Looking Behind the U.K. Term Structure:

Were there Peso Problems in Inflation?
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T his pgper davelps ad estimates a gneral equ ibrium model or the tam structures ofFnominal and
real interest ratss that incapaates regmeswitdhing into the dynamics of the state \variabks - T he madel
ggeraiss imenarying risk premia via dangss in the cvaiance strudiure of the state \ariebles and P eso
prdolems through regmeswitching- W hen the madel is estimated wsing real and naminal yieks fian the
U K, | nd thatP eso prdblans emanating firam irstebi ity in irf atian hae a sigi caitimpactan the
nominal &m structiure.. P eso prdolems aRact () the sampe predicizbi ity of exasss retunrs, (i) naninal
tam pramia, ad @i the irf atian risk premia inkiing real and naninal yields with expected irf atian.-



I. Introduction

T he behaviarofthe term structure antirues 1 puzke researddars A fiermare then a decede of regressian-
besd tests rgjecting Toms of the expectatias hypothesis & ), aaasasus hes yet o develp araund an
allemative madel . 0 nestrand ofthe EHerature hes Toousad an general equ ibrium bad priangmodeb whidh
geraie timearying iskpramia- T hesemaodek asaibe tte iIgectias oftte H o timenarying risk pramia
but genevally have notbeen vary suaessstul empirically A notherstrand ofthe ierature aasidass statistical
prablEms with the riegessiarbesad tests ofte B H erethe Toaus hes been anthe inferance prablems caused
by small sampks _In particular; Bvars and L enis (994)and B daart, H adridkand il arshall 99 7)examine
honvdangss in the time-series behaviarofinterestrates durng the ssmple acoud aRectthe sanp e properties
of standard tests- Sudh dnengss have bean widely doserved in the U S _and often gppear dosely inked o
dangss in the maetary poicy regme. W hen thar presace is davadterized by reagmeswitching maceks,
the evidene agpirst the B is aasidarably weskenad, butitis notentirely eliminated -

In this paper; | atlempt to syrthssize bath strancs of the Hevature. ¢ eneral equilibrium and regme-
switching madek riepresant altermative rather then aampeting vieas of the tem stiucture. 1T anything,
recant simulation resullts in B deert, H adrid<and |l arshalll (997) sugosst thatt both regmeswitching ard
time\arying risk premia may have a roke to pby in eplEning the bdaia-ofinterest rates . Il y am here
is toempirically inestigate this passibi ity

T he pgpereaninss agnaral equ ibrium madelwith regme-switching thetaims toepln the bdaviar
of the naminal and real tTam strudurss in the U nited Kingdom _ 1 y foos an the U K _datais mativated
by tnomain asideratias - FHist, there have bean asaries ohnidely dooumented dengss inU K .manetary
policy oerthe past o decadss . Fareample, el K 5 dgoarture fion the B S in1992 represartied a
sigi catdnange in policy regme. T hus, there is apramia fade case that isgme-switching may be presant
intheU K _data. Secad, there hes been awelkesteblished market for both anventical and index-inked
ddotin el K _farthe past fiean years. In Bvars (998), | shoned howpricss fran this market can be
wsed o aarstruct nominal and real yielkds aunes - T hese data alllons s to distingLish betinean the real and
naminal fectors aRiecting the nominal term structure with agood deall of pradsian-A d, as a resul, we aan
foas an whetherirstabi ity in theU K _ir? atian procsss signi cantly aRscted the tarm structure.

The madel | devekp hes its attecadats in the madel of Cox Ingersoll and R ass (985) (CIR ) and
is relted 1O the A +ne Clss of genaral eqpi ibrium madek that been recantly used by B adks, Faresi,
I cummdarand W u (997), Fisherand ¢ ills (996), and R doerds and W hiteman (996) 1o study the
U S -tam structurel T hese madek all ganerate timeaarying risk pramia fram dengss in the coariance
structure of shodss 1o the state variablkes that Tollowv stebe time saries proaesses - T he key di®@syence inmy

LCampbell, Lo and MacKinlay (1997) summarize earlier emprical research based on Affine models of the term structure.



madel is that | albw the state varieblkess 1o Tallow switching prasessss - T his inmowatian Tormalizes the idea
that the tam stiructure is aRcted by instebi ity in state \variables gaerally, ad it atian in partiaular. In
this respect; the madel builts anH amilton €988), Solaad D ri=e (992) ad i ak ad L e (994)who
edanirne tam struciure maoek whare short rates ol switdhing progesses -

T he in)aductian of regme-switdhing aamplicates the madel aasidarably. Tednically spegkding, itnowv
ik autsice the diess off +=ne madek where analytically solitias Tor eou ibrium bad prias are reedily
calubted. In prindpke itis passible t© sohe Torequ ibrium bad pricss rumerically_H onever; in practice,
the caomputation burdaen is 1o e Tor this gppraadh 1o be usad as part of an estimatiaon procsdure.
| thaekae gopradmate the equiibrium soluitian when estimating the madel and demastiate tat the
Fopradmatian enor so introduced is vary small. B eyad tractzbi ity, this gopraadh hes the bae tof
alloning us 1o study the impact of switching in sane detail-

INn ammanwith atherregmeswitdhingmaceks, this madel ganeraltes P esopradblems ;situatias where the
potential for disaete shifts in the distribution ofFkey dedsion \ariables the ratical epectatias hed
by investars._ I'tis widely reaognized that the presaae of P eso prdblems can distart econametric inferanas
in small ssampks? 0 ne type of distortian caaurs in the bénaviar of forecsst enrars . W hen alP eso prdolem
is presat;, the Tarecsstenars mack by investars willl genevallly gppearbissed and sevially anelated within
thesampk. W hike this caotradicts the pradicdias of standard raticnal expectatias madek, itis perfectly
arsisiaitwith ratical inestor behaviarin samples whare the distributian of regme switdes d®@ars fion
the udaerlving distributian used by iInvestars . T o date, most researdh an P eso prdblams hes foaussad an this
distarian. In partiaular;, Bvars ad L enis (994) and B deart, H adiid<and il arshalll ( 997) aosider howv
rgessa st ofte - are aRscted by the sampling properties ofthe Trecsstenas .H erel usettemadel
sstimates to calubie howv these distortias aRact the small ssmple predicizbi ity oFedsss retunrs..

P eso prdblans ako distort small sampke inBraas ebaut risk. R atianal inestars will Bke aooount
of passibke future regme switdhes when evallating risk through their alulation of @nditical) ssaod
monats. Estimates of these manatts daivaed fian realized valess in a small ssmples will ganarally be
bissad-A s aaasaquenas, the sk premia asistetwith ratical investars “view of future regme switdhes,
& bevary d@arantthan the small ssmpE estimatess - T his type ofdistartian hes notbean the foas of? eso
prablEm researdh 1o date. H ere we can Lse the madel 1o calulate the aattvibution of regme-switdhing 1o
the estimated risk premia.

T he importance ofFthese smalll sample eRacts depeancs upan the degree dfirstab ity in the state \variables
and the extent tovhich raticnal investors acocount forswitdhes when farecssting - Bualating this empirically
is dz+ault_ CEarly, itis alnays passibe to aastructaswitchingmadel whidh perectly e lans the doserved
dataifwe are wi ling to pasi tthatinestars ware antidpating aswitch toa (@oprgpriately an guared) regme

2For a recent survey of the literature of Peso problems, see Evans (1995).



that never todk plece during the sample.- Sudh pathologcal examples of P eso prdolms are doservatiaally
equivalat o imaticnal eqpectatias and will notbe aosidered in the analysis below_R atherl shallaon ne
my attention 1o Gasss Where alll the possible regmes are dosenved - T his mears that the small ssmp e eRects
| idatify aonly arise becaese there is a di®@yance betineen the empirical distribution ofF doserved regmes ad
uderlying distributian used by investars to Taecsst. |n this sase, my analysis donnplys the ke of P eso
in the tam structure.

A nother key fature ofthe madel is thatitis estimated using both imeseries ad atsssecion data_ In
partiaular; | utiize matthly yields an Tour real and four nominal bads .- 1P eso eRscts are indesd presa Tt
ae shaud be abke todotain mudh mare pradse estimates of the parametars govaeming regmeswitching fram
suaEssive M structures then from the dynemics ofasingie variebke alone. | nturtively, eedh term struciure
antairs predse infomatian sbaut investas ™ pacptias of future rigme switdes_ T he theoretical maddl
\ deoodes™ " this informatian and makes sureitis aasistantwirth the dynemics of the state \ariebks thatdiinve
the doserved yieks thraugh time.

I bagn the empirical analysis by aasidaering the aRects of reagmeswitching an the behaviarof tre real
term structure . Far this purpcse, | ampare estimates ofa ae fectarCIR. model with and without regme-
switthing-A lthough there arestatistically sigil cantdi®renass aacss isgmss in the state \variablke procsss,
the pradictias both madek make Tarthe behaviarofyields are hichly aonelated with eech other .l aeower,
both modek eplEn a\very high fractian of both the time series and atsssectiaal bdaviar of real yielos -
T hese ndings indicate thathwe can acourately desaribe the behaviarofthe U K 35 reall tam structurewithaut
resart 1o riegmeswitching-

B asad aon these results, | next arsider madek far the nominal ad real tam strudtures Where regme-
switthingis an ned tothe bdaviarofirt atian and anly aRects nominal yielkds . Canparing estimates with
andwithautregmeswitthing, |~ nd thatcthe switthingmadelis betterabke toepEin bath e aerace bl
and volti ity of the namiral yield aune_ A lihaugh the madel doss not predict the moameantts in naminal
yielks as acourately as itdoss real yieks, | argie that this aould be due 1o a small sampke prdbkem - T he
maodel can acaurately match the naominal tam structure ifwe allovfanvery small diangss in the trarsitian
prdosbiities goveming riegme switdhes over the sampk pariad- A lthaugh such dangss are diault
idnitify directly fion the time saries behaiar of yieks, they are plausibe gven the sigi antecaamic
eats that todk plbece oerthe sampe.

| then wse 1o the switdhing madel estimates © quantify the impeact of P eso prdblams. T he resulis
fian Il ate Cardo expaiments showv that there is a high prdosbi Ity that P eso prablems will signi cantly
axtributing to the predicizbi Ity oFexasss retunrs in asingle sasmplke- Estimates ofthe irt atian risk pramia
are\ary \olti ke ad, oa lge deges, e ectthe presane ofP esoprdolams. T aken together; these ndings
suppart the idea that P eso prdblems aignating fram instability in the it atian procsss have signil cantly



atributed o the bdaiaroftheU K _tarm structure.

T he pgperis aganized as Olbns: | bagn in Sectian 2 with a desaiption of the U K_data_ H ere |
doaument havwv bath the real and naminal tam structiures d®sr fram the (arge sanpke) predictias of the
H Section3 develys temadel - T he estimates are presented inSedtian 4, and theimpactof? esoprdblams
are analyzed in Sectian 5 - Sedtian 6 aondudess and autinss how the resullis may goply 1o the behaiar of
tTel S _tam structure.

II. The Real and Nominal Term Structures

T his sectian desaribes the data and presants sane statistics an the béhaviarof the U K _term strudiures _
T hese statistics highligit the similrities betnwen theU K_and U S ,, data- T hey abo provde infomatian
thatis uselul in Tomulating the theoretical madel-

A. Definitions and Notation
L etQ ) denote the naminal price ofazero aoupan bad atperiad tpaying £1 atperiad t+ k [ imeperiacs
are assumed 1o be disaete) T he aotiruosly compaunded yvied an abad of matunity K is
n - _1 n .
Yk I(hQ tk O

| shalll alko be interested in the behaiar of the holding retunrs - T he log aeperiad holding retum an an
keperiad bad reglized at t+ | is

Hgﬂ;k' Q Q+1hi1 i hQ EKZ (7))

Simi lar reltiaships exdstbetnean the prices, Vields and holding retums an realbads L etQ § denote

the naminal price ofazero aupan bad attime tpaying £ @ « =P patperiad t+ k;whereP « is the (knoan)

price belattQ g, abode res the real price ofaclim o ae unitofcosumptian at t+ KT he kpeariad

real yied is
Vo< i e @

whi ke the aepeariad holding retum is de ned by

Iﬂ{;l;k' hQ 1r:;1;ki1 i hQ Ek: @')

T he analysis belovwi ll eamine the behaviar of eqpected exasss retunms. 0 Tpartiaubrinterestwill be



the eected exa=ss retum an an hpeariad bad relative 1o the ae paeriad rate:
pa TEMRL Rl §=Turg; ()

where /. represents investors infamattion atperiad t, and ! ~ vl is the ane peticd ar short rate. For
anveniaxs, | shall reérlou’;:kaslhelerm pramiaan naminal § = n)areal baks G = ). | shall ako
eanire the bdajiarofthe it atian risk pramiavwhich is de ned as

"t Elve it pedRdi i ©

T his is the egpeded edx=ss real retum an noninal bads relative 1o te el shat rate. U sing these
de niias, we an desaibe all the risk pramia in both the naominal and real tam struciLres -

B. Data

T he analysis in this pgper uses data an naminal and real yied aunes derived from the secodary market
pricss ofnaominal and indeedHinked bads thattrack in the U K _T he naminal yields acome fion T heB ank
of Engarnd and are arstructed using the method desaibed in D eecon ad D enry ((994)_ B i€y, ano-
abitrage aaditian is use o ink the pricss of discountbands, Q wh; 1O the pricss of caupapaying bads
san inthemarket. T hen, ateadh date, the parameters of a discountfinction are dosan to maich dosered
pricss agairst their theareticalval ss implied by the no- arbitrage coditian - T he yieH aune fareedh pariad
are then astruced fram the estimated discout functiaon.-

T he aastruction of the real yied aune is aomplicated by tho Bctors - First, indexadHink bads issued
by thel K _goammeitaly provde inaamplete indeation Torthe prindp e and aoupan payments because
thare is an aditmath indexatian g bul itinto the payco® struciure of the bads - Secod, there is a tho
wesk rieparting g in the price index. A s a result, uncertainty ebaut the aunent ad future pricss hes
same eRactan the pricss afindexinkad bacs - B oth these fects make itimpassible to darive the real tam
structure directly fram the doserved prices ofinde<inked bads.H onever; in Bvars 998)1 shawhowreal
yiekk can be aastructed Lsing a thostep procedure. First, the indeinked yield aune is calulated from
marketpricss Lsing a ncaitrage tednige ke the ae usad 1© nd the nominal tarm structiure .. Secad,
the eRects ofirt atian unaertainty @ising fiom the indexatian and reparting o) are purged firam theindex
inked yiekk 1o daie estimates of the real yield aune.- T he analysis bebw utilizes these estimaties -

Tebk! rports summary statistics an the estimated kg yieks for naninal and reall bads estimated
fion the U K _.tam strudures an the st business day of the manth fron Jauary 1983 untill oamber
1995 _ T he yieks are eressed in avual peraattcalubied as yy, ~ i hQ L ady) — i3 nQp



Tabkl - Summary Statistics
k:-matts
N amiral yiebs: y;! meen std. denness kurdosis Y Yoy Y3
12 9468 2292 4 265 240 0958 (0912 0874
24 9464 1923 4 47/ 2657 0951 0893 0 845
36 9548 142 4 541 22 0945 (877 0 821
48 9626 1636 4 525 2687 0941 0 869 0 809
60 9680 1559 4 481 2637 0939 0867 0 805
120 9665 1252 4 314 2645 (0929 0 864 0 P9
R eal yielos: yj meen std. denness kurdosis Y Yoy Y
12 5031 2992 1242 4859 0491 (443 0 441
24 4426 1465 0 926 4441 0547 (480 0 455
36 4246 0 996 0 583 3946 0610 0519 0472
60 4122 0 660 0 068 3436 08 0589 0 510
84 4067 0538 417 3287 0A1 0 646 0 552
120 4009 0 465 4 287 3191 085 043 0 615
I athlylrf aticnz¢ p mean std. skenes kurcsis Y Yy Vs
467/ 5863 1 486 8513 0210 0072 9 230
Notes:
The yields are calculated as y:;:h '—% hQ 1?h and Yih '—% NQ ¢ ¢ pis the monthly difference in
the log of the Retail Price Index. The asymptotic standard errors for the skewness and kurtosis statistics
are 0.197, and 0.395.

where kiis messured in maths.- T he upper parel of the tebke shons that the naninal yied airne wes an
aerace mi Hiy upnard skping whi e the real yied aure wes donnnard skping- Shartsterm yields are mudn
mare \ohlti k thaen Iongtam yieksks in bath tam structures butvolati ity Bk mare guid<ly along the real
t&m stucture. FHon the skenness and kurntasis statistics, the unaonditicnal distributias Tor both sets of
yiekks gopear nayamal. T he autocoonellias, %; ; rigported in rigit hend acodumrs of the bk indicatie
that moements in naninal yields are highly persistanit_ T he persistance of real yieks are gaerally baer,
partiaubrly at the shorter maturties -

T he Ioner pardl reparts statistics Tor mathly irf ation (messured by the retal price indeX)- A tthis
hich fiecpency irt atian is extiamely \ohlti E and not\very persistat. T hese statistics imply that Torecssts
ofirf ation oer a year ar mae darived fran uniariate ¢ R A ) madek wauld notbe vaery \ariabEe. I T
dangss in lohgtem naninal yields primari ly i ectdiangngirt ation epedtatias, inestars mustbe using
infamatian beyad the histay of actLal it ation to forecsst_ U nderthese d raumstancss, raticnal investors™
irt ation foressts darived firam the tam structiure shaul be suparior to those darived form univariate time

saries mackk -



C. Preliminary Analysis

T he madel develped belowvis basad an the idea that both regmeswitdhing and time~arying risk pramia
arxct the behaiar of the U K _t&rm structure. B ekare tuming  the maddl, itis uselul to rmien sane
evidence supparting this pramise.

Casidarthe reltian betnean log and shart tarm yiels . Fram the de nitian of the &m pramium we
hae theidantity iy ~ Ky i Qi 1E Y4, 3 R V2 Herating this eression favard gves

bd

] . P X .
Y= o EDeidRE 1 Heisgi  J=Tno @
i=1

i=
A aaoding tothis equatian, yiekks mowe atherbecause inestars revise tharforacssts affuture shartratss or
because the tarm pramia dnange- B ecause (7)) Hllons directly firan the de nitian ofthe t&am pramia, itan
be used to empirically decompcse the okt ity oFyields withaut reBrence tbasped ¢ thearetical madel of
the tam structure .. B elovl ampare estimated decompasitias egainst the predictias ofae versian ofthe
H , thel agBpedatiasH ypothesis U nderl EH uf:kaeassjnmlmmtsoalllremoenmsinyebb
are attributed O dhanging short rate Toreests -
T he relatian betinean naninal and real yielks dgpads an both the term ad irf atian risk pramia- Hran
the de niian ofthe irf atian risk pramiain G)we hae

Ye =Yet+ E[f pei R "6 (D)

whidhis an augnanted \vaersion of the Fisher Equation W hieitis theastially passibke tor ™ « toequal zero,
as the standard Fisher Equatian impliatly assumes, in ganeral the irf atian risk pranium will d®sfran
zaxo and may be timenarying- Canbining (D) and @) we dotain the olloning equation Torthe yield spreed

1
Yo i Yo =  E[ peidRd (¢))

=l
1 X iR
K U idcgi 1 M isgid+ K El" e idd
i=l i=

H ere we see that \oHti ity in the yield spreed can genarally be attvibuted to three Bdars: () danging
faecssts offuture irf atian, () \variatias in the real and nominal tam pramiaand i) movemats in the
eqected irf atian risk pramia. 0 nee agein, notice that Q) Tllons fiom the de niias of the risk pramia
and socan be used o anpirically decompase the Vot ity of the spreed withoutreferane tbasped ctarm
structure macel. Clardy, ifboth el H  ad the standard Fisher Equatiaon hold, dangng farecssts of
irt atian will be the anly fector aotributing © the spreed’s okt kit

7



Tabk 2 mparts daoompasitias of the yields and spreed basad an Toracssts of Tuture shart rates ad
irf atiaon derive from aV ectrd utaregressian (A R )T hese are based an the Ollbning ratics:

3 - 3 -
1 kil . 1 kil _
R - Cor & 14 Elve oy R, - Cov o iy Elve ddodyiic
1 2
Var@n) var@d
3 - 3 -
1 Pk . N 1 Pkn [ -
. - 0 R = ElRedRbE O R e B R
3 4
VarGnD var@nd
= -
1 Pk = n r
Cov o E[CPe iolyexiYix
Rs ~
Var@Ravid

where ©; ¥2 R is the informatian set aaomprising aurat and bgoed valbes of the variebkes inthe VA R _In
each G, the presatvalle tem is alubted fran estimates of athird-aderVi R thataontairs the bg
and shareterm yiels an naminal and real bas as welll ss matthly irf ation- T he repparted ratics are the
skype aetdatts fram the riegressian of the estimaited presatvalle an the yied arspreed - T he tebke ako
rigparts standad enars anredted Tor aaditicnal heteraskedsstiaty.

T he Efthand column shons estimates ofthe ratioR ; Whidh messures the aontribution ofdaenging short
rate farecssts o the volti ity of nominal yields? T hese ratics falll betnean () 63 and 0 34, well belov the
vale ofunity implied by equation (Dundaerl B _T hus varialias in expected exasss holding retunms gopear
to atribute sigi cantly of the \arizbi ity ofnaminal yiels _T he ratics R ; and R 3 allowus to decompcse
the \aiabi ity ofnominal yiels further- T he estimaties of R ; messure the aattribution ofdanging real rate
foessts- T hese estimates aontribute sbaut 30 % 1 the volti ity of noninal yields_ T he aaributian of
irf ation forecssts, messured by the estimates of R 3 ; is higher; atabaut50 % - T hese results are axsistent
with the ndings rgparted by B aarand P esaran (995) in thar analysis of U K _naminal yields. T hey are
ako braedly simi larto the results in Campbell and A mmer (993)besed anU S _data.

T he estimates of the ratioR , messure the aaotribution oF dhengng real rate racssts o the volti ity
of real yieks - T hese ratics are mudh hidher thaen tha rnaominal counterparts - Far matunities of sno to four
years, e ratics are dose o unity, the \valle implied by thel B _T he estimates of R 5 in the rigt had
colmn messure the aaributiaon ofFdengng irt ation Torecssts 1o the volti ity of the yield spreed .4 can
the estimates are well bebw unity, the \alle implied by L i ad Fisher Equatian [see @)} Changing
irf ation eqpectatias aaribute atmastbetnean 50 % 1060 % to the volti ity ofthe spreed - B oth of these

3To see this formally, take expectations on both sides of (7) conditional on &, and multiply the result by yz P

Takig expectations once again gives a decomposition of Var(yl)) as the sum of Cov % ?;01 E[y?+i|(1)t]’y2k and
Cov % le E[G?H,k—i'q)t]’y?,k . Similar calculations applied to real yields and the spread lead to the ratios R4 and Rs.

The ratios R2 and R3 are derived by applying the same procedure to (7) combined with (8).



TabkE2:Y ieldV oltiityD ecompasiias
_ P i _
Rr=CovG % E [z il arg

> I aminalY ield: yg RealY ield:yg Y ield Spreed: Y i Y
Z ye Yo ¢ Pe1 Y ¢ Pe1
k R, R R3 R4 Rs
24 0 586 0 311 0 559 q991) 0 510

aa1o) 140 qa122) a2 d 055)
36 0 631 0313 0 537 0 985 0 623

gu19) 133 ai12?) q148) a0s0)
48 0 610 0302 0 488 0873 0 590

g023) 1029 a1128) ai1q) qu4)
60 0 565 0 290 0 433 0 727 0 510

a024) g 1026) ai12?) q182) g1035)
120 0 340 0 245 027 0140 0204

an20) g1118) g1i19) a1d) an20)
Notes:
Expectations are calculated from a third order VAR for that contains the long and short-term yields on
nominal and real bonds as well as monthly inflation. Each ratio is computed as the slope coefficient from
the regression of the expected present value on the yield/yield spread. Asymptotic standard errors corrected
for conational heteroskedasticity are reported in parenthesis.

resuls are asistaTtwith the riegressian &8ss in BEvars ((998).

0 nevay o inEpret of these  ndings is 1O attribute the resulls © the presanee of imesarying tem
pramia ad irf atian risk pramia. A aooding o this view, the VA R forecssts are ubiased estimates of
inestors™forecssts sote bvnaless ofR ;| adR 4 € ectthe fect thatboth nominal ad real yieks moein
respase todangss in the term premiac Simi brly, the bwvalles TR 5 1€ ect the presaae aftimearying
irf atian risk pramia- T hus, aoccading 1o this view, the resulis in T abk 2 aostitute evidace agairst both
tel B ad te Fisher equation. A Hamalively, the VA R faecessts may prodde rather poor estimates
ofinestas™ faesssts- A aoding o this intapretatian, i ratical investors™ antidpated switdhes in the
behaiarofshartrates andAxirt atian, P eso prdblams willinduae small ssmpE biss in ttarforecssts - VA R
Taacssts annot edibit this property by thairary astruction- T hus, the bw ratics rieparted in Tebke 2
e ectirsut=adattsanpkevariabi ity in theVA R farecssts due 1o P eso prdolams -

T he analysis in this pgpertakes both of these interpretatias seriasly_ il y am is to develp amadel
thatwill allo/us o examine howP eso prdblams and timenarying risk pramia acotribute to the bdaiorof



tel K_tam saudure.

III. Bond Pricing

T his section presais the madel uised aalyze thel K _term struciures_ T he madel gves rise tovariatias
in epedted exasss holding returms an both nominal and real bands as well as dhangss in the expected exosss
real retum a1 naminal bads - It abko allbons Tor disaete dangss in the time saries beraviar ofirf atian
and the mwariance structure betnem it atian and real riatss -4 s a result, equi ibrium yielks are aRected by
the presance of P eso prablamss throudh both thairimpact an expedtatias and risk pramia- FHist, | desaibe
the equi ibrium pridng equatias that ie at the heart of the madel. | then presaritaB ascline sped catian
that gnarates imeaarying risk pramia withaut risgmeswitding- T he madel with reagmeswitching ard
time\arying risk pramia is develgoed fiom this sped catian.

L etl 1 bearandon varieblke thatprics aepeariad state-acattinggitdams - 1 Fthe ecoamy admnits no
pure arbittace qppartunities, it can be shonn that the anepariad real retums an all traded assets, i, must
satisty

Edl w1Ry IRIFL; ad
whereR L, ; isthe gcss real retum an asseti betnen tand t+ 1 2| shall ieEr o)l ¢« a8 the real pridng kerrel.
INn econamies where thare is aaamplete sstofmartets Torstate-cottingaitdams, there is aunigue randam
\aricbke|ll > (0 satisfing (0 )- U ndar other draumstancss, this noarbitrage aonditian still holbks but for
arange ofll s [see D ue (992)) In econanies with a represantative agatg, |l 1 is the intertempaal
margnal rate of substitutian so that (0 ) abo ipresats a istaderaonditian.

W ean wee (1) © nd eguatias that price both real and naminal bads.- In the aase of a naninal
bad with k periacs t maturity, the ae periad real retum is Q ¢ 4;; =0 B IC P w1 X Substituting this
frRL ; in (0)ad reanmangng, gves (ork> 0),

I 1P -
QB=E == Qi Fr @
Tl

Farthe cese of reall bacs, recall thaQ . is the nominal price ofadeim att © £ @ v 1 =P Dpad att+ ko
Casidar the real retum fram holding this keperiad daim forae pariad.- In t+ 1| the naominal price ofa
M O LC = kP +1)1SQ 4| 4;; SO e price ofadam © £@ w1 PO mustbeQ ¢ 4 Cw1=PXThe
real retum an holding the keperiod cleim is therefare Q ¢, | 4, =Q 1 Substituting this TorR 15 in €0)
gves @rk> 1) h -

Qt=E I &1 Q% 3q Fr: 2

Egatias (1) ad (2)detemine the amplete sstof real and naninal bad pricss in the econany in
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terms ofthe dynamics ofthe pridng kermel, |l +; and aggregaie price lbvel, P+ SinaeQ f andQ ) musteopal
unity, wecn wse (L )and ( 2) o sohe reaursively Torbacs pricss gven these dyramics - T o Ed itate these
calulEtias, | willwakwith the g inearvized versias of (1 )and (2):

£ a i ¢
Ak = E Mer it per + Ay gqudr + EVar Met i ¢ Pet + Ay g 5 a3

£ a i ¢
di = E M+ g + EVar Mes + g g P 5 [y

where bharceese Etters daote the ko ofthe conespading uppercese Etiers - T hese eguatias hold exactly
ifthe jantcadtaal distiibuian ofmg.; ; adt pg; aenamal. T his will be the cese in the B ascline
madkel presated bebwv. W hen the madel is extanded 1o albw or riegmeswitching, (3) ad (4) aattain
Fopradimatian enars thatwill nesd tobe quanti ed.-

A. The Baseline Model

T he B as=line madel doss notallowv for regme switching and &l into the diess of D ut-e and Kan's (996)
A +=retem structure madeks - T hese madek have been used exdasively 1o study the bdaviorofthe naminal
t&m structue [see, Treamplke, B adws, Faesi, Il aumdarand W u (997), Fisherand 6 illss (996), ad
R doarcs and W hiteman (996) 1 T he madel | dewelp foaess an the jant behaviar ofir? ation and bad
yiels - In this respectitbui s an P earsan and Sun (991 ), P eavneadi (991 ), Sun (992), Faresl, P enatti ad
Pennaahi (996)and 6 ag ad R enoloa (996 ) vwho madel the jant béhaviar of it atian and naminal
yiekks _T otake ullachantaceofthel K _data, keR emolona, W ides andt ag 996 ) themadel developed
bebwoosss an the behaviar ofboth nominal and real yieks and theirinteraction with irf atian-

T he B ascline madel aattairs o state \ariabkes; 1+ that goearrs the exqpected path of the real priding
kemdl, and ¥+ thatgovarrs the dynemics ofFeected irf atian- T he B aseline madel sssumes that the state
\arisbks ollov

— 1=2 -
g1 = T+ O®Omtet %ty Upi s a5

_ 1=2 1=2 .
Y1 = Yt ®ulet OumTet Wty Uerr + VoY Verr s %)

whereucadve areii:d ¢ ;1 )shods and¥i 3, > 0 -Equatias ¢ 5)and ¢ 6)orm areausivesystem T he
state \ariabE 1 ; aRects the aaditiaal mean and variance of Y, butnotvise varsa W ith this structure, 14
tuims auttobe the anly state \varieb e goveming the real term struciure and socan beviened as summarizing
infomation in real yields _ || otice too that (5) ad ( 6) include a timearying coarianee structure. T his
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falure inroducss imenarying risk pramiainto the madel?
B ad prias are goemed by the jant behaviar of the Iog real priding kermel, my; and irf atian, ¢ pe-
T hesevariables are relaied 1o the state \ariabks by

- — 1=2
iMer = -m+ Tt ,m%ult U 1 Q7)

1=2 1=2 -
¢ Per1 = -pt Yt |ty Uer + o, pltey Ve as

T he parametess |, ad , , deteminre the extant to whidh inmoatias in the state variebles aRact the reel
priang kamel and irf ation within the pariad-4 s we shall see, these parametars determine the equi ibrium
market price of risk ad ply an impartait ok in the determination of the t&m pramia in eedh t&m
structure_ |l atice 0o that the covariance betineen the real pridng kermel ard it atian varies with the state
\aiabk 1 T his imenarying carane ghes e todengss intheirf atian risk premium -

T he dynamics of the raal priang karrel in (5) ad ( 7) represant a disaete time varsian of the ae
ctr CIR madel- T hus the B aseline madel assumes that the dynamics of the real tem struciire caen be
cptured by a singke fector- T he dynamics of the naminal tam structure are determinaed by o fectars -
N otice that the sacod fctor; Y is notindegpendantofthe” Istunkess @y, =% =0 - T hus, the madel doss
notmake the stlagmaey neutrality asssumptian used in the madek of? eearsscn and Sun (991 ), 6 agad
R endoa (996)adR endog, W idas adt axyg (996)-T his is impartantfeature of the madel because
itgarates imelarying it atian risk pramia

T osohe Tarthe equi ibrium real and naninal bad pricss,  1Istwite (5)- (8)invectorfam a6

X1 = T At O

Zyy = Z+ 0zt

£ o]
where>¢ " [imet pd ™ [Fokd €7 [usvdadE a1 ) i =- @Vl ith this structure, real and
naninal bad pricss satisf/

id;sz{(*'Bf;Zt j=f;rg k=0;l;::: (£}

frscmepaanelersAf(ard\msB f(:T hese parameters are devivaed from the pridng equatias (3)ad

40ne theoretical drawback of the discrete time framework adopted here is that it is always possible to obtain negative
realizations of u¢ and ¢ that are inconsistent with the square root terms multiplying the shocks. I insure that the sample paths
of u¢ and ¢ remain in the positive orthant when estimating the models.
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(4)-B oth sets of the parameters Tl the gneral reaurisias
Ajk = Ajkil +d-+ B{qu;

) o h dioh i
By, = d+B{,0® i1§ do+Bl,, — de+Bi, i; J=Mmgk=1;2:::

whereved- @I= izs d =[13 Jad d' =[1 ;1 ith A} =0 andB! =[]

T he B aseline madel ganeraies time varying risk pramia through the medhenism fourd in aotberh +ne
madek .l oanaits in the state variabkes, z;; alter the coarianae structure betnean e ibrium bad pricss
ad the ebwatpridngkamel . T hese dangss, in tum, aRactthe reltive riskiness ofinvestingin lbg rather
then shart tarm bads, arnaminal rathar then real bads, and so equl ibrium expedted excasss returs hae
to adjist o ampasae- T his can be seen mae dearly ifwe ambire the pramiade niias in @)ad 6)
with the pridng equatias in (3)ad (4)todwe

33 - 33 -
- 1 - _ - _ _ _
“::k = iEVaI" CLl;kilj:t +Co C&H;kil ;d)QI+1j:t _j=fl",l’g QO)
2 =7
"t = iEVar ¢ Pe1 e + CoO/C Pe1sMe1 JFD: ()]

Using (5)- (9)is straigtiavard o \arify that all the variance and coariance tams eboe vary with
at besst ae of tre state \ariebls @« ad Y Section 5 provides a detai liBd eanination of these eRacts -
T he pant © enphesize here is that the B aseline madel allons for quite ganaral variatian in risk pramia
thraughaut the naminal ad real tem structures . [N prindple, tharekae, itis gpabke of eplEning the
resulis inT abke2 T heB aseline moadel albo provdess us with abend mark ganeval equi ibrium madel egairst
which we can judce the impartance of P eso eRiects inducsd by the intraductian of regme-switdhing.-

B. The Peso Model

L ike otherganeral equi ibrium modek ofthe tam structure, the B aseline madel assumes that the state vexi-
abks Dllbwstebke time saxies progesses . 1 willl novextand the madel o allov orrinstebi ity by introduding
regmeswitching in these processes- T his is a natural exiarsian of the B aseline madel gvan the sample
pariad coered by the U K _data. A s noted in the intraductian, there is ttke eaonomic reesan 1O believe
thatl K.irf ation follonaed astebke pracess during the pariad - T here were several dnengss in pdicy iegme
whidh were accompanied by vigxraus debate and aasiderablevariatian inirf ation- T here ware albo rnumer-

50ne exception is the model of Naik and Lee (1994) who extend the Vasicek (1977) model to allow for switches in the mean
and variance of the short rate.
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as stucturalrstitution dangss in the econamy during the pariad thatmay have resulied in irstebi ity in
the dynamics of real \ariebkes . Caseguantly, its seams quite lilkely that ratical inestars todk account of
pcssible TutLre dangss in the bdaiar ofirt ation and real \ariables awere lkaming ebaut psst dhangs
during the sampke- U nder these draumstancss, both the real and nominal term struciures will be aRscted
by the presenae of P eso prdblEms -

T oeamire these eRacts, | madify the dyremics of the state variabks, irf ation and the pridng kerrel.
In particuler; | shall sssume that> ™ [ ime:t pdand 27 [L ¥ JnovBllbwll artkov switching prooesses:

X1 = -Gei1 )t Zt O9GE1 B @2)

Ze1 = ZGp1 )t OGe 1 Yt €1

with E £et+1é3+1j:tu= - Gu1 ;2 H ere the elamatts of - G =@E)zE) ad 0 G) vary acoading 1 the
regme whidh is determined by the disaetenalbed variabe s, that Hllons an indgpadant! arkov proasss
with aastant prdosbi kties - | abo allovwv the aoet-dats in the coariance matrix, - G;2)[i e, %y Svand 2]
o \ay wth the regme a5 well a5 the statle \variablkss - T his mears thatboth the ™ st and second maments
o> and z are regme-dgpendat. A hauch s culd Eke an a lrge number ohvalles, Tar aamputatiaal
tactebility, | anly estimate modek with tho regmes. | will therefare an ne my anabysis hare o the ase
wheres=1;0g-
Tosohe the madel, | procsed mudh as before- | pasit that Ibg bad prias bads satisfy

id, =AlGO+BlGOR J=nr k=0l Q3
and \erify that sane regime dependant parameters A ©) and vedtors B § 6) exdstsatisfjing the g pridng

egatias in (3) ad (4) gven the dyramics in @2)- A ppadx i shons that this gves the Blloning
reaursias forthe paraneters:

) N ) ) o
MO = iy AL OiAL O dCOT - () VarGy = en
@ | O

tEs d-@+ AL, OB, EX®  j=fug  k=132::

Vs

e h ) ) i
da@®t B, ® i®

_ . _ . . i h
3l = d+Es 8L, OOi; do@+ 8L, © -
VhereE FFQ = | L, FOP et = S = D al ved- Ge: 201 = 1Ge B W AI© = 0 ad
BI®@=[0; 0 Jors=13g:

A houch @3)ad @Q4)eactly sohe the kg Inearbad priang equatias gven the switthing dyremics,
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they anly proide an gpprodmate solLition to the naHinearpriangequatias in (1 )and (2)-T hereesmis
thatthe g inearpridngeguatias ( 3)and (4)anly hold eactly when the jJdntdistributian ofimy.. 1 3¢ Pec;
amlc{H;kccmiﬁcnalm infomation R/ is namal. W hile this holcs true in the B aseline madel, it does
notin the swittching madel because the aonditical distribution ofme.; and¢ pe; implied by the switching
dyramics 2) is a aonvolution of namak - Equatias (3) ad (4) therefore aritain an gpprodmatian
ena-thataRects the pridngsdlutian in 23) Fartunately, these errars twim aut o be very small in practice-
A ppandixB presats simulation results based an the madel estimates o shoveacthovsmall. | d, for
eanpk, that the pridng enars Torl 2 math real and naominal yielks @qressed in arual per aan) have
sampke meas of!l 36 and 4 2593 beasis pants and standard deviatias of L 57 ad (0 00 7 besis padnts_T he
pridngenas or ngermaturity bads usad to estimate the madek are even smaller

IV. Model Estimates

| shall begn by examiningaliemative madel estimates of the real term structure_ T his alllons us topin doan
an goprpriatke sped  catian for the dynamics of the real pridng kamel.. B asad an these results, | willl then
eamine maoek 1orbath the real and naminal tem structures .

A Wl the modek are estimated by maxdamum kelihood wsing the yields an baxds ofl, 3,5 ad 7 year
maturities - In conman with previas studies, | introduce a pridng enor into the equatian Torequi ibrium
yielkks when estimating eech madel- Sped cally, | assume that the doserved yiekds, yf:k; ae rebied o the
thearetically determined band priaes, d, oy

Yho= ipdict b k=128 j=Turg;

V\hae»{ is an i:i:d mean zaxo namal varicbke (With avariance sped ¢ to each yied). Initially, | allboned
o priang enras in all the equatias ad estimated the B aseline madel with a Kalman Filler tednigue- In
this e | foud that the estimated enrorvarianas Tor the 3 year bads were exttamely small. To dotain
geaierpredsian, | tharelare reestimated the madelk withautpridngenrass in these equatias - U ndexrthese
dramstancss, thare is no need 1o Lee the Kalnan Filler and itis passibe to calubate the exact ikeihood
function orthe P esomadek 8 T he estimates rgparted below are based an this prooedure.

6The Kalman Filter is needed to form the sample likelihood because the state variables z; cannot be inferred directly from
observed yields. Pennachi (1991) first used this technique to estimate a homoskedastic Affine model based on Vasicek (1977).
To obtain my initial estimates of the baseline model I extended the technique to allow for conditional heteroskedasticity. When
there are no pricing errors in the equations for 3 year nominal and real yields, the state variables can be recovered directly from
these yields. This simplifies calculations of the baseline sample likelihood. It also means that the sample likelihood for the Peso
model can be calculated using Hamilton’s (1988) filtering algorithm. Kim (1993) explains why this is not possible when the
state variables cannot be recovered directly.
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TabE3:Rea Tam Stucturell ocebk

B asclirell odel Pesoll odel
pameters S = Se=
“m 35190 q 310) 521055 q2%) 491035 ¢ 363) =~
®m 0 692 qu2) 0 547 S 0 560 eu3) =
1 26804 qa23) 38206 q 527 38 233 Q103
%2 2 763 «u? 1 657 a028) 2177 Qu25) =~
.m 4 824 au) 4 926 quia) 9803 gu9) =
PrGei =S 097 cu) 0 989 eu)

Notes:

The structure of the models is given by (14) (15) and (17). In the baseline model all the parameters are
constant. In the Peso model - m;®m;1;%2and | m\ary aacss regmes acoading o the vale of sy
that follows an independent first order Markov Switching process. Asymptotic standard errors are reported
in parenthesis. Both models are estimated using the yields on 1,3,5 and 7 year real bonds from the U.K.

3= =

over the period January 1983 to December 1995. The symbols and ““ denote a rejection of the null

hypothesis that the parameter pairs are same across regimes.

A. The Real Term Structure

T abke3 reparts estimates of tnomacek Torthe real tam structure: T he Efthand collmn shons estimates of
teB assinemadelwhere thesinge state varieblke follons ank R ()procsss.- T heseestimates imply thatvexi-
atias in the real pridng kamel are guite pasistant and displby arsidarebe aonditicnal hetercskedsstid ty -
T he autoconeltian coetdattis goprodmately equal ol 7. Interestingly, the estimate of , 1, is Signil cantly
necative_4 s we shall see below, this implies thatalll the tam prania are negative- T he reesm is that real
ized halding retum an bng tarm bads cmwaries pasitively with the real priang kermel so that they provide
ahede agarst future statss where the ipresaiatine investas"margnal uti ity is hidh- T he albe ofF this
hedge onars the el ibrium expectad exasss holding retum.

T he gt hand columirs shaw parameter estimates fran the P eso madel- T his madel hes the same
strucure ss the B aseline exdapt that the parametars of the state processs vary aass o regmess. A s the
1ebke shons, the parameter estimaties in eech regme are generally auite similarto trarcounterparts inthe
B ascline madel- H anever, using a saries of W al tests, we aan igect hypothesis of parameter astancy
aacss ri|gmes or - 1 ;0 m ;%2 and | 1B y this messure, there gppears tobe asigi cantdegree ofinstebi ity
in the dyrnamics ofthe real priang kermel - T he estimatied Il arkov transitian prdosbi fities are vary dose to
aeindcting tatthereis avery small prdosbi ity ofFa dange in egme oerasingemaith.-U singal ald
tsst, e can abo essl ly Igect the hypothesis tatll arkov trarsitian prdosbi ties sum tounity_ T his implies
that there is agood deal of sevial conrelalian in s
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Tabk4:l odel Canparisas

k D ata B asclirell adel Pesoll acH Crssil ael
len S |[len SW. Car.|l en Std Car Caneltlias
12 4987 3002 | 5022 2943 0956 | 5045 3036 0925 0 959
36 4284 (0989 | 4284 0989 1000 | 4284 0989 11000 0 989
60 4173 (0632|4135 0609 097 | 4203 (0599 0 956 0 992
84 4122 (0499 | 4069 0455 0892 | 4045 (428 ( 860 0 992
Notes:

The table reports sample statistics for real yields calculated from the data, the Baseline model, and the
Peso Model using the parameter estimates in Table 3. Under Cross-Model Correlations the table reports
the sample correlation between the predicted yields from each model.

A hauch thereare statistically sigi. cantdi®srenass betinean the regme-dgpandatparametess, initself
this shaud not be viened as evidenae faaring the P eso madel. Famal testing Tor the presanae of regme-
switching requires nanstandard testing proceoures that are extramely aomputatiaally intersive? A s an
allermatine, T abk 4 reparts amparative statistics besad an the thvo madek _H ere we see that the aarace
yieH aure estimated by both madek is withinl 0 basis pdints of the dataand the estimates of the standard
daviatias are even clser- B ath sets of estimated yielks are hidhly aonelted with the data and with ae
another. B asad an these statistics, there are no econamiclly sighi Gant gaunds t© dhoose betneen the
maodek - B ath do an extranely gad jdo of desaribing the dynamics of the real tem struciure. Hom this
pearspective, tharefare, the questian afwvhether there are truly switdhes in the dynemics of the real priding
kamel is iately mute.

B. The Nominal Term Structure

I now twm © aasider B ascine and P eso madeks 1or bath the real and naninal &m structuress. T he
structure of the B aseline madel is gven by equatias ((5)(8) where all the \ariebks 1ol stebke time
saries proessss- In the P eso madel, riegmeswitching is an ned o the equatias for ¢ pe and % that
determine the dynamics ofir? atian .- Since the presence afswitdhing in the real price kexmel did notimproe
e pafomance of the real tam structure madel, this seams o be a judidas isstician [t mears that
irstability in the irf ation pracsss is the sole sauree of P eso prdolams in the nominal tem stucture.

T he B aseline madel estimates are reparted in the Eft hand cobmn of Tebke 5 - H aere we see tat the
parameters determining real rates are alincstidentical o the estimates in T abE 3 _ T hey imply that the real

7Common hypothesis tests cannot be used to test for the number of regimes because unidentified nuisance parameters are
present under the null of no switching that invalidate the use of standard asymptotic theory. Hansen (1992) has developed a
test that circumvents this problem but it is very computationally intensive to apply to even univariate models. It is simply
impractical to apply the technique to the multivariate model studies here.
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Tebke5:-R ealadll aniral Tem Structurell ocek
B asclirell adel Pesoll odel
pameters Se= Sc=10
“m 35322 a 510) 63 392 ¢ AP5) 63 392 d A5
®m 0 691 ai02) 0 624 au2) 0 624 a0z
1 26 969 @ 338) 51 591 ¢ 255) 51 591 d 255)
%S 2 162 auy) 307 au20) 307 gi20)
.m 4 824 auy) Y 776 quy) 4 77/ g0
“p 40011 (¢ 3®) 43991 @227 5597 C7053)
®y, 0977 a3 0 989 g a05) 1000 - =
®y,a 4104 qg1i18) 4030 qud) 4 056 Quie) =
Ya 8 833 ¢ 651) 657 ¢ 650) 14 285 @265) =+
3/41% 0 688 q1182) 0168 au20) 0913 g7y ==
7 4137 qg124) 0113 g 094) -1 280 go48) ==
% 4026 ait20) 4 044 g a0d) 4027 gi20)
PrGeg: =S 0 990 quy) 0 965 g104)
Notes:
The structure of the model is given by equations (13) (14) and (15) - (18). In the Baseline model all the
parameters are constant. In the Peso model the parameters - p % ;®y, ;®y,1 %y, ;% and | all vary according
the value of Sg1 that follows an independent first order Markov Switching process. Asymptotic standard
errors are reported in parenthesis. Both models are estimated using the yields on 1,3,5 and 7 year real and
nominal bonds from the U.K. over the period January 1983 to December 1995. The symbols “=® and “=*
denote a rejection of the null hypothesis that the parameter pairs are same across regimes.

pridng kaxmel displys a goad deal of parsistence and aoditicnal heteraskedsstiaty- T he state \ariabk, Vig;
dispbys even geaterparsistat. T he madel estimates imply thatt’; ollons aunivariated R Q) process with
roots equal ©0 977 and 0 691 & T he negative estimates of: ad |, imply thatinmowatias in %, coary
necatively with shads 1o the real priding kermel ad it ation- T he parameter estimates abko imply that
irf ation cwaries paitively with the real priang kamel - T his mears tat the irf atian pramium implied by
the madel will be pasitive Tor brge valless of 1+ & bebn)-

T he parameterestimates firom theP eso madel determining real rates are grnerally simi i totheB ascline
model ecptfoxr -, ad 1: H o/\aer,sincelheA{(coetdenls are determined by e estimates of - ., +
whidh are simi br;, thare is ke d@rance betnean beaviarof real rates implied by the modek Gee T ablke 6
beb)- T his simi ity does not carty oer 1o the naninal term structure because the parameter estimates
ofthe irf atian proasss d®r aacss regmes .- A s the rigithand collmn shons, thatwe can riggect the rull

8To see this, substitute for ¢ with (15) in the equation for 7441 to obtain a univariate AR(2) representation. The roots are
calculated from this representation evaluated at the parameter estimates.
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Tabk 6l odel Canparisas

k D ata B asclirell adel Pesoll add
len S |l en SW. Cor.|ll een SW. Coar.

real

12 4987 3002 | 4787 2914 0913 | 4943 2946 | 925

36 4284 (0989 | 4284 (0989 1000 | 4284 0989 11000

60 4173 0632 | 4167 0618 095 | 4133 0591 0 956

84 4122 0499 | 4033 0453 0849 | 4068 0422 ( 860
namiral

12 9429 2372 | 9614 4344 (0872| 9190 3816 0 864

36 947 1B | 9474 1B 1000 | 9474 181 11000

60 9581 1572 | 9003 1048 (0987 9619 107 0989

84 9605 1420 | 8769 0749 (966 | 9674 (05 0972
Notes:

The table reports sample statistics for real and nominal yields calculated from the data, the Baseline
model, and the Peso Model using the parameter estimates in Table 5. For each model the table
reports the sample mean and standard deviation of the predicted yields and their correlation with
the actual yields.

hypaotthesis of aastant coetdatts aacss regmes for the parametess, - 550y, ;%, ad ,y, atthe5% bwel.In
regme ae, the estimates imply thatt. ollons a hichly passistatstatianary proass with the rgest root
egpal ©(0 989 - Changss in Y% have a modarate eRect an the \varianae of imovatias, and the coariance
betnean Vi1 and( pe is pasitive. IN regme zero, the process for«aatains aunitroot® H erednangss in
Y have a g impactin the inmovation variance ad the coariane betineen ¢ pe-; ad Vi IS sSragly
necative- T hese estimaties imply Sigi ant di®yencss in the dynamics ofirt atian aacss regmes thatwill
manifested in the bdaviarofnominal viels _ In partiaular; the estimates imply thatnaminal yields antain
auntrootin gme(l and are meen reverting in regme! T his implicatian ofthe madel aocoods wellwith
the results fran estimating univariate switching madek inA ngand B deart (998). T hese authars are ako
abke to fomally rgject the null hypothesis of no riegmeswitching in the behaviarofU K _nominal interest
rates ..

T abk 6 caompares the predictias afboth madek acairst the data- T he statistics an real yieks in the
upper parel arevary similerto those in T abke 4 _ T he B aseline madel undapradicts shortterm yields by 20
basis pants vhi ke the lxgsstenarmeacke by theP esomadel is 5 basis pants.- B oth modeb undapredict the
standard deviatias of three yielss by similaranaurts - D espite these disagpandes, the general impressian
partrayed by these statistics is thatboth modek acourately desaibe the dynamics of the real term struciure.

T he lonarpanal ofthe tebe aampares the beénaviarofinaminalyiebks _H ere therearesamnemaesigil cant
d®yaes betinemn the madek .- In partiaular; whi E the data and P eso madel showv an uyovward skping

9 The reported estimates are based on a model with the parameter ax(0) restricted to equal one. Estimates from an
unconstrained version of the model gave almost identical estimates.
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aerace yied aine, the B aseline maddl predicts an inerted aune. A s a asaquence, the B aseline madel
udapredicts the asrae 7 yearyied by 94 basis pants- T he lagsstenarmade by thePesomadel is an
te ae yaaryield vwhidh is udapredced by 24 besis pants - B oth modek udapredict the voati ity of
Iogtem yields and ovarpredictthe \olti ity of shareterm yiels _T his biss in the volti ity term structure
is samenhat kss in theP esoll adel-A s in the cese of the real t&m stiucture, the aonelatias betnean the
actual and estimated naminal yiels are high Tarboth madek -

Foure! plos the estimated prdosbi ity ofFbangin regme ae, P G =1 J=); from thePesoll adelh s
the plot shons, irt ation olloned the regme ae proasss fianm 1983 ©1986, and fran 1988 until the ed
of1 992 _A aooding o the madel estimates, irf atian and naminal interest rates ware mearHeverting during
these gpisodess - In the interim, the irf atian proaess aotained a uniit root. Camparing these regimes acarst
path of naminal interest rates [shoan in Fgure 2 belowv] we see that nominal interest rates e o and £l
fram shaxp peaks during eech counrence ofregme ae- T hus, the madel estimaties imply thatnaminal rates
dspbyed mae meerHew|ersian when they ware at histarically high bwek. A similar reltiaship betneen
the el and degree ofmean reversian hes been found in the U S _tarm structure by B eeart, H adridk ad
Il arshall (998)adt ray (996)-

Fgurel abohints atae polatial prdokem with the P esomadel estimaties ;small sanpkebias A aaading
10 the madel estimates, the behaviar of the naminal interest ratss impliss that there ware rebtively By
regme shifts during the sampk pariad- T his mears that the estimated transitian prdosbi ities are based
o reliiely Bwv dosenatias and may aasaguatly suRer fiam small sampk biss. 1N partiaubar;, these
sstimated prdozbi Iitiess may have d®&aed fram the prdosbiities ratical inestars usad at the time. Far
eanpk, inestas™Jviens ebaut the prospects Tor future irf ation piaothel K S edtfion teEL S
might aLite reesanebly have been basad an di®yent prdosbi Fties then were aasistent with the inddance
of regme shifts during the preias dacades - T he P eso madel makes no allbonance Tor sudh di®eranas. It
is tharefae passible that the perfomance of the madel aauld be signil cantly improed ifwe alboned the
tasitian prdosbi kties govaming investars ™ eectatias 1o be simi larbut notidertical 1 those estimated
fion the data.

Toinesticaie this issue, | Tound the transitian prdoabi iities determining investars ™ farecssts thatmini-
mized the sum ofsouared d®&renass betneen the actual and predicted yields from the P esomadel - Sunpris-
indly this praduce prdoabi ities thatvware nearly idaitical o the estimatess in T ebke 5 - | then repeatied this
procedure tsinganly the 1 8§ mantts ofdata olloning0 cidber1 992, tredate thel K _EfttteElY S _Inthis
e the praosbi ties ofreamaningin igme ae and zazrovneare( 999 and( 972 W hikethesevales arevery
doetothe estimates ofl 999 and (0 965 InT abke 5, tharimpactan the estimated yvieks is quite dramatic.
T his can be sem fiam the plots of e ae,” e and sevan yearnaminal yields shoan in Figure2 . Canparing
the actual data (lotied with the solid Ene) agrinst the estimated yielss fran the P esomadel lotied with
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deshed ine), e can see that the madel savarely oersstimates the skpe ofthe yied aune immediately after
thel K 3edtfion teEl S ;estimated sharttam yieks are mudh too b, whi E Ingterm estimates are
much to hidh- B y aatisst, estimates implied by the prdosbi fties oF( 999 and (0 972 Ghonn as adotied
inR)acwvwrydoeteactialdata.t smallinaessein the prdosbi ity of ramaningin rigme za10° aties
the estimated tem structure aosiderebly.

T he pantl wish tomake hareis notttat the transitian prdosbi ties danged ineactly thisway R ather,
itis illLstaie hovsasitive the yvield aune estimates are tosnallvaiatias in the transitian prdosbi kties
wsed O \vale bads._ § iven the reltively bw coounmence of actual regme shifs, itis hard 1o alge that
ratical inestars auld not have used sligitly d®srant prdocbi ities 1o vale badks then we can estimate
fian the dyrnamics of actual yieks over the whole sample. In vwhidh Gese, the di®sranass betnean the P eso
maoel estimates and actual yiels are prdosblly notas econamically sigil cantas they mighthave gppeared
at stsidit.ll asover;, aur resuls suggssts thatP esoprdblams inirf ation cauld hae sigi cantdy aRected
the bdaeviorofnaominal yields - T he next sectian examines this hypothesis in deta b

V. Peso Effects

I novtum toeanmire the implicatias of the P esoll adel in detail. Sped cally, | shalll Lee the estimatian
resuls fram Tabke 5 1 eanire the bdaviaor of the real and nominal tam pramia and the irf atian risk
pramia- 0 fpartiaulr interest wi ll be the role plyed by P eso prdblems in the determinatian of these risk
pramia- B ebw | begn by examining the ganeral impact of P eso pradblems. | then gpoply this anabysis 1o
quantify tha reRacts an the bdaior of retums and the risk pramia-

A. Identification

P eso prablems manifestthamseles in several ways in the model Fist, they aRact the relatiaship betineen
realizad ad epedted returs. T hese eRacts arise fion the bdaiar of inesstor Tarecsst enars ad are
amnman to other modek - P eso prdblams albo ghve rise 1o a new saurce of risk that aRacts the bdavior of
both the term ad irf atian risk premia-

T oidentify these eRects, B’ « daoke a garericariebk in the madel ( e, anelbmatof g, zc aa g
bad price)_W e can decompcse realizatias oF° . &6

‘o1 =t EOi°tQbe 1 + W13 @5

where® £6) 7 E [° w1 S = slis the eactation aaditicnal an te regmein t+ 1 ; the wtinrHegme
faeesst || dice that itis alnays passibe 1o deoompose future realizatias in this way inespective of the
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processs they ol in eech regme ar the sped catian of infamatian /2 R aticnal investars ™ eoectatias,
E [ &1 ] cdnddewith the mathematical expectatian of° 1 : T akiing expectatias an both sides of Q5)
adtoed o R; orseg; = ;lg;we nd thakE [wer /7 ]=0: Thus w; inhaerits the proparties of
anvattical ratical epedatias Torecsstenas and represas the enarinvestas wauld make ifthe future
regmeweare knonn, i e, the wthilmiagme faecsstenmar

INnestas™actual Torecssts are anly aaditiaed an : Taking the d®@yancebetinean© - ad E [° w1 1]
calubid fran @5) we ean wie inestars™ recsstenass &

‘w1 1E e R rof(stﬂ iE [Se1 R Dt West - @6)

T he stierm an the ridhtis equal to the di®rencee betineen tewirttinHegme tarecssts, r° £~ ° £ ° £0
muliplied by the enor investars make in Trecssting next periads iegme  In |ge samples where the
frepenoy aFfregmeshifis is riepresantative ofthe underbing distribution ofriegmednangss, Sg-1 i E [Se1
will hae a mean zexo and will be unaxrelated with the elanaits of R In amall sampkes, by aotrast,
Se1 1 E [Se1 JF]lmay hae a meen d@yait fian zao ad be autoconelted with elbnaits of = In
this e, the bdaviar of the Taecsst erras willl gppear inaosistent with standard ratianal epectatias
assumptias.-

I ext, aasiderhovwP eso prdblems may aRact risk pramia. Since the decompasitian in @5) hdkds Torany
tho\arisbkes in themodel, say ° i ad ° j; Itis eesy toshovthat

CorCimr1y a1 FO=CO/ Qi1 W1 FODF PP 2° 7V arGe 1 IR enD

In the absance of P esoprablams, r° & = r° 7 =0 sothe saood tem \enishes and the coariance is sokely
determined by C ov W& 1 W1 FD); thewthilrHegme covarfance. W hen P eso prdblams are presartt;, the
a@ariance betnwean the eSS, E [ i1 FiSe 1 =SI1adE [ .1 JFsSe: =Sk identi ed by the seaod
tem o terditaRBaas C o/ Cix 1 7 je1 JF): T his atssHegme covariance term aooounts for the forecest
uncertainty investars fioe aatss rigmes .-

B. Returns

W e now Lee the resullls ebove 1o study how P eso prdblams aRect the behaviar of retunms - I partiaular;,
arsidertte behaviorofexaess hading returrs, e, | 5~ H, | 4 i Vi ; and the exeess real returrs an namirel
baxkea: ~ VP it pe: i YF- By de niian both sets of retunms Gan be witlen as the sum of a risk
pramium and a Taecesstenrar-R eniting these errars using @6), @3) ad @4), we hae

a1 = "ciWg iV §Ge1 i E [Sei =D
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@8
di+1;k = u{:k+ W+ riGe: iE [SedRD

where
F_E T O p@D h ;
ri = AL OiAL OB, (OB, (O BL (POiBL (PO z:

H erewe see thatboth sets ofexasss retums aritain aP esotam thatmay aRactthairsmall sasmple properties -

L etE 1 [° &1 IS danote the predicted valle of° 1 fram the regressian of° 1 N © = Flig 15S¢; %1Se;
Lisyg inasampeofFbgth T : Il ultipling bath sides of @8) by the predicted vale of exdasss returms and
takdng epedatias of the result, we dotain.-

Con e yEr[eil ,do] = Con u{:kET[emmi@a
+Cor r 1Gu: iE [StHj:t:D;ET[d”{H Ki@t]
Q9

3 - 3 -

Cor e Er[faw 1ol = Con "gEqrlerm: 15l
=

iCor r PGe: iE [se:1JRDET[aw 1 Sd

whereC o Qdanoiss thesammpkemaiancebessad N T dosenatias -B y ksstsquares theary, the coariance
tams an the Efteqal the sanpkevarianae ofthe pradicied vabes - T hus, Q9) providss a dscompasitian of
these varianass thatholds farall ssmp ke sizss - In e samplkes, the seaod covariance term in eedh equiatian
disgppears becase the samp e mamats gppraech thar paqpuilation counterparts and © Y2 R H ere all of
the \ohti ity in preddebke excsss retunrs is attributebe 1o tha r coariance with the risk pramia- Insmall
sampkes, by aarast, both coaiance tarms will genarally aatribute 10 the volti bty in prediciebke exosss
retums -

T abk 7 reparts the eanpirical distributian of the cowariance betnean the risk pramium and predictieble
esss returs genevated fram 1000 1§ atte Cardo experimeants - 1N each eparimant | used the estimates of
tePeoll odel o gararate asanpke oft pe; % T+ ad s aaaining 155 dosenatias (e bngth of the
U K_datlaset). Bxass retunrs and risk premiawvwere alulated fran these simulaied data using the pridng
egatias ofthe P eso madel and the returs regressad an € 1o fam prediciebke retums .- T he varianae of
predicebke retums and thar cvariance with the risk pramia are then calulated Toreech sample-T he tebe
rgpars resulls basad an returs ad risk pramia aloulated Tor holding periacs of thelhe rather then ae
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T abke 7:- P eso ERects

Con @ErWS DV anrr €1 [WSD

BxasssH oding retunrs: BxasssR ealR etums
w=etoyg VS RGg W=tz V=12
k 24 36 60 84
5% 0 860 0 835 0 834 0 834 4 325
10 % 0 890 087 087 087 4 306
25% 0 950 0 933 0932 0 932 4 243
50 % 1027 1005 1005 1005 4184
»% 1132 1106 1104 1104 4142
N % 1307 1 266 1 266 1 266 4094
95 % 1410 1 380 138 1338 4072

Notes:
042 qllz;kilz i Qi+ A, is the excess return on holding a nominal Kperiod bond for 12

months relative to the 12 month nominal yield. &g+12 ~ y{‘ il 12pt+ 12 1 y{ is the excess reﬁl return froni
holding a 12 month nominal bond to maturity relative to a 12 month real bond. Wy, ~ E €W 10

and "2 ~ E [er )2 R Jkre the comparable risk premia. The table reports percentiles of the distributions
derived from 1000 Monte Carlo experiments [see Appendix C for details].

manth as shonn aboel! A Ithaugh the didae of a longer holding periad aomplicates the caloulatian of risk
pramiaseel ppaxdx C] thesame kgcgpplies. In brge sampkes, the variance afpredictebe returrs shauld
doely gpprodmate tha r cariance with the risk pramia.

T he Eft hand colmrs repart the distributias for anrual exasss halding retums an naminal baos !
T he median valiss of the distributian are dose o unity, whidh is the valle we waud see in a lrge samplke-
T hus, P esoeRacts donotgppear toeartasigi catint uence an the predicizbi ity ofexasss holding retums
ina\ gpical "small sampke.T his is not o say that they are alhays insigi a0 N the aarary, fram the
distributios we see thatin 35% of the sanplkes the cowariance d®ass in absolute tams fram the variance
by aksstl (% -H ence thare is quite a high prdosbi Ity thatP eso eRacts willsigi cantly aottribute to the
predicizbi ity ofexcsss returs in any single sampke-

T he rigithand column shons the distribution Torarual real ecsss rietunrs - H ae the resuls are guite
dramatic. T hey shawvthat the coarianae betneen the it atian risk pramium and predictiebke exasss retums
is negative in aimcst alll sampks- A aoding 1 these statistics, the pradiciebe \anatias in edasss real

10T consider the 12 month holding periods because the accruacy of the Peso model trails off at the short end of the term
structure [see Appendix B]. Also, estimates of short term U.K. yeilds are based on the prices of relatively few actual bonds and
so are prone to error.

I Since there is no regime switching in the process for the real pricing kernel, Peso effects are absent from real holding returns
so these returns are not examined.
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retuirs are oaermheiningly due toP eso eRects -

T hese resuls indicatie that there is a high prdoabi ity that P eso prdblems sigil cantly aRect the pre-
dictabi Ity oFedasss returs in tpical sanpks - ext, | asiderin tum the impact ofP eso prcdblans an the
term pramium ad it ation risk pramium -

C. Term Premia

Casiderthe tam pramiaidati ed by

1 3 - 3 -

“{‘,kz iEVH CLl;kilj:t +Cov CLl;kil ;d&+1j:t J=mm: Q>

T he “1sttam an the Eftarises fron Jasan's ineuality; grestenarizbility ind, |, ., bnears the eqected
holding retum an kg bads butnotthe amaitshartrate. T he saaad is equal 1o the covariance betinean
uture bad pricss ad the relbvant pridng karmel. T o intarpret this tem, recall that in iepresantative
agatmodel, My is equal o the raal intertemparal margnal ralg ofsubstitution T hus, in the cese of real
baxbwhaered>. ;1 = jme ; thecaiancetam isequal toC oy C{H;kil ; ith;:t W henthistaim is
necative, lbgterm real bads provide ahedge agairststates whare margnal uti ity is high sotheecu ibrium
epedted I etum is bAerlotxmpermle-lnltecaa%cfmniralbdDE,d?xtﬂ = i@ it pt+1);s_oihe
ariane tam in Q) )amprisss tesum ofCor d} 4 s iMer e adCor o) 4 3¢ P P -
T he ssood tam idati &s a detexminant of the naminal &m pramia aosat fiam the real Bm stucture.
W hen bad priass ad irf ation coary pasitively, the eqpected real retum an naminal bads &l - In these
araumstanass, @) )shons that the equi brium the namirnal t&im pramium rises to ampasate-

T osee how regmeswitching aRacts the pramium, | goply the dscompasiian in @ ) o the tams in @0 )-
A fier same reamangamatt;, this gves

. mn. o 32 5 i. ¢ .
My = Es Mh® i35 ri VaGe o+ r dkr{yate 7D (D)
. 1 3 ) - - =3 . — P
M@ T igVar diyyg Fuser =S+ Co d g 1% FiSer =S
h h i
1

- H i i i I
= i3 B ®-B8L,® i®rt B, ©-do@® i

uf:k(s) is the pramium thatwauld prawal if the Tuture regme, S ; Wware knonn o investars att. T hus,
The sttam in Q) )is the eqpected \aleofu{_:k(s)andso represatis the cartainty equinalant aampaat
of te t&m premium . T he remaining to tems show the direct eBects of investor uncertainty sbaut the
fure regme. T heyidentify/ theacsstegmetamin i3V ar d,, ;kiﬁ:t adCor d, 4, ‘I R
T aether, they rpresat the risgme-uncertainty aompanent of the preamium -
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Tabk8 - Tam P mmia

k RealY ields ' aninalY ields

heen SW._| Il een Sd. len Nlen Co® Va®
&) Ki0)| Sampke Sampk s=1 s=I0

24 0116 0001 0055 0097 9031 0222 H005 0111

36 0204 0001 0048 0087 49029 0198 H037 0077

60 0199 0003 0049 0087 H027 0199 H087 007/

84 0193 0004 0049 0087 H027 0199 H142 007/

Notes:

The table reports sample statistics for estimates of holding return premia derived from the

estimates of the Peso model shown in Table 5. Holding returns on the Kkmonth bond are
calculated over a 12 month horizon. The fraction of the covariance and variance terms in
the premia due to the cross-regime components are shown in the columns headed C ov()
and V arCX Appendix C describes details of the calculations.

TabEk 8 eparts statistics an the t&m pramiain the real and naniral tam structurss implied by the
estimates afthe P esomadel- [A s abowe, the pramia are calaulatied for tnebhe manith holding periads ] T he
Eft hand cddumrs ipat statistics an the real tam structuie. A s the statistics indicate, these pramia ae
snall and notvary \varicbe. T his nding is aasistatwith the resuls in T abke 2 . T hare e sawv thatmast
ofthe \ariatias in real yielkks aoud be attributed 1© danging farecssts of future short rates -

T he tarm pramiain the nominal t&m structure bdave aqute d®aitly. A s the Efthad columrs ofthe
1ebke shon, oerthewnoke samplk, the premiaaverage ebauts besis pants with the standard deviatian of9
basis pdnts _T hus, thenaminal pramiaare brgerand aasiderebly marevarieble then thea rreal counterparts -
T haearabkosigi atd®enas inthe bdhaviarofthe premiaaacss riegmes - In isgme ae, tteaarace
pramiaequal 3 basis parits, whike in regme zaothe aarageis 20 besis pants.- T he Unirgparted) stendard
deviation ofFthe pramia in eech regme is gpprodmately 4 basis pants-U ndarC or@Qad V ar® the tebke
repats the fiadian of the mariance ad variana tems die 1o the acssHegme ampaaits- T agether,
these ampaants idatify the direct eRacts of regme-unaartainty- T he small rumbers in the tebke imply
that the pramia are primari ly determined by certainty ecuinvalant companan

W e can novephln the aGsHegme d®yaass in the pramia- Fan the paraneter sstimates in T abkeb
wesethat .y, is weskly pasitive in regme ae and stragly necative in iegme zero_ A s acasauae, the
wariancee betnea irf ation and naminal bad priass will be necative in reagme ae and pasitive in regme
zero. | Fhare waes no uncartainty sbout the future riegme, this di®ace wauld make the tam pramiamudh
hiderin regme za10. B ecaLee the trarsitian prdosbi kties are so hich, this d®@yenae is aincst perfectly
minaed in the cartantrequinalat compaatt, and haee aocoounts or the atcsHegme d®renass in the

pramium.
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D. Inflation Risk Premia

Finally, we tum to eanine the bedhaviarof the irf atian risk premium:

= -

1 - -
Var ¢ pui Fr + CorC PetiMe JFO: @)

= ié
T he isttam arisss because geater variabi ity in prics raisss the eqoected future purdissing poner of
maney, therdoy making naminal bas relatively mare attractive- T he equi ibrium yield an naminall bads,
ad hence the irf atian risk premium, must therefare &l 1 canpasate- T he saaod t&am, the cariance
betnem irf atian and the real pridng kamdl, identi es the real hedging valbe of naminal bands. T his is
maost essl ly undarstood with relerance 1o a riepresantatinve agat model- W hen the cjvariance is pasitive,
the realized real retum an naminal bands will be uneqectedly owvin states where margnal utility is hich
thadby bnaringthanales as areal hedoe - Equatian @1 )shons thatthe equi ibrium irf atian riskpramium
hes 1o rise o ampasatie_ | olice that there is no general presumption ebaut the sigh of the irf atian risk
pramium - I tall dgpends upan the degree towhich Tutre it atian can be predicted and the exiaittownhich
uepactedly hich future irf atian oaaus in states with high margnal uti ity

W e eamine the impact of reagme-switching by gpph/ing the decompasiian in @ 7)o the tems in QL ):

"t = BT O i rhrkl a6 DT CRF Y arGe: D <P

3

_ 1 - i
"® izVar ¢ pp1 FRsSer =S + CorC pei sMe 1 JFRsSe1 =S)

= ié,p(sj BEY U t et LG Y i .mELpEYEYimEY e

N

" ®)idat & thevalle dftheir? atian risk pramium is the futLire Isgme, s 1 ;Ware knonn_A sinthe e
ofthe tarm pramium, e can thareiare idantify certainty equivalant and regme uncertainty aampaaTis in
the irf atian risk pramiun_ T he famer aampaattis idati ed by the isttam in @), whike te bEtier
is equal 1o the saood and third terms wWhidh equal acssHegme aampaats of C o/ ¢ pe ;e 1 JlR) ad
sVar@ pe:dFD:

T abk9 reparts statistics derived Tom the P eso madel estimates an the spreed betineen naminal and real
aeyearbas,yy , iYL, ; theeqpedted rate ofanualint ation, 15E [¢ 12peg 1 J=f and theanualin? atian
riskpramia, "o ~ Y, i Y2 i 5E [0 12Pe 1207 0 verthe whole sample thatspreed averagess 4 25% of
whidh4 68% represats expected it aticnand 4 43% theirf ation riskpramium 12T hereis aboaosicerabke

12Because the Peso model estimates are based on bond yields alone, we cannot identify the average rate of expected inflation
or the average inflation risk premium without a further restriction. This identification problem is a common feature of Affine
models and is discussed in Appendix D. Here I solve the problem by imposing a parameter restriction on the inflation process
to insure that the sample averages of expected inflation and actual inflation (measured by the R.P.I.) are equal. This is a

27



TabE9: Irf atiaonR iskP remia

Spreed Bxpected It atiaon It atianR iskP remium, " g2
Yeio @ Yea2 HE[¢ 2pe1 g CrossR egme%
Sampk s=1 s=0 | Sanpk s=! s=0|Toal Co® Va®
I een 4247 4680 5347 3493 | H433 4142 0623|099 0297 0995
Sd. 3487 1341 1006 10| 2510 2805 2180 | 0002 0046 0002

Notes:

The table reports sample statistics for estimates of the inflation risk premia derived from estimates of the
Peso model in Table 5. The premia are calculated for a 12 month holding period. The fraction of the
covariance and variance terms in the premia due to the cross-regime components are shown in the columns
headed C o/(and V arCx Appendix C describes details of the calculations.

variabi ity in the spreed, as messurad by the samplke standard deviatian - | niierestingly, most the \ariabi ity
aignates from dangss in the risk pramium, whidh is alincst tnice as \ariebke as expected it ation-T hese
statistics are dnviasly ashap deviation firan the prediction ofthe standard FisherEquation - T he estimaties
imply the presane dfasigi cantand hidhiy variebke it atian risk pramium _ T he tebke albo shons thatthe
bdhaiarofeqected irf atian and theirt atian risk pramiad®xrsigi catly aacss iegmess. In iegme ae,
epaede irf ation aeragss oers5% while the meen risk pramium is -1 1% - In riegme zexg, the average risk
pramium is mudh higherat( 6% and the mean ofexpectirt atian is lwerat3 5% _ | otice too that there
is arsidarebke variatian in risk pramium within eech regme.. Itwauld be an ovarsimpll catiaon o think of
regme zeyo s hich irf atiaon risk regme.

T he ngitmost colbmrs  rpart the aotribution of the atssHegme ampaats o the irf ation risk
pramium . In the ae maith ee these ampaats are idati ed by the st tvo tams in @1 ). A ppaxdix
C dssaibes the alultias benind the statistics in the tebke. U niike the case of the t&m pramia, here
the acssHegme aompaats aatribute sigi cantly- R egme-unaartainty acoaunts for gpprodmately 30 %
of the cwariance t&m and alncst1 00 % of the variance t&m - T he reeson is thattin? ation aatairs aunit
rootin ae regme but not the other_ A s a resullt;, there are e d®ranass betnean Tarecssts aondiianed
o d&entLiure igmes.

Fgure 3 allons us to eamire the time saties bdavior afthese variables mare closely- T he upperpardl
plos actual and eected rate ofF aual it atian &olid and deshed ines respectively). [tis impatait to
rememberthat the P eso madel anly uses data fran the real and nominal term structure so the estimates of
epactedirt ation are notdirectly derived from actialirt atian -R atherthey represatthe setofepedtatias
arsistatwith the dynamics ofintersst ratess - 4 s the plot shons, thare are aarsiderebe ad persistance

minimal rational expectations assumption. Importantly, it has no impact on the changes in expected inflation or the inflation
risk premium which are identified from the model estimates. There is also no affect on the differences in expected inflation and
the risk premium across regimes.
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d@yaes betinen the o saries an aassian- Far eampke, actal irf atian is parsistatly higher that
epeda irf atian betinean 1989 and 1991 - B etneen 1992 ad 1995, by aorast, eqpedied irf atian wWes
persistantly hidher-

Sudh apattemn in Torecastenass is hard toeplEn within the aotiextofa sterndard ratical epedatias
madel-T here raticnal investars wauld immediately adjusttha rfarecssts toeliminate any parsistaritpatianrs .
T his nesd nothgppen when instabi ity in the i’ atian proasss inducss P esoprdolams . InaP esomadel sudh
patienrs can emerce during periads whare ratical inestars are antidpatingadnance in the it ation proaess
thatdoss notmaterialize - T he Torecssts ofirt atian shoan in the plotaatain such eedtatias o theextatt
they are enbadied in the tam structures .

W ith this perspective, the eqectatiaal enmas hae a rather natural inteypretation - B eineen 1989 ad
1991 inestors epected a switch fran the aunentir? ation procsss generating hidh raes, toa bwvirt atian
prosss. Sine the U K _was expaeriending a severe recsssian during this periad, itis hard 1o say that these
ejpaedatias ware unvarrarited _Simi larly, thehich raties ofepedied it ationbetineen!1 992 and!1 995 adndde
with asurge int DP gronth that culd hae Ed ratical investars 1o ear that there migit have been a
retum  ahich it ation proass- T he departure of the U K _fram the Bl S may have alko ampaundd
such Ears .

T he aatral parel of Figure 3 shons the yield spreed, vy, i Vi, Golid ine) and eqpected irt atian
Ceshed Erex H ere we see that many of the rgsst movamais in spreed are not acoompanied by similbar
dengss in egected irf atian- 0 ne notebe example oaaurs betnen 1990 and 1993 were the spreed Bk
mud further then eqeded irf atian- D uring this periad, the irf ation risk pramium @epresanted by the
\ertical distance betnem the tho inss and plotied in the loaerpane) Ell fionm goprodmately 2% 1©-6% -
A aaoding O the statistics in Tabke 9, most of this dange can be attvibuted O P eso eRacts. A houdh
irf atian wss f&lling, the madel estimates imply tatinestas ware inaessingly uncertain sbautits future
aure. T his rasd the \ariance tam in Q1 ) ad bnaed the it atian risk premium - Interestingly, ss the
Ionerparel shons the it atian risk premium quiddly retumed tonards zero after theU K _Eftte Bl S

VI. Conclusion

T his pgperhes argued thatinstebi ity in the it atian process ked toP esoprdolens thatsignl cantly aRected
the bdaiaroftte U K _tarm structure. Fist, | shoned thatwe can wellkdesaibe the bdaviar of the real
term strudure withaut the resart o regmeswitdhing-A  single fecarCIR- madel eqlins ahich fraction of
both the time series and atss section behaviarofreal vields _ I ext;, | aompared madek Torthe nominal ad
real tam structures wWith and withaut switdhing in the irf atian procsss- H ere we saw that the switching
madel wes bettersbke o e lan both the aarage bvel and ot ity ofthe naninal yied aune.ll aeoer,
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this madel auld acourately matdh the time series behaviar of the naminal tem structure ance we alloned
o very small dengss in the prdosbi ities goaming regme switdhes oerthe sampke pariad -

B asad an these  ndings, | then wsed the switthing model estimates © quatify the impact of P eso
prcdblams. Il atte Carb eparimatts shoned they ware the primary fector aRecting prediciebe exasss el
returs an namiral bads in small ssampkess- T he expaimatts abo indicated that P eso prdolams wauld
sigi cantly a®sctthe small sample predicizbi ity of exaess halding returms with a high prdoabi ity T hese
" ndings undammine the standard raticnal expectatias “iew that danging risk pramiaare soely respasibke
Torthe dosenved predictabi ity in edesss retums . | aboidatti ed and evaluated the impact of P esoprdolems
o the sk pramia_i erewe Toud tham 1o have a small eRect an the t&m praniaad a e eRsctan the
irf atian risk pramium.

0 verall, these resulis showvthatboth regmeswitching and imearying risk pramia ply impartant roles
in ephlEnng te bdaviarofU K _interest rates- Caud this abobe e in the U S 2 T hare are several
reesas Tor otimiam - First, the bahaviarofnoninal yielks in thel K _ad U S _are guite simiber_Secaod,
a6 Bdaart, H adridk and Il arshall (998) and ¢ ray (996) have shonn, U S _yiekks displby geater meen
reasian when ratss are high then when they are lov_ll aninal yieks displby this same fature in heP eso
madel. T hird, dangss inU S _manetary policy oer the past tho decadss have ben just as pranaunced
as ey hae in te U K _ Casaguaitly, it wauld be remarkebke ifinestas vened U S _irf alion as a
stebke pracsss throughaut this periad.- Indesd, L enis (991 ) examinad this hypothesis araund the 197982
pariad. Furthbermare, Bvars and L enis (995) argue that P eso prcdblams resulting fram instability in the
irf ation proa=ss ware respasibke fortheananalos lohgrun relatiaship betneen nominal rates and it atian
dxernad inU S _data. T hese dosenatias sugpsst that develping of madek Tortte U S _tarm struciure
that aambine rgmeswitdhing and time\arying risk premiamay well proe suazessiul.
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Appendix A

T his gppadix darives the solutian Tor kbgbad pricss in theP esoll adel presated in equatias @3)ad
@4)-Tobagn, note tat the kg Inearpriang equatias (3)ad (4) can bewaitien as

= -

iC{—'k=E [d)Q:+1j:t]i E [CLl ;kilj:t]i EZV ar id)Q:+1 + C{+1;ki1j:t j :'fn;rg G 1)

wherexe =[imgt pcPd =[1 ;1 Jand 0 =1 ;) }Substiting forthe pasited pridngsolLtian Q3)an both
sidks, | dotain
. i h i . i
ALEO BLEXR: = E d-Geudr Al Goidt Bl Gt X6
LR

| i i i
iévar doGe )+ Bf,il(sﬁl) [STSN S ¢ 2)
Sine s¢ Tollons an indgpedatll arkov procsss, we can gpply the v of iterated eqpectatias O the ™ Ist
™o tems an the igitto dotan

ol i i o N i o
Es d-@F AL, ©+ B, 6¥©® ad E. d+Bl, OO z )

P
where E Ry ~ ;Of(s)Pr(stH = SpuJ To edlate the \aiance tam, nole tatV arC 1 ) =

EVaCe: stV ar€ [ w1 JssSe D SINRE [es 1 J7sse 1 1= 05 e an wiite the \ariance
B

= -~

E Var [doGei)* Bl Goi DB Faise: R

-

B} __ #
h . i h ) 1
= E doGei ) Bl Gei) - Geliz) dEGe ) Bl Gu) TR
7 i h R B4
= Es do@ Bl © — du®) Bl © i® = D
vharevad- Ge: s20I= §Ge: e SUBSHiUting € 20, € 3)and € 4)into @ 1 Yprocixes
_ _ n_ } . (@)
ALED* 8 Le0 =t d- @+ Al ©r 5L, 626 ) €5

i h

i h i i i i i
8, d+ B, PO i; deE 8L, © — deE 8L, © i® %

an eguatian that must hold Tor all valles of z and sy = 1 ;1 g: Equating coetdeants guves the reaursive
eoLatias frA{((s)and B {_((s)shcy\n in @4)-\ otice ako thatifthare is noswitding, E sFFEy = F( )=
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T XA pphingthis smpl cation to ¢ 5)ad equating coetdatts, gves the solution to the B asclirell adel
in(9).

Appendix B

T his gppandix eamines the goprodmatian enar introducsd in the P eso madel by wsing the kg inear
priang equatias in (3) ad (4) rather then the naninear equatias in (1) ad (2).- In prindpke the
eactsoltian Torbad pricss can be alulied fran the nonlinear equatias by soMing them forvard as

-

. Y k i —
epcho=E | ep(idedF €1

and substituting the switching Torecssts a4 i-H anever; this is nota pradtical prapasitian ance kbeoomes
ke !l ith? states, thare are 2K Torecssts aanditicnal an Tuture realizatia s of sy thatnesd 1o be caloulaied
in ader o ealate 1 ). So, sine the estimated madel asidars seven year bads, we wauld hae 1o
calubted 284 = 1:9343 £10%° aoditical Trecsts ad the prdoeabi kities assodated with eedh passible
realization of path Tor g Sk 2 1 2:Se K9 T 0 getaroud this prdblam, | adgoted the procsdure desaribed
belb.

L ete], denote the true bgbard price, satising €1 ) or (2) gven the dyramics of the state varicblks -
0 urirnterestis in the behaiorof the gpprodmatioan enar hwl, ~ & i dy where d, is the gpprodimate
solution fathe Iog bad price de ned in €3)-4 coading to the nonlinearpriding equatians, d:k safis es

i h 3 i — i
epCLO)=E ep dxui+ ¢, ., R k=1;2;::::

Substiwting Br ¢}, with @ 1), and reerrangng ghves

h = -

) i ) ) ) — 1
»1l:k=E ep dxu; + C{H;kn id;k"' g4 R 62

Sinebath ¢f; andd, equalzeroby de ritian, »; =0 :H ence, @ 1) provdss us with anonlinear recursive
egLation or the gpprodmatian enas -

T o evalate the size of the goprodmatian enrars, | procsad as Tollons - Silm»,ij] =0;1 stakubEe
», directly fiom @ 2) wsing the P eso madkl estimaties 1© evallate the expedtation Tor each ale of the
state \arabks, z; in the sampke_T his gve me thosets ofenmars, ae Toreaedh \alle of s,; h»,':1 Gxl ext |
regess h»l, @ thevalues of z: W hikin prindple L, canvery nonlinearly with the elemants of z; in
practice | faund nosigi antevidance of nanlinearitss ] T o allulate the nextset of goprodmatian enars,
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A ppedxT bk

RealYald Enmas (asis parts) | aniraly ield Enas (oasis parts)
k s=I1 s=2 s=I1 s=2

leen Sdt. leen Sdt. Il een Sdt. Il een Sdt.
1| 2789 0092 4011 3110 | 4309 0034 4322 0004
2 | 2004 0096 497 2538 | 40914 0020 4432 0006
3453 006l 32 1806 | 4B 0018 626 0005
4 14216 0055 2990 1502 | H687 0016 672 0004
514019 0043 238 1219 | 4628 0014 429 0003
6 | 4848 0039 2210 1066 | 4474 0012 449 0003
7|46 0033 1916 0919 | 448 0011 H5R2 0003
8 | 9682 (0030 12A3 0826 | 9365 0010 9302 0002
9 | 4615 0027 1625 0738 | 4387 0009 467 0002
10 | 560 0025 1534 (0674 | 929 0008 241 0002
11 | 4514 0023 1428 (0616 | 9324 0007 - 393 0002
12| 9444 0021 1358 (054 | 425 0007 201 000!
18146328 0015 1064 039 | 46140 0005 49135 000!
24 | 9249 0012 0929 029 | 49129 0003 H102 000!
36| H17A 0009 085 0200 | H087 0002 -H069 000!
48 | 9143 0007 0802 0151 | 9066 0002 49052 0000
60 | 9120 0006 03 0122 | H053 0001 9042 0000
2| 9105 0006 037 0102 | -H044 0001 035 0000
84| 4095 0005 078 0087 | 49038 0001 491030 0000

| substitute these riegressian resuls into @G 2)):

) h = ) o ] — i
))::sz eq dxe + CLl;kil iCh<+ f(il O T 311:+1;kil (S) I o 63

mrere_f(il G)is the vector of coetdatts fran the regressian c;fh»f:kil G a1 z#. By astructian the
regressian resicieks 3 @) are unconelated With ;> 1 and d| | 4, ; SOve can remite @ 3)as.-

h 3 - H h =3 - i

; . ] o — i ) -
"a=E o dxert dhyg iyt 1O TRE P 3% O R 84

The st tm on the rigit an be evglated apalytically using the parameters of the madel vhike the
setnnlletmisaala@las}—PI:lexp = (s)z:@4)canlherehebeusmlmaah,lbleltere¢setd=
gpprodamation enars, orse =1 ;1 g5 1 e, », GX T his whole procedure is then repeated Tork=2;3 1::
CEarly the acouracy of this procsdure degpads an predsian with whidh the regressian ofh»,i:1 (S Je g VA
represa s the true ut unknoan) naninear reltiaship betnean the \ariabks . 0 ne vway to dedk this, is
O arsiderthe tofthe regressias - B asad an the P esomadel estimaties, R 2 statistics fiom the regressias
are all geaterthen( 996 - (N ctthe majarity are geater that( 999 )_Il aesoer;, thare is nosign ofsexial
anehltian o hetaraskedsstiaty in the estimated residuak - T hese statistics indicaie that the riegessias
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aelmbajr!gﬁb/anllale Th@/ae%hocgﬂslentwth_meud assumptian that lies behind the use of
LT ep 0, © edskt 0p U, © F

Theh noerdxiabbebo.erqoalsihesanpbaaa@slambrdobmaﬁmcflz 36 vhidh messures
the impact an the yieks in tams of basis pdnts- T he Eft hand columrs of the tebke hov the enras in
real yields basad an the P esomadel estimates fiam T ebke 3 . T he enars in naminal yields besad an theP eso
estimates in Tabke 5 are shonn in the g1t hand columins. [R eal yiekds do not aattain an gpprodmatian
enarin this madal because riegmeswitthing is aon ned o the it atian pracsss ] Aran the statistics in the
bk, is dearthat the d®@ance betnemn the gpprodmate and eactsolution to theP esomaodek is extramely
small forthe bads studied [k _ 127}

Appendix C

T his gppendix desaibes mNtePesommblesﬁmaesa%Lsajt)(abeleemss hrljbirglelurrsard
edxes real returs oerl2 math haizas-L ety , ~ 5E Qg0 i1 Gyt di i bethel2 matth
empremiumad " w2 ~ YR i 5E [ Ppe 2 dmdiye » thel2 matthirt ation riskpremium _Substituting
o bgpricss ad yieks from the kg Iineerpriang equatias, we hae that

= - = -
] | = L j -
Wi, = 50 C{+12k|12 dxli, iqu:zVar 232 Fr D
] Lo i —¢ 1. ° —
t2 = T(COI ¢ Do s Me 1 R iﬁ(var ¢ e >

. - P
forj =fringwhere 2, ~ [imid 3¢ 2pe o Jadmid, = 12 me

T ostudy the behaviarofthese risk pramia, aosider thevector Y &, 7 [d:Z20@058;1 &2 008 L P
b cooding o theP esoll adel, Y4, Tllons aswitdhingVi R :

Y= '°{<(St+1)(J + CJ(St+1ﬁ+1 (<)}
where
2 i i i 3 2
1 BIER® 1 AlGe )t BLEX® B f<(s)
TGS N 726
AE=81 ] 0 NS ad ClE= lc‘(S)
0 0 5, 0

0 0 0 1

C3) @ nowbe used 1 alubBate muliperiad fTaecests as Tollons:
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LetSg, =TSe1;Se2 ISk ;0 be the sstoFfutLire regmes oerthe next, periads. Fran C3)itlons
that . i
h o = v qQ, ]
E Yd s PSSt = 1o AGe i) i (@73

T adng expectatias an both sides aonditicned an /; gves
h =i X X X h
E vJ} i Q

K

) (- ¢ .
, .., .
?:1 A{<(St+i) Pr Sf’:+1.15t Y1J;k @5)

Str1 St 2 St ¢,

= chc(st)(ék

| otice ekt '?pe1; = pYei @ad M, = mYuix Were |, T [05050505150505050 0 ad Ty T
[05050515051505:::150 ;0 FW e ean therefore use the eguation eboe 1o calubate the sk pramiain Cl )ad
C)Has

1 . _ -
i PBliizs2 G iz 1 Yin2 )

"2 = Yo
_ 1 h _ _ ~ 1 i
Mg, = 12 d3f<i12;z(3t)(1j;ki1z idyt dy, =g

—_

where” g is the vedtor piddng aut the " IstelmentofY ;i e.d, = oY &, Tabe 7 reparts resulis ofil aie
Carb eparimants where risk pramia are alublied firan these equatias wsing the P esoll adel parameter
estimates and simulbted dataanyl ;Y 5 idy ad dy -

Tabks 8 ad 9 repart the fractian of the tam ad irf atiaon risk pramia due 1 regme uncertainty- To
alubBte these ampaats, | gpply the covariance dscompasitian

3 - h 3 1 3 h i— -

1 1 . - I M - .
var Yl R =E Var Yy RSy, R +Var E Yl RSy, R C5)

o te tams in €l )and €2). Tocakubte the " isttem an te gt BtGGw 1 Y 3y ~ ved- Ge 1 ;20K

sothat — ,
i ) ¢ B (@] h _ —_ - 10O
Var e, iS4, =vec! GGu X Y i3 FUSEY

Fan C3), we novhae

C
: . : : T . i ¢
Var YR, .S =AGe Y ar Vi, . uset AGe FH6s ) ar e FsSé (6w, Y

U sing this reaursian, we can calubeie
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h = =1 X X X = R TR i i
E Var Y3, 0S¢ T = D Var Y& St Prsg B YA =D, 6 i €©D

St+1 S+ 2 Str ¢

T he sacod tam in (C6)is by de nitian eqal ©

=h =~ i h_ “i=h_ = i h_ Zig’
E E Yy, FsSé: iE Y R OE Y RSE GE Y L R TR
Substituting Torthe eedatias, Wwe an thaekae wite
=h - -7 xX X , - i _¢
Var £ Y RSy, R = 1 HGE YHPrSe B (&)

S+ 1 St 2 St ¢,

Q <, %

HE%: Y=~ A D iBl, GO Y Y

= AGe DB, GO
Tabks8 axd 9 rqoa’ste&ampbaae@ofacss-legmeampdmsof#‘eq)@ﬁmad\eﬂarle
shonn in3(C1h)and1§:2)- L etAE and AV be the gpprpriate elematts ofE V ar Ytju;KFt;Sté+1 R
= —
adVar E Yt{ulj:t;sté+1 R alkubiEed fram C7)ad C8)T he tabks repart the ssmpke aerage of
AT=GE+ ATX

Appendix D

T his gopadix epkirs why the aerace rate of expected irf atian anotbe idati ed fran the madel
estimates _ Suppoe irf atian folloned

1=2 1=2
¢ Pert =-p+ Yt p¥ty Ut + | pluYy Vil + Ide 1 oD

whare»g isaniid.l @1 )shodk W ith this sped catian, the coetdats in equatian farnaninal bad

pricss in the B ascline model becaome
AR = AR+ BRuZ*t -mt -p i%%i k=1;2::: 02
n n - 1 £ n = £ n D--
B = d'+B,0 i de+ B, —de+B i, i 03
H erewve see thathe reausian TrA L in Q@ 2)depends an - 153/4)2) rather then just -, as in (9)-T hus, if
we anly Lee bad pricss o estimate the madel’s parameters, - i%%ﬁ ratherthen -, willbeidenti ed.T his
mears thattthe averace rate ofirt ation, equal o -+ [+ @y, 2= §®2)F(C §®y ) amnotbeidatti ed fron
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the madel estimates . T o ganeratie the statistics in T eblks 7and 9, | setthe valle oFY:2 tomake aerace rate
ofepedted irf ation and actual it ation egual arsistentwith the estimated \al e of the interapttam in
teirt aion equatian, i e, - § 5%2 aboe.
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