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Abstract
The paper examines term structudecadmrrosipmogiterom sattr u dite

wel | as the portfolio. Three different i mpl ementati on
approach, and a base structure approach. tThae pgdrrtefeold
ri-Sskkee government bodinidts . a nTdh e s ngoooot dhnneessss -l pervoepertt é em D r
decomposition are also considered. The concl-usveln tpern m
strucompesdeéc on, and conistiydpeircsa lalrye abso nodf vaaplpulaitciaotni.o n
Keywardserm structure decomposition, instrument valuat:.
llntroduction

Barnard (2019) introduces and reviewljeectrimves,t rtulte uagp Ic
used to decompose term structure$thaind péiffeomsmancleri e
weaknesses. Barnard (2019) also introduces an ax.i omat:i
I n addition, the premises of term structure decomposi
decomposition at the istrument | evel is then also the
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nard (2019) sHhewves$ thkam shsuctmeret decomposition i mpl
ssue or i nstrument . Futrethmr mbract hiye@ot Betniod aldliyr
d from the issue term structures instead. l'ts ai
redominantly unsystematic riskystematucesi 8k §668
i o, through the mathematical relationship that
ly deviate from the p ol i o term otfr U cstswrees,. 4
advance the understan of factors of pricing
ortfolio term structur
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erm structures and the corresponding portfolio
erm structures Iimphigsethetrm Bbruethohei sebuédj sa
tuegsthbeuperss niadquet hai sicsosuunet factors shoul d eq
ting the portfolio coupons at the portfolio te
, two relattonshieppoatéopiesprvee: obitasned by d
tfolio term structur e, must equal the sum of ttF
nting each issue' sm coturpontsuraeg a(i vt ateiaocnh 2i.shs)u e ' S
antl vy, di scounting any portfolio coupon at the p
eqgua the sum of the correspondisnsguei sdsiusec ocuonut p of nasc tdoirssc of
(equation 1. a). Tha s,0rt hpeo rg d rotl fi @l icoo uownp admt e k, di sco
00 of date k, should equald tolfe dsaune okf, ttilkes cionwke do@d p ¢
di scounODOfcafc that e k. For illustration, the port®©oli o
maps to, ©Ds notated as

—

di
di
Ov e
t he
di sc

O O c <
O T 9 O © o
[
- 5 S

~ c o

-

-

i mpor
I


https://doi.org/10.11114/aef.v6i3.
https://doi.org/10.11114/aef.v6i3.

Applied Economics and Finance Vob. 80.201

00 o'® iy prexn (1. a

00 0 (1. b
The above is captured by the optimizatilocoppohl admtesgu
di fference betweem, madcall Imad kie& s ii es smien tpenbizceeds (equat i on
constmagi nbte added to constrain the portfolio price to
mandatory. l nequal ity constraints are added to preven
forward rat eson Tohfe eignuiattiiaoln s8o louft iBarnard (2019) woul d
predominantly derived from discounti®®, i astitepopbtupohso

fact@0s and the optiompitzati izes psismar idiyscount factors,
Barnard (2019) di scusses term structure decomposition
subsequentl y.

G0t QAaQEQ 0 (2. a
Subject to:
0 0706 0706 (2.0b
00 p; 0’0 00 ;00 W cEEL p (2.c
00 p; 00 00 ;00 w™Q p) ;&N ¢ p (2.d
The probl emtivmt hathen problem of equation set 2 is the
and portfolio term structures, and although it permits
structures woubd gmonethhkgshawae pbttle is stipulated i
According to Marciniak (2006), term structure model s
smoot hness, 3) stability of resul ts ( rothaiksit Inietsys  amd ¢
computation. Stability in turn relates to four di ffer
changes in the data set, 3) (non)unigueness ofoéeder mat
and Gusba (2002)ofgoibnett wteent hef Iterxade | ity (goodness of
flexibility |l eads to |l oss of smoothness (humps)eramd t o
strectdecomposition should naturally extend to the case
it is an open queosftfi olme twiheeetnh efrl etxhiebitlrigdde and smoot hne
i

nstrument Ireevedectoempno ssittriuocnt uas wel |

1.Ai omBatriucct ural Approaches

I n order to introduce structure smoothness to equation
be considered. Barnard (2019) notes that the premise t
againgtursetrsmoot hness, may already stipulate sufficien
necessarily stipulating a set of basis functions or sp
a gener al opt ibnyi ziart d londipnrgobd emst raints to guide the s
Vandenberghe, 2004). He outlines the optimization prob
instruments. The model agreens wift h tco mpwe mtairoyn ad b j neoccd & v
model |l ing error. However, instead of basing constraint
is rather based on the attributesgd:oft htehestgturcu wtrier éh.asT)
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d the growth rate between any two points I|likely do n
th regards to inducing opti mal stcogepomecuBwé demoatn
| evant ctredsmruoonurferesati mati ons moateHic paiprem acs e vesenml
cillatory functions in a model. This implies the oc:
pically, the termi steMpeotedofoi mbeepewgraddiagt &y sagpercd
amatic moves, conversely, are not considered reasona
rge di fference byeetawe epnu rteh ed npdrcigcedairoaf®wan afki ywair e di scoun
rciniak (2006) notes that parsi monious models infer
mped-shaped. The value of one of t hceo up@erfsfridcare nd Ist rsa
turities. At the short end of the curve, the sum of
ortest interest rates. Bol der et al (2004) inyturn
sed d€ntadmwe techni ques. That i s, it is a strictly me
set of di scretely observed data points. The process
sumptri ocdhse s niot i mpose any functional form to the yi
mbination of exponential basis functions.
' ight of this, Barnard (2019) took the pridmaryuabn
tes must grow gradually, with neighbouring or peri ol
ort end of the curve may be constrained to conform w
signisgt weiightes and their price residual s, accordin
06) .
erefore, for purposes of conventional term structur
rnard (2019) caddedaiambthe the optimi@amaynnaotr obkeae
rtainoceiddfnigned in advance (equation 3. a). Gt put v
d is measured as the cfammr mdrsdb rbaet eergruewit i hraat esn.otlher
e growth rate between any twam pdiemgtuatwowml 8.mever exc
0 0
@ —_ @ (3. a
o]
=B pjo &jo a&O'0 OO pjo jo a&OOO00
=B G& 0 O O &E'0 & 00
0 0
5 o Mo pesy p (3. b
us, in the casemokstrostuumedecbepekition, in order t
rtfolio term structures, a number of potenti al Stru
er individual i ssuesd ntaagrum adtl ryu cetxureensd, taon dt hteh ipso rst hf cou
pected that i ssues should have discount factors and
tes Given that they rel athoutgd gdihmiilrarmr i p&r ipadd iilrest i
t ween issue and portfolio discount factors, i's expec
i ssues and the portfolio dif fbeer ,c dmpsaureasb| editscc oallnlt
ctors falling within issues'’ coupon intervals. Si mil
rward rates over their overl apping dcecupommhionutgéer \da If & ,e
tervals do not perfectly overlap, a number of issue
nsitive, absolute distance constraints cfaanc thoer sr.ef er e
| ow, equation set 4 to 7 build on the axioms state
timization problem of éqguwatd ond samnd 2ar ¢ naltlhedief fefquean
xum val ues.

uation set 4 shows an optimization problem that seefk
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(equation 4.e), and minimum issue to portfolio discoun
coupman e. In bthefeqsattioon,he nlumkkedrersf tios ¢thes ,coai@dn da
O is the for war o vreart ei tosf catnu pi@si@iuisen tt darev adli scou@or fakeé ol
coupona. ®®dDt ei s the portfolio discount f aicdafor i ' @xoFdhes@or
variants of the problem are possible: mi-mo mti zao Inigo | disx
factor absolute distance, and minimizing both.

408 QAQBQ 0 (4. a

subject to:

0 006 006 (4.0b
00 p; 00 00 ;00 mw cEEL p (4.c
00 p; 00 00 ;00 mw™Q pd);anN ¢chd o (4. d
0 0
—_— (0] ( 4. e
(0]
pi0 ®jo af0'0 jOO pjd Hjo aEO'GOO 6

® & £0"0 © ® &0 & &0 6

00 00 6 (4. f

Equation set 5 shows an optimization problem that seek

(equation 5. ¢e), and minimum issue to portfolio forwa
measured pelr, iasdeagatrerstvaall portfolio inteOviasl st hteh a't
forward rat@Gevef Bhsissesupon intervald @rednap. ©&Ot edabg t he
O are respectliiveeldi stchoeunptorftafcot or and forward rate of
interval demarcatéeedndypathei @owmwefnerdsatteo t he pooirgs ftohe o
number of portfoli@airntienvalrs ifsalulei nqptwirtvinibmda maf cat ed
i sse
GQE UEQOQ 0 (5. a

subject to:

0 ‘008 008 (5. b
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00 p; 00 00 ;00 mw™™ ¢ p (5. ¢
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Equation set 6 shows an optimization problem that seek

(equation 6.¢e), and minimum issue to.i $bhaedfistwacdsr at
per issue interval, and the issues against which the
i ssues with issue intervals that overl ap wistshueas m@maret if @
di scussed i n aOCsiubstelgaemar warkd vreat é t sf caomnu piosisueterval
datieand p. O is the forward rate of an ordinartyerovralr ef
of i@seurear cated by aiatngl @.00u proenf edrast et o0 t he overl apping o
intervbali,s atnhdke number of overl apping issue intervals f

t he ocnoufmaed pof i@sue
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Equation set 7 shows an optimization problem that seek

(equation 7. e), and mini mum po®t frelfieod ssttrou cdthuer ep owarfiod

portfedvool. i nt
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sequential approach builds on the premise that <certa
certain periods of their derfertdlney LOmnen iaastrmafcer
rpretation may be that, over a given interval, the
re formation (as part of convemtli,onaand tiesr m iskterl
e re i of risk for that particular inter)
s en
renc
u
r
i

o
—
c

e
t
;
c
e i me, bu only over raenrti midseuwdesd nde

r
e
u
u
r t t

r over different issue and portfolio

_‘
-+ —

D

tr

vV e blettehgréesceesntaetaalnst hamr indivi

ma i

n
f
s
e i s then sequentially constructed by r
I d
ai l interval s. Each issue has a numl
r

O omow

r
nce these, o] evernsoademtcht hessser lhatsurae noufmbteh e so
nced against reference interval s, predominantly
ant structure that attaion nmusshuev avdlamnme eqv drhet hes
i ngt hentiertvearl vsal s ref erireaocoebdetadjeaetérdnaecbndéenghdl

O »nw —H—"0 n —+

er
ue
ir
er
er
ul
ce
advantage of the sequenti al approach is itsatsicmpl i
uctur al approach. Even though they do not always yi

1.Blassé ructure Approach
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dr awback of the sequenti al approach is that, t he

' structures, and overal/l structur
me of its tail interval s. This is predominantl
e travadl sinafe i ssues, subsequent i ssues and ovier a
sentially -seqgquerctuiralenappmoach. In Iight of this, t he
om a referencencunmrmuentulry d¢alaculiast ed, and that consi
rpose, a standard portfolio term structure decompose
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e
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e base structure appr oatchhate sesietnhteiral fl ayv oau rl oiwsss uewos tvrau
ructure smoot hness.

the first wvariant, i ssue term structures are devi s
i fting issue structureso avwayaifnr anhetihre ibnads evi sdturad ¢ tvuarl e
oul d botgennbeer iicnt sapneda iifnitce.r viaslsue ri sk over its entire
l ative to the portfoilslo,prntdfei liessukt mahetaames tai mme,r tia
so Teceoeewmr though issue risk over its intervals is ge
terval s.

i fting issue term stracttaarmsstimpatcur ¢ . heAgdepadrntedofpotrh
rm structure may differ from the base structure, an
sentially disregards negati de ngomptofrdIfiod i foornwamd si atue
e second premise of the relationship between iissue &
rtfolio value indeed matches thessum ahdi ppuéefobhionecg
e not strictl adhered to. The optimization of equat
d portfolio structure variance (equatiopnor&.feo)l,i owlfiolr
tes of equation 8.a are rewritten in terms of portf
scount factors.

i mpl ement this variant, the forwardhrated. oThissaksb
neric view of i ssue risk, relative to the portfolio
cumul ate over intervals.
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As the second variant, the base theedesi sedtponefiolsiue

wel | . This approach adheres to both premises of the r¢

set 9 captures an optimization that seek®™Otrcefmirrmsi mioz et

portfolio discount factor of the base structure for th
0 0

a Q¢ Q4 Q-——m 5

[ o 5 5 (8'a
=B w8 €00 O W&HEOO0 wa oo
=B O& B 0O®W 6 O OasB 0OW 6 & B  O®W b
subject to:
0 B 006 ;Q pha) (8. b
00 p;, 00 00 ;00 1w pBHD a~ cBED p (8. c
40 QGQBQ 0 (9. a
Subject to:
00 00 B O ;O pldy p (9. b
00 p; 00 00 ;00 mwY ¢BEL p (9.c
00 p; 00 00 ;00 mQ phEdD ;a~ cBED p (9.d
2. Methodology
To test the i mplementations, a mar ket term structure
selecting the forward rates of the intervahdpbhhéespblks
forward rates of the remaining points by means of str e
be practical. Nevertheless, it poses a diffiacawdrtady.rm
Al | government zero coupon and vanilla bod0®9)f wemet hak
|l ssue term structures were sourced for these bonds by
structtua epreserve the relationship between the issue
di scounted against the simulated issue term structure:
coupon dat a.
The i ssluetséd sprmuces and original coupon data were use
compared to the simulated structures. The given sampl e
the i mpl ementat ihoensorwiegrienaall spor ircuen doant aa of t he said gove
To i mplement the sequenti al approach, a custom algorit
approach, the decomposition model of Barnard (2019) wa
3. Analysis
Ovreal | , the optimization probl ems of the axiomati c,
smoot hness perspective. Although they attain | ow or ze
Yet, they hiingthsl.i gThhte kseeyq upeont i al approaehlywieel cesy eaan sav @
out put of the optimization probl ems, from a structur a
approach yields saaisafhotbrgoodeabssofthat abhd structu
Figure 1 and 2 show the simulated issue and portfolio
and figure 2 depicts the issue and portfolio term stru

14
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Figure 3 to 1vmperataon poobhemopoef the axiomatic stru
variants of equation set 4. In the first case (figure
case (figure 5 and dG)s,coamlty fiacswe tadbhspodobut eoldiectance i
structure variance, and issue to portfolio discount f
ceilings are set at valdesal shat®l permin a¢so icases, vah
broad or general structure of the simulated structures
With regards to the first case, i ssue structuretMari an
influence the portfolio structure, through the relatio
noteworthy is that constrained issue variance does not
i sesustructure variance may not necessarily imply that
l onger necessary to constrain it as wel/l
Moving to the second case, even thoughsthacéssaeet si
constrained-O@)oweéet dlbans het adeqliabmbyssmapetodedie$i arx
the issue and portfolio structures, and tobdéntitdc¢cal off s
and portfolio discount factors do not guarantee simil
identical i ssue and portfolio discounitpafratcitcourlsardg n dt
parf ollaiso i s required for basic structure. I n most <cases
ot her issue intervals (imperfectly) overlapping with
portf ol ifoacdiosrcsou(notr forward rates) falling within an i
compare.
As figure 7 shows, the two different constraints do co
structure.
I n red lcdases, t-hegapaorvéofoowand rate constraint prevent
abomenti oned cases, the need to perhaps additionally
pointed out.
0.3
A
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o
T \ |
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(¢} \ { |
w 0.1 J \
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0 I I I 1
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Figure 9 to 12 pertain to equation set 5. In tmhedfirst
for all portfolio intervals overlapping with a partict
zero issue value residuals. Even though t Hefpmerd sd rafc
it seems insufficient to define structure on its own.
rates, that can only be further reduced by jeopardizir
behiodabh bpti mum, which reiterate the need for an add
Portfolio forward rate consistency is stildl |l acking
negatively rpdtlheesiss otnhatthepohryt foli o forward rate consi
forward rate distances are optimal. In fact, it may s
optimal when portf clyi a sf srewaurrcedrrat e consi sten
In this case, constraining issue structure variance as
even more than what can be ascribed to the issuehestr uc
proposition made previously: to adequately define stru
and above constraining issue to portfolio forward rate

Forward Rate

0 T T T 1
0 10 20 30 40
Time (years)
FigaMedel | ed i ssue stsauremt ot rpwattdroes o forward rate al
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Figure 13 to 15 pertain to equation set He rae ,n eids s U €
Reference issues are selected in much the same way as
approach subsequently demonstrates, strwuctwrescdm ke g
Portfaltioendprward rates are not constrained as part ¢
Ceiling values reflect the point at which issue value
i ssues folliowseashiotdtbéed follow reference issues. Fur
residual s, but supports the point t hat i ssues do nde
whet her reference i scsmegquemtni able cuatpialciizteyd ilnn a npur e s
essentially carry precedence over their interval s. o)
di fferentiate between referencegi gdsgséanaasd ordshapg, i
preference.
The drastic change in structure when returning the por
the power contained within the portfolio forward rate
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Figure 16 and 17 pertain to equation set 7. Here, the
structumrme simpobhef athan previous variants, this wvarian
significant residuals remaining (5%) . Rel ated to thi:
resembles the si nmnulnactleudsi otir uvicst utrfreat Thertfoli o structu
guarantee proper structure. |l ssue value through issue
the portfolio structurehatni $isdg estcwalhhueldi sgaimsitstoegd
struicitsureedded as additional objective function, to hel
i ssue value discounted agaimstivestientéermns{egotties
similar to the base structure approach then.
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