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A bstyackt

D espite the belief supparted by recent gpplied ressardn, that agprecate data dis
ply sharetrun amoemant, there hes bemn ke disassian abaut the ecoxametric
asauaas of these data “Eaturss.” W e uee edastive ll atte Carb simultias
1O inesticate the impartence of rsstrictias implied by conman g/dical features or
sstimates and forecssts basad an veotor autoregressive and enrar conrectian madek.
First, we showv that the “best” empirical madel develped withaut comman o/cks re
strictias nesd notnestthe “best’” madel develped with those restrictias, due o the
wee of infmatian arteria Tor doossing the g ader of the who allermative modek.
Secod we shawv that the asts ofighaing aanmanoy/cical features inVA R analysls
may be hich in tams of Tarecssting acauracy and et dency of estimates of variance
decompaition acet dents. A lthaugh these asts are mare pranauncad when the g
aderofVA R madek are knonn, they are alo naon trivial when ittis selbected using the
anvaitiaal took ad Bbke o gppliad researdess. T hird, we ..nd thetifthe datahae
anmato/dical Eatures ad the researdervnants 1o use an infamation afterium
st the g bgih, the amanQ uin aiterium is the mast gpopropriate, since the
A kaike ad the Sdwaiz arteria hae a tendacy 1 oer ad uderpredict tre g
both respectinely in aursimulatias.

1. InTductian

Canmangdical movemats in detranded econamic varieblkes hae been so prevalent thak
they haeacuired thestats of ‘sty/ized Bots.” | ucas(l9 77) states thatthemain regulaities
dosernad in o/dical fuduatias of eaonanic ime sexies are in tharamovamant whidh he
itemizes as TOllons.

(1) O utputmoamats aacss braedly de. ned sectas moe together: (Inll itdells
I artins FHIhg A man U 1Eh, and partidpants of thel atin A merican and Eurgpeen il estings of the Eaono
metric Sadety of 1999, who are not respasibke o any remaning enass in this pgper: Jd oV idor Isskr
adknoniedoss the suppartof Gl P B razilland PRON EX .
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teminolayy, they edibithigh atfomity; in madam time sevies bbhguece they
hae hich aerenc) (i) P roduction ofpraducerand aasumer durebles eibit
much geater anplituce then doss the praduction ofFnadurebkes. (i) P raduc

ton ad pricss of agriauitural goocs and natural resaunrcss have oner then avs

erace anfamity. (V) B usiness pro. s showv high acaomity and mud higer
ampltuce then other series. (V) P ias garerdlly ae prooydical (M) Shore

tem intersst ratess are proogdial bgtem ass siditly so. (M) || aetary
agpecaies and velod ty messures are progycical

Aan an empincal stendpantcomman oydes have bean shonn tobe a“ature’ ofFava
Hety ofmaatscoomicdatasets. Fareanpk Campbelladll ankiw(19 89 ) ..nd acomman
o/cke betneen casumption and inconmeformostt -7 cauntries. Engeand Kaadda (199 3) .d
anman intematiaal o/ckes ising6 | P dalator0 ECD cauntries. Farl S data, Isskerad
Vahid(1998) ..nd conman o/ckes Tar maatscoonic aggracaies and Engle and Isskn(199 5)
ad Carinroad Sil(1998) ..nd comman o/dkes Torsectoral ard riegaal ¢ | P s respectinely.
Simi lar to most goplied maatscoamic researdh dare in the Bst.. fleen years, these stud
ies investigated comman o/dical features Lsing vedor-autoregressive (VA R ) anvedtorenor
arectian (V EC) madek.

A MhaoudhVA R adV EC madek have baoome the “waking harse” ofmaaasconaonetric
studies, ae of thar shartcomings is the exasssive number of parameters rieltine 1o the
aerae sanpk size ae is wsually Tacd o wak with. Fareanmpke when dealiing with
postvwar guarterly dala ad aVvVi R with three variables ad eghit b, there are savanty
.\ mean parameters 1o be estimated fran ebaut tno hundred data pants an eedh variebke
Cantegation plecss sane resstricias an VA R aetdaits, espedally when adntegating
vecotars are broughtin fram econanic teary; sse BEngke and 6 rangex(1987). In these Gasss,
the redudtian in the number of fiee acet daits is notoaevhelning 1 the thiee variabe
systam hes ae knoan cantegrating vectr; the number of free paranetars reducss fron
s|avaity . \e osixty nire by esimatingaV EC madel Canman oydical features can further
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reduce the numberof codiianal mean parametars estimated inV EC madek by aasidering
the restrictias implied by them; see Vahid and Engle(199 3). 1 the thiee \ariabks in the
V EC madel share ae aanman ok then the number of meaen paranetars reduass fran
Sixty nire o thaty seven.

T he dojective OF this pgper is O investigalie the impartancee of restricias implied by
anmagdicalfeatures forforecssts, impuke respase funcias, andvaianae dscompaiian
offoscsstenars ofeconaonictime servies bessd anVA R andV EC madek. A s faras we kowy
nowark hes studied the e ects of these restrictias. H onever; aasiderebke e athes bean
putin eamining the impartance of lbg run anoemattaastrants inVA R madek, espe
dally forfaecssting; sss anagothars, Engkeand Y o(1987), ClEments andH edirs(1995),
adlinadTsaf199 6.

A s shonn by Enge and Y ag the Tarecssting gairs ofimpasing kg run acastrants hep
pars as e haizon gets xge. Infect intrarsmulatias, the unaostraned VA R faecssts
betterthen theV EC madel Torsharthanizas. B ecause Tor long haizas forecssting uncer
tanty gets heblessly |rge time series madek are mostuseiul forforecsstingin sharthanzas.
H ene the pay» oFinestigating these sharkrun aastrants ae big relatne o those ofin
\estigating log run arstrants, since they may be away ofimproing the er ectinvaness of
time savies madek Torharizas where they are most useiul

W eassess e e ects ofacommanoydical Eaturess anVA R andV EC modek usingll ate
Carb smultias. T he Toas here is an the smallsampke prgperties of the estimates of
impulbe respaee Tuncias and \arancee decompasition of farecsstenars, as Well as an auke
ofF sample Tarecssting acourecy messures. | e design the simulatias in sudh avay that the
resulis would be relevantforgpplied maoosaonamists dealingwith a imited numberofdata
pants ad trying 1o estimate a relatively lxge number of paranetars. To tat ad we
asidera\ariety ofD alat enerating P raossses (D6 P s) and sample sizes, whidh are kept
deote“tpal’ daiagoplad researders oiten encounterin practice.

VAR adV EC madebk with conman oycss &l into the gaaral ategary of reducsd
rank multivariate madek, because aamman sertal anelatian implies ik resstricias an
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thair paraneter matricss' . R essardars may be relctant 1 incapaate these parameter
rsstricias Tora purely statistical reeson relaied 1o the ssymmetry of the cosaguanas of
O£F \arsus under-paranetrizatian ofeconametric madek. 0 ne might think et &ling to
incopaate aamman o/ck restricias When they are ttte will only cause inet dengy, vwhiile
impaing them when they are Bbewi ll ause incasistle oy, H axae itmay seam wiser o he
wth apacssibly ine¢ dentuncaostrained model ratherthen amisspad...ed incosistatmadel
T he fect that all madek are most prdoebly missped..ed ad the lbrge bady of empirical
evdene an the sypearia-faecsst performance of passimaniass madek notrttstanding this
reescning Wauld be conrect anly if the empincal madel that does not have aomman o/des
bu ltinto itnests the enpirncal madel with conman o/cks. H onever; we shovthat, using
the aerage ook dfan goplied researdey; and the same dalaset; the“best” empinal macel
develpad withautconman oyce restrictias nesd notnestthe “best” madel developed with
those rsstrictias.

T he underiying reeson Tarthis ratherparadodal resulthes todowrth the selection of g
adarfothe twoaliemainemadek. T heacomman precticeinVA R anabysisis touseamackel
sebction atterium to daoe the g Bgth. Standardd model selbection arteriamay ..nd T
smalla g lbgth ofreducsd rank VA R s simplybecause this is the only passiblevay aa Bbe
ahieepasmay. H oneer; iftte EgbgthadtheVi R rankaredxasansmulianeasly
a5 sugossted by L Utkgpdh(199 3 page 202), the g bbgth sebected Tor reducsd rark VA R's
can be patantially bigger then that selected by the standard artlerium. Foreampke te
Sdwaz arterium migitdoosse aVi R (1) as the bestuncaostianed VA R, while the same
arterium migitdoseaVi R (B) withaeacanman ocke torthesamedataset 0 bvasly a
VA R (1) arotrnestaVh R (4 withacommano/dss. H exs the aasidaration ofaomoematt
in the madel selbction stage may dirsstically alterthe .. nal model dosen.

0 ursmubtias reveal that, wen the e D6 P is areducd rank VA R orV EC madel
the g bBgth dosen by the standard madel sebction aitaria ad that dosen vwhen rank

1 Chssic refrenas an reducsd rank VA R s incuce Vel Rersel and W idem(1986, A hn and R d@n
K1988), adTisoad T sa(1989).




and ader are selcted smultaneasly Gan be guite dicerent Standad infamatiaon arteria
whidh plee astrag paalty an oemparanetarizatian, sudh as teSdwvarz ad arenQ um
aiteriag may doose toosmall a g bBgih vwhen the truemadel hes aonmanoycles. H onever;
they animproe aasidarably ifthe rank aderis selbedted smultanea sy winth te Iilg gt
W e..nd stragevdance in faarofthe abi ity of el ananQ um arerium indosing the
arect iBg ad ek aderoerall R egading el kake infomatiaon arterium, we dosene
that its tadaxy 1o dooe an oapaaneterizad madel when the g adar ad rank are
sebcted simulianeasly wasars ampared 1o the Gse when anly tre ieg lBgth is selected.

Farhaizas up o sixtaan periacs aheed using several messures ofF farecssting acaureny,
we ..nd that faecssts producsd by the “best” reducsd rank madel are generally superiar o
those praducd by the “best” madel when anly g aderis sebected. T he sane aodlsias
are dotained When aaomparing the variance decompasiias ofthe “best” reducad renkmacel
with thatofthe “best’ Tull rank madel when the sampesize is 2002, Indesd an aeracy if
el arnenQ unmairterium is usad o selbct g aderand rank Taecssting acauracy Gan be
improed by up 1©20% , and meaen sguared enarofpredicling the true variance aontributian
Gan be autup o halfin sharthaizas. T his is asizeble e ecovinidn | Lstratess the potatial
cArs assadated to arsidaring aamman oycical aturss whenever they edst

T he autline of the paper-is as Tollons. Sectian 2 staies the rieduced rank riesstrictias that
anmatrgdical tuctiLatias impase an parameters of VA R andV EC madek, and disaussss
the reltive marits of determining the rank ader by statistical tsts versus infamatian ar-
teria Sedion 3 ephlrs te desigy ofttell aite Caro design usad thraughout the pgper.
Sedtian 4 presats the simulatian resuls Tora small systan of three varieblkes and sectian 5
presats the same resuls Tora exger system of six varieblkes. FHnally section 6Gsummarizes
the man acoxdlsias of the pgper.

2\ otice thatin the textbodk eampke | Utkgpdhk(199 3, pp. 202-3) Iag sebation wes idattical whether ar

not the rank wss abkbo dsan, and in thatcasg he dosenved that the Tarecssts and \variance decompasitias
ware auite simi - forthe reducsd rank and Tull renk macek.




2. CanmmanoydEss inVA R adV EC modebk

Tomaitth the stylized facts oFmast maaosconamic \vaiabkes, we assume that the dojectinve
of resaardh is 1O bulld a time saries madel Tor the gonth rate of a vectar ofn eaaamic
\ariabks. W e daote the el ofFthese \varieblss attime thy Y thar bbgaitms by y, ad
thargonth ratss (e the .istdrerace of te looattm of Y by ¢ v W e mae e
reescnebe assumption that ¢ v is statiaary, add the assumptian that ¢ vy hes mean z2r0 1o
smplify notation, withaut kss of generality and startwith theW dd represantatian of ¢ v

¢ve= C (L))" 2.1)

whereC (L) = | L, C ;L7 is amattix polynamial in the g qeraior L, L*ze= zg 1, With
Co = I,. AFon thevwak ofB evaridge and | eba(1981) ad Stodkad W atsa(1988) itis
passible to dscompase tre Iog el saries v into comman trends and oy/dess (Whidh we refer
e teBeanndel eenStod<l atlsan—- arBil SW forshart— deconpasitian). U sing
theidatityC (L)= C (1)+ ¢ C °(L), dscasidaing tre inftialvales inyy, ad integating
both sides of (2.1) we ce€:

C (1)Xt "t CTL) e

F1
= Tet Cyg 22)

=~

whereTe= C (1)P}1"j ad C¢= C7(L)"¢stak repectively the ttad and gcical com-
paets of . INn the Bl SW decompaitian the n variabks in y ae dscomposaed inton
random-valk ampaents (stodestic ttaxk) ad n statiaaery aonmpaents (stodestic oy
des). ITC (1) hes rakn j g (g> 0), the stodestic ttaxks in Yy, Gan be daraderized a6
Iineeraombinatias ofanlyn §j g conman random waks, invwhnidn ey, is sad tobe ain
tBegated arhave comman stodnestic trands, with g inearly indgpadentaantegrating vedtors
staded inthematrix@ % see Engeadt ranger(U987). IFC (L) hesrakr (n jr> 0), then
thestodestico/aks iy, Gan be davadierized as Inearrcombinatias ofr conman stodestic
3SeeStodkand W atsan (1988) arV ahid and Engle (199 3) frmare deta k.
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odks, withn § r aolature vectors staded in the matrix @ seeV ahid and Engie(199 3). In
this pgper; we inesticate the assts afigxaniing this singulanity in the stodhestic o/ s C
Ifthae aen j g caonman tads in the systam, then a vedor enor-conrectian (V EC)

macel
C¥e = Albygat i Al g, C®%§q1+ "y
¢)/ql
= A I A @0 B 23
¢ Yo
Y1

wauld be a passimaiias represaiatian Torye riebatne o e VA R in log belk whare the
aolumrs oftten £g matrix® arethe cntegating\vectars ad <is theadjustment aoet datt
matrix |fthere is no adntegratian, then the tam VY, ; an the righkhand sice of 2.3)
vanishes and tremadel reduass toaVh R in..istdic erancss. H e inwhatiolions, withaut
Ioss ofgerevallity Ve foas aurattenicn an eV EC model

If there are r comman stodestic o/cks iny, e mattix A, ::: A) 9° , Which
indudes all the parametars in the codiiaal meen of ¢y, musthave rankr. Thisis a
asaguae oftre et that C (L) in (2.2) hes rankr, vwnidh implies that there are eactly
n jr nonacdinear ineearacombinatias oy, Whidh are randon walks and do notedibitany
o/cks. Sine te .. istdreaas oftheser] i r IneEar ambinatias are nite nasg they
ate urpredicizbke LS e pest Heaxe A, 11 A, 0 musthae rrkr, with a
aonman rullspace. T his implies that the V EC madel hes itselfthe Tolloning parssimanials
represaiatiat

2
2 3 2
0
g lnir ©774 Ve= 9 ’ E Q.4
0 I, AT GRS AT (C@C) ¢ Vi



where the coeatuire matrix @°= Insr @"Ob, whidh steds the neaerly indgpendantaombi-

natias of ¢y thateliminates the conman sevial aneltian in the systam’™s ampaats, is

rolated in aderoyied ann j r idaity submatnxinits ..istn j r rons and acoumrs, A7

and (99” represatrespectively thepartitias ofA; and B gonespading o the remaining
ln;r & ln;r &0

r equatias in the systam, and ve= g ni £ Sined " £ is invertibke itis
0o I 0 Iy

passibEe o reover (2.3) fran (2.4).

Canmanogycke aastrarnts imply impartant restricias Tor the impulbse respase func
tas \arane deoompasition of Torecsst enmars, and mulli-step aheed Taecssts. T he eds
taxe ofr aanman o/cks implies et taere aren § r nonrcdlinear inear combinatias of
¢ yeywhidhaewnite ndse T hus, fian (2.1), allmatricss C 5, i= 1;2 ; akbmusthae rankr .
T hesematriass C ;, usually namalized tobe acasistattwith arthagoal erars, fam the besis
ofimpubke respase functias and the aampaats ofFfarecsstenananiance decompcsitians.
Fareampk when they are pastmuliiplied by the dolesky fectarofthe varianae coarianae
matrix of "'y they yied the so allied arthagoalized impulkse respasss. H enae itbeacones
dearthatcomman o/cles imply thatt the impulbe respansess ofdis erantbvariabless o the same
shods are nearly dgpadant T harefag ifthe dojects ofinterestare the impube respasss
(onarance daaonpaitias ofFforecsstenas) oft v, aamman ocke risstrictias Gan be usd
o ahiee pasimay ad taret daitestimatiaon in this multivariate aatext

A similar algumeant gpplies O Taecssts of ¢ vy athaizon h. T hese aan be reausively
calulied fion:

CVen=ACYeniit = AC Vet 1 Yenit (25)
where the supersaipt T stancs for Torecssts Wsing infamation p o paiad t ] = VO
ad acwal \ariebks are usad irsteed of Taecssts an the ridiehand sice where ad b
Sine comman o/cks imply thettre mattrix A, ::: A 1 hes recuced recks equatin
(25) dearly shons that they will aboimply that the Tarecssts oft v atany haizanwillbe
insarly dpedait 4 gan iffaessting is the dojective of the mulivariate madel building
eerdse anmatro,ck rsstridias Gan abo be used toadiiee pasimaly and tharet datt
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estimatian.

InaVi R anextaboe thae are thowvnays in whidh parsimay can be adhieed. T he
..1Istis by impasing log run costrants (antegatian), ie, eguatian (2.3), ad the ssaod
is by impasing sharerun aastrants (comman o/cks), ie, eguatian 2.4). T he exature
an fTascssting hes Toasad an bg run aastrants; ssee foreanpk Enge ad Y a(1987),
Clmaits ad i exdi(1995), adl inadTsa(199 6. A s agued in the INnbrocuctian, the
paya ofinesticating shorerun aastrants are lkage reltive o those ofinvesticating log
N astrants, whidh motivates aurpresait rescacdh e at

2.1 . Information attera for reduced rankmaockebs

0 urmativatian is  build VA R -besed madek o ¢y Whidh can be used for Tarecssting
impulbe respase a\aiane deompaiion aralysis. A artical step in astructing these
madek is hoviosebcttte g Bgth oftte VA R (V EC). I adel sebedtion arteria are often
used in practice o sebect g bBgth. 1n prindpke they are uselul because they donotfavar
any spaed..cmadel egairst athers (nullversus altermatine in hypaothesis tessting fTareampkle);
se te disassian in 6 rangey;, Kingand W hieg(1995). Sudh atteria may docse dic erat
g adars dgpading an whethar ar not we alllov Tor reducsd rerk parameter matricss in
the V EC madeF. ¢ iven the potattial e¢ day gars of ulsing aomman oyce 1estrictias,
wvie inestigate empirically the perfamance of widely used selbection aiteria when anly g
bgth is selected and when g bgth and rank aderare selbected. Firal resulls can thenbe
aonpared 1o help buillding a strategy Torempincal wak

Fdllbning Ll Utkgpd(199 3), we Toas an theh kaike H aranQ um ad Sdwarz infor
mation atteratorthe simultaneas selbection of Bgand rank adars inVA R s (V EC madek).
FatheV EC madelin equatian (2.3), we assume thattadntegrating veckors are dtherknonn

4V ahid and Engl(199 3) foaused an testing thearies that implied acomman oydes within a vV EC-madel
fiamenak T hey daived a statistical st for the hypathesis of r conmaon oydes, and recommended a
sequatial testing procsdure whidh aould detexmine r: T heir procedure required that the rumberof g, i.e
p, be dazen in achance
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fron theary, arare anedtly estimated in achencz. T his is dane here tarsimplidty, aading
the well knonn prdolem of dealing simulianeausly with integrated and statianaery riegressors
inV EC madek; see Tadaand P hilips(199 3), fareampke. U ndarthis assumptian, theV EC
maokel in (2.3) can bewwitien as.
2 3
¢ Vu1
Cv= A i A ° ) + " 2.6
¢ Yao

%1

-

T he Bgadarp and therumberofacommanocksr, whidnistrerarkofl Ay i A <,
can be simultaneausly dosen 1 minimize ane of the Tollloaing mackel selbection aitaria:

AlC (p;r) = h%\--(p;r)E 2—£r£(np+ ngr+q ()
= T

HO @) = g (@iry s . l;hT Er£Qp+n §r+ g @8)

S (p;r) = h%\--(p;r):+ gﬁrﬁ(np+ ngr+q 29)

whereq is the numberofcantegatingvectars, n is thedmasian oftresystam, r is therark
ofV EC madel p is the numberof lecped die erences inthe model §- ;1) is the estimated
\aane wriance matrix of the enmars oftheV EC madelwithp s ad rerkr; adT is
the rumber of dosenatias. V ahid and Engi(199 3) shoned thatr _ g; whidh implies that;
g\van g, maoek of rank smalllier then q nesd notbe aaosidered.

Calulting the information aiteriain 2.7)-(29) forfullrankmadek (r = n) isstiagie
fovnad since they éan be estimated eguation by equatian, usingO L S. 0 nthe otherhand
1o reducd rank madel, aamputing these arteria tordiceraitp ad r may sean di¢ ault
sne ae may think that tharesimatian is reguired. H onever; the olloningl enmastates
awvell knonn reault thet rebiess h%\--(p;r)zlothesq;aed canaical aneltias betinean

SW hen the \ariebkes are not adiritegrated g = (), and these aitaria are the same as those suggssted in
L Utkgpdh(199 3, p. 202).
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h =0
¢ vead ¢ygﬂ qm:q:y%p (®0yq1)° making aamputatian of these ateriain this Gse
abo stradtiawvnwad.

. = P - . ) >
L enma2.1. Theminimumofih: = ¢, "¢ udertheassumptiontet A, ::: A, ©
hes rankr is — —
-1 X — X
h—? ¢ v Yot hli.d;
€1l Fnjr+l

where ; < ; < @ |, ae the sample souared anaoiical aoneltias betneen ¢y and
tesstofregesas xg ~ ¢ R, Gkt ¢ VR ©@%41)° :Thesanpke souared cananical

arreltias ae the aganvalles of
0 1,0 10 1,,0 1
X X X X
@ ewtyr @ eyl xet @ xg YA
€p+1l €pt+l €p+1l €pt+l

P roof. Se=T s(1981). - _
i . - P .
T his IEmmashons thet; afterdirgpping the comman axrstenttem IE - L) ¢ ye Y in
Q.7)>(239), these madel selction atteria Gan be eressd in terms of the aganvalbes (| 5)

&b

AlC(;r) = _ hQi.i@)+ _2|_—£r£(np+ ngr+q (2.10)
HQ (o;r) = _ h1i.ip)+ ; l_T_hT ErEM@p+n jgr+q) 211)
< (;r) = _ h1li.ip)+ gﬁri—:(nm ngr+ao: 212)

Hene for.>ad p; the madel selction atteria Tor ay rank éan be essl ly alubtied after
these agavallies are acomputed. T he eganvallies an be essi ly alubated by any statistical
pragram whidh hes acananical conelation proceduref. || atice that;, for.>ed T, n ad g, the
madel selbection atteriain (2.10)- (2.12) dgpad anly an te g bBgthp and on e rank oftte
parametermatncss intheV EC madelr, i.e, V EC madek whare the rumberofcantegrating
veotars is knoan.

Fareampk Sh S arSTA TA , arany matrix pragram sudh as6 A U SS, arby slightly madifjingany ofthe
pEthaa of aamputer-pragrams whidh use this Bnma to albubBte the Jdharnsen adntegration teststatistics

(sse dgpter20 of amilon(19 9 4)).
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3. ate Caio dssign

Ifsampks are “lhge’ ad the \anablkes haae aonman o/dess, aur intutian &l s that
ighaing them will notbe vary haamiul T his is based an the eqedtation thetwith “ g’
samplks, Egadar selbedian is ikely 1 be unambiguos, and parametar estimates Wl be
pradse so that the reducsd rank aastrainits will be (gpprodmately) true o e estimated
parametars, even When they are notimpcsad at the estimation stece. H eaxe the estimaied
macek with ar withaut aconman o/cke resstrictias Wil be so doe that thar resuls Tor
faecssting impube rIespass ad \aance decompasitian analysis will be very similar.

T his inturian shauld ot honever; be caried oerto the aee oF“small’ sampkes. A sa
matier of fect, e¢ daxy cars are polatially relbantwhen sampke sizes are small ad de
gess offiesdom arescarce. |n this aoiext, usinginkomation arteriatoselbct bBgadarmay
not be unembiguas. T he standard practice is 1O disiegard the passibi ity of reducd rank
maokek in the Tomula ohwidely used madel sebction artterng 1.e, setr = n in (2.10) (2.12).
T his asates the potential prdolem ofmaodel misspaed.. catian in selecting g lbbBgih. 1nded
sebcting g aderimpasing thattthe madel is Tulll renk can yield acompetely dic erant resulit
then selbcting g aderand renksimultaneasly, W e investigate this issue tsing 1000 simu
Htias of100 reduced rank VA R swith a@ther100 ar200 dosenatias eedhy tebulting resulis
vwhen iig Bgth aloe is dosen and when rank and g length are dosen simulianeosly:

T o make presaitation manegeebke we dicse 1o wak with three ad sixdimasiaal
VA R s. Inthe goplied maaoscononics erature madeks that anly aasider the real sice of
the econany are usually thiree dmasiaal Fareamplke In testing the real business o/ce
maoelinKing P IosserandR eoel(1998), Kingetal (199 1) esimateaVh R indudingautput,
asunptian, ad inestmant Issberad Fermarx(1998) useaVi R induding autput, Bbar;
ad il inputs, o estimate g run ebstiaties of the aggregaie productian function.
Sixdmersiaal VA R s wsually induce a ti-\ariate realhariebke sub-systam, as well a6 a
manetary sub-systam, induding the real maney supply, el interesst ratle ad the el of
infatian; sseKingetal Toreampk
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T he ..istpaaneterwe sstin trell atle Carb dssignis tre g Bgthp. Itis dosanin
ader o allbw ether the passibi ity of uder aroer-paraneterization of the VA R (V EC)
madel T his does not hgppen in atherl Utkgpd(1985) arin sane simulatias inll idek
burg1982). The.rstuwss aDt P with attue lBg ader of 1 in his smulatias, making
ucer paranetaization virtually impassible. T his faass infomation aiteriavwhidh heavily
peralize oerparaneerizatian, eg, the Sdwariz aiterium’. T he seaod sets the e g
adar o four;, but the maxdimum g of Tour s well in the estimatian stege. T his makes
oerparaneterizatian impasible faaing beral arteria sudh as e d IC. To axad both
prdblams, for the three dmasiaal systam, we dose the e g ader of 4 alloning for
madek of Lp 1o g8 . Farthe sixdmasiaal systam, in ader to ssse degress of fredam,
weuwse s theD6 P avVi R with to g and allowvestimatian up o Egsix

N ext; we disass the dace dhvariane mwaiance matix orte VA R enar "¢ in the
I ate Carbo design. T he properties of estimated VA R s are anly invariant o saliing the
\aane wariance matrix of the enas by asalr. H onever; the Tdlloning BEnma shons
thatin adertocoerteattire space ofreducd rank VA R procsssss ofader(p), aeaan. X
the arane coariance matnix of ' 1o be the idatity matmx withoutany Ibss ofgenerality,

L emma3.l. A nyabitary Ull ek ineerrtarsiomation ofareducsd rerk VA R, gaenerates
anotherVi R with the same rank

P rooE CasideraV AR (p),

Ye= Ayt BB Ayt e
A ssume et P is afull rank n £n matnx whidh arthagoalizes the \arane coariane
matrix of ' Dereze” Py B, - PAPH, aiEB, - PAP, ad’ ¢~ P’y wWee
E(<D=I,.-Wehag
Ze ~ Pyie= PAYg1t+t @B PAYG,+ P'e

N otsurprisingly this is eadtly the aitarium that does best in dosing the conrect g aderin his

smulatias.
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PAIP Py + &8 PAP Py, + P'e

Bizg1+ ®KB Bz, + & (X))

Sinee Pis offull rank theB ;s hae the same rank as ofttar Aj’s caunterpart. Since all the
Ai’s hae the same Eftrull spacs sownillall te PA;s ad trereiae sowll teB ;5. 1

W e now twm 1o dadce of the ae¢ dants in the codiiaal meen of e VA R (V EC)
madel A n edastvell aite Carb stiudy oer the atire madel spae is unlessibke. 1tis
astonary, as inl Utgpdk(1985), t© doose sevaral sets oF egenvallies Tor the aaompanian
mati¥ of the VA R, ad to dhoose abittary paraneter matricss whidh gve rise 1o thoe
dagnvalless aeragng tre resulis oerall theseD 6 Ps. A lihaudh the resullis ganeratied from
sudch a design strategy might be uselul Tor gaeral ime saries analysts, they are usutebke
Torecoamists whowark with aggregate maaoscaonics data T his is because the oydical
struciure (i.e sigal o ndse ratio of maoek indluding maaosaconamic aggregates Gan be
qutewesk espaedally Torsystams Wwhidh do notaaiian amanetary sectar. Fareanpk te
systemR ¢ (@amessuresimilatoR ¢ forunivariate mooek whidhis disassed inthel ppandix)
TrKingetal’s(1991) V EC madel ofU S percepitainaome aasumptian, ad investmantis
0.44, wheress thesystemR ? Torl@ autofthe200 D 6 P swhidhl Utkgpdnk(1985) averagss oer
areaboe0.5, ad) 60fthese are geater then 0 8 . Since this paperis intanded primari ly Tor
goplied maaoscoamists, a desigh whidh gves 1o mudh wagittomaoek with hidh system
R ¢ waul be ingppropriate.

H ee we startwith a“tpical’ maaotscoanetric study in adertosebctte D6 P ad
the systam R? assadated with it T he data set usaed Tor dhoosing aur paraneter \vabLes is
thesameas inKingetal(1991) . Farthe threevariebe systam, we aasidered 100 dic erait
D6 Ps. Tharsetof parameter\valies are drann randonly fron the estimated asymptotic
95% aon..dae regan of the paranetars of reducd rank VA R's of ader four: T he bBtier

8T he aampenian matrix ofaVi R @)is the aoet dattmatrix ofits VA R (1) representation. T he aonditian

Vi R @) bestatiaeryis tatall of the dgenvallies ofits aampanian matrix are irside the unitdrcke
!Kingetal (199 1) dese a g lbngth ofeightorthai rthiree varieb ke madel and a g length ofsix fortheir

six\ariecbke madel T hey dase these g Bgtts an apriari gounds, and withautany relBrace to data
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are bessd on estimates of fourthaderVi R s ofthe .. istdiv eraass of the looarrtims of U S
percpita pmate iname asumptian, ad inestmattoerthe periad 1947.1 1©1988 4,
in quarterly freopengy, Farthe sixvariable model we albbo aasidered 100 D6 P s dranned
using the same methad, after.. ting reduced rerk VA R s ofarder tno to the . istdic erancss
of loprittims of per-Gpita private income asumptian, inestmeantt;, real maney balancss,
inerest rate ad intation oer the pariad 19471 ©1988 4. Farall aess we have been
caelul ©\aify that all of these randanly drann D 6 P s satisfy the staticarity aonditias
forV ectorh utoregessia s’ .

By dosingaurD 6 Ps fran this “plausibE’ subsst of the parameter space W belleve
that aur resulls woud be directly relevant Tor gpplied maoosoonamists.  Far aamparisan
withl Utkgpd(1985), the median ofthesystam R ¢ messure oraurganerated thiee \ariebe
D6 Psisbetneen 05 ad 0.6 with ks ten 5% lgerthen 0.7 and none greatier then 0.8.

T hell atte Carbsmultion axsists of the olloning

1. Usingeach of tthese 100 D6 Ps we gernerate 1000 samples (of ether 100 ar200 do
senatias), recod the g bgth dosen by taditical (Ullrak) A IC, HQ, ad SC
meesures, i.e, the infomation arteriastated in (2.10)-(2.12) whenr = n, ad te g
bgth ad rank ader dossen by the infomation aiteriastaied in (2.10)- (2.12).

1. Inallcsss, 1o redue the impactofinitialvalles an simulated sexies, we ganeraied
500 dosenatias. 0 ny the Bst 116ar 216 dosenatias were sebedied for the
faecssting eerdse ad aly te st 100 and 200 weare selbected o the impulbbe
respase and \ariance dscompae ian exarases.

2. W ethen aampare the abi Ity ofeadh of these stratleges afmadel selectian in estimating
teD6 P s true g bgth ad rank T his aamparisaon alllons messuning the dhance of
missped.. catian arising fram igaing conmanoydes at the g lboth selbction stege

0T he range of the asolute vale of the madmum dgenvalle of the tri-\ariake rankkae D6 Ps is
(490 87) Forte tri-\ariate renk®\wo D6 Ps this rangeis @ 6330 92) ad o the six\ariate rankfour
D6 Psitis 5630 96)
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3. Bassd on tre infomatian atteria resulls, a*“best” maodel Toreedh atterium is dcsen
vwhen ttaditical (Ul rak) aiteriaae used and a“best” madel foreadh arterium is
abo dosan when te ateriain (2.10)-(2.12) ae used. Fareadh type of infamatiaon
aiteria these tho “best madek are compared regading

1. autoFsampke Taecssting acaurecy Up 1o 16periacs aheed ad,

2. meensguared enar in estimating \vaiance decompasitias of farecsstenars ad
impulbe respase Tunctias.

W e twm now o the sped.. s of the eerasss an Taecssting evalation ad an varane
decompasiian and impulse respase Tundian estimaties.

3.1. I essuring Torecssting acawacy

A ppropriate evalation ofF farecssts dgpancs an the spad.. c use that the Taecssts are nesdd
o i.e the”bsstunciat’ oftre user: T hetectthatwe have goplied econamists as aurtarget
audiencedoss nopdntoany sped.. cvay thatwe shauld evalate the Trecssts ofaliemative
madek. First itis not reesaneblke 1 impae any §pe of ssymmetry in evalating faecst
enars. Seaad amaaoscaanistwho madek the gonth rate ofinaome aasumptian aad
investmant, mightin fctbe interested in the gronth rates ohinaome saings and investmat;
ar she midit be interested in Torecssting the ek besad an the gonth raess. T harefag

itis impartant  eal ate the Taecsting perfamance of div erat madek an the besis of
messures that are inariant 1 inear trarsfomatian of faecssts at ae hatzon, araacss
doeratt haizas. 0 ne messure that satis..es this inariance proparty is the generalizd
foresstenor seaond manent (G FESI ) inttraduced by ClEmas and H endir(199 4). Itis
the deteminent of the expected \alLe of the auter praduct of the vector of steded Tarecsst
enrars of all TutLre times Up 1o the harizan of intlexest Fareampk iffaecsts uwp h
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quarters aheed are ofintarest, this messurewill be

0 10 1
“e1 “e1

GFESI =

NRRRRRRRRRRREE

NEERY RRRNRRRN

where“y , Is tren-dmasical foecsstanra-athaizonh ofFaurn-variable model 1tis do>
vias that this messure is inariant to ebmantary oeratias thatinole dic eratvariables,
and abo o eenatary qoaratias that invole the same \ariabke in drerent hanizas. In
tell ateCaly the aboe epedtatian is evalaied Torevaery madel by aeragngoerte
smulBtias.

W e abo aasiderad hare tho additiaal messures of Torecssting acareny. T he .istis
the determinant ol the meen souared Tarecssterrarmatrix atdic eranthanizas (J) SFEp,
ad te saaod is the trace of the mean sguared fTorecsst enar matrx (TM SFE). The
deteminant of te M SFE is inariant 1o eemaitaxy qoeratias an forecssts of dic eraic
\aiabks at a singke haizan, butitis not inariant 1 ebEmantary gpoaratias an foessts
aacss dic ergthanizas. T he trace ofthe mean souared Tascsstenrarmatrixis notinasriat
toatherofthese taastomatias.

T hareis aeanplcation arising fran the fectthatwe are simulaling 100 dicera D ¢ Ps.
Inthis Gsg thesimpke aeragng of these messures aacss dic erantD ¢ P s is notgpprapriaie
sincethe fascstenas ofdreraitD (¢ P s donothae idantical veriance coariancee matniass.
L Utkgpdn(19 85) namalizes the Torecsst enars by thar triue \varianee coariance matyix in
eadh e O et 1.d. dosenatias. U niartunatiely, this wauld be avery ime casuming pro
adure oramessure ikeG FESI whidh involes steded errars ofmany hanizas. [rsteed
we calubie the percaiage dhange in these messunes in the “best” TUll rank madel ad the
“best’ reduced rank madkel dosen by eedh atterium Torevary D 6 P, and then aarace these
daegsoerallD( Ps.
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3.2. P reasian of impulee respaee and \ariance deaompasiion estimales

A Mhoudhinmany Geess the dojects ohirnierestin gpplied studies thatuseVA R arV EC madek
are impukbe respaee fudias and \variance deaompasitias offorecsstenars, all smulatian
studies we anare of Toas an Taecsst aanparisas aloe. T hus, studving the preasian of
estimates ofimpulke respase Tunctias and \ariance dscompasi ion aet dats Tordic eraic
VA R adV EC madek hes aboahicgh payor .

Impuke respase funcias and \arance decompasi ion ofFfarecastenrars dic erfram mult-
step Taecssts of VA R ofV EC madek in whidh they are notanly nan ineerfunctias oftte
estimates ofmean paranetermatricass butofthe variance coariance matnx ofsystem enars
aswell ¢ ven this added dmasian tothe prdblem, aecanota prion eecttogetsimiber
resuls o the Trecssting eerdse.

I aeower; thereaewissues thatare spad. cto the analysis afimpulse respase functias
and \ariance decompasi ion ofFfarecsstenrars. FHist, enrars have 1o be arthagoal Torresults
10 be meaeninglil . 1 s is well konn thare are sevaral tedmigues that yied arthogoal
enars. H ere we dcse 1o Lee the Choleslk dscompasi tian o the variance coaiance matyix
1O athaoalze shads, sinee this is by & the most pgoula methad usad In practica
Seaod farathiee \variebke system there are nine impubse respase and \ariance aanpaant
axt daits in eedh haizan. Farasixariabe systam there are thirty six. |n adaerto igpart
results in aaompactway, the mean souared errars ofFeedh ofthem is acomputed Torthe renk
restricied and the unresstricdied VA R madel T heny the peraattece improemattinll SE of
the restricted madel is aomputed for eech of these et datts. Finally far eech harizan,
the mean pacaitege improanait aaass all et dants is amputed. 1tshauld be noticed
that this methad easures that .. nal resulis do notdgpad an the unitoFmessuremantoftte
\aiabks in the systam. T hirld in adar o kegp the size of aur tebks donn t aminimum,
oy \artance dscompas tian resuls are reported, since resulits forimpulse respanses folloned

1N this g the results inaurk emma? are notgppliceblg, sincell ate Cardo results are notindepadatt
ofthe way dosen to arthagoalize shads o the VA R .
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a\ery simi larpattem to those foud in the varance decompail ion eerdse.

3.3. A badmakforfUture ekeraxe

A s in any simulatian study is uselul 1 grnerate a baxdmark Gse 1o be used Tor Uture
reeren®e H erg we dse as anatural bendmark simulatian the Gase Where the ressexder
knons the e iEg B gthoftteVi R, therdoy rulingautany denceofmadel missped.. catian.
A Ny dir erenass betinean reduced renkand Ul rankVA R modeks retectsolely e daoy gars
of the fomer:

T o sae spae we presat the resuls of this eerdse aly Tor the thiree \arieble system.
Tabk1 shons the pacaitage improanatt of dis eratmessures of farecsst acauracy and of
meaensguared enrar (| SE) ofvariance decompasiian aoet dats when reducsd rarnk V EC
madek are allonaed T 116 FESI  is aasidared, Taecssting acaurecy Gan improe aés mudn
a8 73h , with amedian improanattaacss all haizas and sampke sizes ofabaut % . IF
J SFE.Jad TM SFE ae casidaed the gars are smaller 2% ad 2%  respectively).
It abo baoomes dear that they heppen mastly at shart harizas, whidh doss not hgppen
whenG FESI is asidarad, since the Atteracoumulaies Taecssting acauraty gAlns aasss
haizas. Thedars inll SE ohariance dacompaeitian aoet dats are abosizebe- they an
beas hidhas G& wth amedian gan ofebaut 4% , althauch atthe .. isthaizon thereis a
ks inll SE thatcan reedh up 1043) .

T hese resulls show the potlartial et dancy gairs when te Bglgth of VA R ad V EC
madek are knonn. A lthaugh they sere a8 a baxdmark these gairs are unrealistic Tor
empirical studies, since there g lbBgihs must be estimated befordhand. W e nextaasider
reduced renk madek g Bgth sebection using informatiaon arteria under tho distinct si®
uatias. Hist when the infomation aiteriain (2.10)-(2.12) are used settingr = n, ad
ssacod, wWhen they are usad allloning for the passibi ity of reduced rakinVA R ad V EC
maokek.

T his tpe of eardse allons inestigating the olloning (i) how often madel selectian
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arteriadoseadic erant g bBgthvhen, asis trenom inpractice anly full rankmaooeks are
aosiderad? T hese resuls are then acofranted with those dotained when the same arterium
is used O pidk the g ader ad rark at the samne time; (i) do dis erencss in the dosen
madek by these tho diesses afimadel selbation arteria lkeed tomajordiz erencss in faecssting
acurery?h rd (i) dodie erancss inthe dosan maoek by these o diesses ofmadkel selsction
arteria lked 1t magjar div eranass of acaurecy of estimates ofimpube respase and \arianae
decompasiion et dats. A secondary result, Whidh Gan be of intarest o practitiaers,
is the rehltive performance of dis erant model selbction arteria Tor reducsd rak VA Rs in
droosing tharanect Bg ad rank ader:

4.\ ate Calo smubation resuiits o the three \ariabke mocel

41. Selkection of Bgad rank order

T abke 2.a shons the freouacy of iegader seleatian in 1000 simulatias of 100 tmeriate
VA R s(@) with rank1 by A IC, H Q and SC when anly Tull rank madek are axsidered, ad
vwhen rank and Ieg aders are determined simultaneasly. T he top half of this bk ane
soak o asampk size of100, ad the botiom half conrespands o samples oF200 dosenva
tas. Tabk?2.b shons the analogos frequades wen tte e D6 P is atimariaie Vi R (4)
of rank 2.

T hese T ables an. mm thatselbcting the g ad rank ader jantly ean keed todae ofa
madelwhidh is oFhigher g adarthen the g lBgth dhosen when anlly Tull ankmackek are
asidaed. Fareanpk the to halfof T abke 2 .ashons thatforsamples of 100 dosenatias,
the modal dace ofall three aiteriais VA R (1), with Al C doosing the tiue Bg of4 anly
14 paraait of the time. T he other to aiteria docse a Vi R (4) with a frequacy of ss
ten 1 paaait H onever; when the Ilg ad rank are dosen simulteneasly thereis a lxge
reductian in the rumberoftimes thacthe VA R (1) is dosan, regadiess ofthe arterium used.
Furtremare the frequancy of the aonect Ieg dosan inaeeses sigi..cantly, 1N baoth T ablkes
2aad?2.b AlC dooss the arect g ad rank mae dften then the other tho atterig
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withH Q adossessood. T hemodal dxace ofthe Sdhwarz arterium stays ataVh R (1) even
with 200 dosenatias.

Two pants are warth noting First even in those Gsss in whidh the arteria dooe
tewag g bgih they are likely to doose e anectrank The oy eagptian is
when the e rarkis 2 and there are anly 100 dosenatias. T his suggessts that conman
o/ aan be detectied even ifthe vwag g Bgth is dosen. T his is plausibEe because
the property that a ineer combination of variables hes No dgpadence with the past (the
necssary and sud dent aondirian farcomman o/aks), is unrelated towhat those o/ces are
and whether they are anrectly spaed..ed. T he seaood pantis et Al C hes atendacy o
oerpredct the trte g bBgth even when sampke size is 200, axe ae doosss g bBgth
and ranksimulianeasly. ¢ iven the evdancee an the adhearse e ects of oarparaneterization
an Taecssting in time series madek in the erature (seel Utkegpadhnl 1985), this autias s
that the asts oflsing Al C o dooe g ad rank ader jantly may autnadh its bae. 6.
T he analysis ofthe Tarecssts 1N the nextsubsactian an. ms thak this is indeed the Gese.

4.2 . Forecssts

T abkes 3.aad 3.b showv the parcanitage improemaitin these messures when g and rark
are dosen simultaneasly oervwen g Bgth is dosenalbe impasingr = n. A gaeral
aclsian is that reduced rankmadelk have no farecsstabi ity beyad 8 periods, and mast
of the adchantace of lbdkiing Tor aamman o/cks is In Torecssting ane 1o Tour periacs eheed.
D expite that; thare are still nantivial geirs Tor aasidaring the passibi ity of reduced rank
macek G FESI anbereducsdup ©%, jl SFE Jup ©IL11% adTM SFE u 8%,
when the e rarkis ae. Far rank o these potantial redudtias are respectinvely 31% , 9%
ad 5% . T hese rumbars are ebaut halfas bexge as arbaxdmak csewen G FESI ad
J SFE,jJae asidared butare irgerwhen T SFE is aosidared.

T he results in T ablkes 3.aand 3.b alllvww albo amparing the thiree infkamatian arteriain
tems ofttrarreltive perfamance. R egardiess ofthe Tarecssting acauracy messure used H Q
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provdes the bestiorecssting perfamance aacss infomatian atteria W EAI C provdss the
wast 0 urresuls frH Q and S showv that there are sizebE bare. s fion doasing g
ad rak jantly. In these s, these atteriag\e rise to madek thatare doserto the triue
D6 P, withoutinaessing the dence ofovershooting the anrect g

0 n the other hand aosidaring the Tarecsst parfaomanee of Al C, ad the inaessd
passibi ity of o.er-prediction of the g adarwhen g and rank are dhosen simuleneosly
espedally when sampke size is 100, we aondice that the jJantdeterminatiaon of Bgand ader
by Al C inmadebwithsmallR ? is notgppropriate. Indesd, ifaewants touseAl C , andabko
wants 1o albwvfarpassibi ity of aonman o/cks, itwauld be better to enploy the Tolloning
strakegy. First Lse Al C o docse the g Bgth testing foraomman o/dess uising the E&stin
Vahd and Engi(199 3). T hen, impase comman o/cks it thatis not riggected by the testing
procsdure. In this way, the passibi ity of overshooting the aarect g bBgth is somenhat
aorolied.

4.3. V arance decompasiian results

T he paraaitimproanent of estimates of fTorecsst enor variance decompasiian aoet aents
are prested in Tabke 4. Firstnotice that the smallsst gars (lrgesst Ibssss) are dotained
o haizon ag Whare resulls dgpad edisively an the estimale of the \ariance coariance
matrix of the ermars'? ; asimi lr resultis dotained in aurbendmark aese. T his may be due
o the fect that the \vaeriance aantributia s are a ratio ofelemeatts of the \ariance coariance
matrx H encg althoudh the restricied madel estimaiies the lettiermare pradsely, itperfams
worse in estimating the variance ratics ampared 1o the unresstricied maoel Second, wWhen
sampke size is 100 dosenatias, there is no arsistant pattem of resuls favaing reducsd
rark attena (i.e, when egad rank are jantly seledied). T hird, inaessing the samplke size
10 200 dosenatias improses the geirs of reduced rank mackek  regardiess of the arterium
aasidaed. T he higest realized gain heppas when theH Q aiterium is usd in this Gese

12\ otice that; Torharizan ag when the Choleski decompasition is employed, there are anlly .\e \ariance
antributias that\ary aacss smulatias.
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althauch this says nothing ebaut the reltinve perfamance aats aiteria for estimatian of
\ariance decompas ian estimates.

5.1 ate Carbb smulation results o the six\ariabke mockl

TheD6 Ps ofthe sixwariabke !l atte Carb simubtias are draan uniffamly fion the an
..danae regan of an estimated six\ariebke VA R (2) of rarnk 4, besed an U S maacsaaamic
agpeEies. T he six\variables are the gonth rates of perGepita incone aasumptian, in
estmeantand real maey balbnoss, and the .. st dic erence ofinterest ratss and the intatian
rale fron 1947:1 ©1988:4. This is the datla setused in King etak1991). T he addiian
of the maetary \aieblks 1o the systam, inaessss thesysten R fiom 044 ©081. Thisis
passibly due o the Bt ttat maetary \ariebks are mae depadaitan the past then real
\ariabks, ad thatthare is asttag acss conelatian betnean the gonth rates of relmaney
balenass ad income.

T he maximum g bbgth asidared is 6 vhidh is the g lbbgth thatKingetal (199 1)
usd in taranalsis. |n ader o redue the aonputatical asts, we hae drann anly 20
D6 Psad perfomed 500 simulatias in eedh Geee. [N aorast 1O the three variabe madkel
teD( PsinthiseadssallhaeR ! betnen( 8 ad( 9; whidh implies that.. nite samplkes
are mae infamative ebaut the structiure of the D6 P then in the previas thiee \ariebe
Gee ad thatinfomation arteria mustbe mare suaessiul in sebeding thecorect g T his
is dearfron the g and g rank adars dosan by the dic erentaiteria reparted in T abkes.

T abke5 shons the frequencoy ofmaking the anrectddae using eedh of the three aiteria
T he prdblem with Al C oershaoting the aonrect g when ie|g ad rank aderis dnasen
smulaneasly, is mudh mare praxaunaced here espaedallly in samples of 100 dosenatias.
In this cee the rieguler Al C anly oershoots the tiue BEg aderin s then 2 pacant, but
the Bgrak\varsian of e Al C osarshooss the tiee liBgin g 4 parcait of all of the 10,000
smultias. ITwe add the §.3 pataitace of imes that Al C oapredics the rank even
thaouch it pradcs the g ader corectly, we see et Al C ads 1O an ovaparaneterized
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maokel in mare then 17 peraaitin all smuletias.

T he intaresting inkamatian in T ebke 5, honewer; is the reltive suaess of te i aman
Q un afterium in dosing the aonect iBg ad rank ader; withaut the risk of oarpa
rameterizing the madel T his rgpeaits what we dosenad in aur three variabke smulatias.
Bven with a sampke size of 100, theH aranQ unm arterium dooses the aarect g 942
pacat of the imes, and lecks 1O oaparameterized madek in kss than 0.5 percaatofall
smultias. W ith asamplke size of 200, the H ananQ um arterun is alncst perfectin
doosing the aonect liBEgader (09 98 peraatl), ad is the bestamag the three atteria tor
doosing the aonrect g rank aombinatian 9 0.7 peraaitin allsmulatias. A lhaudh the per
atece ofthe times that the Sdwvwariz arterium docsss the e lieg improses when e g
and rank aderare dosen simultaneasly; this aiterium is still signi. cantly biesed tonarts
uder-parameterizing the madel evenvwhen the sigal is strag ad the sampk size is 200.

T heaoisiancausad by Al C whenitis used todocse iBgand rankadersimulianeasly
is retected in i Taeesst parfamance. T abke 6shons the improanatitin the faecssting
perfomance adimaokek dosen by the dic erentatteriavnwhen rankaderis dasen in tbemaodel
sebation stege oervien itis igxaed. W hen the ssmpke sizeis 100, ussing Al C to docse
the g bgth ad rank adarsimultaneasly ecs 1O vary poar farecsst perfomance of the
sebcted madel for loger then ae step aheed hanizas. (0 iven the reltinve suaesss of the
H arenQ un arterium in doosing the aonect g renk adey; it leeds t macebk with the
best overall Torecsst performancs With Al C baing a dose seaod anly when the samplke size
is 200. U niike the czse vihere the sigal to ndse ratiowss small the underparaneterizatian
of the ttte madel by the Sdwarz atterium is refedied by a vary poor reltive Toecsst
perfomance oFmadek dosan by this aiterium.

6 Cadlsas

T his pgper agues that the stylized et that “maaosaonamic \vaiabless move together oer
the business o/aB’ shauld be t&ken saeriasly in econanetric maoek using them, usually
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avVhiR aaVEC madkl Thell aiteCardo analysis in this pgper sugpessts the folloning
messages 1o practitianers Who analyze datavnidh edibitconoanaic

1. T harearenntmval gars in faecsstingacaurecy adinll. SE ofestimates oharianae
decompasition aet daits whenweallonVA R andV EC madek tobe of reduced rank
T hese results arestragerin aurbend mark ceee (legaderis knoan), butaxrean.. imed
as well Torthe mare realistic Gese Where g arderris selbected using pqoulerinfomatian
afteria

2. Infbrmation arteria tratallovorreducd rank VA R andV EC madek perfam betier
in dhosing the anect g Bgth anpared 1 these same infomation arteria that
disregad reducsd reankmadek (n = r).

3. IfH Q ad S are usad in aaaiextvwhidh allons tham 1o pidk reduced rank madeks,
then the pradblem that they udapredict the tiee g bBgth is sign. antly remedied.

4. Donotuse Al C o docse g and rank ader at the same time espadally when the

sampksize is small

5. T heH arenQ um aiteriun saams 1o be the best artarium - dosing g bBgth
ad rank ader at the same time.

T heanalysis aboan.. ms that Al C éan leed 1o over-parameterizead maoek with acherse
aasegLanass Torforecsstperfamance. H onever; itreveaks thatl. UtkgpdPs(19 85) aonclsian

that madek selbcted by Sdwarz arterium ked 1o best faecssts is an artiectofhisll atie
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A . SystEMR ? ad sigel 1o naise ratio

Inamultipk igessianwith stodestic riegessas ad iid enas, y= X + ' the Imiting
sgaltondse ratio (snr) eanbede.ned as.

= ~
_Oiﬂnl E XX

_ T :
snr = . ; ¢ 2

whare E ("9 = %4 &, and the prgpartian of the \ariatian of dgpadant\ariebke eplned
by the madel i.e. the pqoulAtianR ?, is

= -

_OInT!l E % _, snr

R? = :
%l + _OInTgl E % B (1+ Snr)




5 . 5 X
Sincetl"eaeynpldicwanceofpf bi7 isSAVAR(®)= %L Emp.; E X " we
anwite ( 1) s B
snr=_°3AVAR(b) - ¢ 2)
CasidernovaV AR (p):
Y= Ayt GBBE A+ e ¢ 3

T he analogous messure ofsnr T itis

- -
sir="0§ —- it~ ¢ A
) s -
where = vedA), A= A i A , E "t"%j = -, ad
0 1
io in G,
§ = it i Kb ;
Gk &k &k &k
igin ip O o
wherej ;= Esy.y,’ﬂ I oicctats isampketelydetaminedby (A; - ) viateY uke\ alker
equatias. A flersame alggorg itcan beshonn trat (¢ 4) isequal o

- = -

3
snr= 28§ — il T = wa@ j,- ' jn:

U sing this st resul, ae can then ce.ne thesystan R 2 tobe

tac(jo- D) in
1+ wae(jo- 1) in’

R? =

13SeeH amilton (199 4) Chepter 10, L itkgpdhll (199 3) Chgpterl, arR d@rsel (199 3) Chepter2.
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Tabk 1: P ercantece improsemerttinll SE of forecsstenom\aiance deaompasitias, and dis erent forecest messures When the ieg Bgth

is kkonn
horizan Trerakisae T e rarkis tho
(@) 6 FESH |j|SFEhi|TMSFE|VacDec; 6 FESN |j18FEhi|TMSFE|VacDec;
Sampksiz2100
1 2222 2222 197 -14.10 12.08 12.08 098 3.6
4 64 8.65 1.72 4555 A56 5.02 096 423
8 7054 1.70 1.3 491 257 1.3 0.77 4384
12 7234 046 103 4&25 44.66 045 059 181
16 7286 021 081 4595 4526 025 047 4773
Sampk size 200
1 1122 1122 114 -792 &b5 b5 0.8 -42 53
4 29 53 380 0388 a&L50 1780 22 052 G
8 RI7 052 oa ax20 20.72 046 037 13.18
12 33B37 011 045 a&L.07 21.19 007 027 1451
16 3347 0.05 034 &:52 2125 006 020 1490




Tabk 2.a Fequency of ilg () ad g rark (; r) dace by diz erert atteriawvwhen the true mocek are @;1)

Selced g 1 2 3 4 5 6 7 8
Sebdedrank| 1 [ 2] 3 [ 1 ]2 3] 1 ]2 31" ]J2]3[1]2]3|]1]2]3]1]2][3[]1]2]3s
N umber of dosernatias= 100
AL @) i il 570 i i | 131 i il 126 j i | 140 i il20 i i |07 i i 03 i i |03
AC @D | 108[25] 04| 7420 01 |144|24] 01 |[R7[34| * |[83]|11] * [50][06| * [38|04] * [40]05] *
HY @ i i 929 i i | 47 i i | 17 i i| 0.7 | i il i il i i 0 i i| 0
HO @D | 321302 13303 * [170]01| * [243]01| * [24] * 0 |07 * 0 03] 0] 0l01]0] O
SC ® i TELESIIN i | 04| i i * i i * i i| 0 i i| O i i 0 i i| 0
SC@ED |738|04] * [107] * 0 [ 84] 0 0 66| 0 0 o1 o 0~ ol o]o]olo0o]o0o]o0o]|oO
N umber of dosernatias= 200
AL @) i il 259 i i | 107 i il 200 i i |40 i il 27 i i |05 i il 02 i i *
AC@ED | 22 [07] 013308 * [121|18] * |564|41| 01 [91]08] * [41]03| 0 [23|01] 0 [1.6/01] 0
HY @ i i 801 § i| 78 i i| 72 i i | A i il i i| O i i O i i| 0
HO @D | 16106 01|89 01| * [207]01] 0 |[513] * 0 |19 0ol 0 ]o02[0 ] 07]°* o0~ 0] 0
SC ® i i 986G i i| 10 i i | 03 i i | 01| i i| 0 i i| O i i 0 i i| 0
SCE:D |a44lo1]| * 111 * 0 [171] 0 0 | 23] 0 0 o1 o 0]~ ol o]o]olo0o]o0o]o0o]|oO

I umbers in eech c2all Ipresant paraatage times that the madel selbedtion arterion anespading to that rov dce the g rank ader aarespading to that
aolmn in 100,000 simulatias (1000 simulatias of 100 dceratD 6 Ps). T he true g aderis idati..ed with supersaiptT . A ¥ conespads thanatzero
\alle Ess then 0.05 paraant | umbears in aravwmay notadd up 1©100.0 exadtly because of raunding.




Tabk 2.b: Fequeancy of Bg @) ad g rak ;) dxdce by dic erent adteriawvwhen the troe modek are @;2)

Selected g 1 2 3 4 5 6 7 8
Sebatedrank| 1 | 2 | 3 |1 ]2 31 23] 11 ]27][3[]1]2[3[1]2]3]1]2]3]1]2]3
N umberof dosernatias= 100
AL @) i i 19 9 i i | 102 i i 213 i i 413 i il 46 i i 15 i i |07 i i |05
ACED | 11| 49 | 101047 06| 25|155] 12| 43 [437| 18 [12|70|03|08[31[01]07[18| * |09 |16] *
HY @ i i |81 i i | 131 i i | 127 ] i i |99 i i |01 § il i i| 0 i i| O
HY @;»D 86| 196 19 |[50[81] 02 [81]148| 01 | 105|208 | * 11|06 0 [04]|01] 0 |01 * 0 |[o01] * 0
SC ® i i [932] i i| 51| i i |15 i i | 02 ] i i| 0 i i| 0 i i| 0 i i| 0
SCEPD |36 12 [95[48 ] * 94| 43| ¢ 79 | 19 0 [02] * 0 [ * o] of* ojloflolo]o
N umberof dosernatias= 200
AL @) i i 33 i i 2.7 i i 1&a3 i i 72.2 i il 43 i i |08 i i |02 i i |01
AC@D | 01| 06| 02[01[09] 01]03[102] 07| 09 [723|25]02|7a|l02|01]20] * [0a1]08]| * [01]|04] *
HY @ i i 279 ] & i| 96| i i [233] i TEFIN i i i| 0 i il 0 i il 0
HY @;»D 13| 75| 06]09 | 47] * 34200 * 47 [ s& | * 0204l 0 | * * 0| * o] 0] * 0] o0
SC ® i i | 744 1 i |104] & i [103] i i 50 | i i| 0 i i| 0 i il 0 i il 0
SC @:D 12 26 | 07 43| & | * 82151 0 91 [198] 0 * * 0 [ * ol ololoflo[o]oTlo

I umbers in eech c2all Ipresant paraatage times that the madel selbedtion arterion anespading to that rov dce the g rank ader aarespading to that
aolmn in 100,000 simulatias (1000 simulatias of 100 dceratD 6 Ps). T he true g aderis idati..ed with supersaiptT . A ¥ conespads thanatzero
\alle Ess then 0.05 paraant | umbears in aravwmay notadd up 1©100.0 exadtly because of raunding.




Tablke 3a P ercentace improvemerit in dic erent messures of acauracy in forecssts gereraied by the best possibly reduoed rank VA R
ower tte bestfull rankVA R dsen by the same mockel selbection adterion when the trte mockek are triveriate (4,1)

harizan A1C HQ sC
G |[CFESI §j SFELJ TV SFE |6 FESI jl SFEJ TW SFE |6 FESI §jl SFEJ TW SFE
Sampksiz2100
1 =4 =4 0.0w &b &b 28P 53 53 1.6
4 10 8W 23 11 161P (S 48b 109 41w 30w
8 40 -10 00 15.1 -03 2.7 110 -01 1.7
12 2.0 0.6 -0.2 142 -02 17 107 -01 1.1
16 1.0 -03 -0.2 137 -02 12 105 -01 08
Sampk size 200
1 91 91 20 110 110 &7 83 83 53
4 222 32 20 03 82 7.7 225 71 (S
8 221 01 1.0 38 05 44 234 04 39
12 221 00 07 37 00 28 234 00 2.6
16 220 00 05 37 00 2.1 233 00 19

6 FESI is ClEnatts adH edry’s gaeralized faecest enmrarsaaod manattmessure ji SHEjJis the determinant of the mean souared forecast enrar matrix
Torhaizonh Tl SFE is the trtace of thell SFE matrix Supersaipts band w danote the best and the warist perfomance amang the three infomatian afteria



Tabke 3o P ercentage improvementin dic erent messures of acaurecy in forecssts gererated by the best passibly reduced rank VA R
ower tte bestfull rankVA R dsen by the same mockel selbection adterion when the trte mockek are trivariate (4,2)

harizan AlC HQ SC

G |CFESH §jISFE) TWSFE |6 FESH  §l SFEqJ TN SFE| 6 FESH  jl SFEJ TW SFE
Sampksiz2100

1 7.6 7.6 01 59 59 2.2 1.6 1.6 14

4 192 29 05 192 al 39 10.1 al 43

8 204 01 01 197 -00 22 100 -00 25

12 205 0.0 00 19.6 -01 14 94 -00 1.6

16 205 0.1 00 194 -01 10 91 -01 1.2
Sampk size 200

1 59 59 0.7 (S (S]] 2.3 88 88 54

4 153 20 05 205 43 2.6 28.7 83 &

8 171 0.2 03 21.7 03 15 31 0.6 3.7

12 173 00 02 218 00 10 33 01 25

16 173 00 01 21.7 00 10 312 -00 18

6 FESIH is ClEnatts adH edry’s gaeralized faecest enmar saaod manattmessure j| SHE4jis the determinant of the mean souared forecast enrar matrix
Torhaizonh Tl SFE is the trtace of thell SFE matrix. Supersaipts band w denote the best and the warist perfomance amang the three infomatian arteria



Tabk 4: P erceritece improemaerttinil SE of forecsst enor\ariance deaompasitian gereratied by the best possibly reduced rank VA R
owertte bestfull rarkVA R dosen by the same maockel selection atterian

horizan Trermakis ae T e rarkis tho
(@) AIC| HQ | SC AIC| HQ | SC
Sampksiz2100
1 -2099 551 147 -143 -898 -926
4 5.8 117 720 1304 541 -8.&
8 -800 -085 487 887 208 -10.77
12 926 -200 420 797 142 -11.14
16 97 244 396 756 119 -11.28

Sampk size 200
-8.10 12.37 2025 -445 052 9.8
2915 50.6 4091 2715 R84 2120
2740 5751 3.&@& 2475 3137 2017
2579 563 3r4l 2406 3103 1973
2535 5581 3705 2334 3DI0 1956

Groar




Tabk5: Feguacy of Bg @) ad Iagla"k@ r) dydc by dic erernt atteriavhen the true mockel is asix\ariesbE VA R 2,9
Selcied g 2 36
Seboted rank rak4|rai<;4|rak>4 <4k d | med| k4| mcd | ke 4
N umberof doseratias= 100
AL @ i i 12 i i 971 i i 17
AL @;n 01 01 * 9.3 728 8.3 27 a3 05
H? ® i i 252 i i 748 i i 0
HQ @;:n) 43 14 01 40.6 532 04 01 * 0
SC @ i i 775 i i 225 i i 0
SC @;N R0 28 * 525 128 0 0 0 0
N umberof doseratias= 200
AL @ i i 0 i i 99 8 i i 02
AL @;nD 0 0 0 0.6 895 85 * 12 02
HO ® i i 038 i i 99 2 i i 0
HQ @:r) * 0 0 9.0 90.7 02 0 0 0
SC @ i i 28 .6 i i 714 i i 0
SC @;N 32 12 0 104 552 0 0 0 0

I umbers in eaedh call Ipresant paraatage times that the madel selbedtion atterion aonespading to that rowv dce the g rank ader aarespading to tha
alumn in 10,000 simulatias (500 simulatias of20 deeratD 6 Ps). T he true IiEgaderis idati..ed with supersaipt T . A * aonespads thanatzero\ake
Iss 1en 0.05 paraait | umbers ina rowmay notadd up 1©100.0 eactly because of rounding



T abk 6 P ercentece improvemeritin dis erernit messures of acauracy in forecssts Wwhen the true model is asix\ariebkE VA R 2,9

haizan AlC HQ SC

G |CFESH jISFE) TWSFE |6 FESH  §l SFEqJ TN SFE| 6 FESH  jl SFEJ TW SFE
Sampksiz2100

1 17 17 -1.2 14.1 14.1 1.1 154 154 44

4 -66 -22 -0.3 250 32 13 .2 D 2.4

8 -154 -10 -0.3 25.1 038 0.7 24.6 24 1.2

12 -18 2 -0.7 -0.2 254 07 05 21.7 0.7 08

16 -18 3 -08 -0.2 255 01 04 208 -04 0.6
Sampk size 200

1 58 58 01 (S (S]] 0.3 137 137 25

4 11.6 1.2 04 129 14 04 2538 338 14

8 122 0.3 02 137 03 0.3 2e 15 0.7

12 121 01 02 13.6 02 0.2 25.7 0.6 05

16 122 00 01 138 00 0.1 252 02 04

6 FESI is ClEnatts adH edry’s gaeralized faecest enmrarsaaod manattmessure j| SHELjis the determinant of the mean souared forecast enrar matrix
Torhaizon h Tl SFE is the ttace of thell SFE matrix. Supersaipts band w denote the best and the warist perfomance amang the three infomatian afteria



