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Some Time Series Methods of Forecast ing the Texas Economy

James  G.  Hoehn  and  Wi l l i am C .  Gruben ,
with Thomas B. Fomby

Th is  paper  desc r ibes ,  Jn  some de ta i l ,  t he  me thodo logy  emp loyed  i n

exp lo ra tony  e f fo r t s  t oward  bu i l d ing  a  qua r te r ' l y  f o recas t i ng  mode l  f o r  t he

economy of the state of  Texas.

The  success  o f  bus jness  and  gove rnmen t  dec i s ions  depends  upon  the

accu racy  o f  f o recas ts  o f  t he  economic  env j ronmen t .  Fo r  many

decJs ionmakers ,  exp l i c i t  r eg iona l  economic  fo recas ts  have  become essen t l a l  .

Fu r the rmore ,  because  the  va r ious  reg ions  o f  t he  Un i ted  S ta tes  respond

somewha t  d i f f e ren t l y  t o  economic  even ts ,  an  e f f i c i en t  f o recas t  mus t

genera l l y  i nco rpo ra te  i n fo rma t ion  abou t  t he  reg ion  as  we l l  as  abou t  ove ra l l

na t i ona l  t rends .  The  va lue  o f  reg iona l  economic  ana lys i s  and  fo recas t i ng

l i es  i n  t he  recogn i t i on  o f  r eg iona l  dJspa r i t i es .

Reg iona l  economic  ana lys i s ,  bo th  theo re t i ca l  and  emp i r i ca l ,  i s

p resen t l y  i n  i t s  i n fancy ,  bu t  appears  to  be  i n  a  pe r iod  o f  rap id  g rowth ,

a ided  by  the  accumu la t i on  o f  reg iona l  da ta  and  by  an  i nc reas ing  emphas is  on

reg iona i  ana lys i s  w j th in  the  Federa l  Rese rve  Sys tem.  Two  recen t  papers  o f

pa r t i cu la r  i n te res t  conce rn ing  reg iona l  f o recas t i ng  mode ls  a re  Anderson

( i979 )  and  Kupn ianov  and  Lupo le t t . i  ( 1984) .  A l though  numerous  s t ruc tu ra l

mode ls  o f  reg iona l  economies  ex i s t ,  t he re  i s  a t  p resen t  no  c lea r  ev idence

of which rve are aware that they are useful  for forecast ing.

f , t a  ny  reg iona l  f o recas ts ,  I l ke  those  fo r  t he  na t i on  as  a  who le ,  a re

based  la rge l y  on  i n fo rma l  ,  o r  r r j udgmen ta ) , r r  me thods .  Here  we  exp lo re

fo rna l  f o recas t j ng  me thods  wh ich  a re  i n tended  to  uncove r  the  va lue  o f
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reg iona l  and  na t i ona l  i n fo rma t jon  ava i l ab le  fo r  bo th  fo rma l  and  j udgmen ta l

forecasters of  the Texas economy, The success of  any forecaster may depend

more on superior judgment than on access to formal methods. Nevertheless,

fo rna l  me thods  can  augmen t  and  ra t i ona l i ze  j udgmen ts  and  can  l oca te

p romis ing  sou rces  o f  i n fo rma t ion  abou t  f u tu re  t rends .

h /e  exp lo re  obse rved  re la t i ons  be tween  se r ies  tha t  ho ld  po ten t i a .

f o r  a id ing  fo recas t i ng .  I n  pu rsu ing  th i  s  app roach ,  we  examine

re la t i onsh ips  o f  each  e lemen t  i n  a  se t  o f  Texas  va r iab les  to  the l r  own  pas t

changes ,  t o  pas t  changes  i n  o the r  va r iab les  i n  t ha t  se t ,  and  to  pas t

changes  i n  U .S .  va r i ab les .  The  movemen t  i n  some va r iab les  may  be

accu ra te i y  f o recas t  by  re l y ing  p redomina te l y  on  the i r  own  pas t  novemen ts .

In  o the r  cases ,  va r i ab les  may  be  more  accu ra te l y  f o recas t  w i th  mode ls

inco rpo ra t i ng  no t  on l y  da ta  on  the i r  own  pas t  movemen ts ,  bu t  a l so  da ta  on

o the r  even ts  occu rn ing  i n  Texas  o r  j n  t he  na t i on ,  o r  bo th .  A l  1  t ypes  o f

mode l  cons t ruc t j on  used  a re  essen t i a l l y  cases  o f  t he  genera l  mu l t i va r i a te

t rans fe r  f unc t i on  mode l .  Un iva r ia te  ARIMA (  au to reg re  s  s  j  ve -  i  n teg ra ted -

mov ing  ave rage)  mode ls  wene  used  to  examine  the  s imp les t  c lass  o f

fo recas t i ng  techn iques :  t hose  tha t  use  on l y  the  i n fo rma t ion  con ta jned  i n  a

se r ies r  own  pas t .  A  c losed - reg iona l  mode l  examined  the  e f fec t  o f  add ing  a

second  sou rce  o f  j n fo rma t ion :  t ha t  o f  t he  h i s to ry  o f  t he  o the r  Texas

va r iab les  i n  t he  se t .  A  r r t r i ck le -down"  mode l  measured  the  va lue  o f

na t i ona l  da ta  i n  f o recas t i ng  each  o f  t he  se t  o f  Texas  va r iab les .  F ina l l y ,

"Bayes ian I  VAR (vec to r  au to reg ress i ve )  mode ls  used  bo th  na t i ona l  and

reg iona l  i n fo rma t ion  i n  f o recas t i ng  each  o f  t he  se t  o f  Texas  se r ies .  These

mode ls  have  engendered  cons ide rab le  i n te res t ,  due  to  recen t  s tud ies  by  Pau l

Anderson  (1979)  and  Rober t  L i t t e rman  and  assoc ja tes .
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The  app roaches  to  fo recas t i ng  a re  examined  fo r  pe r fo rmance  on

quar te r ' l y  da ta  bo th  w i th in  the  1969-80  samp le  and  i n  an  ou t -o f - samp le

period from the f i rst  quarter of  1981 through the second quarter of  1983.

The  resu l t s  a re  necessa r i  l y  somewha t  t en ta t i ve ,  t he  more  so  because  a

s ign i f i can t  po r t i on  o f  1981-83  pe r fo rmance  eva lua t i on  pe r iod  was

charac te r i zed  by  genera l  economic  weakness . l /  Genera l  j za t i ons  a re

d i f f i cu l t  because  each  o f  t he  seven  Texas  se r ies  has  qu i l e  d i f f e ren t

p rope r t i es .  Neve r the less ,  ou r  exp lo ra t i ons  sugges t :

(1 )  "Na ive "  un i va r ia te  t ime  se l " i es  me thods  f requen t l y  p rov ide

fo recas ts  tha t  compare  favo rab l y  w i th  more  comp lex  mode ls .  I n  f ac t ,  ou r

exper jence  sugges ts  tha t  t he  fo recas t i ng  pe r fo rmance  o f  ARIMA mode ls  i s  no t

eas i l y  exeeeded ,  and  ra re l y  by  a  subs tan t i a l  marg in .

(2 )  To  a  l im i ted  ex ten t ,  pas t  movemen ts  i n  some reg iona l  se r i es ,

pa r t i cu la r l y  t he  l abo r  se r ies ,  appear  to  fo reshadow fu tu re  movemen ts  i n

Texas  Indus t r i a l  P roduc l i on  and  i n  Da l l as -Fo r t  Wor th  consumer  p r i ces .  ( I t

i s  no t  known ,  however ,  whe the r  t he  movemen ts  i n  t he  regJona l  l abo r  se r ies

a re  mere l y  p roxy ing  fo r  pe rs i s ten t  na t j ona l  f l uc tua t i ons .  )

(3 )  Na t i ona l  da ta  appear  to  p rov ide  i n fo rma t jon  abou t  t he  fu tu re

cou rse  o f  some Texas  se r ies  (pa r t i cu la r l y  i ndus t r i a l  p roduc t i on ,  consumer

p r i ces  i n  t he  Da l l as -Fo r t  Wor th  a rea ,  and  de f l a ted  re ta i l  sa les ) .  The

imp l i ca t i on  ' i  s  t ha t  reg iona l  f o recas te rs  genera l  l y  shou )d  no t  i gno re

na t i  ona l  i  n  f o  nmat i  on  .

(4 )  The  VAR approach  has  po ten t i a l  f o r  e f f i c i en t l y  i nco rpo ra t i ng

in fo rma t lon  o f  a l I  t h ree  t ypes  (own-1a9 ,  reg iona l  i n te rac t i on ,  and

t r l ck le -down) .  Th i s  po ten t i a l  e f f i c i ency  de r j ves  f rom the  ex t reme ly
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f lex ib le  scheme i t  p rov ides  fo r  incorpora t ing  pr io r  in fo rmat ion .  However ,

our  exper ience suggests  tha t  the  VAR approach is  un l i ke ly  to  p rov ide  be t te r

fo recas ts  than un ivar ia te  ARIF ' IA  mode ls ,  w i thout  cons iderab le  e f fo r t  and

expense.  A  VAR mode l  tha t  bor rowed pr io rs  f rom Andersonrs  (1979)  semina l

regional VAR model performed considerab' ly worse than ARIt* lAs. A VAR model

w i th  p r io rs  tha t  incorpora ted  rough no t ions  der ived  f rom the  proper t ies  o f

o ther  k inds  o f  mode l  s  p rov ided subs tan t ia l l y  improved fo recas t ing  accuracy

out  o f  sample .  Some reasonab ly  s t ra igh t fo rward  ex  pos t  a l te ra t ions  in  the

pr io rs ,  der ived  f rom a  one-d jmens iona l  gn id -search  procedure ,  led  to

fu r ther  improvements  in  fo recas t  accuracy ,  near ly  approach ing  tha t  o f  the

ARIMAs,  genera l l y  speak ing .  Whether  i t  o r  some o ther  vers ion  o f  a  VAR

model  w i l l  a id  fo recas ters  cannot  ye t  be  de termined.  About  a l ' l  tha t  can  be

sa id  w i th  any  degree o f  con f idence is  tha t ,  un less  the  pr io rs  a re

r r f ine- tunedr r  by  a  soph is t i ca ted  ana lys t  w i th  a  s t rong r r fee l r r  fo r  the  da ta ,

the  resu l t ing  mode l  shou ld  no t  be  expec ted  to  p rov ide  very  use fu l

fo recas ts .

CONCEPT OF THE FORECASTING PROBLEM

Forma l l y ,  t he  task  i s  t o  des ign  fo recas t  me thods  fo r  a  se t  o f

seven  va r iab les  wh ich  a re  measures  o f  economic  cond i t i ons  i n  Texas .  0u r

app roach  to  fo recas t i ng  i s  made  poss ib le  by  a  new genera t i on  o f  h igh l y

e f f i c i en t  compu te rs  and  by  the  accumu la t i on  o f  da ta  on  agg rega te  reg iona l

va r iab les .  I n  t he  mos t  genera l  and  fo rma l  t e rms ,  a  fo recas t  f unc t i on  f , ( . )

f o r  t he  j -pen iod  ahead  ( j - s tep )  f o recas t  o f  va r i ab le  y  i s :
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1  =  r  rq  tJ * * ;  ' !  i \ v + /

. A
where  y t+ j  j s  t he  i -qua r te r  ahead  fo recas t  and  Sa  i s  t he  se t  o f  re levan t

i n fo rma t ion  ava j l ab le  a t  t he  t ime  the  fo recas t  i s  made .  Essen t i a l l y ,  f ,  i s

the  rec ipe  o r  t echno logy  to  be  app l i ed  to  the  ava i l ab le  i n fo rma t ion  i n

cons t ruc t i ng  fo recas ts  j  qua r te rs  i n  advance ,

We take  as  ou r  ob jec t i ve  to  spec i f y  f .  and  S  such  tha t
A ,

E(y t * j -V t * j ) '  i s  m in im ized ,  f o r  0 (  j !  4 .  I n  pa r t i cu la r ,  we  seek  fo recas t

func t i ons  fo r  t he  Texas  Indus t r i a l  P roduc t i on  Index  (T IP I ) ,  t he  Da i ' l as -Fo r t

Wor th  Consumer  P r i ce  Index  (CPIDFU) ,  emp loymen t  acco rd ing  to  the  su rvey  o f

bus iness  es tab l i shmen ts  (hence fo r th  re fe r red  to  as  r rpay ro l l  emp loymen t " ,  o t "

j n  s t a t i s t i ca l  t ab les  as  PAYR0LL ) ,  t o t a l  nonag r i cu l t u ra l  c i v i l i an

employment according to the survey of  households (henceforth referred to as

' rhouseho ld  emp loymen t ' r  o r  TEMP) ,  t he  Texas  Iabo r  f o rce  (TLF) ,  de f l a ted

persona l  i ncome (RTPY) ,  and  de f l a ted  re ta i I  sa les  (RTRET) .

I t  i s  necessa ry  i n  p rac t i ce  to  res t r j c t  seve re l y  t he  fo recas t i ng

func t j on .  I f  de r i ved  f rom economic  theo ry ,  f ,  wou ld  genera l l y  be  a  ve ry

comp lex  non l i nea r  f unc t j on  i nvo l v i ng  a l I  t he  e l emen ts  o f  Sa .  To  f ac i  l i t a t e

ana lys i s ,  however ,  we  l im ' i t  ou r  sea rch  to  re la t i ve l y  s imp le ,  and  mos t l y

l i nea r  f unc t . j ons .  The  se lec t i on  o f  an  app rop r ia te  j n fo rma t ion  se t

t yp i ca l  l y  i nvo l ves  a  b lend  o f  bo th  p r i o r  i n fo rma t ion  and  emp i r i ca l

ev idence .  P r io r  i n fo rma t ion ,  supp l ' i ed  by  economic  theo ry ,  sugges ts  a  se t

o f  va r i ab les  tha t  have  po ten t i a l  f o r  improv ing  fo recas ts .  Mos t  da ta  i n  t he

un ive rse  a re  i r re levan t ,  such  as  the  p r i ce  o f  shoe laces  i n  Johannesburg ,

wh ich  economic  theo ry  sugges ts  i  s  un impor tan t  i n  exp la in ing  movemen ts  i n
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the  Texas  economy.  We have  c lass i f i ed  re levan t  va r i ab les  i n to  th ree

ca tego r i es :  ( l )  obse rved  pas t  r ea i i za t i ons  o f  y ,  o r  " own  l ags , t '  ( 2 )

obse rved  pas t  rea l i za t i ons  o f  o the r  reg iona l  va r i ab les ,  o r  " reg iona l

i n t e rac t i on  va r i ab les , r t  and  (3 )  obse rved  pas t  r ea l i za t i ons  o f  na t j ona l  o r

r r t r i ck le -downr r  va r i ab les .  Emp i r i ca ' l  ev jdence  j s  used  to  s imp l i f y  f u r the r

the  i n fo rma t ion  se t ,  by  e l im ina t i on  o f  some o f  t he  va r iab les  sugges ted  by

theory.

The  second  aspec t  o f  mak ing  the  fo recas t  me thod  ope ra t i ona l

requ i res  the  spec i f i ca t i on  o f  t he  func t j on  f ,  t o  be  app l i ed  to  the  re levan t

i n fo rma t ion  se t .  We  lange ly  con f i ne  a t ten t i on  to  l i nea r  f unc t i ons ,

es t ima ted  by  o rd ina ry  i eas t  squa res  o r  The i  l ' s  m ixed  es t ima t ion .  I n

add j t i on ,  we  es t ima te  the  equa t ions  on l y  fo r  one -s tep  fo recas ts ,  and  app ly

recursive methods to forecast more than one quarter ahead.2/

The  success  o f  a  fo rma l  f o recas t i ng  equa t ion  depends  upon  the

in te l  l i gen t  b lend ing  o f  bo th  p r i o r  and  emp i r i ca l  i n fo rma t ion .  The  two

ma io r  t ypes  o f  app roaches  a re  s t ruc tu ra l  economet r i c  mode ls  and  t jme  se r ies

techn iques .  A l though  s t ruc tu ra l  economet r i c  mode ls  a re  o f ten  emp loyed  fo r

fo recas t j ng ,  t hey  a re  des igned  p r imar j l y  t o  exp la in  the  evo l  u t i on  o f

va r iab les  i n  t e rms  o f  es tab l  j shed  economic  theo ry .  G iven  the  pas t  h i s to ry

o f  exogenous  and  endogenous  va r iab les ,  and  fo recas ted  pa ths  fo r  t he

exogenous  va r jab les  and  shocks ,  a  s t ruc tu ra l  mode l  can  genera te  fo recas ts

fo r  t he  endogenous  va r iab les .  Fo r  examp le ,  a rb i t ra ry  pa ths  fo r  exogenous

va r iab les  cap tu r i ng  gove r "nmen t  po l i cy  can  be  en te red  i n to  the  mode l  t o

p red i c t  t he  resu l t s  o f  any  po l i cy .  one  can  a l so  use  economet r i c  mode l  s  t o

p red j c t  t he  e f fec t  o f  a  s t ruc tu ra l  change ;  f o r  examp le ,  an  i nc reased

propens i t y  t o  consume o r  an  i nc rease  i n  the  p r i ce  o f  impor ted  o i l .
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S t ruc tu ra l  mode ls  a re  on l y  capab le  o f  genera t i ng  fo recas ts

cond i t i ona l  on  fo recas ts  o f  o r  assumpt ions  rega rd ing  the  exogenous

va r iab les .  They  do  no t  t hemse lves  fo recas t  t he  exogenous  va r iab les .

Hence ,  a  s t ruc tu ra l  mode l  conve r t s  t he  p rob lem o f  f o recas t i ng  endogenous

va r iab les  to  the  p rob lem o f  f o recas t i ng  exogenous  va r jab les ,  bu t  p rov ides

no  so lu t i on  to  the  l a t t e r .  S t ruc tu ra l  mode ls  can  p rov ide  fo recas ts  on l y  i f

some means  o f  f o recas t i ng  exogenous  va r iab les  i s  appended  to  them.

Typ ica l i y ,  f o recas ted  pa ths  fo r  exogenous  pa ths  a re  a r r i ved  a t

j udgmen ta l l y .  Fu r the rmore ,  f o recas te rs  us ing  s t ruc tu ra l  mode ls  a l t e r  t he

fo recas ts  by  the  use  o f  r radd  fac to rs . r r  Add  fac to rs  sh i f t  t he  es t ima ted

re la t i onsh ips  i n  a  way  tha t  re f l ec t s  the  fo recas te r r s  j udgemen t  abou t  t he

inadequacy  o f  h i s  mode l r s  s t ruc tu re  ' i n  f u l l y  exp io i t i ng  the  i n fo rma t lon  a t

hand .

T ime  se r ies  mode ls  a re  des igned  s t r i c t l y  f o r  f o recas t i ng .  They

supp ly  fo rma l ,  s t r i c t l y  non - judgmen ta l  and  rep l  i cab le  fo recas t i ng

p rocedures ,  I n  t he  s imp les t  o f  t hese  mode ls ,  t he  un i va r ia te  t ime  se r ies

mode ls ,  t he  fu tu re  pa th  o f  any  va r iab le  i s  p red i c ted  s t r i c t l y  f rom i t s  pas t

movemen ts .  Mu l t i va r i a te  me thods  p red i c t  t he  fu tu re  o f  a  va r iab le  f rom pas t

movemen ts  i n  a  number  o f  va r i ab les .  G iven  the  Dresen t  s ta te  o f  s t ruc tu ra l

mode ls ,  l jme  se r ies  mode l  s ,  even  the  un i va r ja te  va r ie t y ,  somet imes  fo recas t

as  we l l  o r  be t te r  t han  s t ruc tu ra l  mode is .  T ime  se r ies  mode ' l  s  a re  genera l l y

eas ie r  t o  cons t ruc t  and  can  be  bu i l t  f r om da ta  se ts  tha t  wou ld  be

inadequa te  fo r  a  comp le te  spec i f i ca t i on  o f  s t ruc tu ra l  re la t i onsh ips .

However ,  t hey  canno t  exp la in  the  behav io r  o f  t he  economy,  and  canno t  be

used  to  p rov ide  adequa te  p red i c t j ons  o f  t he  e f fec ts  o f  a rb i t ra ry  po l i cy
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ac t i ons  o r  s t ruc tu ra l  change . ! /  And ,  i f  a  co r rec t l y  spec i f i ed  s t ruc tu ra l

mode l  and  op t ima l  p red i c t i ons  o f  i t s  exogenous  va r jab les  a re  ava i l ab le ,  i t

w i l I  p roduce  be t te r  f o recas ts  than  any  t ime  se r ies  mode l  .  A l t hough  they

can  be  ex t reme ly  use fu l  f o r "  f o recas t i ng ,  t ime  se r ies  mode ls  canno t  p rov ide

adequa te  answers  to  mos t  o f  t he  ques t i ons  tha t  conce rn  economis ts  and

po1  i cymakers .

An  essen t i a l  d i f f e rence  be tween  s t ruc tu ra l  mode ls  and  t ime  se r ies

mode ls  I i es  i n  t he  s imu l tane i t y  o f  t he  fo rmer  and  the  recu rs i v i t y  o f  t he

' l a t t e r .  
0n1y  s t ruc tu ra l  mode ls  can  exp ress  the  s jmu l taneous  re la t i onsh ips

o f  es tab l  i shed  economic  theo ry .  However ,  s imu l tane i t y  genera l l y  p rec ludes

s t ruc tu ra l  r r i den t i f i ca t i on r r - -d i sen tang l i ng  the  under l y ing  s t ruc tu ra l

re la t i onsh ips  w i th  ava i  l ab le  da ta .  The  d i f f i cu l t y  a r i ses  f rom the

s imu l taneous  ac t i on  o f  seve ra l  f ac to rs  ope ra t i ng  i n  t he  same d i rec t j on  a t

the  same t ime .  Economic  rea l  i za t i ons  ane  the  ou tcomes  o f  an  exDer imen t

tha t  i s  poo r l y  des igned .  S t ruc tu ra l  mode ls  a re  the re fo re  es t jma ted  a f te r

numerous ,  genera l  l y  i nc red ib le  assumpt jons ,  o r  i den t i  f y i ng  res t r i c t i ons ,

a re  imposed  on  the i r  equa t i ons  and  random d i s tu rbances - - res t r i c t i ons  wh ich

genera l l y  have  a  poo r  founda t ion  i n  es tab l  i shed  econom' i c  t heo ry .

The  fo recas t i ng  func t i ons  o f  s t ruc tu ra l  mode ls  may  ex j s t ,  bu t  a re

genera l  l y  ve ry  d i f f i cu l t  o r  imposs ib le  to  de r i ve .  Fo recas ts  a re  p rov ided

by  a  comp i i ca ted  p rocess  o f  mode l  s imu la t i on .  0n  the  o the r  hand ,  t ime

se r i es  mode l s  a re  recu rs i ve ,  i n  t ha t  a  van iab le r s  cu r ren t  va lue  i s

exp l i c i t l y  r e l a ted  t o  pas t  va lues  o f  i t  and ,  poss ib l y ,  o the r  van iab les .

Such  a  mode l  i s  a  ready -made  fo recas l i ng  p rocedure :  i t  exp l i c i t l y  s ta tes  a

rec ipe  fo r  p red i c t i ng  fu tu re  va lues  o f  va r i ab les  s t r i c t l y  as  a  func t i on  o f
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pas t  va lues  o f  va r i ab les .  The  l ack  o f  s jmu l tane i t y ,  wh ich  renders  the

mode l  i ncapab le  o f  rep resen t i ng  the  theo re t i ca l  economjc  s t ruc tu re ,  a t  t he

same t jme  fac i l i t a tes  fo recas t i ng .  More  impor tan t l y ,  s t ruc tu ra l  economic

sys tems  tha t  canno t  be  i den t i f i ed - -and  ou r  con ten t i on  j s  t ha t  t hey  qu i te

f requen t l y  canno t - -neve r the less  genera l l y  g i ve  r i se  to  economic  behav io r

wh ich  can  be  use fu l l y  f o recas ted  us ' i ng  t ime  se r jes  me thods .

A  l i nea r  s t ruc tu ra l  mode l  g i ves  r i se  to  a  un ique  mu l t i va r i a te  t jme

ser ies  mode l .  Bu t  t he  reve rse  i s  no t  t rue .  A  t ime  se r ies  mode l  i s

cons i s ten t  w i th  an  i nde f i n i t e l y  l a rge  number  o f  s t ruc tu ra l  mode ls .  I f  t he

co r rec t  s t ruc tu ra l  mode l  i s  known ,  fu l l y  i den t j f i ed ,  and  e f f i c i en t l y

es t ima ted  f rom a  l a rge  samp le ,  i t  can  genera te  super ion  fo recas ts .  I n

p rac t i ce ,  however ,  s t ruc tu ra l  mode ls  fa l l  we l l  sho r t  o f  t h i s  i dea l .

Consequen t l y ,  t he  re la t i ve  fo recas t i ng  e f f i c i ency  o f  t he  two  k inds  o f

mode ls  depends  on  the  re la t i ve  l im i ta t i ons  o f  each ,  and  can  u l t ima te l y  be

assessed  on l y  by  examin ing  fo recas t  pe r fo rmance .

UNIVARIATE ARIMA MODELS

The  un iva r j  a te  au to reg ress i ve - in teg ra ted -mov i  ng  ave rage  (ARI I ' IA )

mode l s  t r ea t  each  Texas  va r i ab le  i n  i so l a t i on  i n  es t ima t i on  and  i n

fo recas t i ng .  Such  a  mode l  t akes  the  fo rm,  deno ted  ARIMA(p ,d ,q ) ,  o f :

A
r t - t  \ u / l - , r  t -  D '  -  '  o '
( r - L ,  \ r - 91L - . . . - 9p . '  r y t  =  U  +  ( t - u1L - . . . - uqL  ra t

where  L  i s  t he  l ag  ope ra to r  (Lkxa  =  * t - k ) ,  y t  i s  t he  na tu ra l  l oga r i t hm o f

the  se r ies ,  and  a .  i s  a  no rma l  l y  d i s t r i bu ted  unobse rvab le  random va r iab le
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w i th  ze ro  mean ,  f i n i t e  and  cons tan t  va r i ance ,  and  ze ro  au toco r re la t i on  a t

a i1  l ags .  The re  a re  p  au to reg ress i ve  te rms  ( l agged  y ' s )  and  q  mov ing

ave rage  te rms  ( l agged  a rs ) .  Typ i ca l  l y ,  economic  t ime  se r ies  tha t  exh ib i t

g rowth  mus t  be  t rans fo rmed  to  na tu ra l  l oga r i t hms  and  d i f f e renced  once  (d

equa l  t o  one )  i n  o rde r  t o  make  the  assumpt ions  abou t  t he  d i s tu rbance  te rm

p laus ib l e  f o r  any  p  and  q .

ARIMA mode ls  can  be  j den t i f i ed  us ing  me thods  es tab l i shed  by  Box

and  Jenk lns  (1970) .  These  me thods  f j r s t  i n fe r  p laus ib le  cand ida tes  f rom

samp le  au toco r re la t i ons ,  sub jec t  t hem to  d iagnos t i c  t es t s ,  and  repea t  t h i s

p rocess ,  i f  necessa ry ,  un t i l  an  adequa te  mode l  i s  f ound .  Tab le  2  g i ves  the

f i r s t  t en  au toco r re la t i ons  fon  the  g rowth  ra tes  ( f i r s t  d i f f e rences  o f

na tu ra l  l oga r i t hms)  o f  seven  Texas  va r iab les ,  f o r  qua r te r l y  da ta  f rom 1969

th rough  1980 .  Whe the r  o r  no t  i nd i v idua l  au toco r re la t j ons  a re  s ign i f i can t

a t  t he  .05  l eve l  ( two - ta i l ed  tes t )  can  be  de te rm ined  j n  a  s imp le  way .  I f  a

se r ies  i s  se r i a l l y  unco r re la ted ,  t hen  samp le  au toco r re la t i ons  w j l l  have  a

mean  o f  ze ro  and  a  s tandard  dev ja t i on  o f  app rox ima te l y  n - ' 5  f o r  l a rge

samp les ,  where  n  deno tes  the  samp le  s i ze .  Our  samp le  i s  a  sma l  I  Lo

modera te  s i zed  one ,  so  we  expec t  t o  i den t i f y  on l y  ve ry  s imp le  mode ls .

(S imp le  mode l s  a re  a l so  more  1 i ke1y  t o  r ema jn  v i ab le  ove r  t ime ,

fac ' i  l i t a t i ng  s imp le  upda t i ng  o f  t he  equa t ion  i n  ou t -o f - samp le  fo recas t i ng .  )

G iven  ou r  samp le  s i ze  o f  47  qua r te rs ,  two  s tandard  dev ia t i ons  a re

approx ima te l y  . 29 .  Tes ts  fo r  se r i a l  i ndependence  i nvo l v ing  se ts  o f

au toco r re la t j ons  a re  based  on  the  Box -P ie rce  ( ch i - squa re )  s ta t i s t i c  w i th

L jung  co r rec t i on  fac to r ,  and  a re  repo r ted  w i th  s ign i f i cance  l eve l s  a t  t he

bo t tom o f  Tab le  2  fo r  l ags  f rom 1 to  6 ,  1  to  12 ,  1  to  18 ,  and  I  l o  24 .
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TABLE 1: SAMPLE MEANS AND STANDARD DEVIATIONS OF FIRST DIFFERENCES OF
NATURAL LOGARITHMS

- -1969  th rouqh  1980- - - -1969 th rouqh 1983:2- -
Var i  abl e

TI  P I

CPI DFN'

PAYROLL

TEMP

RTPY

RTRET

TLF

Sta nda rd
Det]iT]o;

.01736

.01093

.  006180

.008023

.0 i362

.02203

.006444

l lean

.01483

.01832

. 009701

.008486

.009950

.008949

.009413

Standard
Oev  ia t  i  on

Mean

.01715

.  01926

.  01107

.008835

.01090

.01009

.  009311

.  01908

. 01089

.007660

.007877

.0 i344

.02226

.006480
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TABLE 2: SAI' IPLE AUTOCORRELATIONS OF FIRST DIFFERENCES OF NATURAL
LOGARITH|4S, 1969 to 1980

lee
1

L

4

6

7

8

9

10

T]PI TEMP

-.  10

- . l , - t

.14

.04

- .  13

.08

.17

- - 5 L

.06

.10

. L O

. + J

. + b

RTPY

.19

-  - u t

. I J

- .  r b

-  . 5 2

.08

.01

- , z +

.01

.15

.11

.  J O
A E

CPI DFhj

.68

. o L

.54

.38

. zt)

.19

.09

- .07

- .04

- .  10

.00

.00

.00

.00

PAYROLL RTRET TLF

.46

.  t 6

.08

- - t L

.06

- .02

- . l b

- . z s

- .20

- t t

. + b

. t I

.15

- .06

- .  15

- . L +

- .23

- .23

.18

-  .04

- - -tv

.03

.07

- .16

- .34

.01

- .zu

- .16

.01

.L7

-  - u a

- .02

.20

- .19

t\?

,  1: '

Chi -Square  Sta t is t i cs  fo r  l r ih i te  No ise

To I  ag :

6  13 .5  70 .9  3 .3 .2  3 .5  10 .4
72  33 .2  73 .6  ?6 .5  ' ,4 .7  15 .5
18  41 .2  76 .9  30 .2  18 .4  19 .6
24  48 .7  88 .9  39 .1  24 .0  19 .6

Marg ina l  S ign i f i cance Leve l  s  o f  Ch i -Square  Sta t j  s t i cs

To  lag :

+ . 1

15.7
22.5
? ) \

4.8
15  .8
t7  .9
? 1  R

b

t2
18
?4

.04

.00

.00

.00

.01
nn

.02

.01

- tlb

.21
1 1

.  u o

.57

.20

.46
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InsDec t i on  o f  t he  l as t  f ou r  co lumns  ind i ca tes  tha t  househo ld

emp loymen t ,  t he  l abo r  f o rce ,  rea l  pe rsona l  j ncome,  and  rea l  re ta i l  sa les

can  be  rega rded  as  random wa lks  w i th  d r i f t ,  i . e . ,  qua r te r l y  g rowth  ra tes  i n

these  se r jes  a re  essen t i a l l y  unco r re la ted .  I t  l s  t he re fo re  unp romjs ing  to

a t tempt  to  fo recas t  t hese  va r iab les  by  means  o f  t rend  p ro jec t i on .  To

exemp l i f y  t h i s  resu l t  i n  t he  s imp les t  o f  t e rms ,  each  qua r te r  i s  a  new d raw

f rom the  same ha t ,  and  i f  any  o f  t hese  se r ies  advance  sha rp l y  j n  one

quar te r ,  t ha t  i n fo rma t ion  a lone  shou ld  no t  l ead  us  to  rev i se  ou r  f o recas t

o f  t he  nex t  qua r te r ' s  g rowth  ra te .  The  Box -Jenk ins  fo recas t  f o r  t hese

va r iab les  i s  a lways  tha t  t hey  w i l l  i nc rease  a t  t he i r  ave rage  g rowth  ra te  o f

the  samp le  pe r iod ,  rega rd less  o f  recen t  g ro ! / t h  ra tes .

Growth  ra tes  o f  i ndus t l " i a l  p roduc t i on ,  consumer  p r j ces ,  and

pay ro l l  enp loymen t ,  on  the  o the l "  hand ,  d i sp lay  cons jde rab le

au toco r re  I  a t i  on  ,  imp ly ing  tha t  t he  pas t  g rowth  ra tes  i n  t hese  sen ies  can  be

used meaningfu' l  ly  to project future growth rates. Growth rates in

indus t r i a l  p roduc t i on  a re  s ign i f i can t l y  au toco r re la ted  a t  l ag  one ,  bu t

genera l l y  a re  no t  s ign i f i can t l y  au toco r re la ted  a t  l onge r  l ags ,  sugges t i ng  a

s ing le  mov ing  ave rage  pa ramete r .  The  au toco r re la t i ons  fo r  pay ro l l

emp loymen t rs  g rowth  ra tes  a re  qu i te  h igh  a t  t he  f i r s t  seve ra l  l ags ,  and

decay  i n  an  app rox ima te l y  geomet r i c  pa t te rn ,  sugges t j ng  a  s ing le

au to reg ress i ve  pa ramete r .  F ina l l y ,  consumer  p r i ce  g rowth  ra tes  show

s ign i f i can t  au toco r re la t i on  fo r  seve ra l  l ags ,  bu t  t hey  decay  i n  a  pa t te rn

tha t  does  no t  seem geomet r i c .  A  m ixed  p rocess  w i th  one  au to reg ress i ve  and

one  mov ing  ave rage  pa ramete r  i s  sugges ted .
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These suggested  mode ls  a re  found adequate ,  in  tha t  the  res idua ls

are  ins jgn i f i can t ly  d i f fe ren t  f rom wh i te  no ise .  Es t imates  are  presented  in

Tab le  3 .  The s tandard  er ro rs  o f  the  es t imated  equat ions  are  subs tan t ia l  l y

lower  than the  s tandard  dev ia t ions  o f  g rowth  ra tes  g iven in  Tab ' le  1 .  The

percentage reduc t jon  o f  a  mode l rs  s tandard  ernor  re la t j ve  to  tha t  o f

another  we sha l l  denote  as  the  in fo rmat ion  qa in :

I (B ,A)  =  ( (sEE(A)  -  sEE(B)) /sEE(A))  x  100,

where  SEE(A)  i s  t he  s tandard  e r ro r  o f  t he  equa t ion  fo r  mode l  A ,  and  SEE(B)

i s  t he  s tandard  e r ro r  o f  t he  equa t ion  fo r  mode l  B .  The  r rga in "  can  be

nega t l ve  i f  t he  s tandard  e r ro r  o f  mode l  B  i s  l a rge r  t han  tha t  o f  rnode l  A

Compar ing  ou r  ARIMAs  to  a  na i ve  mode l  o f  ave rage  g rowth  (ARIMA(0 ,1 ,0 ) ) ,  we

reduce  the  s tandard  e r ro r  10 .5  pe rcen t  f o r  t he  g rowth  ra te  o f  j ndus t r i a l

p roduc t ' i on ,  28 .9  pe rcen t  f o r  t he  consumer  p r i ce  i n f l a t i on  ra te ,  and  29 ,4

pe rcen t  f o r  t he  g rowth  ra te  o f  pay ro l I  emp loymen t .  The  ga in  fo r  t he  o the r

sen ies  i s  ze ro ,  s ince  the  na i ve r r  mode l  and  the  ARIMA mode l  f o r  each  a re

' i nd i s t i ngu i shab le .  Hence ,  own-1ags  con t r i bu te  subs tan t i a l  i n fo rma t ' i on  fo r

fo recas t i ng  g rowth  ra tes  o f  consumer  p r i ces ,  pay ro l l  emp loymen t ,  and

indus t r j a i  p roduc t i on ,  and  I i t t l e  f o r  t he  o the r  se r i es .

As  an  a l t e rna t i ve  to  Box -Jenk ins ,  we  have  f i t t ed  a rb j t ra r i l y

spec i f i ed  AR iMA(2 ,1 ,0 )  mode l  s  f o r  each  o f  t he  l ogged  se r jes - - tha t  i s ,

g rowth  ra tes  a re  reg ressed  aga ins t  two  l agged  g rowth  ra tes .  Au to reg ress i ve
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TABLE 3: UNIVARIATE ARIMA MOOELS

(1)  Texas  Indus t r ia l  Produc t ion

(1 -L ) ln  T IP I r  =  .01783  +  (1+ .631)e t

SEE =  .01538

To Lag Ch i  -Square  S ign i f i cance

6  6 .2  .19
t2  1s .1  .  13
18  19 .4  .25
24  24 .3  .33

(2)  Consumer  Pr ice  Index ,  Da l  las -For t  Wor th

(1 -L ) (1 - .891) ln  CPIDFW.  =  .02051  +  (1 - .381)e ,

SEE = .007688
I  =  29 .7

To Lag Ch i  -Square  S ign i f i cance

6  7 .7  .67
72  6 .5  .69
18  9 .1  .87
24  17 .0  .7 t

(3 )  Payro l l  Employment

(1-L) (1 - .731) ln  PAYR0LL.  =  .01145 +  e t

SEE =  .004318
I  =  30 .1

To  Lag  Ch i -Square  S ign j f i cance

6  .8  .94
12  7  .2  .70
18  9 .1  .91
?4  19 .0  .65

Al l  o ther  ser ies  (TEMP,  RTPY,  RTRET,  TLF)  a re  mode led  in  na tura l  logs
as  random wa lks  w i th  d r i f t ,  e .9 . ,  (1 -L ) ln  TEMPa=.gggg35  +  e t ,  e tc .
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mode ls  o f  l ow  o rde r  may  work  abou t  as  we l l  as  mode l  s  i den t i f i ed  w i th

Box -Jenk ins  me thods .  The  resu l t s  onesen ted  i n  Tab le  4  a re  cons i s ten t  w i th

tha t  no t i on .  The  s tandard  e r ro rs  o f  t he  equa t ions  a re  s l i gh t l y  h ighe r  f o r

the  ARIMA(2 ,1 ,0 )  mode ls  than  fo r  t he  Box -Jenk ins  mode ls  fo r  i ndus t r i a l

p roduc t i on ,  pay ro l l  emp loymen t ,  househo ld  emp loymen t ,  and  de f l a ted  pe rsona l

i ncome,  bu t  t he  reve rse  ho lds  fo r  consumer  p r i ces ,  de f l a ted  re ta i l  sa les ,

and  the  l abo r  f o rce .  (La te r ,  we  w i l l  f i nd  tha t  t he  Box -Jenk ins  and

ARIMA(2 ,1 ,0 )  mode ls  p rov ided  fo recas ts  ou t  o f  samp le  wh ich  had  rough ly

comparab le  pe r fo rmance . )

THE CLOSED-REGIONAL MODEL

Poten t i a l  improvemen ts  ove r  un j va r ia te  fo recas t i ng  mode ls  can  come

f rom inco rpo ra t i ng  i n fo rma t ion  f rom e i the r  o the r  reg iona l  se r i es  o r

na t i ona l  se r i es .  I n  t h i s  sec t i on .  we  exo lo re  the  va lue  o f  t he  i n fo rma t ion

in  r eg iona l  se r i  es .

t r l e  began  ou r  exp lo ra t i on  by  es t ima t ing  reg ress ions  fo r  g rowth

ra tes  o f  each  o f  t he  seven  Texas  va r iab ' l  es ,  us ing  as  exp lana to ry  va r jab les

e i the r  two  l agged  g rowth  ra tes  o f  t he  se r ies  i t se l f ,  o r  t hose  p lus  two  l ags

o f  one  o f  t he  o the r  s i x  Texas  va r iab les ,  Th i s  resu l ted  i n  seven  equa t ions

fo r  each  o f  seven  dependen t  va r i ab les ,  o r  49  i n  a l l .  The  pe rcen tage

reduc t i on  i n  t he  s tandard  e r ro r  a r i s . i ng  f rom the  i nc lus ion  o f  ano the r  Texas

va r iab le  p rov ides  a  measure  o f  t he  va lue  o f  t ha t  o the r  se r ies  i n  improv ing

fo recas ts .  The  ga in  fo r  each  o f  t he  seven  Texas  se r ies r  g rowth  ra tes  f rom

' i  nc l us i on  o f  o the r  Texas  se r i es  a re  q i ven  i n  Tab le  5 .
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For  exampie ,  the  ARIMA(2,1 ,0)  benchmark  equat ion  fo r  T IP I  i s :

A 1n  T IP Ia  =  u  +  61A ln  T iP I t _ l  +  OAAIn  T IP IT_2  *  
" t

F rom w i th in -samp le  es t imaL jon  o f  t h i s  mode l ,  we  ge t  t he  s tandard  e r ro r ,  sa !

I  i s ted  i n  Tab le  4  as  .01579 .  The  reg ress ions  tha t  assess  the  reduc t i on  i n

the  s tandard  e r ro r  f rom inc lud ing  one  o f  t he  o the r  s i x  reg iona l  se r i es

s imp ly  add  t | \ l o  l ags  o f  t he  re levan t  po ten t i a l  i n fo rma t ion  va r iab le .  Fo r

examp le ,  we  assess  the  ga in  f rom us ing  the  se r ies  PAYROLL by  runn ing  the

fo1  l  ow i  ng  reg ress ion :

A ln  T IP IT  =  y  +  6 rA ln  T IP IT_ I  +  6 ra1n  T IP i t _2

+  B lA ln  PAYROLLI - '  +  S rA ln  PAYROLLt -2  *  
" t '

F rom th i s  r eg ress ion ,  we  ge t  se ,  and  ca l cu la te  t he  ga in  as :

6 " i 1  =  ( ( su -s . ) / su ) x100  =  6 .7 ,

t he  va lue  g i ven  i n  Tab le  5 .  Th j s  i s  i n t e rp re ted  as  a  6 .7  pe rcen t

' i n fo rma t ion  ga in .  Nega t i ve  va lues  fo r  t he  ga in ,  f requen t  i n  Tab le  5 ,  occu r

whenever  i nc lus ion  o f  ano lhe r  va r iab le  j nc reases  the  s tandard  e r ro r ,  ra the r

than  dec reas ing  i t .  I t  shou ld  be  emphas ized  tha t  t he  da ta  j n  Tab le  5  does
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Table 4: UNIVARIATE ARII4A(2,1,0) I40DELS 1/

Var jab le (y )

T IP I

CPI DFI'

PAYROLL

TEI.IP

RTPY

RTRET

TLF

SEE

.  01579

.007681

.004426

n n a 2 q ,

.  01364

. U L l ^ I '

.006407

r (c,A)
q n

29.7

?8 .4

- L . J

-0 .  1

1 - J

0.6

2/
L-R

. i9

.51

.59

- .03

.01

.02

.04

L/
2/

(1-L) (1-611-orLz)  1n v t  =  ut

I (C,A)  =  [ - i -  s tandard er ror ,  ARIMA(2,1 ,0)  I
L@

x 100
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TABLE 5: REGIONAL INFORMAT]ON GAIN

T n d e n e n d e n t  V a r i a b l e
TIPI CPIDFW PAYROLL TEMP RTPY RTRET TLF

-1 .6  6 .7*  10 .1 ' ,  3 .7

Row
Sum

Dependent
Var iab le

T i  P I

CPIDFII

PAYROLL

TEMP

RTPY

RTRET

I  L F

4 l : t

- . J

-  n  E  n *

3.4  -2 .3

5 . O  - . 6

8.3*  4 .5

J - 4  t . A

- 1 . 6

. J

- - L . r  - { . v

-2 .2  -1 .8

4.7  5 .9*  29 .5

4 .7  5 .4 "  27  . l

-1 .1  .1  4 .9

-  .4  -1 .1  7  .7

.5  1 .1  1 .9

-2 .2  2 .4

.5  -0 .4

8 .9  9 .2

- 2 .  I

1.7

2.4

-1 .1

-2 .2

.3

Coiumn -1 .0  11 .8  13 .5  18 .6  12 .1
Sums

Column Sums,  Exc lud ing  Rows fo r  CPIDFW and TLF:

0 .8  8 .2  8 .0  12 .5  9 .4  3 .7  3 .8

L /  Reduct ion  in  s tandard  er ro r  re la t i ve  to  ARI l t4A(2 ,1 ,0 ) .  (Measures  e f fec t
o f  inc lud ing  two logged growth  ra tes  o f  another  reg iona ' l  ser " ies .  )

*  S ign i f i can t  a t  the  .05  (2 - ta i  1ed)  
' l eve ' i  

,  us ing  an  F  s ta t j s t i c  w i th  2
numerator degrees of freedom and 40 denominator degrees of freedom.
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no t  r e f l ec t  r eg ress ions  i nc l ud ing  a l l  o f  t he  va r i ab les  a t  once ,  bu t  on l y

shows  the  resu l t s  o f  i nc lud ing  l agged  va r ja t i on  i n  one  o the r  Texas  se r ies

in  add i t i on  to  own- l  ags .

These  reg ress ion  resu l t s  sugges t  t ha t  reg iona l  i n te rac t i on

va r jab les  a lone  cou ld  s ign i f i can t l y  a id  fo recas ts  o f  i ndus t r i a l  p roduc t i on

and  consumer  p r i ces ,  w i th  j n fo rma t ion  l oca ted  i n  t he  th ree  l abo r  se r ies .

Househo ld  emp loymen t  and  de f l a ted  re ta i l  sa les  appear  to  ga in  some

in fo rma t ion  f rom consumer  p r i ces .  The  Texas  Indus t r i a l  P roduc t i on  Index

has  l i t t l e  va lue  i n  a id ing  fo recas ts  o f  o the r  va r iab les ,  t hough  fo recas ts

o f  i t  bene f i t  f r om look ing  a t  o the r  reg iona l  se r i es .  The  se r ies  tha t

p rov ide  the  mos t  i n fo rma t ion  abou t  reg iona l  t rends  i n  genera l  a re  the  two

emp l  oymen t  se r j  es .

A  c l osed - reg iona l  mode l ,  wh i ch  w i l l  l a t e r  be  cons ide red  i n

ou t -o f - samp le  fo recas ts ,  was  cons t ruc ted .  I n  i t ,  t he  g rowth  ra te  o f  each

Texas  va r iab le  was  re la ted  to  two  l agged  g rowth  ra tes  o f  i t se l f  and  a l l

o the r  Texas  va r iab les .  (The  c iosed  reg iona l  mode l  m igh t  be  though t  o f  as

an  uncons t ra ined  VAR in  g rowth  ra tes . )  The  c losed  reg iona l  mode l  can  be

represented formal ly as:

aln{  = u + c lAln d-1 *  u2aln4- ,  -4* ,

v/here
.J
vt i s  the  (7x1)  vec tor  o f  Texas  var iab . les ,  u  i s  a  (7x1)  vec tor  o f

61  and  02  a re  bo th  (7x7 )  ma t r i ces  o f  es t jma ted

R i s  a  (7x1 )  vec to r  o f  nona  u toco  r re  I  a ted  random

va r i ab le r s  equa t i on  has  15  pa rame te rs ,  l eav ing  on l y

es t ima ted  cons tan ts ,

coe f f i  c i  en ts ,  and  {

di  sturbances. Each

degrees of f reedom.

30
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Tab le  6  repo r t s  t he  ga in  o f  t he  c losed  reg iona l  mode l  re la t i ve  to

the  ARIMA(2 ,1 ,0 )  equa t i ons  and  F -s ta t i s t i cs  fo r  t he  s ign i f i cance  o f

" reg iona l  i n te rac t i on r r  t e rms .  The  resu l t s  t end  to  con f i rm  the  no t i on  tha t

reg iona l  i n te racL jons  a id  fo recas t  o f  i ndus t r i a l  p roduc t i on ,  bu t  f a i l  t o

con f i rm  the  l a rge  ga jn  fo r  consumer  p r i ces  expec ted  on  the  bas i s  o f  t he

resu l t s  i n  Tab le  5 .  Resu l t s  a re  more  p romis ing  fo r  househo ld  and  pay ro l l

emp loymen t ,  sugges t i ng  tha t  i n te rac t i ons  a re  more  comp lex  than  the  s jmp le

two-va r iab le  equa t i ons  a re  capab le  o f  exp lo i t i ng .  The  c losed  reg iona l

mode l  p rov ides  a  t2  t / 2  pe rcen t  reduc t i on  j n  t he  s tandard  e r ro r  o f  t he

consumer  p r " i ce  g rov r th  ra te ,  a  9  pe rcen t  reduc t i on  fo r  househo ld  emp loymen t ,

and  a  7  pe rcen t  reduc t i on  fo l i ndus t r i a l  p roduc t j on ,  re la t i ve  to  the

two- lag  au to reg ress ion ,  The  use  o f  a l I  Texas  va r iab les  i n  t he  se t  o f  seven

to  p red i c t  each  i s  no t  necessa r i l y  more  e f f i c i en t  t han  us ing  a  subse t ,  as

some con t ras ts  be tween  Tab le  5  and  Tab le  6  sugges t .  (Cons ide r ,  f o r

examp ie ,  t he  success  i n  p red i c t i ng  CPIDF l t l ,  as  desc r jbed  ' i n  Tab le  5 ,

compared  to  the  resu l t s  i n  Tab le  6 . )  Fu r the r  ana lys i s  cou ld  p robab ly

uncove r  a  more  e f f i c i en t  c losed - reg jona l  mode l  w i th  exc lus ion  res t r i c t i ons

o r  Bayes ian  p r i o rs ,  Fo r  examp le ,  t he  i ndusL r ia l  p roduc t i on  and  consumer

p r i ce  equa t ions  cou ld  exc lude  a l l  bu t  own- iags  and  the  th ree  l abo r  se r ies .

Househo ld  and  pay ro l i  emp loymen t  cou ld  use  each  o the r ,  wh i l e  t he  de f l a ted

persona l  i ncome and  re ta i  I  sa les  equa t i ons  cou ld  ' i  nc jude  the  consumer  pn i ce

index .  We  have  no t  pu rsued  t h i s  app roach  i n  t h i s  i n i t i a l  exp lo ra t i on .  A

c leaned-up  mode l  wou ld  evoke  skep t i c i  sm because  o f  t he  r rda ta  m in ing r l
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Table 6: CLOSED REGIONAL MODEL

Dependent  Var iab l  e

T IP I

CPIDFU

PAYROLL

TEI.IP

RTPY

RTRET

TLF

r(R,c) 1/

t L . a

D,7

9 .2

- i  .0

-5 .4

L - 5

SEE

.01466

.006723

.004397

.00749?

.01378

.02293

.006262

F(12,30)

l - f , o

2.O7

1 .04

L .75

0 .93

0 .76

1 .  16

2/
f'1i

? n

.63

.16

.01

.09

.08

t /

2/

I n fo rma t i  on  ga i  n ,  re la t i ve

The  . 10  c r i  t i  ca l  va l  ue  i s

to  ARIMA(2 ,1 ,0 )  mode1.

I .77  ;  the .05  c r i  t i  ca  l va l  ue  i s  2 .09 .
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en ta i l ed  i n  i t s  cons t ruc t i on .  As  i t  s tands ,  t he  c losed - reg iona l  mode l

appears  ve ry  much  r rove rpa ramete r i zed . r l

THE TRICKLE-DOWN MODEL

Because  economic  cond j t i ons  i n  Texas  a re  a f fec ted  by  the  same

even ts  as  the  na t i on  as  a  who le ,  i t  i s  app rop r ia te  to  sea rch  among  na t i ona l

economic  i nd i ca to rs  fo r  sou rces  o f  i n fo rma t ion  abou t  f u tu re  cond i t i ons  i n

Texas .  A  sea rch  among  14  poss ib le  na t i ona l  i n fo rma t ion  va rJab les  was  made

to  f j nd  a  subse t  wh ich  cap tu res  mos t  o f  t he  j n fo rma t ion  ava i l ab le ,  wh i l e

re ta jn ing  deg rees  o f  f reedom.  In  th i s  sea rch ,  we  have  reg ressed  g rowth

ra tes  o f  each  o f  t he  seven  d i s t r i c t  va r i ab les  on  (1 )  2  own -1ags ,  ( 2 )  2

own- lags  p lus  2 lagged  g rowth  ra tes  o f  t he  i ndex  o f  l ead ing  economjc

ind i ca to rs ,  and  (3 )  t he  va r iab les  men t ioned  i n  (2 )  p lus  2  
' l agged  g rowth

ra tes  o f  one  o f  L3  o the r  po ten t i a l  i n fo rma t ion  va r iab les .  The  des ign  o f

ou r  sea rch  re f l ec t s  the  p r i o r  no t i on  tha t  t he  l ead ing  i ndex  i s  t he  s ing le

mos t  p romis ing  sou rce  o f  i n fo rma t ion .  The  resu l t s  a re  summar j zed  i n  Tab le

7 .  Tha t  t ab le  p resen ts  the  i n fo rma t ion  ga in ,  f i r s t ,  f r om us ing  the  l ead ing

' i ndex ,  i n  add j t i on  to  two  own- lags ,  and  second ,  f rom the  fu r the r  add i t ' i on

o f  one  o f  t he  o the r  13  cand ida te  va r iab les .

Fo r  examp le ,  we  beg ih  w j t h  t he  AR IMA(2 ,1 ,0 )  mode l ,  wh i ch  i s  a

reg ress ion  on  two  own- lags .  Fo r  T IP I ,  t h i s  equa t j on  i s :

A ln  T IP I .  =u+d .A lnT IPL  +6^A lnT IPL  ^+a . .
I  I  t - ]  Z  t - t  t -
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rv i th  assoc ia ted  s tandard  er ro r ,  sa .  Then we inc lude two lags  o f  the

l  ead i  ng  i  ndex :

A1n  T IP I ,  =  y+  p ra l n  T IP I r_ t  +  O2A ln  T IP IT_ ,

+ BlAln LEADT_I + SzAln LEADT_2 * 
" t

w i th  assoc ia ted  s tandard  e r ro r  se .  The  ga in  fo r  T IPT  f rom LEAD l s  t hen

sa  m inus  se ,  as  a  pe rcen tage  o f  sa .  Tab le  7  g i ves  th i s  ga in  as

1? .2 .  Now 13  more  reg ress ions  v re re  run  tha t  i nc luded- - i n  add i t i on  to  the

two  lags  o f  LEAD and  two  own- lags - - two  l ags  o f  one  o f  t he  o the r  13  na t i ona l

va r iab les .  Ex tend ing  ou r  examp le ,  we  can  add  the  co inc iden t  i ndex  to  the

TIPI eo uat.  i  on :

Aln  T IP Ia  -  u+  O lA ln  T IP I r_1  +  OZ A ln  T IP IT_2

+ F lA ln  LEADT- I  *  BzAln  LEADT-2

*  E3Aln  co lNt_ l  +  B4Aln  co lNt_2  *  , t '

wi th  assoc ' i a ted  s tandard  e r ro r  su .  The  ga in  f rom COIN,  g i ven  i nc lus ion  o f

LEAD,  i s  t hen  (  (  s  .  
-  s  u  )  /  s  

"  
)  x  1  0  0  ,  g i  ven  i n  Tab  l e  7  as  -1 .2 ,  a  nega t j ve

"ga in . "  I n  r ead ing  Tab le  7 ,  i t  shou ld  be  kep t  i n  m ind  t ha t  a l l  r eg ress ions

inc luded  the  two  l ags  o f  LEAD as  we l l  as  two  own- lags .

G iven  ou r  spec ia l  conce rn  w i th  fo recas t i ng  agg rega te  rea l

ac t i v i t y ,  we  chose  among  the  na t j ona l  va r i ab les  those  tha t  he ld  p ron i se  o f

fo recas t i ng  j ndus t r i a l  p roduc t i on ,  t he  two  emp loymen t  se r ies ,  and  the  two

de f la ted  se r ies .  Search  among  poss ib le  na t i ona l  i n fo rma t ion  va r iab les  l ed
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to  se lec t i on  o f  5  key  va r iab les :  (1 )  t he  compos i te  i ndex  o f  l ead ing

' i  nd i ca to rs ,  (2 )  t he  j ndex  o f  app rox ima te l y  co inc iden t  i nd i ca to rs ,  (3 )  t he

index  o f  i ndus t r i a l  p roduc t i on ,  (4 )  t o ta l  nonagr i cu l t u ra l  emp loymen t ,  and

(5 )  Moody rs  a l  l - i ndus t r y  ave rage  co rpo ra te  bond  y ie ld .  A  " t r i ck le -downr '

mode l  was  cons t ruc ted  wh ich  re la tes  g rowth  ra tes  i n  each  o f  t he  seven  Texas

va r jab les  to  t v ro  own- lags  and  two  l ags  o f  each  o f  t he  5  key  na t i ona l

va r i ab les .  Thus ,  wh i l e  t he  c l osed  reg iona l  mode l  emphas i zed  reg iona l

i n te rac t i ons  and  i gno red  na t i ona l  da ta ,  t he  t r i ck le -down  mode l  emphas izes

na t i ona l  da ta  and  i gno res  reg iona l  i n te rac t i ons .  Tab le  8  shows  the

s tandard  e r ro rs  o f  t he  equa t jons  and  i n fo rma t ion  ga in  re la t i ve  to  the

ARI I4A(2 ,1 ,0 )  mode ls .  I t  ach jeved  cons ide rab le  w i th in -samp le  success  i n

p red i c t i ng  consumer  p r i ces ,  de f l a ted  re ta i l  sa les ,  and  i ndus t r i a l

p roduc t i on ,  whose  weakness  du r ing  the  fo recas t i ng  pe r iod  may  have  re f l ec ted

la rge l y  na t i ona l  f ac to rs .  The  F -s ta t j s t i cs  fo r  t he  s ign i f i cance  o f

t r i c k l e -down  va r i ab les  ( l as t  co l umn  o f  Tab le  8 )  a re  h i gh l y  s i gn i f i can t  f o r

consumer  p r i ces  and  s ign i f i can t  f o r  de f l a ted  re ta i l  sa les .  The

t r i ck le -dov+n  mode l  ou tpe r fo rms  the  c iosed  reg iona l  mode l  f o r  f ou r  o f  t he

seven  Texas  va r iab les  w i th jn  the  samp le .  A  compar i son  o f  t he  resu l t s  i n

Tab les  7  and  8  sugges t  t ha t  consumer  p r i ces ,  de f l a ted  re ta i l  sa les ,  and

de f la ted  rea l  i ncome a re  more  c lose l y  l i nked  to  na t i ona l  cond i t i ons  than  to

reg iona l  cond i t i ons .  0n  the  o the r  hand ,  t he  compar i son  sugges ts  emp loymen t

i  s  mo re  c l ose l y  r e l a ted  t o  r eg iona l  cond j t i ons .
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PAYROLL
INFORMATION
VARIABLE TIPI

LEAD ],2.2**

corNc - t .2

IP I  -2 .5

LHR 2 .0

NEMP 0 .9

FYFF -1 .3

FYAVG -0 .1

GMPY7z -0 .6

PUNEW -1 .1

PWFSA -0 .4

PUi561 0 .4

PW53 -0 .1

DGD -2 .2

DGNP72 -1 .3

CP IDFI,

5 .9 ' , .

9 .9*

10 .0 ,k

1 .7

I  .7 *

1 ?  q ' t

a . o

10.6*

14 .0*

0 .4

-0 .5

-2 .3

0 .5

2.0

1 0

- L . +

- { - 5

-0 .9

- U . L

- L . 5

- a , I

- 1 . 6

- ( , J

- a . t

-2 .3

- . 1  . J

- l , u

u - o

-2 .0

-2 .5

- 2 . 5

2.9

- U . I

- 1 . b

- 1 .  I

6.9*

-0  .0

-1 .5

- u . a

4.5

-2 .6

- z ,  u

-0 .9

1 .7

-0 .9

9 .2 " *

2 .0

- 1 . O

-0  .6

8.  5*

0 .7

RTRETRTPYTEMP TLF

7.9*  10 .6* , r

1 ,2 .?**  !7 .4* ' .

-0 .3  0 .6

6 .2*  6 .8*

0 .1  -0 .0

7 .3*  7  .0 t

-2 .2  -1  .7

3 .4  2 .4

0 .9  -1 .  1

7 .5*  0 .9

6 .5*  1 .0

-2 .3  - t  .7

-0 .2  4 .5

*  S ta t ' i  s t i ca l l y  s i gn i f i can t  a t  t he  . 05  l eve l  .
* *  S ta t i s t i ca i i y  s . i gn i f i can t  a t  t he  . 01  l eve l .
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TABLE 7 :  Cont inued

I NFORMATION
VARIABLE ROll, I  SUM. EXCL. CPIDFW AND TLF

LEAD

COIN

USIP

LHR

LHEMR

FYFF

FYAVG

GMPY72

PUNEhl

P!vFSA

P|.\ls61

Pht53

DGD

DGNP72

ROIIJ SUM

23.1

27  .9

45.7

. L O ,  J

8.0

J J  . 6

J . 5

2.1

+ . o

1 . J

1 6 . l

78.2

31.2

- L .  I

10.6

-4 .6

16  .7

-9 .  I

-2 .5

4 .9

3 .2

- t .  o

'J. .7
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TRICKLE-DO|'/N EQUATIONS

DEPENDENT

VARIABLE

TI  P I

CPIDFI{

PAYROLL

TEMP

RTPY

RTRET

TLF

SEE

.01441

.005844

.004430

.007924

.01265

.01842

.006441

-8-

\ 2

.72

q 1

.06

.15

.30

n ?

r(T,c) 1/
8.7

L 5 . Y

-0 .  1

4.0

7.3

-0 .  5

F(10,32) Z/

1 .84

4 .  06

0 .  99

1  ? 6

t  a q

0.96

in  s tandard  er ro r1 . I n fo rma t ion  ga in ,  measured  by  pe rcen t  reduc t i on
re la t i ve  to  ARIMA(2 ,1 ,0 )  mode l  .

The .10  c r i t i ca l  va l ue  i s  app rox ima te l y  1 .82 ;
t he  . 05  c r i t i ca l  va l ue  i s  app rox ima te l y  2 .16 ;
t he  . 01  c r i t i ca l  va l ue  i s  app rox ima te l y  2 .98 .

2.



Page 29

OUT-OF-SAIIPLE PERFORMANCE OF ARII4A, CLOSED-REGION, AND TRiCKLE-DOWN
m

The  use fu lness  o f  t he  c losed - reg ion  and  t r i ck le -down  mode ls  can  be

fu r the r  assessed  by  cons t ruc t i ng  fo recas ts  ou ts ide  o f  t he  samp le  and

compar ing  the i r  accu racy  re la t i ve  to  the  un i va r ia te  fo recas t i ng  equa t ions .

The  ou t -o f - samp le  fo recas t i ng  pe r iod  began  in  the  f i r s t  qua r te r  o f  1981  and

ended  in  the  second  qua r te r  o f  1983 .  Each  mode l r s  pa ramete rs  were

reest imated each quarter to ref lect  new data, but the general  form of the

mode l  was  kep t  cons tan t .  (Ka lman  f i l t e r s  were  used  fo r  rees t ima t ing  a1  1

the  mode ls  excep t  t he  Box -Jenk ins  ARIMAs ,  wh ich  a re  genera l l y  non l i nea r . )

I n  pa r t i cu la r ,  t he  Box -Jenk ins  ARIMAs  were  no t  re fo rmu la ted ,  even  though

tha t  m igh t  have  improved  the i r  f o recas t i ng  accu racy  somewha t .  Th i s  may

tend  to  b ias  resu l t s  somewha t  aga ins t  t he  Box -Jenk ins  mode ls .  I n

fo recas t i ng  more  than  one  qua r te r  ahead  w i th  the  t r i ck le -down  mode l  ,

ARIMA(2 ,1 ,0 )  equa t i ons  were  emp loyed  to  a r r i ve  a t  f o recas ts  o f  t he

exogenous  na t i ona l  va r i ab les ,  and  those  equa t ions  were  a l so  rees t ima ted

each  qua r te r .

\ r j e  ob ta ined  a  samp le  o f  10  one -pe r iod (s tep ) -ahead  fo recas ts ,  9

two-pe r i  od -a  head  fo recas ts ,  and  so  on ,  t o  5  s i x -pe r iod -ahead  fo recas ts ,  f o r

each  o f  t he  seven  va r iab les ,  f o r  each  o f  t he  fou r  mode ls .  The  fo recas t

e r ro r  i s  t he  ac tua l  (1og )  o f  t he  va r iab le  m inus  the  fo recas t  o f  ( t he  l og

of)  the var iable.  l , l ,e report  three measures of  forecast accuracy for one to

s i x  s teps  ahead ,  cons t ruc ted  f rom the  se r ies  o f  f o recas t  e r ro rs :

( 1 )  mean  e r ro r ,  o r  ME ,

(2 )  mean  abso l  u te  e r ro r ,  o r  MAE,
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and  (3 )  roo t  mean  squared  e r ro r ,  o r  RMSE.

We ass ign  the  g rea tes t  we igh t  t o  t he  roo t  mean  squared  e r ro r  i n  pe r fo rmance

eva  I  ua t i  on .

The  un i va r ia te  mode l  RMSEs  a re  an  app rop r ia te  benchmark  fo r

eva lua t i ng  mu l t i va r i a te  a l t e rna t iVes .  I f  more  comp lex  mode ls  canno t  do

be t te r ,  t hen  un i va r ia te  fo recas t i ng  mode ls  a re  p robab ly  the  app rop r ia te

fo rma l  me thod  to  wh ich  j udgmen t  shou ld  be  app l ' i ed  i n  p roduc ing  reg iona l

fo recas ts .  Tab le  9  p resen ts  the  measures  o f  accu racy  fo r  f o recas ts

genera ted  by  the  two  a i t e rna t i ve  ARIMA mode ls .  The  mean  e r ro rs  were

nega t i ve  fo r  a l l  va r i ab les  excep t  t he  l abo r  f o rce ,  as  one  wou ld  expec t  f o r

a  pe r iod  i n  wh jch  economjc  A rowth  was  we l l  be low  the  ave rage  o f  t he  1969-80

per iod .  The  RMSEs  a l so  genera l l y  exceeded  the  s tandard  e r ro rs  o f  t he

w i t h i n - samp le  equa t i ons ,  o f t en  qu i t e  subs tan t j a l l y .  The re  was  o f t en  I i t t l e

d i f f e rence  i n  fo recas t  accu racy  be tween  the  Box -Jenk ins  and  ARIMA(2 ,1 ,0 )

a l t e rna t j ves .  Th i s  aga in  tends  to  con f i rm  the  no t i on  tha t  au to reg ress i ve

mode ls  o f  l ow  o rde r  may  do  as  we11 ,  o r  nea r l y  as  we11 ,  ou t -o f - samp le  as

ARIMAs  bu i  l t  us ing  Box -Jenk jns  i den t i f i ca t i on  me thods ,  a t  l eas t  f o r

seasona ' l  l y  ad jus ted  se r jes .  However ,  no t  t oo  much  shou ld  be  made  o f  t h i s

resu l t ,  because  some o f  t he  Box -Jenk ins  mode ls  wou ld  have  been  respec i f i ed

du r ing  the  ou t -o f - samp le  pen iod  by  a  rea l - t ime  fonecas te r .

The  c losed - reg ion  mode l  has  been  p iaced  a t  someth ing  o f  a

compe t i t i ve  d i sadvan tage  re la t i ve  to  the  a l t e rna t i ves ,  because  i t  has

inc luded  two  l ags  o f  a l l  seven  reg iona l  se r i es ,  whe the r  t hey  were

s ta t j s t i ca l l y  s i gn j f i can t  o r  no t ,  and  w i t hou t  t he  use  o f  any  p r i o r

j n fo rma t ion .  I n  o lhe r  words ,  i t  equa t i ons  a re  "ove rpa ramete r j zed , "
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Consequen t l y ,  i t  i s  no t  su rp r i s i ng  tha t  t h j s  mode l  ach jeves  few  successes

re la t i ve  to  the  un i va r ia te  benchmarks  o r  t he  t r i ck le -down  mode l  ,  as  seen  by

compar ing  f i gu res  i n  Tab les  9  and  10 .  Neve r the less ,  t he  c losed - reg iona l

mode l  s l i gh t l y  ou tpe r fo rmed  un i va r ia te  equa t j ons  i n  f o recas ts  o f  t he  Texas

Indus t r i a l  P roduc t i on  Index  and  i n  one -  and  two-  qua r te r -ahead  fo recas ts  o f

consumer  p r i ces  i n  t he  Da l  l as -Fo r t  Wor th  a rea .  These  i im i ted  successes

occurred part ly because the model predicted slower growth than ARIMAS after

the  onse t  o f  recess jon ,  and  hence  had  l ower  mean  e r ro rs  i n  t hese  cases .

However ,  t he  hopes  fo r  p red i c t i ng  the  th ree  l abo r  se r ies  o f fe red  by  th i s

mode l r s  w i th in -samp le  p rope r t i es  were  no t  rea l  i zed  i n  ou t -o f - samp le

fo recas ts .

The  t r i ck le -down  mode l  a l  so  su f fe rs  f rom ove rpa ramete r i za t i on ,

though  p robab ly  a  I i t t l e  l ess  than  the  c losed - reg iona l  mode l  .  The

t r i ck le -down  mode l  had  m ixed  success  compared  w j th  the  un i va r ia te  equa t i ons

fo r  a l I  Texas  va r iab les  excep t  t he  l abo r  f o rce ,  where  i t  f a i l ed  as  one

wou ld  expec t .  0ve ra l l ,  t he  t r i ck le -down  mode l  f o recas ted  be t te r  t han  the

c losed - reg iona l  mode l .  Th i s  t ends  to  con f i rm  the  sugges t i on  made  by

w i th in -samp le  ana lys i s  t ha t  reg iona l  f o recas te rs  can  i l l - a f f o rd  to  i gno re

na t i ona l  i n fo rma t ion .  I n  v iew  o f  t he  re la t iVe  ove rDaramete  r i  za t i  o  n  o f  t he

c losed - reg iona l  mode i ,  any  con t ras t  i n  pe r fo rmance  shou ld  be  i n te rp re ted

cau t j ous l y .  However ,  t he  con t ras t  ' i  s  cons i s ten t  w i th  the  no t i on  tha t

reg iona l  f o recas te rs  may  ge t  more  i n fo rma t ion  f rom exp lo i t i ng  na t i ona l  da ta

se ts  than  f rom s tudy ing  i n t ra reg iona l  i n te rac t j ons .  Tha t  conc lus ion  m igh t
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FORECAST PERFORI4ANCE OFUNIVARIATE I'.IODELS

BOX-J EN KI NS ARrMA(2,1 ,0)
STEP ME MAE RMSE f4E MAE RMSEVARIABLE

TIPI

CP I DFlj

PAYROLL

- .0097  .0199
- .0251  .0364
- .0518  .0523
- .0786  .0786
- .  1001  .1001
- .  1199  .1199

- .0043  .0061
- .0134  .0137
- .0238 .0238
- .0346  .0346
- .0487 .0487
- .0674 .0674

- .0033  .0055
- .0082  .0110
- .0186  .0205
-  .  0336 .0348
- .0487 .0489
- .0603  .0603

- .0020
- .0044
- .0084
-.0122
- .0 i59
- .0190

.0061

.0078

.0099

.0149

.0 i87

.0193

.0240

.o446

.  0626

.0842

.1075

.1.260

.0078

.  u  l 5 b

.0250

.  0357

.  0501

.0679

.0072

.  0150

. v L o l

.0411

.0567

.0658

.0068

.0101

.0129

.0169

.0202

.0220

-  .  0073
- .0 i94
- .0469
- . u / o u
- .  0975
- .1197

- .0034
- . u _ t t /
- .0212
-  .  0307
- .  0433
- .  u b l r

-  .  0036
- .0087
-.0792
- . u 5 J /

- .0488
- .0600

-  .  0021
- .0047
- .0085
-  .  0119
- .  u t f , z
- .  u  1 6 5

.0171  .0234

.0340 .0446

.0483 .0s84

.0760 .0808

.0975 .1049

.7797 .1259

.0064 .0078

.0127 .0148

.0212 .0231

.0307 .0325

.0433 .0455

.0611  .0621

.0054 .0074

.0106  .0148

.0272 .0270

.0352 .0415

.0494 .0572

.0500  .0657

.0063 .0072

.0079  .0105

.0106  .0133

.0153 .0172

.0186  .0201

.0192  .0215

T F M D  1

2
J
A
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VARIABLE STEP }{E I'4AE RMSE

RTPY
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BOX-JENKINS ARIMA(2 ,1 ,0 )
1'4E I4AE RMSE

RTRET

TLF

.0727

.0164

.0229

.0296

.0343

.04 i4

.  0235

.0379

.0477

.0581

.0686

.  0790

.0067

.0071

.0040

.0048

.0079

.0084

-  .0049
- .0091
- .0159
-.0241
-  .  0307
- .0378

-  .  0061
- .0175
- .  U J S J
- .0542
- .0681
-  n q l  q

.0012

.  0023

.0019

.oo27

.0039

.0044

I
L

J

4
5
6

1
a

J

4
5
6

1
2

+
q

o

- .0052  .0101
- .0091  .0141
-  .0156 .  0213
-  .0233 .  0255
- .0307  .0307
- .0372 .0372

- .0057  .0196
- .0159 .0302
- .0304  .0403
- .0493  .0493
- .0616  .0616
- .0743  .0743

.0004 .0058

.0017  .0062

.0012  .0032

.0016  .0040

.0027 .0076

.0033 .0066

.0108  .0140

.0139 .0 ) .72

.022t  .0238

.0270 .0310

.0307 .0345

.0378 .0425

.0197 .0233

.0316  .0394

.0431 .0509

.0542 .0628

.0681 .0749

.0815 .0866

.0054 .0061

.0051 .0064

.0034 .0039

.0045 .0057

.0071 .0080

.0064 .0083
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PERFORMANCE OF CLOSED-REGION ANDOUT-OF-SAMPLE FORECAST
XTRI CKLE-DOll/NII I4ODELS

CLOSED-REGION
IE------FAETM-SE

"TRI CKLE-DOI',N"
ME MAE RMSEVARIABLE

TI  P I

CPIDFUI

PAYROLL

-  .  0076
- .0161
- .0419
- . u / o r
-  .  0999
-  .  t z z Y

- .  0037
-  .  0104
- .0201
- .  0376
- .0591
-  .  u 6 1 f ,

- .0030
- .0070
- . u t t a

- .  U J Z J
- .  u+br
- .0567

- .0001
- .0004
- .0044
- .  0104
- .  u r b 4
-  .  0201

.0164

.  0555

.076t

.0999

.  l a a J

.0054

.0772

.  U Z J J

.  U J l b

.  U 5 Y  I

.0815

.  0114

.0201

.0348

.0480

.  u c o /

.0079

.  0091

.0100

.0138

.0200

.0220

.0218

.  0439

.0615

.0827

.1090

.1309

.0074

.0146

.0260

.0416

.0613

.  0831

.0083

.0152

.0263

.0406

.0551

.  U b S  I

.0096

.0104

.0118

.0159

.  0218

.0247

- .0049
- .0068
-  -  u 5 2 5
- .0545
- .0708
-  .  0916

-  .  0017
- .0068
- .0170
-.0263
- .0391
-  .  ubbu

- .0044
-  .  0100
-  .  0197
- .0325
- .0451
- .  u 5 b  I

- .  0018
- .0031
- .0046
-  .  UUbU
- .0085
- - u l . 4 l

1
L

6

1
Z

o

1
a

4

b

.0204 .0239

.0343 .0417

.0427 .0509

.0567 .0629

.0708 .0805

.0916 .1022

.0046 .0052

.0090  .0111

.0170  .0181

.0263 .0280

.0391 .0421

.0s68 .0587

.0061  .0081

.0132  .0158

.0239 .0280

.0356  .0410

.0454 .0539

.0561  .0629

.0079 .0096

.0118  .0139

.0113  .0131

.0133  .0146

.0129  .0144

.0141  .0159

TEMP 1
L

J

4
5
6
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TABLE 10: Cont i  nued

C LOSED-REGION
STEP ME MAE

NTRICKLE-DOWNII

i,tE MAE RI4SERMSEVARIABLE

RTPY

RTRET

-  .  0025
- .0041
- .0103

-  .  0183
- .0194

- .0071
- . u 1 l d
-  .  0299
- .0415
- .  0436
- .  U + J J

.0020

.0041

.  0030

.  0026

.0014

.0001

.0105

.0154

.0208

.0245

.0238

.0242

.  0205

.  0354

.0449

.o477

.0477

.  0433

.0077

.0064

.0046

.  0052

.  0065

.0070

.0L24

.0181

.021,9

. 0296

.0280

.  0295

. 0255

.o449

.0562

. 0596

.0596

.  0516

.0084

.o077

.0060

.  0057

.0082

.0081

- .  0064
- .  0091
- .  0099

-.021.0
- .  0309

-  .  0109
-  .  0170
- .0239
- .  0398
- .0500
-.0687

- .  0001
.0012
.0026
.0086
.0069
.0072

TLF

1
a
{
4

b

1
a
J

+

o

1

J

4

b

.021.2 .024L

.0214 .0240

. U L Z J  .  U Z S J

.021.0 .0262

.0309 .03s7

.0213 .0210

.0289 .0372

.0370 .0418

.0398 .0456

.0508 .0617

.0687 .0798

.0055 .0071

.0084  .0101

.0058 .0074

.0118  .0185

.0089 .0102

.0086 .0107
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be  reve rsed  i f  a  comparab le  sea rch  were  made  among  po ten t i a l  reg iona l

j n fo rma t ion  va r iab les  ( fo r  examp le ,  t he  r i g  coun t  and  hous ing  s ta r t s )  as

was  made  among  na t i ona l  va r j ab les .

COMBINATION FORECASTS

As  one  me thod  o f  comb in ing  the  th ree  sou rces  o f  i n fo rma t ion ,

comb ina t i on  fo recas ts  can  be  cons t ruc ted  as  s imp le  ave rages  o f  t he

Box -Jenk ins ,  c losed - reg iona l  and  t r i ck le -down  mode ls .  The  ou t -o f - samp le

fo recas t  pe r fo rmance  o f  t he  ave rage  comb ina t i on  fo recas ts  a re  p resen ted  i n

Tab le  11 .  The  accu racy  o f  s imp le  unwe igh ted  ave rage  comb ina t i ons  i s

genera l l y  comparab le  w i th  the  ARIMA fo recas ts .  The  comb ina t i on  fo recas t

tends  to  be  more  accu ra te  than  AR iMAs  fo r  3 -  and  4 -s tep -ahead  fo recas ts ,

a l t hough  i t  t ends  to  be  s l i gh t l y  l ess  accu ra te  fo r  1 -  and  2 -s tep -ahead

fo recas ts .  Th i s  resu l t  ob ta ins  desp i te  the  re la t i ve  l ack  o f  success  o f  t he

c losed - reg iona l  and  t r i ck le -down  mode ls .  The  unwe igh ted  comb ina t j on

fo recas t  pe r fo rms  no t i ceab ly  be t te r  t han  ARIMAs  fo r  i ndus t r i a l  p roduc t i on

and  consumer  p r i ces ,  bu t  worse  fo r  t he  l abo r  f o rce .

The  we igh ts  a t tached  to  each  o f  t he  th ree  componen ts  i n  t he

comb ina t j on  fo recas t  need  no t - -and  genera l l y ,  shou ld  no t - -be  equa l .  Ue

have  no t ,  conduc ted  an  adequa te  ana lys j s  o f  app rop r ia te  we igh ts ,  bu t  t he

w ide l y  va ry ing  deg rees  o f  success  o f  t he  th ree  a l t e rna t i ve  mode ls  i n

p red i c t i ng  the  va r ious  Texas  se r ies  sugges t  t ha t  t he re  ough t  t o  be  unequa l

we igh ts  and  tha t  t he  ga ins  f rom approp r ia te l y  chosen  we igh ts  m igh t  be

subs tan t i  a l  .
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PERFORI4ANCE OF COI'IBINATION FORECASTS

VARIABLE

TI  P I

CP I DFW

PAYROLL

STEP ME MAE RMSE

TEMP

1
2

5

1
t
5

+
q

1
2

1
a

+

6

-  .  0074
-  .  0160
- .0420
-.0697
-  .0903
-  .  -1 1-13

-  .  0032
-  .  0102
-  .  0203
-  .0328
- .0489
-  .0685

-  .0037
- .0084
-  .  0185
- .0328
-  .  u+bb
- .0577

- .0013
- .0026
- .0058
- .0098
- .  u t J o
- .0171

.0177

.0320

.0470

.  0697

.0903

.1115

.0044

.0102

.0203

.0328

.0489

.0685

.0058

.0111

.0213

.0346

.047 4

.o577

.  0067

.  0073

.  0090

.0138

.o772

.  0185

.022L

. 0406

.  U f , O I

.0757

.0986

.  1193

.  0057

.0 i20

.021L

.0342

.0506

.  0692

.0077

.  0154

.0267

.0407

.0549

.0635

.0076

.  0100

.  0113

.0150

.0186

.0204
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TABLE 11: Conti  n ued

VARIABLE

RTPY

STEP RMSEMAE

RTRET

TLF

ME

- .0047
- .0074
-  .  0119
- .0184
- .  U 4 J J
- .0292

-  .  0079
- .0169
- .0281
-  .  043s
- . u 5 1 /
-  .  u o 4 1

.0008

.  0023

.  0023

.  0043

.  0036
n n ? q

.0109

.0 i61

.0210

.  0233

.0243

.o292

.0198

.0303

.0396

.0435

.0517

.062r

.0055

.0057

.0038

.0060

. 0073

.0064

.0138

.  0183

.021.9

.  0269

.0279

.0344

.0?47

.0392

.047 t

.  0525

.  u5vv

.  0675

.0065

.0072

.0044

.0086

.0083

.0084

1
f.

5
o

I

J

4
q

6

1
2

4

6
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I 'BAYESIANII  VECTOR AUTOREGRESSIVE MODELS

Given  the  p r i o r  no t i on  tha t  i n fo rma t jon  abou t  t he  fu tu re  cou rse  o f

each  Texas  se r ies  ough t  t o  be  pnesen t  i n  bo th  na t i ona l  and  o the r  Texas

se r ies ,  one  can ,  as  an  a l t e rna t j ve  to  fo rm ing  comb ina t j on  fo recas ts ,

es t ima te  a  mode l  t ha t  uses  bo th .  The  p rob lem w j th  such  an  app roach  i s

tha t ,  as  the  i n fo rma t ion  se t  i s  expanded ,  f o recas t  accu racy  can  become poor

as the model becomes ove rparameter j  z ed and precious degrees of f reedom are

spen t .  Fo r  examp le ,  t he  samp le  we  emp loy  to  bu i l d  mode ls  i s  on l y  47

qua r te r s  i n  l eng th  (exc lud ing  one  l os t  f r om d i f f e renc ing ) .  I f  on l y  two

lags  o f  va r i ab les  a re  used ,  one  can  i nco rpo ra te  a t  mos t  22  i n fo rma t ion

va r iab les .  Fo recas t  accu racy  o f  a  mode l  w i th  even  a  dozen  f ree  pa ramete rs

i s  un l i ke l y  t o  be  ve ry  good ,  as  exemp l i f i ed  by  the  l im i ted  success  o f  t he

c l  osed - reg i  on  and  t r i  ck l  e -down  mode l  s .

The  p rob lem a t  hand  j s  t o  i nco rpo ra te  i n fo rma t jon  f rom many

ava i l ab le  reg iona l  and  na t i ona l  se r i es ,  where  we l1  deve ioped  theo ry  i s

unava i l ab le ,  and  whe re  any  one  i n fo rma t i on  va r j ab le  a l one  i s  un l i ke l y ,  i n

v iew  o f  t he  above  resu l t s ,  t o  con t r i bu te  subs tan t i a l  l y  t o  f o recas t i ng

per fo rmance .  I t  i s  j us t  such  a  p rob lem fo r  wh ich  a  I 'Bayes ian "  VAR

f ramework  i s  mos t  p romis ing .  P r jo r  res t r i c t i ons  a re  i nco rpo ra ted  i n to  a

vec to r  au to reg ress i ve  mode1 ,  us ing  the  RATS compu te r  p rog ram (Doan  and

L i t t e rman ,  1981) .  RATS g rea t l y  f ac j l  i t a tes  the  f l ex ib le  use  o f  p r i o rs .

Essen t i a l l y ,  t he  p r i o r  d i s t r i bu t i on  i s  cen tened  a round  a  random wa lk ,  w i th

pa ramete rs  a l l owed  to  dev ia te  f rom tha t  spec i f i ca t i on  i n  a  deg ree

de te rm ined  by  the  t j gh tness  o f  t he  p r i o rs .  Es t ima t ion  i s  made  us ing

The i l r s  m i xed  es t ima t i on .  The  cho i ce  o f  p r i o r  d i  s t r i bu t j ons  subs tan t i a l l y
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a f fec ts  the  fo recas t i ng  pe r fo rmance  o f  t he  es t ima ted  mode l  ,  as  w i l l  be  seen

in the present context.  Al though some recent papers by Li t terman and

assoc ia tes  (L i t t e rman ,  1979  and  1982b ;  Doan ,  L i t t e rman ,  and  S jms ,  1983)

g i ve  a t ten t i on  to  the  impor tance  o f  i n te l l i gen t  p r i o rs  i n  des ign ing  VAR

mode ls ,  t he  on l y  way  they  sugges t  o f  de te rm in ing  app rop r ia te  p l " i o rs  i s

th rough  a  pe r fo rmance  c r j t e r i on ,  such  as  m in im iz ing  roo t  mean  squared

fo recas t i ng  e r ro r .  We  w i l l  sugges t  an  aux i l i a r y  me thod  o f  de te rm in ing

approp r j  a te  p r i  o rs .

A t  p resen t ,  we  know o f  t h ree  papers  tha t  a t tempt  to  assess  the

use fu ' l  ness  o f  VAR mode ls  fo r  reg iona l  f o recas t i ng ,  on l y  one  o f  wh jch

emp loys  p r i o r  d i s t r i bu t i ons .  The  f i r s t ,  by  Pau l  Anderson  (1979) ,  imposes  a

se t  o f  p r i o rs  w i thou t  any  apparen t  d iagnos t i c  e f fo r t s  and  i n  a  ra the r

s imp le  fash ion .  He  imp l i es  tha t  an  e f f i c j en t  reg iona l  VAR mode l  can  be

bu i l t  i n  two  weeks  work ,  I f  t r ue .  t h i s  wou ld  seem to  have  rad i ca l

imp l i ca t i ons  fo r  econom' i c  f o recas t i ng ,  f o r  i t  o f f e rs  a  ra the r  r rau tomat i c [

me thod  tha t  requ l res  I i t t l e  f ee l  f o r  t he  da ta  o r  t heo re t j ca l  know ledge .

Indeed ,  Anderson rs  d i scuss ion  seems  to  imp ly  tha t  f o recas t i ng  can  be

e f f i c i en t l y  pe r fo rmed  by  feed ' i ng  a  l i s t  o f  va r i ab les - -poss ib l y  a  l ong

l j s t - -and  a  s imp le  p rede te rm ined  random wa lk  p r i o r  d i  s t r i bu t i on  j n to  the

compu te r  and  r "epo r t i ng  the  ou tpu t  o f  t he  f i r s t  run .

Anderson compares the forecast ' ing performance of h ' i  s regionai

mode l  w i th  tha t  o f  some s t ruc tu ra l  mode ls  o f  o the r  reg ions  and  f i nds  h i s

VAR model produces better forecasts.  But he does not compare VAR forecasts

aga ins t  un i va r ia te  mode l  f o recas ts .  Such  a  compar i son  seems  impor tan t  i n

v iew  o f  t he  f requen t  f i nd ing  tha t  s imp le  un i van ia te  mode ls  o f ten  ou tpe r fo rm

la rge  s t ruc tu ra l  mode ls  (Granger  and  Newbo ld ,  1977 :  289 -300) .
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Two o the r  s tud ' i es  cons t ruc t  VAR mode ls ,  bu t  do  no t  impose  Bayes ian

p r io rs .  I t  shou ld  be  emphas ized  tha t  any  un favo rab le  conc lus ions  p resen ted

be low rega rd ing  the  r rBayes ian l  VAR approach  does  no t  app ly  to  these

s tud ies .  K ina l  and  Ra tne r  (1983)  compare  fo recas ts  o f  an  uncons t ra ined  VAR

mode l  o f  t he  New York  s ta te  economy w i th  ARMA and  s imp le  t rans fe r  f unc t i on

mode ls ,  They  f i nd  tha t  r r . . .VAR p red i c t i ons  a re  more  accu ra te  ove ra l  l t '

( p .25 ) .  A  c lose r  examina t i on  o f  t he i r  s tudy ,  however ,  sugges ts  tha t  some

o f  t he  ARIMA and  t rans fe r  f unc t i on  mode l  f onecas ts  a re  imp laus ib l y  poo r .

Never the less ,  t he i r  VAR fo recas t  s ta t i s t i cs  o f fe r  some pe r fo rmance

benchmarks  fo r  reg  i  ona  1  fo recas ie rs .

Kupr ianov  and  Lupo le t t i  ( f 984 )  bu i l d  VAR mode ls  fo r  each  o f  t he

s i x  po l i t i ca l  d i v i s i ons  o f  t he  Fede ra l  Rese rve ' s  F i f t h  D i s t r i c t .  The i r  VAR

mode l  i s  a l so  uncons t ra ined ,  excep t  t ha t  t he  equa t ions  fo r  na t i ona l

va r i ab les  exc lude  reg iona l  va r i ab les .  The  spec i f i ca t i on  j s  a  p rom is i ng l y

pa rs imon ious  one  i n  te rms  o f  t he  number  o f  va r j ab les ;  t he  mode l  f o r  each

s ta te  i nc ludes  s ta te  emp loymen t  and  de f l a ted  pe rsona l  i ncome p lus  th ree

na t iona l  va r i ab les .  However ,  t he  l ag  l eng th ,  s i x  qua r te rs ,  may  be

excess i  ve  fo r  e f f i  c i  en t  f o recas t i  ng .  Neve r the l  ess ,  t he i  r  s tudy  p rov ides

some use fu ' l  ou t -o f - samp le  fo recas t  pe r fo rmance  s ta t i s t j cs  wh ich  shou ld  be

o f  i n te res t  t o  reg iona l  f o recas te rs .  0ne  i n te res t i ng  aspec t  o f  t he i r

resu l t s  i s  t he  qu j te  d i spa ra te  p rope r t i es  o f  d i f f e ren t  s ta tes r  econon ic

behav io r .

An  open  ques t i on  i s  whe the r  VAR mode l  s ,  w i th  o r  w i thou t  p r i o rs ,

can  ou tpe r fo rm ARI I ' 4As  fo r  reg iona l  economic  fo recas t i ng ,4 /  and ,  i f  so ,

whe the r  use  o f  a  p rede le rm ined  se t  o f  p r i o rs ,  such  as  Anderson ' s ,  a re
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su f f i c i en t  t o  ach jeve  re la t i ve l y  good  pe r fo rmance .  We doub t  t ha t  an

uncons t ra ined  mode l  w i th  many  pa ramete rs  can  p rov ide  e f f i c i en t  f o recas ts .

The  f i r s t  VAR mode l  we  p resen t  used  p r i o rs  pa t te rned  a f te r  ou r

unders tand ing  o f  Anderson  (1979 ,  append ix ) .  (The  p r i o rs  o f  t h i s  and  two

subsequen t  mode ls  a re  desc r jbed  i n  Append ix  B  to  th i s  paper . )  I n  t h i s  and

the  two  o the r  VAR mode ls  we  p resen t ,  we  cen te red  the  p r i o r  d i s t r i bu t i on

a round  a  random wa lk  and  i nc luded  an  uncons t ra ined  cons tan t  and  l i nea r  t ' ime

t rend  i n  each  equa t ion .  Anderson rs  sys tem o f  p r i o rs ,  when  app l j ed  to  the

Texas data, provided a VAR model vr i th very poor" forecast ing performance

re la t i ve  to  un i va r ia te  benchmanks ,  as  shown  in  Tab le  12 ,  under  the  co lumns

labe led  "VAR I r ' .  l ndeed ,  VAR I  may  be  rega rded  as  the  mos t  unsuccess fu l

mode l  o f  a l l  s t ud ied .5 /

A  second  app roach  i nvo l ved  se t t i ng  p r i o rs  based  on  j udgemen ts

de r i ved  f rom the  ana lys j s  i n  p rev ious  sec t j ons  o f  t he  paper .  Each  o f  t he

seven  se r " i es  was  t rea ted  separa te l y .  The  resu l t s  o f  un i va r ja te ,

c losed - reg iona l  and  t r j ck le -down  mode ls  were  used  to  ge t  rough  no t i ons

abou t  t he  ex ten t  t o  wh jch  a  g i ven  Texas  va r iab le  re f l ec ted  i t s  own  pas t ,

o the r  Texas  va r i ab les  as  a  b l ock ,  and  na t i ona l  va r i ab les  as  a  b l ock .

Essen t i a l l y ,  t hen ,  t he  p r i o r s  we re  se t  a l ong  l h ree  d imens ions .  Even  t h j s

i s  a  ra the r  c rude  app roach ,  bu t  i t  does  use  the  " fee l "  f o r  t he  da ta  de r j ved

in  ou r  ea r ' l  i e r  ana lys i s .  Fo r  examp le ,  t he  g rowth  ra te  o f  t he  Da l  l as -Fo r t

Wor th  Consumer  P r i ce  l ndex  d i sp layed  cons ide rab le  au toco rne l  a t i  on ,  so  the

own-1ag  coe f f i c i en ts  were  g i ven  w ide  p r i o r  d i s t r i bu t i ons .  The

c losed - reg iona l  mode l  was  o f  some he lp  w i th in -samp1e ,  bu t  pe r fo rmed  poo r l y

ou t  o f  samp ' l e .  Hence ,  p r i ons  were  t j gh tened  on  l ags  o f  o the r  reg iona l
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va r iab les .  The  na t i ona l  va r i ab ie  coe f f i c j en ts  were  g i ven  more  f reedom in

I i gh t  o f  t he  good  pe r fo rmance  o f  t he  t r i ck le -down  mode l .

The  pe r fo rmance  o f  t h i s  mode l ,  l abe led  "VAR I I "  i n  Tab le  12 ,

genera i  l y  rep resen ts  a  subs tan t i a l  jmprovemen t ,  and  fo recas t  accu racy

app roaches ,  bu t  s t i l l  gene ra l  l y  f a11s  a  b j t  sho r t  o f ,  t he  un i va r i a te

benchmarks ,

An  ex  pos t  ana lys i s  o f  t he  e f fec t  o f  a l t e rna t i ve  p r i o rs  sugges ted

tha t  t he  p r i o rs  o f  t he  VAR I I  mode l  were  genera l  l y  t oo  t i gh t .  Th j s  was

d iscove red  by  a l l ow ing  the  ove ra l l  t ' i gh tness  pa ramete r  i n  t he  RATS p rog ram

to  va ry ,  and  assess ing  the  e f fec t  on  RMSEs  o f  resu l t i ng  fo recas ts ,  as  shown

in  Tab le  13 .  Th i s  t i gh tness  pa ramete r ,  when  ra j sed  two fo ld  ( l oose r  p r i o r

d i s t r i bu t i on ) ,  p rov ided  wha t  appeared  to  be  the  bes t  ove ra l l  f o recas t i ng

per fo rmance .  M ' i n imum RMSEs  fo r  de f l a ted  pe rsona l  i ncome and  the  l abo r

fo rce  were  ach ieved  w i th  much  t i gh te r  p r j o rs ,  so  the  s tandard  dev ia t i ons  o f

t he  p r Jo r  d i s t r i bu t i ons  i n  t he j r  equa t i ons  we re  reduced  i n  a  s imp le  ad  hoc

fash ion .  F ina l i y ,  t he  p r i o rs  fo r  t he  na t i ona l  va r i ab le  equa t i ons  were

ad jus ted  i n  a  s im i l a r  f ash jon .  The  resu l t  o f  t hese  admi t ted l y  c rude

read jus tmen ts  i s  a  mode l  we  p rov i s iona l  l y  p ropose  as  an  app rop r ja te

a l te rna t i ve  to  ARIMA mode l  s  f o r  f o recas t i ng  the  fu tu re  cou rse  o f  t he  Texas

economy.  The  re la t j ve  accu racy  o f  t he  mode l  i s  sugges ted  by  examin t j ng  i t s

pe r fo r "mance  s ta t i s t i cs ,  i n  t he  co lumns  o f  Tab le  12  l abe led  "VAR I I I " ,  w i th

those of the other two.

O the r  reg iona l  VAR mode l  bu i l de rs  may  f i nd  some va lue  i n  ou r

exper ience .  The  success  o f  t he  VAR I I  mode l ,  wh ich  i nco rpo ra tes  p r i o r

i n fo rma t ion  de r i ved  f rom the  ea r l i e r  ana lys i s ,  sugges ts  tha t  a  reg iona l
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economjs t  w i th  a  s t rong  fee l  f o r  t he  da ta  and  i t s  i n te r re la t j onsh ips  can  do

cons ide rab l y  be t te r  i f  he  uses  th i s  know ledge  than  i f  he  reso r t s  t o  a

s imp le  "b ru te  fo rce r r  me thod .  A  second  me thod  o f  po ten t i a l  l y  improv ing

fo recas t  accu racy  i s  t ha t  o f  f i ne - tun jng  the  p r i o rs  on  the  bas i s  o f

ou t -o f - samp le  expe r ience  w j th  the  VAR.  We have  expe r imen ted  w i th  bo th  o f

these  v {ays  o f  improv ing  the  VAR mode l  and  found  tha t  t hey  b rough t  ga ins  i n

fo recas t i ng  accu racy .  G iven  t ime  and  resou rces ,  f u r the r  improvemen ts  cou ld

be  rea l  i zed  a l ong  t hese  I i nes .

SUI4MARY AND CONCLUSION

Al though  s ta t i  s t i ca l  ana lys i s  o f  t he  k ind  we  emp loy  necessa r i  l y

mus t  be  i n te rp re ted  w i th  cau t i on ,  some ten ta t j ve  conc lus ions  appear

war ran ted .  Dur ing  the  pe r iod  f rom 1981  th rough  the  f i r s t  ha l f  o f  1983 ,

un i va r ia te  mode l  s  genera l  l y  d id  as  we l l  as  the  mu l t j va r i a te  mode l  s  s tud ied .

The  ARIMA(2 ,1 ,0 )  spec i f i ca t i ons  genera i  1y  d id  abou t  as  we l l  as  those

iden t i f i ed  by  Box -Jenk ins  me thods .  Th ree  o f  t he  Texas  se r ies  s tud ied

d isp lay  pe rs j s tence  j n  the j r  g rowth  ra tes ,  wh i l e  f ou r  o the rs  do  no t .

Desp i te  some e f fo r t s ,  mu l t j va r i a te  mode ls  o f  t h ree  t ypes  d id  no t  p roduce

any  sys temat i c  jmprovemen t  i n  f o recas t  accu racy .  Neve r the less ,  ou r

ana lys i s  has  no t  been  exhaus t i ve .  Ga ins  m igh t  be  made  by  adop t ing  a  be t te r

se iec t i on  c r i t e r i on  f o r . i n f o rma t i on  va r i ab ies  t o  be  i nc l uded  i n

mu l t i va r i a te  mode l s ,  f u r t he r  t i nke r i ng  w i t h  p r j o r s ,  f o rm ing  comb ina t i on

fo recas ts  f rom a  l a rge r  se t  o f  mode l  s ,  o r  bu i ' l d i ng  seasona l  mode ls  fo r

seasona l l y  unad jus ted  da ta .  0u r  i n i t j a l  exp lo ra t j on  has  l im i t ed  t hese

re f j nemen ts  i n  o rde r  t o  ge t  a  fee l  t he  da ta ,  render  t ransparen t  t he
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TABLE 12: OUT-OF-SAMPLE FORECAST PERFORMANCE 0F
VECTOR AUTOREGRESSIVE MODELS

VARI-
ABLE STEP

VAR I
E----@-@

- .0130  .0192  .0256
- .0316  .0395 .0478
- .0s92  .0628  .0699
- .0865  .0865 .0935
- .1 .077  .1077  .1156
- .1302  .1302  .1364

- .0094  .0094 .0 i12
- .0238  .0238 .0248
- .0405  .0405  .0411
- .0594  .0594 .0601
- .0825  .0825 .0830
- .  1088 .  1088 .  1093

VAR I I
ME-----XA=E--T[5E-

- .0111  .01 .75 .0229
- .0255  .034 i  .0414
- .0492 .0581 .0620
- .0740  .0747  .0831
- .0933  .0933  .  1054
- .11 .97  .1197  .1316

- .0035  .0059  .0073
- .0105  .0117 .0139
-.0211 .oztr .0244
- .0350  .0350  .0387

-.0778 .0778 .0802

- .0046  .0069 .0088
- .0104  .0146 .0174
- .0202 .0261 .0298
- .0315  .0374 .04?7
- .0417  .0470 .0529
- .0528  .0528 .0611

- .0030  .0057  .0069
- .0059  .0080 .0096
- .0105  .01 i6 .0131
- .0150  .0169  .0189
-.0201 .0210 .0237
- .027t  .o27r  .0292

VAR I I I
ME MAE RI,4SE

T T D T  1

a

5
t)

CPiDFW 1

5

PAYROLL 1
2

6

TEI'IP 1
a

t)

- .0068  .0087
- .0150  .0182
- .0262 .0299
- .0376  .0399
-  .0477 .0491
- .0s76  .0576

- .0037
-  .  0076
-.0127
- .0173
- .o2r7
-.0259

.01 i0

.0224

.0361

.0485

.0578

.  0642

.0055 .0078

.0097  .0120

.0132  .0163

.0186  .0211

.0226 .025L

.0259  .0281

- .0078  .01s6 .0199
- .0181  .0270  .0346
- .0368  .0467 .0504
- .0568  .0594 .0668

.0686  .0686 .0854
-.0872 .0872 .1061

- .0030  .0055 .0067
- .0087  .0107  .0126
-.0181 .0L82 .0223
- .  u 5 _ t f ,  .  u 5 l 3  .  u 5 f /
- .0490  .0490 .0535
-  - u t  t t  - u t  L t  - u t  J 5

- .0040  .0063  .0081
- .0094  .0131  .0156
- .0189  .0238 .0271
- .0306  .0350  .0400
- .0408  .0448 .0506
-  n R 1 7  n q 1 7  n q o l

- .0028  .0055  .0067
- .0050  .0073 .0090
- .0087  .0105 .0115
- .0124  .0145 .0169
- .0156 .0172 .0200
- .0201  .0201  .0230



TABLE 12: Cont i  nued

VARI-
ABLE STEP
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VAR II
ME-_-_--MIE-_TMSil

VAR I I I
ME MAE RMSE

VAR I
E----E-@

- .0068  .0109 .0139
- .01 .2 t  .0156 .0187
- .0194 .0237 .0262
-  .0273 .0278 .0331
- .0341  .0341  .0376
- .0401  .0401  .0440

- .0061  .0195 .0231
- .0161  .0305 .0384
- .030s  .0399 .0480
- .0492 .0492 .0574
- .0596  .0596  .0658
- .0699 .0699 .0742

- .0010  .0054  .0066
- .0011  .0064 .0068
- .0028  .0039  .0047
- .0036 .0045 .0058
- .0038  .0063 .0082
- .0045 .0081 .0088

RTPY 1
{
J

E

b

RTRET 1

b

a

J

o

- .0116  .0139  .0173
- .0186 .0216 .0252
- .0251 .0278 .0324
- .0310  .0310  .0371
- .0361  .0361  .0396
- .0380  .0380  .0406

-.0176 .0209 .0278
- .0305  .0337  .0426
- .0403  .0450 .0532
- .0513  .0513  .0600
- .0567  .0567  .0640
- .0642 .0642 .0686

- .0014  .0046  .0059
- .0024  .0050  .0056
- .0048  .0051  .0056
- .0060  .0069  .0074
- .0075  .0079  .0094
- .0105  .0105  .0122

- .0100  .0140 .0158
- .0161 .0214 .0249
- .0218  .0278 .0320
- .0262  .0288  .0357
- .0291  .0298  .0354
-  .0278 .0278 .0330

-.0138 .01.96 .0267
- .0263  .0335  .0429
- .0350  .0444  .0533
- .0429 .0483 .0568
- .0431  .0471  .0549
-.0424 .0424 .0485

.0005  .004s .0054

.0009  .0044 .0052
- .0003  .0023  .0030
- .0004  .0036  .0040
- .0008  .00s1  .0055
- .0023  .0055  .0057
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VALUES OF THE
I'lEAN SQUARED

OVERALL TIGHTNESS
ERRORS OF VAR I I

VARIABLE STEP

TI  P I

CPIDFI{

PAYROLL

TEMP

RTPY

RTRET

TLF

r  =  0 .6

.0244

.0852

.0080

.0427

.0096

.0443

.0068

.0183

.0197

.0405

.0318

.0671

.0053

.0052

r  =  1 .0

.0229

.0826

.0073

.0385

.0088

.0427

.0068

.0 i85

.0172

. 0359

.0279

.0591

.0057

.0070

r=1 .4

.0219

.0796

.0070

.0370

.0084

.0417

.0068

.0185

.0757

.0360

.0270

.UJ6Z

.0059

.0078

t=2 .O

.0208

.0751

.0057

.0360

.0081

.  0407

.  0057

.0184

.0166

.0370

.0267

. U J Y T

.  0059

.0084



Page 48

re la t i ve  advan tages  o f  va r i ous  bas i c  app roaches  i n  dea l i ng  w i th  exp lo i t ab le

fo recas t i ng  re la t i onsh ips ,  and  avo id  the  pe r i l s ,  and  skep t i ca l  rega rd ,  o f

resu l t s  a t t r i bu tab le  mos t  t o  r rda ta  m in ing , r l

Some l i gh t  has  been  shed  on  i n t ra reg iona l  i n te rac t j ons .  They  a re

apparen t l y  no t  easy  to  exp lo i t  f o r  f o recas t i ng  pu rposes .  Among  the  seven

se r ies  s tud ied ,  t he  two  emp loymen t  se r ies  seem the  mos t  impor tan t  f o r  t he

reg iona l  f o recas te r  t o  wa tch .  However ,  a  more  me t i cu lous  and  comprehens ive

e f fo r t  m igh t  l ead  to  g rea te r  f o recas t i ng  ga ins  f rom o the r  reg iona l  se r i es

ou ts jde  the  se t  o f  seven  s tud jed ,  Na t i ona l - reg iona i  i n te rac t i ons  a re

somewha t  eas ie r  t o  exp lo i t ,  and  appear  to  p rov ide  he lp  i n  f o recas t i ng  Texas

indus tn ia l  p roduc t i on ,  consumer  p r i ces ,  and  de f l a ted  re ta i  l  sa les .

Fu r the r  resea rch  i s  needed .  A f te r  more  me t i cu lous  and

pars imon ious  t rea tmen t  o f  t he  c losed - reg ion  and  t r i ck le -down  mode ls ,  t he i r

f o recas ts  cou ld  be  comb ined  w j th  un i va r ia te  fo recas ts  acco rd ing  to  a

ca re fu l  l y  des igned  we igh t i ng  scheme.  The  VAR mode l  ,  w i th  fu r the r

ad jus tmen ts  to  p r i o rs  and  be t te r  se lec t i on  o f  va r j ab les  to  be  i nc luded ,

m igh t  be  cons ide red  an  a l t e rna t i ve  means  o f  comb in ing  the  th ree  sou rces  o f

i n fo rma t ion .  However ,  g i ven  ou r  expe r ience ,  i t  seems  tha t  t he  t i ne  and

expense  o f  c rea t i ng  an  e f f i c i en t  VAR mode . l  w i l l  p robab ly  be  g rea te r  t han

ind j ca ted  i n  p rev ious  s tud ies  us ing  the  VAR method  fo r  reg iona l

fo recas t i ng .  Fu r the rmore ,  i t  i s  an  open  ques t j on  whe the r  t he  VAR method  o f

comb in ing  i n fo rma t ion  f rom the  th ree  k jnds  o f  sou rces  w i l I  succeed  re la t i ve

to  the  s t ra tegy  o f  bu i l d ing  th ree  mode ls  fo r  each  and  fo rm ing  we igh ted

comb inaL ion  fo recas ts .  The  l a t te r  p rocedure  may  i n  p rac t i ce  fac i l j t a te

be t te r  use  o f  t heo ry  and  r r f ee l r r  f o r  t he  re la t j onsh jps ,  s ince  i t  bu i l ds
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seve ra l  s imp le r  and  more  t ransparen t  mode ls .  I t  m igh t  a l so  y ie ld

add i t i ona l  i ns igh ts  i n to  the  economic  p rocess .

i t  appears  un l i ke l y  t ha t  s t r "uc tu ra l  economet r i c  mode ls ,  g i ven

the i r  cu r ren t  imper fec t  s ta te ,  can  fo recas t  much  be t ten  than  ou r  l i nea r

p ro jec t j ons  spec i f l ca l l y  a imed  a t  accu ra te  fo recas t i ng .  We have  p rov ided

some benchmarks  fon  fo recas te rs  o f  a l l  t ypes .  I t  r ema jns  to  be  seen

whe the r  p roponen ts  o f  mu l t i va r i a te  me thods ,  such  as  s t ruc tu ra l  o r  VAR mode l  s ,

can  ye t  p rov ide  ev jdence  tha t  t he i r  mode l  s  p roduce  be t te r  f o recas ts  fo r  t he

Texas  economy o r  o the r  reg iona l  economies  than  ' r na i ve I  un i va r ja te  me thods .
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FOOTNOTES

l .  McNees  and  R ies  (1983)  p rov ide  use fu l  ev idence  on  the  ex ten t  t o  wh ich
accu racy  o f  na t i ona l  f o recas ts  de te r i o ra tes  du r ing  necess ions .

2 .  As  a  resu l t ,  t he re  may  no t  be  a  mode l  t ha t  un i fo rm ly  ou tpe r fo rms  a l1
a l te rna t i ves  fo r  a l l  s teps  ahead .  and  some amb iqu i t i es  a r i se  i n
fo recas t  pe r fo rmance  eva i  ua t i  on .

3 .  Un fo r tuna te l y ,  a  new s t rand  i n  the  l i t e ra tu re  seeks  to  use  VAR mode ls
fo r  t hese  pu rposes .  Th i s  wou ld  be  l ess  ob jec t i onab le  i f  t he  resu l t s
were  i n te rp re ted  w i th  g rea te r  cau t j on  and  sub jec ted  to  some k ind  o f
ana l ys i s  o f  sens i t j v i t y  t o  l i ke l y  b i ases .  Some  cau t j ona ry  eva lua t i ons
o f  t h i s  app roach  ane  found  . i n  Po r te r  and  O f fenbacher  (1983)  and
McCa l  I  um (1982 ,  1983) .

4 .  Doan ,  L j t t e rman ,  and  S ims  (1983)  p rov jde  some ev idence  tha t  VARs  w i th
we l l  chosen  p r i o r  d i s tn ibu t i ons  can  improve  na t i ona l  economic  fo recas ts
re la t j ve  to  un i va r ia te  au to reg ress ions ,  even  i n  a  sys tem o f  t en
va r iab les .  However ,  t h i s  resu l t  i s  sub jec t  t o  seve ra l  cavea ts .  The
improvemen t  ove r  un i van ia te  equa t i ons  i s  s l  i gh t ,  t he  un i va r ia te
benchmarks  a re  a rb i t ra r i l y  spec i f i ed  ra the r  t han  i den t i f i ed  by
Box -Jenk ins  me thods ,  and  the  p r j o r  d i s t r i bu t i ons  were  se lec ted  ex  pos t .
Neve r the less ,  t he  resu l t  j s  j n te res t i ng  i n  t ha t ,  apparen t l y ,  no  o the r
fo recas t i ng  me thod  has  ye t  been  shown  to  de l i ve r  a  sys temat i c
improvemen t  ove r  un j va r ia te  me thods  i n  a  na t i ona l  mode l  o f  as  many
va r iab les  and  ove r  as  l ong  a  pe r iod .  We con jec tu re  tha t  o the r  t ime
ser ies  me thods ,  emp loy ing  the  p r i nc ip le  o f  pa rs imony ,  cou ld  do  so .  One
hand icap  o f  pa rs imon ious  mode ls  i n  any  I ' ho rse race r r  i s  t ha t  t hey  shou ld
genera l l y  be  respec i f i ed  ove r  t ime  by  rea l - t ime  fo recas le rs .

5 .  one  mod i f Jca t i on  to  VAR I  was  t r i ed  tha t  made  i t  more  l i ke  Anderson ' s
mode l  .  I ns tead  o f  ou r  f i ve  " key "  va r iab les ,  t he  na t i ona l  va r i ab les
were those Anderson used. Forecasts accuracy measured by Rlt lSEs was
v i r t ua l l y  t he  same fo r  a l l  seven  Texas  se r ies .
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APPENDIX A:  G lossary  o f  Var iab les

Reg i  ona l  Var i  ab l  es

TIPI - -Texas  Indus t r i  a l  Produc t ion  Index
CPIDFW--Consumer  Pr ice  Index ,  Da l ias -For t  Wor th ;  quar te r ly  averages

f rom in te rpo la t ion  o f  ava i lab le  month ly  f igures ;  de f la ted
us  ing  the  X l1  p rocedure

(3) PAYR0LL--Texas payrol l  employment
(4 )  TEMP- -Texas  nonagr i cu l t u ra l  c i v j l i an  emp loymen t ,  acco rd ing  to  the  BLS

survey  o f  househo lds
(5 )  TLF- -Texas  nonagr i cu l t u ra l  c i v i  I  i an  i abo r  f o r " ce
(6 )  RTPY- -Texas  Persona l  I ncome,  seasona l l y  ad jus ted  us ing  the  X1 l

procedure; def lated by the CPIDFIi
(7 )  RTRET- -Texas  Re ta i  1  Sa les ,  seasona l  l y  ad jus ted  us ing  the  X l1

procedure; def lated by the CPIDF!{

Na t i  ona l  Va r i ab les

F i ve r rKey ' r  Va r j ab les

LEAD- - Index  o f  13  Lead ing  Economic  Ind i ca to rs
COiNC- - Index  o f  4  Approx ima le l y  Co inc iden t  Economic  Ind i ca to rs
IP I - - I ndex  o f  I ndus t r i  a l  P roduc t i on
NE l lP - -To ta l  nonagr i cu l t u ra l  c i v i  l i an  emp loymen t ,  16  yea rs  and  ove r
FYAVG- -Moody rs  a1 l - i ndus t r y  ave rage  co rpo ra te  bond  y ie ld

0 the r  Na t i  ona l  Van iab les

GNP72- -Rea l  Gross  Na t iona l  P roduc t ,  i n  t 97  2  do l l a rs
GMPY72- -Rea l  Pe rsona l  I ncome.  i n  1 .97  2  do l l a rs
LHR- -To ta l  nonagr i cu l t u ra l  c i v i l i an  l abo r  f o rce ,  16  and  ove r
GD- -Gross  Na t i  ona l  P roduc t  De f i a to r
PUN Ek l - -Con  sume r  P r i ce  Index  fo r  a l l  u rban  consumers ,  new se r ies
PWFSA- -Pnoducer  P r i ce  Index ,  A l l  F in i shed  Goods
P ld56L- -P roduce r  P r i ce  Index ,  C rude  pe t ro leum,  no t  seasona l l y  ad jus ted
PW53- -P roduce r  P r i ce  Index ,  Gas  Fue ls ,  no t  seasona l  l y  ad jus ted
FYFF--federal  funds rate

N0TE:  A1  1  reg iona l  and  na t i ona l  se r i es  were  seasona l l y  ad jus ted  by  the
pub l i sh ing  agency ,  excep t  where  no ted  above .  3  reg iona ' l  se r j es  were
ad ius ted  by  the  au tho rs  us ing  the  Commerce  Depar tmen t rs  X11  compu te r
p rocedure .  The  na t i ona l  se r i es  were  taken  f rom the  C IT IBASE da ta  bank .
and  mos t  o f  t he  na t i ona l  va r i ab le  names  a re  those  o f  t ha t  da ta  f i l e .

Re ta i l  sa les  su f fe red  f rom a  d i  scon t i nu i t y  a t  t he  beg inn ing  o f  1978  due  to
a  change  in  su rvey  me thods ,  bu t  t ha t  d i scon t i nu i t y  does  no t  appear  to  be  o f
much  consequence  to  the  p resen t  s tudy .

(1 )
(2 )
(3 )
r4 \
(s)

( 6
(7
( 6
(e
10
11
I2
13
I4
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Seasona l  l y  ad jus ted  da ta  were  used  i n  th i s  i n i t i a l  exp lo ra t j on  i n  o rde r  t o
renc le r  more  t ransparen t  t he  resu l t j ng  mode ls  and  the j r  re la t i ve  success  i n
exp lo i t i ng  economjc  re l a t i onsh jps  as  opposed  t o  t he i r  ab i l j t y  t o  dea l  w i t h
seasona l  i  t y .  T ime  se r i  es  tha t  i  nc l  ude  (  seasona l  )  mov l  ng  ave rage  pa ramete rs
a re  genera l  l y  bes t  when  seasona l  f ac to rs  a re  no t  s t r i c t l y  de te rm in i s t i c .
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APPENDIX B: PRIOR DISTRIBUTIONS OF THE THREE VAR MODELS

Fol lowing  Doan and L i t te rman (198f ,  pp .  10-5  to  10-8) ,  1e t

s ( i , j , l )  =  r f ( i , j )  s ( l )  s ,s , , -1

be the  s tandard  dev ia t ion  o f  the  p l io r  d is t r ibu t ion  o f  the  parameter
+ h

r e l a t i ng  t he  l ' "  l ag  o f  va r i ab le  j  i n  t he  equa t i on  f o r  va r i ab le  i ,  whe re  s .

i s  t he  s tandard  e r ro r  o f  a  un i va r ia te  au to reg ress ion  fo r  va r i ab le  i .  Then

a l te rna t i ve  VAR mode ls  a re  spec i f i ed  by  the  ove ra i l  t i gh tness  pa ramete r  t r ,

t he  ma t r l x  o f  va ' l  ues  fo r  f ( i , j ) ,  and  the  l ag  decay  func t i on  S ( l ) .  The

pr io r  d j s t r i bu t i on  was  cen te red  a round  a  random wa lk .

VAR I

r= .1

g( l )  =  l -1  fo "  0 . j  <  4

0 otherwi se

f ( i , j )  =  1 .0  fo r  i= j

.1  fo r  Texas  var iab les  in  o ther  Texas  var iab le  equat ions ,  fo r

na t iona l  var iab ' les  jn  o ther  na t iona l  var iab le  equat ions ,  and

fo r  na t iona l  va r iab les  in  Texas  var iab le  equa t ions .

. 01  f o r  Texas  va r l ab les  i n  na t i ona l  va r i ab ie  equa t i ons .
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VAR II

u  =  1 .0
g( l )  =  t - l  f o r  o< l  3  4

0 otherwi se
f ( i , j )  g i ven  by  the  fo l low ing  mat r i x :

REGRESSOR
TIPI CPIDFUI PAYROLL TEMP RTPY RTRET TLF LEAD

COINC ]PI NEMP FYAVG

TIPI  .30  .03  .06  .08  .02  .02  .06  0
0000

CPIDFW .06  .40  .06  .08  .02  .02  .06  0
0000

PAYRoLL .06  .03  .40  .08  .02  .0?  .05  0
0000

TEMP .06  .03  .06  .20  .02  .02  .06  0
0000

RTPY .06  .  03  .  06  .  08  .  15  .02  .06  0
0000

RTRET .06  .  03  .06  .  08  .02  .  t5  .  06  0
0000

TLF .06  .03  .06  .08  .02  .02  .20  0
0000

LEAD .06  .10  .06  .06  .03  .05  .03  .35
.08  .08  .08  .08

co lNc  .06  .10  .06  .06  .03  .05  .03  .08
.35  .08  .08  .08

IP I  .06  .10  .06  .06  .03  .05  .03  .08
.08  .35  .08  .08

NEMP .  06  .  10  .06  .  06  .  03  .  05  .03  .08
.08  .08  .35  .08

FYAVG .06 . 10 . 06 .06 . 03 . 05 . 03 .08
.08  .08  .08  .35
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VAR I i I

t=2 .0

s ( l )= l ' f o r0< l<4
0 otherwi se

f ( i , j )  g i ven  by  the  fo l low ing  mat r j x :

REGRESSOR
(J ) TIPi CPIDF|'  PAYROLL TEI,IP RTPY RTRET TLF LEAD

eoTl,rc rPr NEr.rp 
--FYAV-G

; -  ;  .06 .os .oz .03 .o l  o
0000

CPIDFW .08  .40  .06  .08  .02  .03  .01  0
0000

PAYR0LL .08  .03  .40  .08  .02  .03  .01  0
0000

TEMP .08  .03  .06  . i5  .02  .03  .01  0
0000

RTPY .08  .03  .06  .08  .10  .03  .01  0
0000

RTRET .08  .03  .06  .08  .02  .  15  .01  0
0000

TLF .08  .03  .06  .08  .02  .03  .05  0
0000

LEAD .08  .10  .06  .06  .02  .05  .005 .20
.08  .05  .08  .04

co lNc .08  .  10  .  06  .  05  .02  .05  .005 .03
.30  .05  .08  .04

rP I  .08  .10  .06  .06  .02  .05  .005  .03
.08  .30  .08  .04

NEMP .08  .10  .05  .06  .02  .05  .005  .03
.08  .0s  .35  .04

FYAVG . 08 . 10 . 06 .06 .02 . 05 . 00s . 03
.08  .05  .08  .20
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