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1 INTRODUCTION 2
1 Introduction

Panel VA R madek hae become inaessingly paoular in maatsconanics 1o study the trasmis-
sian of shodss aarcss aauntries @ allBbrigp, Sebastian and V alles ( 995)), the prapagatian eRscts of
maetary pdlicy in the BEurgpeen U nian ¢ erledh and Smets (996)) ad the average d@attial
respase of develgped and underdevelped aountries o damestic and extermal distubanas @ G
maisterand R s (997), R ébuad (998))-4 tthe same time, reoant develpmants in camputer
tedrolayy have pamitied the estimatian of inaessingly complex mulicountry VA R madek in
reesanebe time, making them potantially ussble Tor avariety of farecssting and policy pUNpPCEEsS -
D espite this interest, the theay Torparel VA R is sanenhat undardavelpaed - A fler the warks
of Chembertein (982, 1984) and H ditd Eakin et al. (988), who spedfy panel VA R madek for
miao data, 1o the best of aur knorledce any P esaran and Smiith (996), Carnova ad Il arcst
(997 ad H sieo etal. (998) hae asidaed prdblans canected with the sped catian ad
the estimation of Univaxiate) dyrnemic maao panek.- ( ada Feneretal. (987), I eller ad
Hag (989)7 eller; H agad!ll in (991 ), an the otherharnd, have proided B ayesian shrinkege
sstimatars and predictars Torsimi lermacek - In ganaral, a researder foasss an the sped catian

Vit =A € Hir—1+ i

wherey;, isaG{dmasical e, i =1;:::;N ;A € )is amatrix in the g qoeratr; ;=
®; + £ + Uy, Ve, is atime R ®; is aunitsped ceRectad u; adisturbance tem. In
sone sss Geeeg-H At Eakinetal. (988 ))agoed catian with ime \arying skpe acetaaits
ad a >ad erctis usad. T womain restrictias daracterize this sped catiaon.- First, itassumes
aonman skpe caetdants - Secad, itdoss notalloviorineadgpendades aats units W ith these
rsstrictians, the intersstis gpically in estimating the average dynamics of the systam in respase
o shads (e matrix A € ))-

¢ arda Ferer et al, Caowa ad |l acst ad P esavan and Smith, insteed, use a univariate
dynmemic madel of the Tam

Vie =@ + YY1+ X, i+ ViE+ Ty

wharey;; is ascalr, X%; is asstof kexogaass unitgped € regessars, V; is asstofFh exaopas
regressars aanman allunis vhikY;, ; adt; areuitgpaed cvectors of acetdants. Insane
sped catias these vectars of coetdeants are assumed 1o have an exdangssbE priar. T Wo risstric-
tias aeimplidtakoin this sped catian. First, no time \aiiatian is allboned in the parameters -
Seood, there are nointerdgpendandes atheramag d@rent\ariables within units aramag the
same\ariebke aatss uits.

T he task of this pgperis 1o relbx thee rsstrictias ad study the issues of sped cGatian, esti-
matian and Tarecssting in amaaopanel VA R madel with interdgpaendades . 0 urpdntohvienis
B ayesian - Sudh an gppraadh hes been widely used in e VA R Ferature since the works of D aen,
L itlerman and Sims (984),L itterman ( 986), ad Sims andZ ha ( 998) and proides aaonveniait
Tamenak whare ae can allov Tor both interdgpadendes and meeningiull ime \ariatias in the
aetdans.Thegpaed cGation we arsider hes the general form

Vie =Ai € M1+ "%
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whareY, G< BisavedrofGN elbemants (there G \ariablks Toreech uniti =1;:::N ).Becase
aetdats \ary aatss ui'ts and along time, estimatian of the parametars is impassible withaut
impasing resstricias. H onever;, insteed of aastraining the aetdats 1o be the same aaGss
units, e assume that they are random and a priar distribution an A;; € ) is inbroduad.- W e
deoompce the parameter vector into tho campaaits, ae vwhidh is unitsped ¢ ad the other
whidhis time sped c. W e spedfy a° exible priaran these two ampaaits whidh passimaiasly
Ees into acoount passiblke interdgpadandes in the atss sectian ad albns Tor time \variatias
in the evolLition of the paranetars oertime. T he priarshares features with those ofl indly and
Smith (972),D an, | itlermanand Sims ( 984)andH siaoetal- ( 998))aditissped edtohaea
hierardhical structure, which alllons fonarias degress ofigaance in the ressarder's infamatian
abaut the paranetass.-

B esides impartant cosidaratias ancaming the sped catian of the macel, B ajesian VA Rs
are knonn produce betier farecssts then unrestricied VA R and, in many situetias, A RIN A ar
structural madek Canoa ( 995) Tor releraas).- B y alloning intexdgpendandes and sane dagree
ofinformatian pooingaacss uni's We intriaduce an additiaal bvel o exdbi itywhidh may improe
the Toracssting abi ity ofthese madeks -

W e anallyze several spedal cess oF aursped catian and aompute B ayesian estimatars for the
individual ccetdats ad for their mean valles oer the atss sectian.- 1N same Geess aalvtical
Tomuks Tor the posteriar mean are avd bk uaing standadd Tomules - W henever the parametars
of the priar are unknonn, we enplby the predictive dasity of the madel o estimate them ad
plgin aurestimates in the relbvatt fomules in an anpincal B ayes eshian.

INnthe Geee oFfUlly Herarxdicalpriars, all arkovChainll ante Carbometihad (thet ibls sampler)
is anplbyad toAlube pasteriardistributians - S udh an gopraedh is partiaubarly uselullin cursetLp
sineiteplt the rmausie Eatures of the pasteriardistributian W e provide reaursive Tamules
Tormultistep, muliunit forecssts, asisEaTtwith the informatian ad Ebke ateedh pdntin ime
using the pcsteriaorofthe parameters arthe predictive darsity of fiuture dosenatias - T hepredictive
dansity of fitire doservatian is albo used 1o aompute tuming pantprdocbi Fties -

T oillLstrate the Tarecssting abi ity of the prgpasad gopraadh, we goply the methoadolayy o the
prdolem ofprediding autput gonth, of farecesting tuming pdnts in autputgronth and computing
the prdoabiity of a recsssian in the 6 -7 wsing three \ariabless @utput gonth, real stok retunms
and real maey gonth) Toreech caury in the parnel- T o evalate the perfaomance of the madel
we abo provide a Torecasting amparison with ather sped  Gatias sugpssted in the erature W e
shovtatawrpael VA R gopraadh improes oer existing univariate and simpEe BVA R madek
when we messure the Taracssting perfomance tsing te Thd U ad trelll A D aiteria, both at
te ae step ad at the Tour steps hadzas. T he improematts are of the ader of 510% with
teThal ad abaut24% with thell A D T he faecssting performance of aur sped Gatian is
abosliditly better then teaedfaB VA R madelwvhidh medenically extends thel itleyman priar
10 the parel eee- In tams of tuming pdnt predictias, the tho vasias of aur panel goproadh
are bk 1o reagize abaut 80 % of twming pdnts in the sampke ad they tum aut o be the
best Tor this tesk, alog with  ellher’s gpriar shrinkege gopraadh- T he simple extensian of the
L itierman's priarto the panel eee does poarly alog this dmasian and, anag alll the procadures
anplyad, is the secod wast. Finally, we show that the prgpcsed methad is aompetitive with
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the best sped catias in pradicting the pesk in U S econamic activity coauned in 1990 3 vwhen
wsing the infomation ada Ebkin1 988 4, a peskkwhidh wes missed by marny of e conmerdal and
goammant faecssting procedurss .. D gpending an the sped catian, aur gppraadh ncs 20 -55%
prdocbi ity of a donnvward wm at that date.

T he rest of the pgperis agmized as Tdllons - T he next section gves the ganeral madel sped-
~ cation and the asssumptias we make. Sectian 3 provdss the gaaeralities of B ayesian estimatian
ofthe madel. Sectian 4 spaed s the prior and disasssss the amputatiaal issues involhed - Sec-
ton 5 desaibes Tormules Tormuli-step, muli-units Torecssting- Sectian 6 aatains the Torecssting
goplicatian wapaelVi R model forthet -7-Sectian 7 aondludes.

2 The general specification

T he statistical reduaad form model we use is ofthe form:

X
Yit = titlyjt—l + divi + Uy O

j=11=1

wherei =1;z5N s t=1;:5T syi isaG{ dmersicalvedorforeechi, b, , axeG £6 matrices, d;
isG £qV; isagE! vedtorofexagmas \aisblss aanman o all units and U, is aG { dmearsiaal
vectorof random disturbanass .H exep is the numberof gk, G the numberofendogaas \ariebles
and g the number ofFexagenas \variablkes -

T he gernerality of () ames fran at ksst o features .. First, the coetdants ae albned o
\ary both aatss unis and aatss time- Seaad, there are interdependandes anag units, sinee
H,, 60 Torj 6 i ad foray L. B ath fatures aorstitute the main di®arence with the Ierature
(I’ollz—Eekin atal. (988),R eouad (998)) thataasiders panelVA R modek. Itis essy O \erify
tatifwesstd,v, =a; by =h 8i; uy =AF + » 4, =0; J6i; 8Lawrsped ction
albpsss 1o the ae usad by H ditz-Eakin etal- (988).

W erenmite ( )inastaded regressan mamer

Y, =W, + U, @
= ’/
wherell ;= he—X [3X = Y, 13V 0:88 s v 2 =Chsity yad y = (s §)e
Herey, G< DisaN G{dmasiaalvector, {, are Kdmasiaal vedors, wth k=N Gp+ q,
antaning, stad«ed, the g rons of the coetdattmatricss b, and d;, wnieY; adU, areN G £1
matrices antaining the endoganaus vaiablkes and the randaomn disturbanass of the madel.-
Ifthe’;; are d®yatireadh aoy sectiaal unitin diRaratttime periads, there is nownay
dotain meeninglul estimates of tham - 0 ne passibi ity is 1O view eech coetsdantvector ss randan
with ag\ven prdocbi ity distribution W e make the Tolloning assumptians:

| _Fareadhi, teG k£ vedr’ ;; hes atime inariantand a time varying aampaatt, thatis

S =0+ g (€))
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2. Fareadhi, theG k£ veotoroftime inariant compaents @; ollonas a namal distributian

® »>N @&t ;) @

whereR;, = &k —E;,t ;, =V —E,-1E;,adtheG £G matnixV adtekEkmatix-, ae
synmmetricand pasitive de nite_H erek ; is akEkmatrix thatcommutes the kaoetdeants of
uniti Taoreedh ofthe G eguatias with thaseofunitae. W eaboassume thatay @50 ;)=10
Tri6j.
3. T he meen\vectr@-is canman o all uni's ad is assumead 1 have a namal distributian
>N ;=) ©

4 . Fareadh i we wite the vacttr of the time \arying compaets s . = R, Where _; is
indgpendattof®; forawyi.-TheGkE!L vedtr |, evoles accading 1o

=B .11t e; ()]

whereB =% ok, ad, adtcalal; axdW ;,g >N ¢;8)wWwth8q& =V —-5,ad-,
is apaitive de nite, synmetricmatrix.-T heinfialcdiianissudhthak, o >N Tp;-0 -

5. Caditiaal W ;, the vector of random distunbanass U ; hes anamal distributiaon

Uy >»>N €:8.): Q)

Weassumethatg, = 8—H;wae 8isaN £N matixaxdH isaG £G matrix, both
pcsitive de nite and synmetric.

6 iven the pravias asssumptias, the structre of the madel () an be summarized with the
olloning & priori hierardhical sdeme

Ye 3 Fe®5.i»N @ ®+14,458,)

® j Ft))N 6N®‘;¢ )

@ JFoeN @D

.t J Fi>»>N :\t|t—1;i\t|t—1 e

whaereF ; is theinfamation setatt Whidh indudss Y, the presampke infomatian, andW ;); Sy =
ev —Ri31¢=WSy3t =dag€ 1350w osi1 =B 21137yt =B S, 1B+ &, ey
is avedtor of aes ofFdmasion N ad the notatian gt § | indicaies vales at t predicied with
infomatianattj! -

A ssumptias | 4 deaompae the paameters \vectir in 2 aampaais: aeis unitsped cad
arstant oer time; the otheris amman aatss uni's but\aries with time. T he prior passibi ity
fotimg variatian inaessss the ° exibi ity ofthe sped catian and provdss ageneral mednanism o
account or structiural shifts withauteplid tly madeling the sauree ofthe shift. T he et that the
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timdg varying parameter vector is aamman aacss units doss not prevattuni€ sped ¢ stuctural
shifts, Sine° ;; Gan be e yvwiten a8

Ca=C 1+ Wyt 6 ®

whare unitsped c\aratias of time aoour through the comman coetdant::

A ssumptias 2 ad 3 can be Lsad 1o rmover the vedor® aor the meen ccetdattvectar @ In
this sarse, we can distinguish betnean " >a&d " ad * Yandam' * eRects, olloning the termindlogy of
L indlieyand Smith ( 972)-B y >ed eRcts e meen the estimatian of the vectar® ;; , whi e the tarm
random eRects reers o theestimatian of % = @+, - Foreampkg, intheaotiextofaVi R withaut
interdependades, (e- b, =10 ; j 6 i), we may be mare interested in the reltiaships anag
the \axicbles oﬂhe%sle“n Tora” tpical "unit, in whidh eee interesst aatass in the estimatian of
the randon eRect ™ - I insteed, we are interested in the ieltiaships aacss units, Tareamplke,
wishingto nd the eBsct ofFashadk in the g \variabe ofunit j an the \ariebles of uniti'; we better
sstimate’ ;; Toreadh unitii - N the aantextofforecssting, we maybe aoncamed with pdntpredictian
wsing the aerage cetdatvector?: arin predicting future \alLes of the \ariabkes ofinterestusing
infomatian avel Bbe Toreech unit.

T he assumad Krader struciure or the \ariancd cariance matricss is anveniat to nest
interesting hypothesis - Farinstance, when - ; =10, there is no heteragaaty in the atss sectiaal
dmasian ofthe parel. ITB = &, aetdaits evohe oertime as a randon wak, whi e when
B = & ad-, =0, themaodel reducss toastandardd dynemic panel madel with notime variatian
in the cetdattvector. Finally, whenV =( naither heterogana ty narime \ariation are presait
in the madel.

T he prior sped catian is fully synmetric in the sase that it is the same regadiess of the
\aticbles and of the units we are aasidaring- 1N same gpplicatias whare it is interesting o
axsidersame priar ssymmetries, this restrictian may notbe nesded. In thatasewesetE; = by
sottatR ; = bk — k and @)baoomes® ;; =0; + _; whare®; >N @:¢ )ad the pria-distributias
or@-ad ,; ae thesame as belore.

A s anpared tostandad BVA R madek, we allov Tor same degree ofF aprian pooing of acss
sctigal infomatian via the exdangsebe prioran @ - T his may be impartant if theve are same
simi arties in the time saries daracieristics of the vedtar ohariebles aasiderad aacss ui'ts sinee
aetdats of other units may aatain uselul infomation Torestimating the coetdants ofthe unit
underaxsiceratian.A singieaounry VA R with >ed aoetdents is nested in aursped catian and
Gan be doteined by settingld, ; =0 ;8) 6 i;8lad Eding =;=;8 gozeo.

3 Posterior Estimates

3.1 Fixed effects model

6 iven priarinfomaticnan’®;, and assuming thatt 7, 1 and the coaiance matriass are knoan, we
Gan dotan the posteriordistribution of the parametervector by aambining the kellhood funcian
adticgal anf ; with the priardistribution for° ; in the utsual way. Haon @) the lkellhoad is

L @3 F)=N @@ ®+14,4;8)
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ad the priar;, gven infomatian at ot is

= -
PC:JF =N ~ 1; P «@)
= -
where®_ =Sy 1+ 0, adF =@n3Sy+ ¢ D+ SyLy Sk
Stadad calulatias gwe ws that te posteriar ¥:C ;. JF+; Y. ) is namal with meen °; ad
\arianae H; where:

= ~
o= WS B

* h/\—l I 1 -1

H = HI,+W /8 W, ad

Henae® [ is astandard wadted aerage of prior and sampke infomatian. W ithakhoan §, ad
starting fiam initial conditias *, and F, we can ako dotain posteriarmanants o’ , wsing the
olloning reaursive famules:

h i
x o= N+ FHW, W W+ 8, ) e a1

7AY

h _
H = A il W AW/ + 8, 1th't—l 2

H ere infomatian ebaut® ; and H; is vpdated in aKalman  Mershian-
INn same Gesss attartian may be aantered in dotaining pasteriordistributias of® ad |, sepa-
raely._ Itis stadhtiovad o shovtat:
A ! "A 1A 1#

® 3 SNl - . A11 A12 -

>N T h
Yi ¥ Lo T4 Th A21 Age

whereA;; = Gn3Sh + ¢ DsAn =ApW [ 5Ay =W A s A0 =W AW [+ 2 ti\t|t—lz i+ 8-

U sing the properties ofmulihvariate nomal disributias, thecoditicalmargnal’ @ JF 5 Y¢)
is namalwthmeen®* =S 1+ A12A2_21 Yy §l: T+ /s\t|t—1 a’d\aTa’teVa* =A11 iA12A2_21A21 -

R epeating the same algumat e dotain that thegonditiaal nargal i (¢ §Y¢; F¢)is no=
mal with meen ,; = :\t|t—1 + L\t|t—lz Ag Yo ily 1+ /:t|t—1 and \ariance -; = i\t|t—1 i
Dl 1A 541tk s wsual, the meen of the posterior distributian is Lsed as apdntestimate
Tor the paraneter vectorwhi e the \ariance provides amessure of dispersian.

Forthe famules tobe gparaticalwe nesd attimet=1 asped cationforg, ad forthe priar
distributias of® ad ,;, whidch in twm requirss e sped Gation oftte matriassB , 8,0 , &, -
adoftevectas* ad 7 W ewll retum an this issue in the nextsectian.-

3.2 Random effects model
W hen intarest aariters an the estimatian of the meen vector =@+ _;, We rewite the madel as

Y, =1,%+ ", 3
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V\}Heo“lt':@"" t aﬂ't =W+ W,v.

T he posterior distributias of @-ad ,; can be dotained by acombining the prias ad the re-
spective lkelihoods - T he sum of the posteriarmears of-ad | ; then gves s apdntestimate of
the meen ccetdattvedorateadh t.

Standard manipulatias g\e s that the pasteria; @-§Y;; F )>N @& ;&))ad thepoteriar
Qe 3Yes FeI»N Cis-Pwhere

h 3 A - ih 3 A “i
=1 331y B4 =y Lt B+ W W/ Ye aile T+ 4 (1))
h 3 A - i_
=G By LWL W, & (1))

whk teeqresias for, 7 ad - ae thesame as befare_ T his implies that the posteriarYs, Cr J
Ye; FeO>»>N @& ;H Dwhere

3 - 3 - h 3 - i
o — 14 N ay b / ay N / e
;= +>t|t—13+ vy Ly Ly B oy Lt B Wt Wy

i
N

EYile T+ 4 (@)

3 - 3 - h 3 - i
x — ag D - ay h / ayg N / T
H = o T Ty Dy le S =y g Lyt Bt Wt Wy

N
aau
£y 2+ -y an

4 Setting up the priors

Farthe Taomules desaibad in the praviass sectiaon 1o be qperatianal, we need 1o sped iy the vector
3 = (@:70-0:8.:8:B ;3¢ ). The results of ssctian 3 were dotained undar the assumptian
that this vector of paramnetars wes knoan. 1N practice, this is hardly the cese: 1o gt pasteriar
distributias for the paametars we nesd 1O make assumptias an the 3 vactor ad 1 dotain
margnal posterias wWe nead 1o integrate nuisanae parametars aut of the jdnt pasteriar dasity/-
T his integratian, in genexal, is dizault, even with brute faree numerical methods, gven the lvoe
rumber of paramnetars spically antained in 3.

T hare are sevaral nways 1o proosad - 0 neis o assume adi®use priaran same of the aampaats
of the paraneter vecotar, vhi e still assuming that others are knoan. A notther is o spedfy a
L itlerman-type priorwhere the unknonn elements of? depend anasmallivectorafthyperparanetars
10 be estimaied fran the data in Empinaal B ayes shian- T he third is 1o assume eplidt priar
distributias for the paaneter vector ad proead directly 1o te rumarical integratian Lsing
Il arkov Chairsdl atte Carfometihods -\ e eamine these gppraedes in twim.

4.1 Diffuse Priors

Impasingd®se priass is interestingin auratextss avnsy todesaibe theigaance ofaresearder
an sane agpects of the priardistributian - 1'tis well knoan Gaz1 ellner (97 ) thata jantd®se
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priarforall the elameants o3 keck 1o postariars Whidh arntain the sample infomatian summarized
in a best sguare Bshion. A ko, as shonn by Kadiyalha and Karksan ( 997), sudh prior producss
posteriar dependenae amag the aetdaits of d@attequalias, i - the jdnt posteriar for the
N 6 k£l vectarof aoetdants doss notfectorinto the praduct of the pcstarior for the kaoetdats
ofeech of el ¢ egualias.- H%mmﬂammummmqoeaalcasescfl ae
whare there is noinformatian an the locatian ofthe meaen ofthe unitsped ceRxct ‘a1l =) " ad
aewhere there is noinformatian an the time \asying comperaitof the ccetdats atherattime
zero -,! =0 orataparticulrpdritin ime i\ﬁ%_lzo _A M other campanants of the vector
of paraneters are assumed 1o be knonn.

411 Ceeel :lgoance sbaut@

W hen the priardistribution of the secod stece of the hierardy is proparicnal b a aastat, the
posteriardistribution diengss acoading to the Talloning prapasitian:

P ropasition4 1 6 iven ke prior @), if® ! =0 ; andiiocalan Y, andF ;,

O T he posteriardistributian %3 @-§Y ¢ ; F ;) is nomal with meen &* and variancee = where

i3 -

h
@RE* Za**zé Zti\”t_lz £+ §u+ W t¢ Wt/ Yt iZ t:\t|t—1
h A i
Sl =1 1=yl (Bt Wt W/, 1,

() T he passteriardistributian ¥, @ JY:; F :)is nomal with mean @** and \arianaeV * where
3 - 3 -
-1
TEVIW, Bt Letygaal Ve il daui
= =
Vet =w §u+zti\t|t—lzé W+ F a
i ¢
WithF =¢ 1 j¢ ~1Sy 's4¢ ~1sy 'S/ L.
(i) T he pssteriardistribution of _ ; is equal O the priar; i e,
Yo Ce Ve X D=pCe JX -

( he praofofall propasitias is in the gopandix)-

I atice that the d®use priar an @ does not allow 1o update the priorinfomatian we hae an
.t - In g in this Gee, the posteriar distributiaon of ° ;. dees notdgpend an tepriaorfor ;- TO
saaﬂisrolemwma‘l =0;vwehaethatF, Sy +£i\t|t 1 SN+¢ =F -1 endusrg
¢
the Bt that A} 4 = F SN b3 Copveraer =% cusw, " sy, S ad
H = F + W ’§M1Wt V\herenopncrlnbmallcncnét is ilolhed -
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412 Ceee2:lgxaxe cbaut

T hare are w0 Smpke was of attadiing a di®use prior o the time \arying ampaatit of the
aetdattvectar. 0 repcmbllylsmmobrbd(oﬁnbmanm attimezero 1 =0).W hen
the priardistribution Tor _  is prgpartical tbaarstatt, gven the autoregessive strucluref)g ts
and prodidad?: < |, the process tencs " 'oget " the inftial codiian.- In otherwards, subseouent
realizatias of | ; make kss ad ks unoartain wrirtbmalicncniteiime\ayrgconpcrentof
the coerdants so that- ;! =0 doss notimply £ t|t , =0 atall pdrtts in ime ad, for bxge
eouchT, ﬂepcslerrcrfr@ ad _; is e ae presatied in sectian 3 -

A nolherpcmblhyls 'ID%IZ§€1 = -T0|mplsme1t1hs dCR?usepncr weassumne -, =10.
Notlceit1al:—t|t =B %, 11-1B'+ & -Theetxeifg ! =0, t|t ; =0 -Inthis eeeitis passible
1o proe the olloning result

P rgpasitian 4 2 ¢ iven e prior @), if§ ! =0 ; ten
O T he posteriardistribution of @-is equal to the priar; i e,
Vi3 @3V X =P @EIX 1)

(I)Thepcslencrdstnbutlcn%l@ Y Ft)IS rumalwﬁmeen@** and\arianceV J* where
¢ i
O™ = V. w’s Yt ENTRE ISyt + 6 lsyt g

VIl = W T+ SsyEsy e
adT =51 is5'7, 151,55

@) T he pasteriardistributian %2 € ; JY+; F :)is namalwith meen _;* and vexiance - ;* whare
*ok **n /£ i / ¢ / 2y N
.t — Tt ZtWtSNE"S]\]"'(t Wt+§u qtiztl)

Kk — £ i ¢ 2
Sl =1W, SIS+ W[+ 8, 1

The assumptian §! =0 implies tet’ t|t , =0, acall pants in ime. T his implicatian is
unressaebke ar; at ksst, edasssively mypic, becalese it prevaits researders 1o Ieamfrcm past
realizatias of _ ; a’diobemunsrlanmltmea’lasﬁmesgﬁsbyTrea&unpum t|t . =0
&N be mae realst[c ifwe atiach this in nite uneErtainty o the cetdatts aly ata patiaubr
pdntin time (3 say, t=1,), perthgps 10 tEke care of a structiural bregk, afterwvhidh the process
rsstarts and behaves ss itdid before the bregkk.

Itis warth noting thatin both cess 1 ad 2, the pasteriarmean ad \varianee Tor° ;. are the
same a6 thase dotained when anlly priarinfamatian an® is used - T his is notsurprisingifnwewite
@) as athwee stege Herardy

Ye 3 Fei%e>»N @ %438
*t 3 Fes @5 >»N [EN@"" .t ] ;
@G+ D) FFu e »N 2+ 0 =8
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Assuming® ! =0 ar§&! =10 is equivala Tt o assume a d®se prior an the third stege of the
hierardy.

4.2 Litterman-type prior

I ext, we madify the socalEd Il innesota priar 1o acoount for the presence of multipke units in
teVA R _T hell innesotapriar;, desaibed inl itterman (986), D cen, L itterman and Sims ( 984),
Ingam and W hiteman (995), B allBbrica, et al.- ( 998) anag aothers is awvway to acoountorthe
near N statiaanity of marny maaoscaamic time series and, at the same time, toweskly reduce
te dmasiaality ofaVi R madel- ¢ iven that the intertamparal dgpendace of the \variabks is
beleved tObe strag, e priarmean oftheVA R acoetdatts anthe stonn Bgis seteqaltoae
and the meen of ramaining ccetdants is equal tozero. T he cariancee matrix of the coetdats is
dagral Gove lhaepriar] ad posterior| indgpendace betinean equatias) and the elaments
are spad a in avway tat cetdaits ofF hidherader bgs are likely 1o be dose 1o zaro (the priar
\arfiance daaessss When the g Bgth inaessss). 1|l aeower; since mast of the \variatias in the
VA R variablkes is acoounted Tarby onn bgs, aoetdats ohvariabes otherthen the dgpadantae
are assigaed asmalker reltive \vaexriance- T he priar an the aostant tam, other deterministic and
eagaas \aiabks is di®use. Finally, the \ariance-coariance matrix of the enrartaam is assumed
tobe >adad knoan.

Forapael VA R setip we introduce the olloning mad catias- T he covaiancgd matricss
-3¢ arsssumad haethesaneapron stucture. T ae, Toreampke,t =dag€ ;53¢ ),
wheet , =V —E;-1E; -

T hematrix - ; is assumed 1o be diagral ad its eemants hae the lloning structure:

9 Alvll ug(givjs) 1
— o - — ] =mm-- Tee — ] =mmm- _ ===
Yigijs = —n _3/43'5 gjJ=1;:5G6 ijs=1l;:5N I=1p

1o

wheret @;j;)=0 ifi=sad! abhawnisead
%2, =QaY  m=l;zuq

H ere, g represats equatiangofunitd, j, theendogpas \ariebke j ofunits, Ithe g, m exoganas
or deterministic \arisbles -

T he hypaparameter |, aorok the tigtness ofbeliek Tor the \vectar @ |, the rate atwhidn
te priar\aiance daays with te Bg; |13 the degree of uncertainty or the aetdats of the
\aticbks of uit s in the eguatias of uniti; | the degree of uncertainty of the cetdants of
the exaganas \aiebks ad %, are the diagaal elbematts of the malrix §, used &6 scalke fectars
1O acoount for d®srencss in uni's oFmessurematc A bo, assume et/ = H Gee equatian (7))-
I otice that we dnt hae priar indgpadaxe betinean eguatians- H ence aur priar infamatian
soaed es that, Tor eanpk, e accetdaitan gl of et | P egquation or the US may hae
sane reltiaship with the same aetdaitin thePR ICE eguatian TorU S N asower;, we have not
sped ed ahypaparaneterwhidh aotrak the overall tigtness ofbeliek because the randamness of
the cetdatts dpends an®; ad | ; andwe parametrize the uncartainty in eedh ofthem separatiely-
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Finally, there is no distinctiaon betinean onn versus otheraountries \ariebles . B ecause ofthisV and
-1 are anma o all units and the priarhes asymmetric structure Gee Sims and 2 ha (998)).

T hestructurss Tor = ad - , aesimibrwith 1, bang replbaed by s and |y ), , respectively.

Toampkte the spad ¢ caﬂmmermdiokaeameewreﬁeebnmls of the matrix H and of
te ¥ 5. Falloningl itterman, these parametars are estimated from the data to twne up the priar
o the spad cgoplication.

T he priartimd \arying featuires of the madel are detexminad by spedfing te matriassB , & -
W esssumettatB is dagmaland thateedh of the kEk diagaalblodsB  satis eszB , = diag s )-
Furtharmare, weassume & = |-, -H ere |, aatroks the evollition of the wvofFmatian of | ; and
ls the hetaraskecsstidty in the cetdats .\ atethatatimd inariantmadelis dotained by setiing
s =1 and s =0 -H ancsdhedestic time \ariatias are dotained by setting s =0 -

Finally, we assume et te KE1 vectors 1, ad ;,, have the Tolloaing structures:

2 3 2 3
0

wherel; ad 7, arethe gt elemats oftte meenvectars * and 7, and p; aontrok the priarmeen
a e stonn g aetdattofthe dgpadattvaniabE in equation g foruniti -

Summing up, aurpriorinfomatian is a functian afa9{ dmensiaal vector of hyperparametars
£ = Qo Hia e sHs sl s sHs sy )- Estimates oF£ can be dotained by maxdmizing the predictive
dasity of the madel s in D aan, L itterman ad Sims (984). P osteriar distributias for the
parameters are then dotained by pluggngin the resulting estimates Tort;7,;-,:8,:8.;8 ;3¢
in the fomules we have derived in sactian 3 in an empiricl B ayes teshian Geeeg-B erger (985))-

Canpared with B alBbriga et al. (998), who used all innesota priaran aparnel VA R madel
for the Spanish, 6 eman and Faxd ecoamies, aur sped catian allons or unit sped € time
\arfatias in the variance of the praess (s 6 0); it separatss the priarinfamatian for the time
and the individual ampanent (they haae ae paraneter in plbaae of iy, 5 s s ) and introducss
a further bel of uncartainty by speafing a priar o @ Furthermare, aur priar sped Gatian
is synmetric ad it allons Tor apriai pooling of the infkamatian presant in the atss sadtiaal
dmasian ofthe parel .l ae ofthese featunss is presaitin tharsped cGatian.

4.3 Informative priors

W hen the priar Tor the vactor of parametess is infomative, the posteriar distributian Tor the
parameter \vector doss not have an analiytial dosad fom - | evartteless, we an impeEmait a
hierardhical B ayes analysis using asampling basad gppraadh, sudh as the 6 ibls sampker, Gee eg-
6 eananandt eman (984),6 ellend and Smith (990 ), 6 elfend and al- (990 ) amang others).-

T he basicidea of the gpproadh is 1O aastructa (@mputebk)ll arkov dan ah agreral state
space sudh that the Emitting distributian of the dain is the jdntpcsteriar ofinterest. Suppcse we
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hae apaanetervector# wWith kampaatts & ;% ; :#: ) ad that the posteriardistributias
Y @; J#s; s 6 Jaread Ebk.T henthealgxittm works as TOllons .\ estarthiran arbitrary \ales
fr#ﬁg) ;gif ;:::;#5:) - Setting i = 1 ; we.gyck thraugh the coditicnal distributias sampling #(1’1)
fion % # JH7 A ) fion v A ;oA w oA fian vo# g sl
I ext,weseti =2 and ripeatettre e ) fleriteratinganthiso/de, say,ll  times, thesamplevalle
#HM) = HM M) M) o be regarded ss a draning fiom the iue jdint posterior dersity.
0 nce this simulated sample hes been dotainad, any pasteriar manert of interest arany magnal
dansity can be estimated, using the ergadic thearam - Cavargence 1o the desired distributian ean
be dhed<ed a5 sugpssted in6 elfand and Smith (990 ).

Inadertogoply thet ibls ssmplertoaurparnel VA R madelwe need to sped fy priarinfama-
tion so that the coditiaal posteriar distribution Tor ampanats of the parametarvedtor can be
dotained analytically - R ecall that aur hierardhical madel is gven by:

Y, = Wt®+Zt,t+ U 5
®;, = Sy@&+ *;

= 1+v

.t = B.iate

whereuy, » N (:8—H); " » N Q;V —E;-E; ;v >NCFD., »N €V —-2) 8 >»
N @;V —"-2Dad’ is te tigitness an time \aiatian: if” =0 addB = Ithen | is imein-
\arant. | e assume that the coariance matricss are indgpendat, tatV ; &, 7, ad 1 ae knoan
ad that 8 >> il N(/AO;M 0), H > W G@;Pg); -1 >> iw k@vl;W 1), ad—g >> W k@\Q;W 2),
where the notatian © > i , ;7 ) mears that the synmetric pcsitive de nite matrix © ollons
ap{dmasicalinarted ! ishart distribution with v degress of freadom and scake matyixZ W e
akbo assume that Tor eech of these distributias the degress of fireedom and the sake matnix are
knoan T hese assumptias are incasecuattial and the analysis goes throuch, eslenvwhen aasistait
estimates are sustituted forthe true anes.

6 iven this priarinfomatian, the passteriar dasity of the parametenvector # = @ ;8;H;85- ¢,
T..9_, ;-2)is gvenby

WENTFr ) T 3 Fr o @EIF ) (1))

whareY,r = (1;:5Yr)is thesampke dataad p & JF ) is the priarinfomation aa Bbke at T -

6 iven the dzxallty t© dotain magral paterias drectly fran the integratian of (9), we
iterate an the aoditical distributias of the paranetars, whidh can essi ly be dotained from the
adtical pastEeriar (9)- T o deal with the presance of time varying parametars we adgpt the
resulls ofCarterand Khan ((994)and Chib and 6 rEHbergqg%)-lnbcl;ccrdﬁdalmﬁtgtT:O,
the distribution of the remaining parameters Gan be darived withaut diz=aulty. L etA_, be the
veotor# aotaining all the parametars but <. T hen the anditiaal distributias Tor parameters
otherthen T, ;g are:

= -

-1 J A QY Fr>»>iW g, wi+ NGy
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3

-9 J A o YriFr>>iW Wt TGy

8 j A_E;YT;FT»in;A” GT3I", QD
H j A_H;YT;FT»iw3G h +NT;F,

® JA_,;Yr;Fr >N 3®;\7a _

@ A o YriFr>»>N 0%

wvhere the eressias ol 1 W o5 17,5 P ®; V3 @*; V* are gven in the gppedix.
Follbning Chib (996) the parametervectar , ; can be indluded in the 6 iblbs samplervia the

WCr JYr: FrAr)EY Croy Y1 Frhr 1. r)EGEYL Co §Y7: FriAoniinr) @)
A drawframghe jJantdstiibution can be doteined by draning 77 fram % Cr jY7; F A0 )z then

s - T .T hedasity ofthe typical term in @1 )is
= -
AN \ OO Ve
o 2
/ %3,tht; FossAe % Qo BYes FosAns LORQ M 3Y5 Fos Les o)
/Y BV FGA 1/4(,t+1th;At—1; .t) @2

T he st rov Dllons fian the ot that, aaditical an | ; the jdntdasity of ¢ 1715, 1 1)is
indgpadantof , ; ad, cadtaalan ., ;11 is indgpendaitofY, -

T he seaod dasity of 22) in( assian with manais %,; ad &5 The stwss darived in
secian 3, and itis 6 assianwithmeen 7, = Zyp 1 + Syl (A Yo i1 il ad
\aimi\t|t = L\td;t—l i L\t|t—lz' AT ti\t|t—1 - Heaxel l,thT; Feshe B0 >N (i D where
ot =2t|t+ e I i1/2/,\t|t 35 =£t|t il =gl [ andil t:1/22i\t|ti\t_+11|t-

T o be aaete the Talloning algaxitm Gan be usad tosampk T, :g: 1St starting fram gven
inftial coditias, we N the Kalman ~ler 1o reaursively cget 7, -and 2, ; then we simulbate T
fion a namal with meen ~rr.and\ariane £ rr 3 Trog flom N fT_]s;i\T_l , and so an urtil
To issimubied fron N 7,;%, where, freech €, =+ %l D i¥ly, ad S, =
i\t|t il ti\t+1|,tM ‘-

0 ne spedal Gase of the setup desaibed in this subsedtian deserve same attentian - Suppcse
infomative prias an all the parameters exapttatant , whose priaris novdi®ee, so that the
priarforg, is d®use as Well. T hen the setup resambles thell amald i®ee priorof Kadiyala and
Karkso (997)and implies thatposteriardgpendance amag the ccetdants of d@xattequatias
dotairs even When there is priarindgpadae. H ence, the majar d®aranae of aur priorwith the
sped catian weed by these authars is thatwe Lese a thiree stage hierardhy, so that both the mean
ad theariance of° ; are randam \aiebkes, vhi ke they take the meen ad the \ariana=z of° ; tobe
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>&d. | oie abo ttataur sped catian doss not rsstrict 8§, 1o be diagaal ad therefore pemits
amplicaied interactias anag \ariables within and aass aountries .-

Rrally, itis wath matiaiing that in all the setups we have aasidared in this sectian, aur
priarsped cation mantairs a knaonder structure for the statistical model. Sudh asped catian
is uselul sinee, an ae hand, italbns to handie the amputatias Tor reatively lrge systems ina
simpke fshian and, an the other;, impasss synmetry resstrictias Whidh gppear tobe desirdbke inan
unisstriciedVA R system ofthe peeamined hare. Clarly these isstrictias may beingpprcpriate
forstuctual arresstricied VA R systams and altermative sped catians, along the nes ofSims and
I ha (998), shauld be used.-

5 Forecasting

0 ne posEriar estimates are dotained, Torecssts can be aamputed - 1N ader o dotain multistep
Torecsting famulks Toraparel VA R and o aompute twiming pants prdosbi kties, itis aanveniait
wrewite ()inaampanianVi R ( )Tam

X
Yit = B/Yji—1+ Duz+ Uy @3)
j=1

whereY;; adU; aeGp£l was, B ft isaGpL£Gp matrixad Dy, isaGpL£gmatrix.
Staddingfori, ad repeatedly substituting we have

w17 Ml ot Ml ot
Yt = B t—r Yt—h + B t—r Dt—szt—s + B t—r Ut—s Q4)
r=0 s=0 r=0 s=0 r=0
or " #
hy1 K1 K1
Ve =J Bitr Yepnt ©uDy sz s+ Ok @5
r=0 s=0 s=0

whare @, = Qi;éBt_r,a’sz h —3,3 =[k (Jad Jis assbdtion marix such that
Fi=y,V;=u adIT; =U;-Theegresian in €5)cn be usad t© aampute the H steps
aheed TorecsstoftreN G{ dmasiaal vectr Y, -

First we aaompute & pant " forecsst ary,. ., - T he Taecst functian is gven by

Al ok

ye =3 Bith—r Yt O+ hDith—sZith—s @6)
r=0 s=0

or, reausively
Vi@D=TFB 1Y  Qild+r Dippzyy

ad D, ad the mean of the predictive dasity Torz., ;, , caadiiaal an the infkomatian at ime
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t. Estimates Torthe pasteriarmean of the coetdants can be dotainad fram the reaursive formulkes
o ; @d, assguaitdy, I ° ) wsing epressias ke @) arby draning fran distributias ke
Q@)Dad Q1) ina reausive Eshian. Call this estimates B, ,; and D, ; - T he Trecsstenoris
Yern i ED=" 120 @ plyn s+ [vi @i ¥ (D} To messure the Torecssting perfamance it
is uselul o anpute ttell een Sgquare Enar  SE) artell een A bsolute Enar ( A D ) of the
sstimated forecesstvwhidch are gven by

hel
I SE @ @) = © 118, + Il SEy: @iy @
s=0
el
I AD @ @) = Miins3t 1 AD[y: @i 9: DI
0

sS=

The sttam an theRH S of eech equatian Gan be dotained Wsing posterior meen estimates of
B 11 andofU,, conditical an the infomatian at ime t, while Tor the ssaod term an gpoprox-
imatian can be aomputed alog the lines of L utkgpdhl (991 , p86{ 89). Clarly, ifa rescarderis
interested in pdntforecssts Lsing the aerage \alle of the parametars, then the previas fomulkes
apply ising o, ,, and D, ), the posteriars derived in sectian 3 2.

INn many situatias, itmaybemaeepwlrgioampule "aeregE " Tarecssts N step aheed
wsing the predcive dasity T (vin JF D= T Copn IF DD ESF OWare T (o JF 1 #)is the
aditicgal dasity ofthe Tutiire doservation vectorgven #, and p & JjF ;) is the posterior pdfof#
attimet.-T oampute foecssts TorY ;. ;, Wwe cansamplefran the predictive dasity rumerically For

exchi=1;:13 wedaw#?) fion the posterior distribution and simulate the vectorY ), fiam

(@]
tedasity ¥ Y, ., gF#Y . Yt(fr)h(?1 arstitutes a sample, fram whidh we can compute the
necesssaaymamats. T ke\alecfﬂeﬂecatisﬂgﬁﬂeergﬂcahaaga?Hh sI -t P,f‘il Yt(j)h and
itmnaical\aiateca’;]beeslimaleoilhw'rgvar Y“tlfh =l 1 Qo+ T lizsy Qs+QD
whereQ, =l ! sz‘\is—&-l YO i Pen Y i Vi .

' ote thatsince the aamputatian of the impulse respase Tunaion Torarthogoalized shads isa
simple codliary of the calautiaon offarecssts, the gopraach we provice hare to alubaie pdntand
aerage Taecssts an abo be usad 1O ampute impulke respasss - |n Bt gven the infamatian up
1o time t, anputing impuke respaese att+ his equinvalbat to calulating the d®yae betineamn
te caditicgal foecsst att+ h, gven thatatt+ | there hes been aae unitimpuke in aeofthe
orthagmal shodss, and the uncoditicnal Tarecsst;, | e-with thevalle oftte vector thatwaud hae
ocuned withautshods G2 Kap (992)Taran goplication tostructural VA R madek)-T hisidea
is epldtaed in a reentpgper by W aggoaerand Z ha (998). T he authars, utsing aversian of €5),
develp tho bayesian methods Toraomputing pradosbi ity distributias ofcoditical foecssts - T he
Estteam in @5) ripresats the dynamicimpactofstructural shodss whidh aRectiuture realizatias
ohariables thraugh the impulbe respase matrix ©; W ith aaditias araaxstrants impased an
this bstterm we can praduce what they call aonditianal orecssts -

INn ader o aonpute structural impule respasss and tha renmrar bancs we mustwork with a
stucura Vi R, eg- impose same risstricias an the atampaanecs aoetdattmatnix-A  priar
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¢ atarinfomative) can then be assigned 1o the nanzero elamertts ofthis matrix, as suggessted by
Sims and? ha (998).-T he extasian ofthe rgpproedh 1o parel date is honevernotstragitionnard
and we postpane this issue to Tuture worl<

Tuming pdnt predictias can abko be aomputed fram the pradictive dasity of futiire doserva-
tias Gein! eller; H agadll in (991))-1 etus de ne twming parts as Tollons:

De nition51 A donmvard wm oruniti attime t+ h+ | coous ifS;,;, e gonth e of
te ebrece \aricbke (Gpically, 6 N P)satis esTorallh S, 25 Sitin—1 < Siwn > Sitrnt1-AN
vovard um oruniti attime t+ h+ | aoours ifte gonth rake of e reerene \aricbke salis es
Sit+h—23 Sit+h—1> Sit+h < Sittntl -

Similarly, we de ne a na-donnvard tum and anarupnard tum:

D e niion5 2 A non-donrvardd um oruniti attime t+ h+ | coorsifS;,, sais es orallh
Sitah—23 Sitih—1 < Sisn = Sitrnt1 -A NarHupvnard wm foruniti atime t+ h+ | coours ifte
gonth ke of te iebrene aridbke salis €S ,-25 Sittn—1 > Siten - Sitehtl -

A houch there are other ce nitias in the terature Geeeg-L d‘H1 adll cae (991 Pthisis
themaostusaed aead itsu=aes Toraurpurpcses -L eeF(; , JF 1 )= Yyiin T n JF N 110 DE
temagnal prajicﬁ\,eogsﬂxfrttewebhs oﬁntl aﬂennla;aﬁrgﬂe remaining p \arizblkes
ad BtK G}, , §F D= 11 TG}, 1185, JF B2, 1:db§,, be the magnal predicive
dasity Tor the gonth rate of the reéleme\enable, whidhwe adertobe the 1stin tre kst in
uniti -

Taenowvthesimpkestease ofh =0 _T o ampute the prdosbi ity ofa tuming pantwe hae o
cabjlaleS}tJrl -6 iventhemargnal predictive dasity K |, the prdozbi ity ofFadonritum in uniti is

PDtZ_P r@zt+1< Sztﬁzt 25 zt 1< Szlt Ft) =

'K Szt+ljs 2 Szt 1 Sz‘lt;Ft dsz‘lt enD

— 00

and the prdoabi ity of an uptum is
Put —P r§zt+1 > SiBi 23Sk 1> SyF) =
K Szt+1 FSii 038k 138 OB @8

it

St

U sing a numerical sampke fian the predictive dasity satisking S, ,; S, ; < S}, wean
gopradmate these prdosbi ities using the frequandes of realizatias whidh are Ess then orgreater
ten S, - W ith asymmetric ks Tunctian, minimizatian of the expecied ks bads o predict the
ccumence ofwmingpdntatt+ | ifPp; > 05 arPyy > 05,

Farh&( the prdosbi ity of atuming padntcan be computed using the jJdntpredictive dasity
Torall Uture dosenatians, i e- in the ee ofFadonntum,

Poirn =P G jyipi < Szt+h > Siin-23Siin1 IF i) =
ZSilt Z . Z, 3

1 1 1 1
_— K Siiini1 < Sitpn> Sitpn-23Sitpn1 3Ft Bipn iy 1Biin s @
0 P
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6 iven the ada Bble panel dala structure we may abo be interested in aomputing the prdosbi ity
thatatumingpdntooaus jJarntlyform - N unis afparel. Foreample, wewaud ke toaompute
theprdocbility tatat & | therewill be a reasssian in Eurgpeen aauntries - L etK@,}Hb JFObete
Jantpredictive dasity of the reference varieble Tor the m units ofinterest. T hen the prdosbi ity
ofadontum is:

ZPDtZPZr6i1t+1< Sii=1;1umBj 9385 1< SiiFesd) =

st s, = -

Yrin RSy 3SE 038t < SEF, OBl il QD
— 00 — 00

6 An application

In this sectian we gpply the methodology to the prabEm offarecssting gronth rates and predicting
wming pdnts in the ¢ -7 coutries . Foreedh aauntry we aasider three natiaal variebkes ¢ N P,
real stok retums and real maney gronth) and avworld ae (the median real stodk restum in 0 ECD

auntries)wWhidh is assumed 1o be exaganos in eech equatian - H ence thare are 21 \ariabkes in the
parel VA R _T hese varieblkes are dhasan affler a raugh sped catiaon seardh over ebaut 1) \ariables
because they gopear 1o hawe the highestinsample pamise and multipke conelation with autput
gonth-A mag thevarieblkes we tried are the naomiral intexrest rate, the skpe ofthe term structure
ad irf ation. D ata is sampld gquarterly rom 19731 1©1993 4 ad aen fran Il F statistics -
Dalmafram 1973, 11988 4 is usad to estimate the parametars and data fron 1989, 119934
adlLate the Toressting perfomance and 1o predict tuming pants -

W e campare the Taecssting performance ofaurparel VA R sped  cGatias with those dotained
with othermadek suggssted in the erature. A s abaexdmakwe st run tno varsias ofa tri-
\aricbE VA R @) madel foreech cauntry ssparately. The  istaeis an unrsstricted (A R)-T he
saod aweskly risstricied VA R G VA R Dwharewe use astarndard L ittermanjpriorwith amean of
aete sty agada tigitness off 15, nodecay in the bBgs and avnwadgitol) 5 antre bBp
of athervariabes - Since these tho madek do noteplbtacss sadtiaal infamatian nar do they
allobw Tortime vaiatian, they éan be used as a baxdmark t messure the improsamats dotained
by sped catias which alllbw any of these tho atures in the madel.-

A o Tor anparisan, We run asingke ecuatian A R @) madel foré | P gonth Tor eedh single
auntry, augnented with o cs of real stodk retunrs, | g of real maney balbnass and ae g
ofthe median warld real stodk retum _ T his is the sped catiaon used by ¢ asda Feneretal (987),
. ellrerandi ag(989)ad! eller;H agandll in (991 )tofaecsstarual gonth rates ofautput
in18 cuntries.\V 1th the extaded sampke and the higher frequancy ofthe datlawvne hane ada bk,
we an m thar resuls Torall of the 6 -7 cauntries T his madel represants a rsstricted versian
of the previas unisstricted VA R where insignl caant s are purged from the sped catian- T he
Toracssting poner of this model is messured When parameters are ssimated With0L S QL S)ad
with the thiree shirinkege procedures: a Hdoe estimator R 1D 6 E), an estimator dotainad assuming
anedangebEepria-anthecetdaits @G int adaFeneretal. (8 7))DEXCH AN 6 B BL E)ad
an sstimator dotained using agprior @ in ellherandi axg (989)) ¢ PR 10 R ).T hetno atter
sstimatars attempt o improe upan 0L S by aambining the infkamatian aoming fran eech unit
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with the ae fram the podled sample- T hey d@erin the way they aombine individual and pooled
infomatian.- | otice that nae of these estimatars allons Tortime \ariatias in the coetdats.-

Finally, as a term of aamparisan, we tse avarsian ofttre parel VA R sped  catian suggessted by
B allbricaetal (998) @B VA R ).T hismadelsped catian does notuese theinformatian coming firan
the atss section - evary \aicbkeis treated in the samevway recardiess ofthe country vwhereis fram -
butallons Tortime variatias in the coetdants ofthe madel. T he model hes the same structiLire s
D aan, L itlerman and Sims (984) and assumes that the coetdattvector ; Torthe attire systam
hesan i R D)stucure oftefom ; =1, + v, whare u;, aditical an the iINfMmatian
ad BbE, is namal with meen zao ad variane §, - The matricss (, !l , ad §, dgpoad an
7 hyperparameters:  \e paraneters antoling the structure of §,, @ greral tigitness (), a
tidghtness an\ariablkes ofthe same country (13), a tigttness an the variablkess of othercountries [u),
agonetric g decay with parameter (1), and a tigtness an word \ariabes (5 )); a paraneter
desaibing the stucture ofll - {s); and a parameter aaroling the priarmeen an e st g of
o (r)-Tabk!l pats the gotimalvales selbcted by maxdmizing the inssample predictive dasity
of the madel with asmplex algorittim -

W eproduce faecssts from twoversias afaurparelVi R madel: aewthamad edll innesota-
priar A | B 1), ad aewth afully herardhial sped cation @A | B 2). In the famer; thenine
priar parameters are selbded 1 maxdmize the predictive dasity Lsing a simplex method- T heir
gotimalhalles are reparted inebke?2 _FarbothPB VA R andPA | B | forecssts areaomputed using
the posteriarmean ofthe acoetdents, afterwe have pluggedHn the estimattes of the priorparameters
intefomula. ForPA | B 2 postariarestimates of the aoet-dais are aamputed rumericallly using
I Gl C methodks and Taecssts are directly dotainad fram these estimates .-

In setting Up te parel VA R modeb we assume ekt H =V , where V  is koan. Far the
PAN B | gpad cationwe ampute thesake atasV ad tematrix §, as dllons | eestimatea
tiaiaie Vi R foreadh counry and take the average of the estimated \arianad covariance matiix
oftre residuak aacss aountries ss amessure ofV - Furttermare, Toreedh of the three \ariebE we
sstimate a4 \aicbE VA R (the same \vaiabke aats autries) ad store the \ariancg coariance
matricss ofthe ressiduak A nestimate of §,, is dotainad as:

0
% 0 C&KE 0 00001
3 0 ¥ &kt 0
.- E £ By oy
- - B - 0 0 0

=1@ = =
0 0 OFE Y%

wharethe istmatrix aattains an the diagmal the estimated standard deviatias dotained by run-
ning the three {\ariate VA R s;whilke the sacod matrix aritains just ae eemat d@rent fran
zaro, the ;) elbmat, hidh is dotained fram the diagaal of e matrixV - FarthePA | B 2
sped catian we nesd 1o dhocse the scake and the degress offiresdom inthevarias W ishartdistri-
butian.W estillsetH =V withV estimated as before. Folloning Kadiyalh and Karksan (997)
wesstttedages offreedam %9 =N + 2+ @ ip)G;L =kt 2+ N + gl =kt 2+ (€ p)6
wh ke the scake matricss|il o,W ; adWW ; aesudh tat g, ;¢ ;8 haethesamestucturess in the
PAN B 1 sped catian.
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W e anpare the Taecssting abi ity ohvarias madek usingboth the Thad U Statistics and the
I eenh bsaluteD eviation A D )at!l and 4 periack aheed- T hese statistics are reparted in Ebke
3.1 oe tatthevarias sped cGatias We Lse are in inaessing ader of amplexdty and ° edbi ity
T harefore, at eadh stace We éan assess the Tarecssting improamants dotainad adding ae extia
‘Eature o the madel.

T oexamine the perfomance ohvariaus macek as business oyce indicatars Wwe aampute twming
pdnts predictias ae periad aheed - Falloning? ellneretal. ¢ 991 ), we compute the total number
of uming pdrts, the number of doannturms and no-doantums, and the rumber of uptums and
nouptums in the sampke @acs all cauntries) and Tor eedh procedure we report the number of
anmectesss intebke4 .

Rally, Toreadh madel, we aampute the prdocbi ity that there will be a donnvward wm in the
gonth rate ofU S autputin1 9891419934, gven teinfomation aeiBbkin1988 4 _A cadingto
teatdall BERR dessi cation the g eqasian of the 1980 S tarminated in 1990 3 ad itwss
Tolloned by a brieFand shalllo reasssian - T he prdoabi ities Tor the nine madek Toreech of the 16
paericds we aasider are presatied in tebke b -

T he Taecssting perfomancss of uniariale 0 L S, ridoe and edangeebe procedurss are vary
similar- T he minimum and maxdmum albues ofte T hd U aatss aountries atae ad faursteps
Torthe Etter w10 are siditly smalker;, but the mean and the median atbath steps are practically
idtical- 0 n the ather hand, a univariate madel where the parametaers are shrunk with a gpriar
is samenhat betier then O L S in all the dmasias: the maxamum, the median, the mean ad
the minimum valle aatss countries ofthe T ha - atboth steps aresignl Gantly bnerthen those
dotainedwithO L S .

U niestricied VA R madek are notvery suaessiul in forecssting gronth rates of autput, gven
the e numberdfparametars tobe estimated - T his noticseble in partiaularin the Gase of Jgpan,
¢ emanyadthel K wharetheT hd ) aresigi cantly warse then those dotained with univariate
sped catias atthe aestep haizan.H onever, unrsstricied VA R madel autperfam all uniariate
sped catias at the Tour step harizan - H e, the presence of interdgpaendandes aacss \arieblks
hebos in pradicing the evolLiian of the gonth rate of autput in the medium un. BVA R are
sign catly better ten VA R and univariate gopraadhes at the ae step harizan.- In tams of the
median \ale the gairs are of the ader of5-6% over univariale sped cGatias and of mae then
10% oerthe unisstricied VA R _H onever;, the perfomanae at the four step harvizan twims aut o
be inErior 1O the ae of unrsstricked VA R, and aamparabke 1o the ae of univariate shrinkege
procedurss . T His is 1O be exqpaected since to improve the performancee atsharthaizas BVA R t&d
10 reduce both the memary and the interdgpendandes ofthe systan, whidh we have seen are useiul
eactly when medium-kog run farecssts have to be made.-

A dding ime \aratian in the caetdatts ad inlexdgpadandes aatss aountries substantially
improses the Torecssting perfomance both at shart and at medium harizas - Fareampke, the
medanT hd ) atae step goess from (0 85 withasmpkeBVA R 10 82 with the panel varsian of
this model ad Tor5 cuntries e T hall is Ionerby as mudh as 10 % - Simi lardy, the meen aacss
aountries drgos by abaut3% withthePBVA R sped catian-T he improamantis noticeeblke aboat
Ingerhaizas - T hedistribution ofthe T hd U aatss aauntries atthe Tourstep haizanis similar
1O the ae dotained with aunresstricied VA R, whidh is the bestamang the bend mark madeks -
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0 ur re nenmaitof thel itterman's priar; Which allbow far bath acss sectiaal and time saries
apriai riestridias, gves a perfomanaz Whidh is essentially similar 1o the ae of te PBVA R
maodel bath at the ae ad at the Tour step harizas. Few atures of the gotimally estimated
parameters are warth disassing- Fist, Wh E |5, the time variatiaon parameter in the variance of
. is d@atfran zan, itdoss notgopear o add mudh to the perfomance of the moadel.H axe,
at bsstwith guarterly data, alloning forheteraskedsstid ty does notheb in improding the guality
of the Taecssts. Seaod, whikin thePB VA R, the coetdattvector evoles with a persistence of
0 95 butwith vary smallvariance, inaurPA | B | sped catian the time \arying conpaaitofthe
aetdats is dose tobe avhite ndse-ll ofe that this di®rence is inaonsequantial for forecssting
and can beepEined by examining the roke of the parametaers regulating the atss sactiaal priar@ e-
thetigitnesss an® and@). T hese parametars Tace ahidh degree of adherence aatss auntries inthe
timeinarantampaeitad bkaethetimevaryingampaentiorandonlevohe. InthePB VA R
this distinctian is notpassible and 1o produce accetdatts whidh are almcstaarstatoer time itis
necsssary 10 have dose to a randam walkk dynemics aupled with asmallariance._ U sing equatian
O), aeans=infctthataetdaits oftePA | B | madel are goprodmately arstaritoerime
and are tidtly inked 1O eech atherbacauese ofthe rsstrictias impasad an®; - T he anissian oftte
~>&d eRectampaatt, whidh is predsely what the PB VA R doss, bisses uovward estimates of the
pasistae paraneter ad this may eplEN why the tho estimated sped Gatias are so d®at.
T hird, the maximized \alLe ofpredictive dasity ofthePA | H | madelissigi Gantly hidherthen
theaeofthePBVA R madel (36 90 \s--985 35)suggssting thatthe aursped catian & thedata
Totheinsampke periad betier_H onever; this superiarinsample  tgppears to be unimpartantor
Torecssting autofsampke- T hatis, the Wwag) risstrictias that thePBVA R impases and whidh
bizsss the persistence parameter of the time \varying acetdertts do not trarste in poor forecssts
at the haizas we arsider. W e anjectiure that this may have 1 dowith the peauliaxity of the
Taecsting samp ke mare then with true simi arities betneen the thosped Gatias-

T he pafomance of the PA | E 2 sped catian is abo aamparebEe 1o the ae dotained with
PBVA R atthe awe step haizan- H onever, hike te anking of te Tha U aatss aountries in
PBVAR adPA N BE1 wae idattical, there is same reshu2ing with the PA | B 2 sped catian.
T hatis, the madel is samenhat better Tor Jgpan and FHrance and saomenhnatwarse tartthe U S and
Italy-A tihe Tourstep haizan the parfomance ofthe madel is signil Gantly worse than any other
madel. W hile we have notbean abke to d a reeson Tor this resullt, we anjecture that this hes
10 do with the Bt that the presance of a lxrge anant of randomress in the sped catian of the
madel ampaunds at lohghaizas addwasas sigi caitly its perfamance. | n &t the d®rence
betnenPA | H 1 adPA N BH 2 sped catias, goartfiram prdolem of pradsian ofestimates is anly
in the Bt that there is an additiaal ber ofuncartanty in the priorofthe model -

T he reHtive parfomance of the \varias madek with tell A D is sanenatsimiliertote ae
dotarned with e T hal U atboth harizas -H onever;, Tour features desenve a aomman. FHirsg, all
univariate shrinkece procedures gopeartobebetter then 0 L S atthe aestep haizan . T hesaneis
true atfour steps haizas exapt orthe Gese ofgpriar, vhidh is nowvsigi Gantly warse. Seaad,
unisstricied and simpE B VA R disply a samenhat mediaae performance bath at ae ad four
steps haizans - In ganeral, the distribution of el A D aass countries is mare aonaantrated but
the mean and the meadian are ebove those dotained with univariate shrinkage gopraedes- T hird,
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the improanaits dotained with parel VA R gopraadss are sigi catand aur re remantof the
L itlerman’s priarproducss thebestdistributianofil A D atcthearestep haizan - T heimproananits
are primaxi ly coaatrated o thase acountries whidh are in the aarntral part of the distributian and
this is ¥ ected in the lonarmedian \allbe we dotain. Faurth, thePA | B 2 sped catian is better
then any othervihenweuse ttemeenll A D aatss cuntry tomessure the frecsstingsped Gatias
at both haizas. Thatis, PA N B 2 produes a distributian ofll A D aatss countvies whidh is
anterad belowv the ae dotained with other modeb and mare aoncarrated - | atice alko that the
sign cant faecssting d®ranass produced by PA N B 2 frtteTha U and thell A D atthe Tour
step harizan prdoebly have 1 dowith the d&eraentway the tho aiteria treat Torecssting autliars -

In sum, using iNterdgpadandes, adding time \ariatian in the coetdats and using acss sec-
tical isstricias in the priar Tor the aoetdats hebos in improing faecssts at shartmedium
harizan .l evartheless, itshould be pdnted aut that the distribution of forecssting statistics aaass
auntiiss is varywide, Treampke, ttell A D forltalyis6 imes theaeoftheU S T his d®xanas
indicate that the procsss Tar the gronth rate of 6t D P in same aountries doss not share mudh -
twrss with thegonth rate oft D P ofathert -7 cauntries and thatsigniih Gantimproanaits an the
resuls we presat can be dotained by restricting attentian 1o the subset ofthe countries whidh are
maedmilr.A Bonotice that the Torecssting parfamance torlU S and Canedat D P gronthis very
similberaats sped catias and jantly improves with the amplexdty ofthe madel, an ming that
there are Taecssting exiamalities whidh can be dotained by atsssectiaally inkiing the natianal
madek Tor the o countries -

H awgoad are variaus gpproedss in predicting twming pants? 0 utof96 total actual tuming
pdnts in the sanpk, univariate goproedes reaogize betneen 2 ad 75 - D i®¥encs primar=
ily emae when we try 1o predict yotums and nonuptums and o this e of tuming pdnts,
. ellher’s-g gpopraadh is better then the otters . U nisstricied VA R madeb are very poarin this di-
mersian and recognize abautl 0% kess twming pants then ellbher’s-g gopraadh - T he perfamance
oftheB VA R madkelis amparabe tothe ae dfunivariateR idge and BExdangssb e goproades but,
antary o tham, itpradics yotums and nonuptunms betterthan doantums and nan-doArituims -
T he parfomance of tthe PBVA R madel is surprisingly paar: itis the second warstin recogiizing
the Al rumber of wiming pants and is amparabke 1o unrsstricted VA R s in predicting doan-
twims and nandoantums - Finally, aur to P anel goproedss produce 73 ad 74 twming pant
Torecsts and reoognize the same numbear of yoturs and nanuptums . Canparatively speslding,
they substantially improe oerPBVA R and are ampetitive with the best gpproades -

T hree further aondlsias éGan be drann fraon bk 4 - First, d®rait modek are betfer in
recognizing d@arat pes ofFtuming pdrnts . [ fpredicting doartunms @d nan-doantums)is mare
impartant then predicting uptums @d naruptums) aur resuls suggessttatVA R ,BVA R ad
PBVA R shauld notbe used . Seaod, whi e in tarms of inear farecssting statistics therewss ackar
ranking of procedures, with mare acomplicated anes ddng a better jdo, when we lodk at nonlinear
Torecsting statistics, simple univariate gppraedess, ad 0L S in partiaular; are as good as other
mare re ned gppraedes- T hird, Parel VA R madek of the tpe we have prgpcsed do a better jdo
then any ather-procedure vwhen we jdntly use inearand nonlinearstatistics 1o messure forecssting
perfomance.

6 iven that aur suggssted sped Gatias are goad in farecssting an aerae, we wauld ke o
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know if they are albo goad in predicting asped € episade ofinterest, i e, the donnnard twum in
real ectivity accouned intheU S inl1990 3 _T His is intexesting because altiernative gppraedhes, whidn
weare Taecsting pretty well in the sampke 197 41980 , Eiled t© nd any rebvantsigs in the data
that would predict that a donrtum and a short reaessian were forthaoming Gee eg- Stok ad
W atsan (993))- Interestingly enaudh, and aatrary 1O mcst Torecasting modeks, all procedures
pradictthat thereis asigi catprdosbi ity thata peskin econanic activity will ccaurat1 990 3 .
Forunivariate procedurss this prdocbi ity is mudh g then the thireshold of) 5 whidhwe use to
axsider the date a donnvnard tum. In Bctall four univariate goproades predict the exdstance of
a peskwith prdoability sboe (| 64 - Singke auntry VA R, with and withaut a B ayesian priar are
warse then univariate procedures (prdoebility( 32 and ( 36 respectively) but this may be due 1o
the Eger rumber of parametars 1o be estimated with the infomation adakEbk at19884 - T he
PBVA R sped catian is overwhelmingly predictinga donnvard tuminl1 990 3 (rdoebilityis( 82)
and does not produce any falke alam in the neigbahood of this date. T he seaad Panel VA R
gopraedh improves oersingie auntry Vi R substantiallly and a produce prdosbi ity ofa donntum
iNn1990 3 whidh is canparcbe with those of univariate gopraedss - T he perfaomance of the  1st
P anel gppraadh is poorand ik 1o praduce a prdosbi ity inedsss ofl 5 in1990 3 _\ ote alkbo that
whi ke univariatte gppraedes have the tendacy o produce a falbe alaam in 1989 2, prdosbly due 1o
the stod market assh of the fall of1 989, the prdosbiities produced by VA R andBVA R atdates
otherten 1990 3 aresmallad neverex==d( 5. T hePBVA R madel,an the atherhand, producss
ahich prdosbi ity ofadonritium inl 991 3 adate where adonritum materialized - T he sacod parel
sped catian albo praducss a high prdosbi ity of a doannnard twim in 1991 3 whi ke the prdocbi kities
at other dates are small. Finally notice that the peskk in 1989 2 is missed by alll gpproedes: e
ass whidh gwe higest prdosbi ity o this evlaitae ttePBVA R @ 42)ad e istPael VA R
gopraech @ 41)-

INn ancdlsian, aurpragpased B ayesian PA N B VA R gopraachis at bsstas goad as any otther
gopraadh we have examined and in many Gasss improwes the Toracssting perfamance of exdsting
soed catian- T his is true when we ampare pracedurss wsing inear and naoHinear Torecssting
statistics and when we lodk atsped ¢ histarical episades -

7 Conclusions

T he task of this paper wes 1o desaribe the issues of sped catian, estimatian and forecssting in
amaaopael VA R madel with intexdependandes.- T he parntofvien usad is B ayesian- Sudh an
gopraadh hes beenwidely uised inthe VA R erature since theworks ofD cen, L itterman and Sims
(984), L itterman (986), ad Sims and 7 ha (998) ad proides a aneniat framenark where
ae can allowv Tor bath interdgpadades and meeningiul time \ariatias in the coetdats- W e
decompce the parameter vaector into tho campaaits, ae whidh is unitsped ¢ ad the other
whidhis time sped c.W e spedfy a°®° exible pria-an these two ampaaits whidh passimaiasly
Ees into acoount passibke interdgpadandes in the atss sectian ad albns Tor time variatias
in the evolLition of the paranetars oertime. T he priarshares features with those ofl indly and
Smith (972),D an, | itlermanand Sims ( 984)andH siaoetal- ( 998))aditissped edtohaea
hierardhical structure, which allions fonarias degress ofigaance in the ressarder's infamatian
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abaut the paranetass.-
B aesian VA R s are knonn produce betterforecssts then unresstricied VA R and, in many situie-
tias,A RIN A arstructural madek Canoa ( 995) Tor rekeraas). B y alloning interdgpendandes

ad same degree of informatian pooling aatss units in the madel sped cation we introduce an
additical bel of° edbi ity whidh may improe the Taecssting bi ity of these madek -

W e anallyze several spedal cess ofF aursped catian and aompute B ayesian estimatars for the
meen parameter in the atss seation and 1o the individual coetdatis.- 1N sane Gess analvtical
Tomuks Tor the posteriar mean are avd bk uaing standadd Tomules - W henever the parametars
of the priar are unknonn, we enplby the predictive dasity of the madel o estimate them ad
plgin aurestimates in the relevatt fomules in an anpincal B ayes eshian.

INnthe Geee oFfUlly Herarxdicalpriars, all arkovChainll ante Carbometihad (thet  iblos sampler)
is anplbyad to alube pasteriar distributias - Sudh an gopraadh is partiauiady wselull in aur
satLp since itepldts the rmaursive atures of the posterior distributian - R eaursive Tamulkes or
mulistep, muliunrtforecssts, asisaTtwith the infomatian ava bk ateadh pantin ime, are
proided using the pcasteriarof the parametars arthe pradictive dersity of fluture dosenatias - T he
predictive darsity offutuire doservatian is albo used 1 aaompute tuming pant prdosbi kties -

Toillstrate the perfomance of the prapasad gopraadh, we gpply the methadolagy 1o the
prdolen ofprediding autput gronth, of farecesting tuming pdnts in autputgronth and acomputing
the prdoabi ity oFa reeesssian inthet -7 using athree variablkes (@utputgronth |, real stodk retunms
and real maey gonth) Tor eedh caaunry in the panel. T o evalate the madel we abko provice
a faecsting amparisan with other sped Gatias suggssted in the erature. W e shovthaetaur
parelVA R gopraedh improses overedsting univariate and simpeB VA R madel when we messure
the Toecssting perfamance uising the ThaU ad thell A D aitaria both at the ae step ad
at the four steps hadzas .- T he improemants are of the ader of 540% with the ThaHU ad
abaut2-4% with thell A D _T he Tarecssting performance ofaursped  catian is albo slightly better
thentteaeofaB Vi R madel whidh medenically exiacs thel itierman prior to the panel Gese-
In t&ams oftuming padntpredictian, the tho versias of aur parel gppraadh are ebke o reaogize
abaut8i % oftumingpdnts in thesampke ad they tum aut o be the bestforthis tesk, alongwith
L ellner’s gprior shrinkage gppraad- T he simple extarsian of e L itlierman's priar o the panel
Gee doss paarly along this dmeasion and, anmang alll the procedures enplbyed is the seaod worst.
Finally, all the procedures produce a hich prdosbi ity of a doartum at9) 3, the date sebctied by
tel BER acommitiee o teminate the log epasian of the 80 5. In this instance, aur goproadn
is aonpetitive with the best and adcs the Balbe alams that other gppraadhes produce at other
dates -

W eaasiderthevwark presaited in this pgperas the  1ststep in devekpingaacheraittheory or
BayesianP arel VA R madek whidh tEke into aasideratian bath the nature of interdgpendades,
the similritiss in the statisical madel aatss unis ad the edstace of time \ariatian in te
aetdats . Extensias ofthe theary autlinaed here induce the Tomulation ofinteresting hypothesis
an the nature of the interdependandes, an the simi larities aaass unis and an time vaiatias and
the develpment oftook o udartake structural idati: Gatian in these madek - T he work oF Sims
ad? ha (998)is the starting pdntforexieasias in this Etler cee.
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Appendix
P yroofF of propasitian 1

Ol aice tat (4)ad (5)En bewittien a6

x — o - /3 N / /’_13 -7 N ] a_llb
@ =3 1, Ly=ypal+ Bt Wt W/ Ye 0ltage-1 7+ G
. = S
= A1 LSl BN T (€7}

Setting="! =, the resulit Ollons .

T hepcslencrdstnbuﬂcnof@ is rqrnalmﬁh meen ®* =S]y1+ A ALY §1,@+ /’\tlt‘l)]
a’d\ala’lceV; ,=A11 iA12ﬁ2_21A21 V\}HEAM = 6]\]855\7 + ¢ );A12 = 6]\]855\7 + ¢ )N tI;Agl =
W tA11 5 A2 =W AW [+ 1 4=4411 { + 8, -INamare campactvayV ; Gan be witten a8

* ] /3 A ,’_1 i , ¢_1°_1
Vaz Wt §u+zt_t|t—lzt Wt+ SNaSN+¢ - 63)
. ¢
| olicethat Gy =Sy + ¢ ) =6 ~1 it ISy St ISy =T s e Tl ence, ra! =0,
this epressian is equal OF _Il aeoer the pasteriarmean can be witlen as

- =3 - =3 -

O =V W S+l Al Ve altgen + SyTSh+e Tlsyr @)
U sing the previaLs resultand the ctthatF Sy =0 , the resulcBlons
@i T he pasteriormean and \variane of | ; can bewritien as
St = r; ££W t iSNasfv"' ¢ K it §un_1 Q. il A L\t_li—li\tlt—lo €5
—§‘1=Z,§£WtiSNaS§V+¢¢Wt’+ 8 1+ i1 G6)

ThematrixW , Gy3Sy +¢ W /+ §, anbewittienas 21 [+ @ 4 W/ + §Dadit inerse
isegalol ' §I 17, i R ‘_lz H \(It\lHeM =@ & W/+ §D.Setting=" =
) ;the bstepressionreducss I~ B§1, 70 ~7, ‘10 ' _P remultiphingthis matrix by
1/, wegstazaromatrix. i ence, fran @5)and @6)- ;! =i\t_|%_1 ot =’,\t|t_1 ad the posteriar
distribution Tor _; is justegal to the priar-
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P yvoofFof propasitian 2

Reall et & ! =0 implesZ ;! 0:

tt—1 —

26

© Carsider the posteriormaments @1 )and G2)-[E ¢ W [+ 8+ 17y LI =1 '

b, o i+ B

T tt—

1-

_lng 1 wviherel wes previasly dered. W hen© 1 - =10 ; this

tlt—1

¢
redues ol !l 7, Y N1z, 1 which dves a zero matrix ifpremultiplied by 7/
Casaquaitly = =23 @ =1 gd the pasteriar distributian of@-is justequal its prar.

= -

@) Casiderte pcsleri(ctrmcme’lls @Dad @D-W hen® ) | =0, &+ 1,5yl =
s=§81!i18§8/'1, Y 1§11, '1/8! _Susstitutinginto @3)and G4), gves the result.

@i T he proofofthis statemat ames straditfrom @5)and G6)-

D e nition oftte matricss Torthe ¢ ibls samplker

®>(<

\?\*

X i
W+ AE;

W+ & i

X
N

¢ -
o+ NYyiBW L HNY B W

~+

X

Po+  NY,iBW !

t

>

i A9y e, 5 A

Yy YV @ i)
G

¢ ¢

s'lv,iBW !

X 1 ’
7. W/ —HY'"; il ISy&

A t

A

X / 1 -1
W, —H) "W;+¢

'y

X
V@ —-1D! R@ i+

N @ —D"

i

sa1 !

whereY , isN £6,B; isN £GkadW , = (& —X [): Il adel ()is justa rawv\ectrization of
Y =BW |+ U;,whereB; =[vexr@ 1:);:;
amatrix;B ; = A; + gE; isaG £kmatrix ad the paanetervecdtas ®; ad _; in @) ad ¢)
are the rovveckrizatians ofA; and o respectinely-

vex @ y:)l:H erevexQis the rovvectrizatian of
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Tebk!l - EstimatedH yperparameterszPBVA R

¢ eneval igtness () 001
l agdeay () 1396
0 wvwn auntry tiginess (i3) 3505

0 thercountries tigtness (L) 73604

W aoldvariebke tigtness () 50007

AR coetdett @) 0 95

Priormeenanthe stikg () 011048

Tebk 2 :- EstimatedH yperparameters-PA N H 1

Tightness r® () 01207
T ightness Tor | (U,) 01300
T igtness Tr@ ;) 00004
| agdeay @2) 1 9156

T idhtness an other cauntries (3) 00046

T igtness onworld variablkes @) 47804

L awofFmatian of, @5) 01211

T imevariatian @) 0 4295

Priarmeenan rstbkg () 0074
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Tabk 3
Thall Statistics

I ethad Step| US Jgoan (t emay UK Heance Italy Canedal ll edian Il een
VAR 1 |106 088 091 094 100 073 095 094 0092
4 1073 095 0 56 08 132 09% 022 0 81 0 86
BVAR 1 1083 089 0 69 091 090 080 0 85 085 084
4 1075 089 0 65 09 116 100 0 089 085
oLS 1 |12 086 088 08 09 02A 009 088 090
4 1077 090 107 0 098 103 067 090 088
R idge 1 117 083 089 08 089 02A 089 089 090
4 |07 088 106 05 099 101 0868 088 087
BdengebEe| 1| (118 (84 090 08 089 08 089 089 090
4 1078 090 109 05 099 101 0868 090 088
gpriar 1 |106 086 0 69 078 100 072 0092 086 086
4 1083 1107 077 075 112 102 03 083 089
PBVAR 1 1082 085 0 68 0/ 098 073 085 082 08!
4 1086 091 077 07 108 103 (66 086 087
Parel!l 1 |08l (88 067 0745 102 03 088 0 81 0 81
4 1086 090 07 04 107 103 066 086 086
Panel2 1 1093 08! 0 69 078 099 0B 085 0 81 0 82
4 1083 159 162 155 147 193 (09 155 141
N AD Statistics
VAR 1 |046 1247 17 13 126 291 (065 135 144
4 1035 155 118 133 166 274 (56 133 134
BVAR 1 |046 162 148 132 115 322 (058 132 14
4 1040 139 125 128 142 298 (051 128 140
oLS 1 |056 159 151 137 106 317 (057 137 144
4 1034 154 158 128 114 319 (054 128 137
R idge 1 |054 150 1 68 131 107 314 (056 131 140
4 1036 146 7 125 117 309 (053 125 137
BEdengebke| | (054 152 1 68 132 106 314 (056 132 144
4 1035 148 13 126 117 309 (053 126 137
gpriar 1 |053 1863 133 118 126 289 (054 126 134
4 (041 1860 135 118 134 312 (051 134 136
PBVAR 1 |046 147 129 117 127 285 (53 127 129
4 |044 148 127 112 131 314 051 127 132
Parell 1 |046 153 124 108 137 282 (054 124 129
4 |044 148 127 111 131 314 050 127 132
Parel?2 1 1049 145 127 118 132 309 060 127 134
4 (055 140 125 111 143 296 (065 125 133

N oes- VA R isaVi R @) madel forautput gronth, real stodk retunms and real maey gonh, BVA R s
tesamemadelwithall innesotapriar.0L S reertoamadel where the paraneters aeestimatedwthO L S,
R idge o aR idge anrectian, BExxhangssebe tb a madel with an exdeangsebe priarand gprarto? elbhers
gpriarsped catian-PBVA R isa2l VA R madelwith all innesola priorad time \ariatias, Paell isa
parel VA R madel with all 7 coutries with amaodi ed |l innesota priarand P anel 2 is the sane madel with
ahierardiical prior
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Tabk 4 - Tuming parnts forecsts

Il ethad TumingParts DT &NDT UT &NUT
TRUE 96 47 49
VAR 65 32 33
BVAR Y/ 34 38
oLS rZ 37 37
Ridge Y/ 37 35
Bdangebke 72 37 35
gprar » 37 38
PBVAR 68 32 36
Parel!l 3 36 37
Panel2 rZ 37 37

N otes: VA R isaVi R @) madel farautput gronth, real stodk retums and real maey gronth, BVA R s
tesamemadelwithall innesotapriar.0L S reertoamadel where the paraneters aeestimatedwthO L S,
R idge o aR idge anrectian, BExxhangssbe 1O a madel with an exdeangsebe priarand gprarto? elbhers
gpriarsped catian-PBVA R isa2l VA R madelwith all innesota pria-ad timeariatias Parel! isa
parel VA R madel with all 7 couttries with amaodi ed |l innesota priarand P anel 2 is the sane madel with
ahierardialpriar.D T mears donrmtum, il D T mears nandonntum, U T mears yotumand UT mears a
naHptum.

Tebke5 - P rdoabilities ofadonritum inU S 6 D P gronth

qaeter VAR BVAR OLS RIDGE EXCHANG EEBLE gPRIOR PBVAR PANE!L PANE

891 0000 0000 0000 0000 0000 0000 0000 0000 0000
8927 0000 0005 0005 04010 0000 027 0 420 0 410 0160
893 0020 0010 04005 04010 0200 0 250 0010 0 250 0 230
894 080 059 0625 10815 037 0 280 0077 0 210 047
90 1 020 03A 0365 0160 0077 0050 0077 0230 0040
90 2 0000 0005 0000 0000 0077 0080 0040 0 220 0030
9 3= 0645 0660 0 A0 0660 0 320 0 360 0 820 0300 0 550
9 2 0005 0010 0030 0015 0 280 0 380 0040 0 250 0 210
911 0000 04005 04000 0003 0 230 0050 0130 0 240 0020
912 0000 0000 04000 0000 017 0060 0000 0 250 0000
91 3= 0005 0015 0000 0000 0180 0 490 0 A0 0230 0 630
914 0015 0005 0005 01035 0 250 0 350 0080 0 240 0 320

N oes:zh " indicatss thata donritum coaured in adtput gronth at that date.



