent ar@8 @ercent. Asset allocation
reduces the half variance of the benefits from (Qégent to 0.08 percent. This
indicates higher chances for central could acqtiiesincremental benefits from
non-government investments relative to that of keefoonstraining on asset
weights. These non-bonds investments potentiallyjdcachieve between 0.07
percent and 0.13 percent risk reduction at tflepBrcentile of the posterior

distributions.

Table 5.12 reports the asset weights of the additdd non-bond
diversification in the well-diversified governmehbnds portfolio. Interestingly
there are not much different non-bond asset cortiposi between before and
after constraining asset weight. It needs 1 perokttie reserve to be invested in
gold, 3.5 percent in ABS, 5.5 percent in MBS, 2e5cent in corporate bonds and
0.5 percent in equity in order to obtain incremertanefits from the well-

diversified bond portfolio.

Our findings support central banks’ investment disetoward riskier assets
as demonstrated by Pringle and Carver (2006). iitlesion of new asset classes
including equities and asset-backed securitiesrdwige diversification benefits
for central bank reserve management. From theysa$gtect of reserve portfolio,

the additional new asset classes beyond quasi-gogit securities are
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Table 5.12 Risk reduction portfolio weights fogisen benchmark returns for the incremental bemefinon-government bond
diversification

This table reports the posterior distribution of tverage and standard deviations of the optimgghtgin the efficient portfolio for a given exist benchmark
returns for non-government bond investments. PAni for short-sale constraints. Panel B. is aalletation constraints.

Spanning Strategy
Gold ABS MBS ABS+MBS  Corporate Bond Equity Corpoate AliiNBond

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean Stdev
Panel A. No Short Sale

Gold 0.0085 0.0115 0.0060 0.0095
ABS 0.0263 0.0464 0.0244 0.0447 0.0263 0.0324
MBS 0.0239 0.0455 0.0219 0.0434 0.0158 0.0329
Corporate Bond 0.0311 0.0393 0.0066 0.0102 0.0181 0.0362
World Equity 0.0307 0.0387 0.0308 0.0376 0.0071 0.0098
Inflation-linked 0.0377 0.0447 0.0384 0.0464 0.0403 09046.0365 0.0436 0.0403 0.0457 0.0394 0.0448 0.0389 0.0423B03. 0.0357
EM Asia 0.0127 0.0274 0.0121 0.0266 0.0133 0.0282 0.011826Q. 0.0106 0.0250 0.0108 0.0253 0.0091 0.0226 0.0073 3.019
EM EMEA 0.0169 0.0343 0.0137 0.0317 0.0175 0.0359 0.0139319. 0.0134 0.0315 0.0135 0.0320 0.0105 0.0272 0.0067 %$.020
EM LATAM 0.0106 0.0266 0.0114 0.0277 0.0111 0.0274 0.01030266 0.0113 0.0275 0.0114 0.0275 0.0088 0.0232 0.0061 8®.01
SSA 0.0357 0.0566 0.0300 0.0529 0.0271 0.0513 0.0231 0.08&B47 0.0561 0.0340 0.0562 0.0314 0.0517 0.0209 0.0409
DM 7-10 year 0.0161 0.0294 0.0154 0.0294 0.0171 0.0315156.00.0289 0.0139 0.0277 0.0138 0.0279 0.0154 0.0288 0.00%P69

DM 5-7 year 0.0070 0.0208 0.0070 0.0206 0.0068 0.0204 6R.0@.0188 0.0068 0.0199 0.0068 0.0198 0.0060 0.0185 0.003166®
DM 1-5 year 0.0037 0.0156 0.0035 0.0151 0.0036 0.0153 36.00.0145 0.0039 0.0153 0.0041 0.0161 0.0035 0.0144 0.00384D

G7 7-10 year 0.0084 0.0222 0.0078 0.0219 0.0065 0.0209610.00.0203 0.0079 0.0216 0.0080 0.0217 0.0083 0.0214 0.008%205

G7 5-7 year 0.0050 0.0189 0.0044 0.0178 0.0036 0.0160 38.00.0150 0.0045 0.0175 0.0049 0.0188 0.0043 0.0171 0.003R4D

US Bills 0.7392 0.1557 0.7230 0.1599 0.7261 0.1587 0.7266582 0.7187 0.1583 0.7159 0.1597 0.7267 0.1564 0.7430 5®.14
G7 Non US Bils  0.0172 0.0396 0.0189 0.0409 0.0177 0.03@8175 0.0388 0.0180 0.0400 0.0184 0.0400 0.0190 0.040115%.00.0351

G7 1-5 year 0.0814 0.0925 0.0881 0.0951 0.0852 0.0955 88.00.0917 0.0850 0.0925 0.0882 0.0941 0.0807 0.0905 0.06IF9®
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Spanning Strate
Gold ABS MBS ABS+MBS  Corporate Bon Equity Corpoat Al Non-Bonc

Mean Stdev Mean Stdev Mean Stdev Mean Stdev Mean Stdev Meadev StMean Stdev Mean Stdev
Panel B. Asset Allocation

Gold 0.0070 0.0078 0.0105 0.0084
ABS 0.0439 0.0147 0.0660 0.0348 0.0373 0.0111
MBS 0.0376 0.0193 0.0227 0.0294 0.0567 0.0333
Corporate Bond 0.0459 0.0117 0.0069 0.0126 0.0254 0.0283
World Equity 0.0459 0.0116 0.0261 0.0216 0.0054 0.0067
Inflation-linked 0.0966 0.0301 0.0833 0.0331 0.0942 06030.0703 0.0322 0.0852 0.0335 0.0853 0.0331 0.0202 0.039BO®. 0.0305
EM Asia 0.0224 0.0305 0.0226 0.0311 0.0226 0.0312 0.022030Q. 0.0195 0.0294 0.0198 0.0297 0.0160 0.0311 0.0187 9.026
EM EMEA 0.0480 0.0372 0.0415 0.0375 0.0480 0.0380 0.041036B. 0.0422 0.0376 0.0422 0.0374 0.0206 0.0339 0.0402 3.034
EM LATAM 0.0271 0.0333 0.0313 0.0351 0.0261 0.0333 0.03140346 0.0321 0.0354 0.0319 0.0353 0.0151 0.0310 0.0300 1%.03
SSA 0.0536 0.0353 0.0399 0.0359 0.0348 0.0355 0.0242 0.081B45 0.0363 0.0447 0.0364 0.0145 0.0328 0.0171 0.0274

DM 7-10 year 0.1607 0.0290 0.1505 0.0318 0.1551 0.0292470.10.0288 0.1453 0.0343 0.1452 0.0342 0.2931 0.0943 0.1@4284
DM 5-7 year 0.0002 0.0026 0.0003 0.0033 0.0003 0.0035 08.00.0035 0.0004 0.0044 0.0005 0.0050 0.0051 0.0288 0.00@WD2D
DM 1-5 year 0.0001 0.0016 0.0001 0.0014 0.0001 0.0018 00.00.0012 0.0001 0.0020 0.0001 0.0017 0.0086 0.0333 0.00MD1M®
G7 7-10 year 0.0073 0.0208 0.0083 0.0226 0.0053 0.018M054.00.0175 0.0097 0.0250 0.0094 0.0245 0.0090 0.0367 0.003876

G7 5-7 year 0.0001 0.0019 0.0001 0.0019 0.0001 0.0017 0D.00.0015 0.0002 0.0026 0.0001 0.0023 0.0050 0.0231 0.00@D1D
US Bills 0.2954 0.0177 0.2925 0.0233 0.2938 0.0200 0.2920216 0.2909 0.0249 0.2906 0.0258 0.1997 0.0695 0.2872 3®.02
G7 Non US Bils  0.0046 0.0022 0.0075 0.0042 0.0062 0.003R079 0.0042 0.0091 0.0012 0.0094 0.0023 0.1003 0.0077.28.00.0042
G7 1-5 year 0.2770 0.0351 0.2781 0.0372 0.2760 0.0351 8®.26.0308 0.2750 0.0354 0.2748 0.0356 0.2597 0.0276 0.25821®
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significant compare to the existing benchmark go#ind well-diversified bond
portfolios. The benefits are measured using riskicgon for a given existing

expected returns.

5.4. Conclusion

Strategic asset allocation is an essential partesftral bank reserve
management. Its importance is paramount in a tidfmancial turmoil, based on
strategic asset allocation on the risk-based framnewin this paper, risk based
framework means that risk minimization for the sarpected benchmark returns
are employed in this analysis. Five aspects ofatemnalysis considered in this
study are the impact of budget constraints, liquibuffer allocation, and global
financial crisis investment opportunities, and skargelection bias problems and

beyond government bond investments.

This research learnt that after imposing assetatilon constraints, at least
one spanning strategy might deliver substanti& megluction benefits for short-
sale constrained government bond portfolio. Glab#iation-linked government
bond needs to be added together with the emergiadianh country rating and
longer dated group of G7 government bond, develaoparket government bond
and SSA bonds market index to offer government hoordfolio risk reduction
across all constraints and scenario analyses amesidAnalysis on the different
sub-period reveals that risk reduction benefitsiamgortant for both before and
after the financial crisis. This finding emphasisks need for central banks to

diversify their foreign reserves benchmark beydadurrent setting.
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Our analysis on the impact of budget and liquidionstraints to a risk
reduction government bond portfolio has policy imoalions for central bank
reserves management. Our results show that th@eeatgnt to provide more cash
resulting in a higher uncertainty of the mean niskuction. This implies that
central banks should not segregate foreign reseovesver short-term liability
from investable reserves. Reserves segregationsniraguce inefficiencies as it
increases the difficulty of optimising the wholeseeve allocation. Central banks,
therefore, should not to tranche their reservesekpress liquidity requirements

in the form of constraints on the portfolio optiati®n framework.

Analysis of the impact of liquidity buffer allocati confirmed that one of
the main sources of risk reduction is driven by t&asury bills. Allowing the
new portfolio to hold US treasury bills at lease ttame weight as the existing
benchmark offers risk reduction benefits. Thesedifigs provide practical
implications. The size of the reserves relativéh&r economy, risk aversion, or
economic conditions which could have an impacthairtliquidity portions, have
important role for the risk minimization analys&maller the size of the reserve
relative to the economy, the more risk averse akeatral bank, and negative
economic environments could have an impact on tggeb liquidity allocation.
This bigger liquidity allocation in turn could irease the chance to gain the

benefits.

This sub-section rejects the hypotheses that thsorel could not find
diversification benefits on longer dated bond siggtbecause of sample selection

bias to restrict the investment up to 10 yearstlyamy findings support central
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banks investment trends toward riskier assets.ifitiasion of new asset classes
including equities and asset-backed securitiesfgigntly provide risk reduction
diversification benefits for central bank reservanagement. The additional new
asset classes beyond quasi-government securit@sgder significant benefits
compare to the existing benchmark and provide fogmt incremental benefits

compare to well-diversified government bond portiel
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CHAPTER SIX

This chapter presents summaries and implicationgaah of three empirical
chapters, and of the thesis overall. In additiomitation of the research and
future improvements in the area are suggested.
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6. CONCLUSIONS

6.1. Research Conclusionsand Implications

6.1.1. Optimal currency composition

Currency composition policy is an important aspefctational foreign
reserves management. It is the initial stage inagery foreign reserves where
the main objective is risk concern, while maintaqiliquidity demand for
transactions on foreign trade and debt payment. chapter three, risk
minimization for a given expected benchmark retuand risk reduction to the
minimum variance portfolio are examined within Bsigm approach of Li et al.

(2003) combine with trade constraints and debt ttaimgs.

Depart from the existing benchmarks the optimisegtiare conducted to
minimise portfolio risk by imposing shares of exi@r transactions. Empirical
evidence on the minimum variance portfolio showat tthere is potential for
significant risk benefits for central banks whermythreallocate their currency
composition among the existing benchmark, or tcestvin broader currency
diversifications. Such results are regardless thginal benchmark currently

being used, and hold across debt and trade camtstrai

My findings related to the risk minimization fogaven benchmark returns
show that there are significant diversification &S before imposing currency
composition constraints. Imposing trade constraartd debt constraint on the
optimisations change the significance of the béselin general, greater currency

diversifications provide bigger means of the besefHowever, for the original
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benchmark which allocates more than 60 percent3®,significant benefits at
the 8" percentile of the posterior distributions could &gained by broader
currency investment into selected developed caestdurrencies and selected
emerging market currencies. This applies when inmgosade constraint, but not
from imposing debt constraints. A central bank tiisgs the original benchmark
which allocates USD less than 50 percent, the fsognit risk reduction benefits at
the 8" percentile of the posterior distributions could dehieved by reallocate
benchmark currency shares and by broader curreamggsiment into selected
developed market currencies from imposing tradesttaimt and broader spanning

into selected emerging market currencies from inmgpdebt constraints.

The empirical findings show that in general the ngptimal portfolios
suggest allocating more USD and less EUR comparedbet current benchmark
portfolio currency. Our findings suggest that caehtbank should consider
relaxing their investment policy beyond USD, EURBR5and JPY currency. It is
desirable and feasible to adopt Bayesian approachbined with external
payment constraints as an alternative frameworkd&iermining central banks’
foreign currency structure. The transaction con#isecurrency weight, however,
needs to be adjusted reflecting the individual ¢ots foreign trade and debt

profiles.
6.1.2. Strategic asset allocation for government bond portfolio

An appropriate strategic asset allocation is aprégs aspect of sound and

prudent management of foreign exchange reservespiimary objective of this
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chapter is to provide alternative asset structuwley where the emphasis is the
safety without compromising its liquidity requirente and the existing expected
returns. In this chapter, | set up an unconditioBalyesian spanning test
framework. This approach allows us to derive aninoglt allocation and to
investigate the benefits from investing in differasset classes from central bank
foreign reserve management perspectives. In thiepteh | look at three
government bond diversification strategies: longeturity, emerging market and
inflation-linked bonds. In addition to the risk nimzation for a given benchmark
return, | also investigate risk minimization to tigbobal minimum variance

portfolio.

Our finding shows that the current benchmark polgyan inefficient
portfolio, hence spanning government bond portfohath longer-dated
government bonds, sovereign emerging market ardtiori-linked government
bonds altogether improve the investment opportusétyand deliver significant
risk reduction. The inclusion of inflation-linkedogernment bonds cannot be
spanned directly to the current benchmark, bué&ds to be added together to be
able to deliver significant benefits. This investthehoice may offer average
monthly diversification benefits of 0.33 percenttwa standard deviation of 0.14
percent and magnitude of risk reduction at the,fmad fifth percentile are zero
percent and 0.04 percent respectively. In ordeladbieve those benefits, it
requires reserves portfolio to be held nine peraemgobal inflation-linked bond
index, seven percent in country rating emergingketagovernment bond, three

percent in SSA, eight percent in sovereign developwrket up to 10 year
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maturity and three percent in longer dated (5-18r ymaturity) group of G7
government bonds while maintain their 70 percenestments in the existing

benchmark portfolio.

The purpose of holding reserves and the mandateatdranks have in
managing their reserves may vary amongst centraksand therefore the
preference toward returns will differ amongst thétowever, as the accumulation
of national reserves increased and tendency tleatetiurn criteria become more
important for reserves in excess of liquidity nedd&ould argue risk reduction
for a given existing expected return frameworkesegrally more appropriate than
the second one. Foreign reserves diversificatiaasdresulting from the first
measure also easier to communicate to the govetnareh other stakeholders
since the benefits yielded without reducing the eetpd portfolio returns.
However, it is interesting that the empirical fings from both currency
compositions and asset allocation reveal minimumiadae portfolio offer
significant benefits across all constraints. Migkt worth thinking about should

the central bank follow the GMV strategy.

6.1.3. Optimal foreign reserve asset allocation in various setting

Strategic asset allocation is an essential partesftral bank reserve
management. Its importance is paramount in a tidfmancial turmoil, based on
strategic asset allocation on the robust risk-b&sedework. In this chapter, risk-
based framework means that risk minimisation fer $hme expected benchmark

returns is employed in this analysis. Some diffeisgttings considered in this
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analysis to evaluate the role of budget constraligsidity buffer allocation, and

global financial crisis investment opportunitieginger than 10 year bond
investment and non-government bond investment gmefes for the risk
minimization reserve portfolio. The findings conifir that inflation-linked

government bond needs to be added together witlertrerging market country
rating and longer dated G7, developed market a8l &8 ds market to offer
government bond portfolio risk reduction across @hstraints and scenario
analysis considered. Analysis on the impact ofedéht investment opportunities
shows that the diversification is important for libdtigh and low yield bond
markets. This emphasises the need for central bemkBversify their foreign

reserves benchmark beyond its current setting.

Our analysis on the impact of budget and liquidibnstraints to a risk
reduction government bond portfolio has policy imoglions for central bank
reserves management. Our results show that th@eeatent to provide more cash
resulting in a higher uncertainty of the mean niskuction. This implies that
central bank should not segregate foreign resetveover short-term liability
from investable reserves. Reserves segregationdntraguce inefficiencies as it
increases the difficulty of optimising the wholeseeve allocation. Central banks,
therefore, should not to tranche their reservesekpress liquidity requirements

in the form of constraints on the portfolio optiati®n framework.

Analysis of the impact of liquidity buffer allocati confirmed that one of

the main sources of risk reduction is driven by t&asury bills. Allowing the
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optimised portfolio to hold US treasury bills aa$ as the same as its weights in
the benchmark offers risk reductions benefits. €hfasdings provide practical
implications. The size of the reserves relativéhir economy, risk aversion or
economic conditions which could have an impactlairtliquidity portions have

important role for the risk minimization for a giveenchmark return analysis.

Our empirical results support central banks invesiimtrends toward
riskier assets as demonstrated by Pringle and €62066). The inclusion of new
asset classes including equities and asset-baeceditsees do provide significant
diversification benefits for central bank reservanagement. From the safety
aspect of reserve portfolio for a given currentdbenark returns, the additional
new asset classes beyond government-related assessgnificantly lower risks
level compare to the risk of the existing benchmadicy and provide

incremental benefits to the well-diversified goveent bond portfolios.

6.2. Limitations and Future Il mprovements

The main reason for the liquidity requirements afefgn reserves to be
conservative is the consideration of the likelihaathdrawals from the managed
portfolios. The possible sources of withdrawals swenmarised in Jeanne and
Ranciere (2011) as being from three reasons: iatemal trading needs,
financing demands and sudden changes in the capitalint. If more information
can be obtained and future uncertainty can be nadp forecasted, the
optimisation of the strategic allocation of the em®s should incorporate the

liquidity aspect more specific rather than applythg overall liquidity allocation
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as in this research. Second, further research ghlmak for better ways to
incorporate various sources of transaction cosssngrfrom switching from one
to another asset classes. It is interesting to earhthe risk reduction benefits |

discover in this thesis will be wiped out by tracisan costs.

This portfolio risk reduction analyses for centbanks’ foreign reserve
investments assumes static and unconditional fraomlewFor the future research,
a study on reserve portfolio diversification betgefian be extended in a number
of directions. First, is to use dynamic and cowdiél framework of asset
allocation. Second, instead of focus on risk redacimeasure, a number of
alternative measures can be used to evaluate tlegsdication benefits. The
returns enhancement (Li et al., 2003), Sharpe (&@arpe, 1966) and certainty
equivalent returns (Fletcher, Paudyal, and Sant3b6) to measure the benefits
could also be an interesting application. Potemtipics for future studies includes
whether currency and interest rate hedging wiltease central bank’s portfolio
performances. This thesis has focused on asse@afdia problem. It would be

interesting to extend the analysis to look at titkvidual bond selection.

My study focuses on strategic asset allocation ésaark which is only
part of the reserves management aspects. Othectaspeh as organisational
structure of central banks’ reserves managemengaetine portfolio management

could further enrich the analysis.
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APPENDI X

Appendix 1 Currency return

All currency data in these analyses use USD as tasency, or “X” exchange

rate to USD.

United States Dollar (USD): Since USD is the baseency, currency USD
returns is solely define from US dollar 3M
deposits rate DataStream code S20514.

Euro (EUR) . is defines by EUR currency monthly urat
DataStream code and Mark/EU Germany 3M
deposits rate DataStream code S20532.

Great Britain Pound sterling (GBP): is defines bBFRGcurrency monthly return
DataStream code and UK pound sterling 3M
deposits rate DataStream code S20508.

Japan Yen (JPY) . defines by JPY currency monthlgturn
DataStream code and Japanese yen 3M deposits
rate DataStream code S20963.

Canada Dollar (CAD) . defines by CAD currency madwnthreturn
DataStream code and Canadian dollar 3M
deposits rate DataStream code S20520.

Swiss Franc (CHF) : defines by CHF currency monthigturn
DataStream code and Switzerland Franc 3M

deposits rate DataStream code S20538.



Australia Dollar (AUD)

New Zealand Dollar

China Yuan (CNY)

South Korea Won (KRW)

India Rupee (INR)

Brasilia Real (BRL)

Thai Baht

defines by AUD currency mibnly return
DataStream code and Australian dollar 2M
deposits rate DataStream code S96819.
defines by NZD currency mownthreturn
DataStream code S19587 and New Zealand 90-
day deposits rate DataStream code Y70412
defines by CNY currency monthlgeturn
DataStream code S99695 and China Yuan 3M
time deposits rate DataStream code Y76069
defines by CNY currency ity return
DataStream code S20363 and South Korean Won
3M time deposits rate DataStream code S534EK
defines by INR currency monthligeturn
DataStream code INXRUSD and Indian Rupee
3M time deposits rate DataStream code S4147V
defines by BRL currency mdgthreturn
DataStream code S08392 and Brazilian real 3M
deposits rate DataStream code S534FC
defines by THB currency monthly return
DataStream code S99720 and Thailand baht 3M

deposits rate DataStream code S97458.



Appendix 2 Currency Benchmark

Currency Benchmark : benchmark portfolio considt$oar currencies i.e.
US dollar, Euro, GB pound sterling, and Japanese
yen.

Currency Benchmark #1 : to replicate actual curyeaemposition of central
banks investment in G4 currency which consist of
63% of USD, 22% of EUR, 4% of GBP and 4% of
JPY.

Currency Benchmark #2  : to mimic currency compaositin the SDR-IMF
portfolio which consist of 47% of USD, 34% of

EUR, 12% of GBP and 7% of JPY.
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Appendix 3 Benchmark Assets

US treasury bills

Non-USD Bills

: 1 use total return US treashitls 6 months US$ bid vyield,

DataStream code S310VH.

: Non-USD bills index is formed by wa|ly weighted UK,

German, France, Japan, Canada and Italia bills/algumt
(issued in their local currency) after convertetbidSD.

In order to convert local currency denominated suea
bills asset returns, | use GBP DataStream code \§242
EUR DataStream code S242XT, JPY DataStream code
S242X6 and CAD DataStream code S242W7 to USD

exchange rate data originally sourced from Bank of

UK

Germany

France

Japan

Canada

England (BoE).

| use total return UK treasury bills 6 monthsd vyield,

denominated in GBP, DataStream code S310TK.
| use JP Morgan Germany treasury billeahiths total return

index, denominated in EUR, DataStream code T99215.

: luse JP Morgan France treasury billo6ths total return index,

denominated in EUR, DataStream code T99210.

: luse JP Morgan Japan treasury bills @hmdotal return index,

denominated in JPY, DataStream code T99225.
| use JP Morgan Canada treasury billsofthm total return

index, denominated in CAD, DataStream code CNTBB6M.
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Italy : 1 use JP Morgan ltaly treasury bills 6 nfmntotal return index,
denominated in EUR.
Market Index . | use Bank of America Merrill Lyn€blobal Government
G7 1 to 5 years US$ Total Return Index, DataStreade
T96326 for the proxy market index.
Benchmark Portfolio : benchmark portfolio consisfsthree assets; US treasury
bills, Non-USD bills and market index. When asset
allocation constraints are imposed | put constsainat 30
percent have to be invested in treasury bills asséh at
least 15 percent in US treasury bills and minimub 2

percent in government bond market 1 to 5 year index
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Appendix 4 Test Assets

I classify my sample of the test assets into tlidderent categories; duration

extension strategies,

the inclusion of emerging ketarand index-linked

government bonds strategies. In addition, | alsadditest assets into five asset

classes; Group G7 government (G7), developed govemhbond market (DM),

semi-government, supranational and government §gé88A) bond market,

emerging government (EM) bond market and indexddhgovernment bond (IL).

A. Longer government bond maturity

a. asset index

G7 5-7 year

G7 7-10 year :

G7 5-7 index is formed by equalgighted of the 7
members of United States (S07696), United Kingdom
(S07689), German (S07641), France (S07635), Japan
(S07659), Canada (S07623) and Iltalia (S07647)
government bond 5-7 year maturity index issueaaall
currency after converted into USD.

G7 7-10 index is formed by equalighted of the7-
member of the G7 group of United States (S07697),
United Kingdom (S07690), German (S07642), France
(S07636), Japan (S07660), Canada (S07624) and Itali
(S07648) government bond 7-10 year maturity index

issued in local currency after converted into USD.
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DM 1-5 year :

DM 5-7 year :

DM 7-10 year :

DM 1-5 index is formed by equalleighted of the 14
government bond indices issued by 7 advanced ecpnom
considered in this study; Netherlands (NL) 1-3 year
(S07663) and 3-5 year (S07664); Austria (OE) 1-8rye
(S07609) and 3-5 year (S07610); Belgium (BG) 1-8rye
(S07615) and 3-5 year (S07615); Switzerland (SV8) 1-
year (S07681) and 3-5 year (S07681); Denmark (DK) 1
3 year (S07627) and 3-5 year (S07627); Australid)(A
1-3 year (S07603) and 3-5 year (S07603) returnxinde
and New Zealand (NZ) government benchmark 2 year
(S08943) and 5 year (S08944) bid yield.

DM 5-7 year index is formed by eljppaveighted of the
7 government bond indices issued by 7 advanced
economy countries; NL 5-7 year (S07665); OE 5-7 yea
(S07611); BG 5-7 year (S07616); SW 5-7 year (S0Y,682
DK 5-7 year (S07628); AU 5-7 year (S07604) and NZ
government benchmark 7 year (S08945) bid yield.

DM 7-10 year index is formed byally weighted of the
7 government bond indices issued by 7 advanced
countries; NL 7-10 year (S07666); OE 7-10 year
(S07612); BG 7-10 year (S07615); SW 7-10 year

(S07683); DK 7-10 year (S07629); AU 7-10 year
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SSA index

(S07605) government bond index and NZ government
benchmark yield 10 year (S08946).

SSA index is formed by equally wegghof the 7 bond
indices; Barclays US aggregate Supranational
(LHUSSUP), Barclays Euro Dollar supranational 1-7
year (LHEN1T7), Barclays Agency 1-5 year (Y03986),
DEX Capital Canada’s province short (T14079), mid-
term (T14080) and long-term (T14081) price indexd
UBS Australia’'s semi-government 2-10  year

(AUSG2T10) return index.

b. Portfolio strategy:

G75-7

G7 7-10

G7 5-10

DM 1-5

G7 5-7 portfolio strategy is longer bsnsdtrategy
spanned by G7 government bond index for maturity 5
7 year and the benchmark portfolio.

G7 7-10 portfolio strategy is longendts strategy that
spanned by G7 government bond index for maturity 7
10 year and the existing benchmark portfolio.

G7 5-10 portfolio strategy is longendts strategy that
spanned by G7 5-7 and G7 7-10 government bond
indexes and the existing benchmark portfolio.

DM 1-5 portfolio strategy is a stratethat spanned by
DM government bond index for maturity 1 to 5 yeada

the existing benchmark portfolio.
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DM 5-7

DM 7-10

DM 5-10

DM 1-10

SSA

DM 5-7 portfolio is longer bonds strayegpanned by G7
and DM government bond index for maturity 5 to arye
and the benchmark portfolio.

DM 7-10 portfolio is longer bonds segy spanned by
G7 and DM government bond index for maturity 7 @ 1
year and the benchmark portfolio.

DM 7-10 portfolio is longer bonds stgy spanned by
G7 and DM government bond maturity 5-7 year and 7-1
year index and the benchmark portfolio.

DM 7-10 portfolio is longer bonds stegy spanned by
G7 and DM government bond maturity 1-3 year, 3-5
year, 5-7 year and 7-10 year index and the bendhmar
portfolio.

SSA portfolio strategy is relaxing credinestraints in
addition to longer dated investment that spanne8 3,

G7 and DM government bond maturity 1-3 year, 3-5
year, 5-7 year and 7-10 year index and the bendbmar

portfolio.
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B. Emerging market gover nment bond
a. Asset index
EM Geographic : consists of three different gappical area; Asia;
Europe, Middle East and Africa (EMEA); and Latin
America (Latam) government bonds index,
DataStream code Z11016, Z11054 and Z11055
respectively.
EM Country rating: consist of emerging market BB Bnd BBB rated
sovereign bond index, DataStream code Z10960,
Z10959 and Z210979.

b. Portfolio strategy

EM Geographic (EMG) : is a spanned strategy by ragithiree emerging
market Geographic index into the existing
government bond benchmark.

G7+EMG . is the inclusion of three emerging market
Geographic index, G7 5-7 year and G7 7-10
year government bond index to the existing
benchmark portfolio.

DM+G7+EMg : is the inclusion of three emerging nerk
Geographic index, G7 and DM government
bond maturity 1-3 year, 3-5 year, 5-7 year and
7-10 year index to the existing benchmark

portfolio.
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SSA+DM+G7+EMG

EM Rating (EMR)

G7+EMr

DM+G7+EMR

SSA+DM+G7+EMR

. is the inclusion of three emergimgarket

Geographic index, SSA, G7 and DM
government bond maturity 1-3 year, 3-5 year, 5-
7 year and 7-10 year index to the existing

government bond benchmark.

. is a spanned strategy by addhmgd emerging

market countries rating index into the existing

government bond benchmark.

. is the inclusion of three emerging mar&egdit

rating index, G7 5-7 year and G7 7-10 year
government bond index to the existing

benchmark portfolio.

. is the inclusion of three emerging netrkredit

rating index, G7 and DM government bond
maturity 1-3 year, 3-5 year, 5-7 year and 7-10

year index to the existing benchmark portfolio.

. is the inclusion of three emergimgarket

countries rating index, SSA, G7 and DM
government bond maturity 1-3 year, 3-5 year, 5-
7 year and 7-10 year index to the existing

government bond benchmark.
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C. Inflation-linked gover nment bond
a. Asset index

Global government index-linked bond

G7 government Index-linked Bond

XX

| use Bank America
Merrill  Lynch  Global
Government inflation-
linked bond returns index,
DataStream code:
MLGGILS.
. is constructed dnually
weighted of the index-
linked bonds issued by
government of the G7
members. | use return index
of the United States
government inflation-
linked 10 year bid yield
(TRUT10T), Bank of

America Merrill Lynch

United Kingdom
(MLUKGIL), German

(MLGODIL), France
(MLFGVIS), Japan
(MLGOY13$), Canada



b. Portfolio Strategy

Global Govt. IL (GIL)

GIL+G7

GIL+G7+DM

GIL+G7+DM+SSA

XXi

(BCCANAS) and ltaly
(MLGOII$) government
inflation-linked return

index.

: is the addition of the Glito the

existing government bond portfolio.

. is the addition of the GIL, G7 5-7 year

and G7 7-10 year government bond
index to the existing bond benchmark

portfolio.

. is the addition of GIL, G7 and DM

government bond maturity 1-3 year,
3-5 year, 5-7 year and 7-10 year index
to the existing bond benchmark

portfolio.

: is the addition of GIL, SSA, G7 and

DM government bond maturity 1-3
year, 3-5 year, 5-7 year and 7-10 year
index to the existing bond benchmark

portfolio.



GIL+G7+DM+SSA+EMG

GIL+G7+DM+SSA+EMR

G7 Govt. IL (G7IL)

G7I1L+G7

G7I1L+G7+DM

XXii

: is the addition of GIL, emergin

market Asia, emerging market
EMEA, emerging market Latam,
SSA, G7 and DM government bond
maturity 1-3 year, 3-5 year, 5-7 year
and 7-10 year index to the existing

bond benchmark portfolio.

: is the addition of GIL, emergin

market B, emerging market BB,
emerging market BBB, SSA, G7 and
DM government bond maturity 1-3
year, 3-5 year, 5-7 year and 7-10 year
index to the existing bond benchmark

portfolio.

. is the addition of the G7Ilo tthe

existing government bond portfolio.

: Is the addition of the G7IL, G7 5-7

year and G7 7-10 year government
bond index to the existing bond

benchmark portfolio.

. is the addition of G7IL, G7 and DM

government bond maturity 1-3 year,

3-5 year, 5-7 year and 7-10 year index



G7IL+G7+DM+SSA

G71L+G7+DM+SSA+EMG

G7IL+G7+DM+SSA+EMR

XXiii

to the existing bond benchmark

portfolio.

. is the addition of G7IL, SSA, Grid

DM government bond maturity 1-3
year, 3-5 year, 5-7 year and 7-10 year
index to the existing bond benchmark

portfolio.

. is the addition of G7IL, emerg

market Asia, emerging market
EMEA, emerging market Latam,
SSA, G7 and DM government bond
maturity 1-3 year, 3-5 year, 5-7 year
and 7-10 year index to the existing

bond benchmark portfolio.

. is the addition of G7IL, emerg

market B, emerging market BB,
emerging market BBB, SSA, G7 and
DM government bond maturity 1-3
year, 3-5 year, 5-7 year and 7-10 year
index to the existing bond benchmark

portfolio.



D. Non-Government Bond Asset Classes
a. Asset index
Gold : 1 use Gold Bullion price index,
DataStream code: GOLDBLN.
Mortgage-backed Securities (MBS) : | use Barclaysitédl States
Mortgage-Backed Securities
price index, DataStream code:
LHMNBCK.
Asset-Backed Securities (ABS) : | use Barclays eggte Asset-
backed securities return index,
DataStream code: LHAGGEA.
Invest. Grade Corporate Bond : | use Barclays Unitgtates

Corporate Investment Grade return

index, DataStream code:
LHCCORP.
World Equity . | use Morgan Stanley Capital

International (MSCI) World $
equity, DataStream code
MSWRLD$ for the proxy of

equity market index.
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b. Portfolio Strategy

Broader investment universe

XXV

. is the addition ofdGMBS, ABS,
Corporate bond, world equity, IL,
emerging market B, emerging market
BB, emerging market BBB, SSA, G7
and DM government bond maturity 1-
3 year, 3-5 year, 5-7 year and 7-10
year index to the existing bond

benchmark portfolio.



