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FORECASTING USING CONTEMPORANEOUS CORRELATIONS 

Key words: Contemporaneous correlations, forecasting, multivariate time -- 

series. 

Abstract 

In this paper, we present a forecasting technique that uses 

contemporaneous correlations for forecasting in a time series model when only 

a subset of the variables are available for the current period. This method 

potentially provides more accurate forecasts than the standard time series 

forecasting method, which does not use contemporaneous data. This procedure 

is illustrated with an example of forecasting the gross national product 

(GNP), given current M-1 in a trivariate autoregressive moving average time 

series model. Results indicate that during the more stable economic period of 

1976:IQ through 1979:IVQ, this method indeed provides forecasts with smaller 

root mean square errors than the standard forecasts. However, the results 

during the more turbulent 1980s are mixed. This latter result indicates that 

the relationship between the contemporaneous error terms from M-1 and GNP 

changed during this period. However, the results for the period 1983:IIQ 

through 1984:IIQ indicate that the relationship may have returned to pre-1980 

form. The forecast errors during this latter period had smaller root mean 

square errors when the contemporaneous errors were used. 
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I. I n t r o d u c t i o n  

When f o r e c a s t i n g  i n  a  m u l t i v a r i a t e  framework, t h e r e  a re  occasions 

when da ta  a re  a v a i l a b l e  o n l y  f o r  a  subset o f  t h e  v a r i a b l e s  i n  t h e  model f o r  

t h e  c u r r e n t  t ime  per iod .  It i s  d e s i r a b l e  t o  use t h e  a d d i t i o n a l  i n f o r m a t i o n  i n  

t h i s  subset o f  known v a r i a b l e s  t o  f o recas t  va lues t h a t  a re  n o t  c u r r e n t l y  

a v a i l a b l e .  Th is  i nc l udes  b o t h  va lues o f  t h e  unknown v a r i a b l e s  i n  t h e  c u r r e n t  

p e r i o d  and f u t u r e  va lues o f  a l l  va r i ab les .  I n  m u l t i p l e  t i m e  s e r i e s  models, 

any contemporaneous c o r r e l a t i o n s  among t h e  v a r i a b l e s  a r e  modeled as p a r t  o f  

t h e  e r r o r  s t r u c t u r e .  Consequently, t he  s tandard f o r e c a s t s  generated by  these 

models cannot use t h e  i n f o r m a t i o n  f rom c u r r e n t  da ta  i n  develop ing f o recas t s .  

However, t h e  i n f o r m a t i o n  i n  t h e  contemporaneously c o r r e l a t e d  e r r o r  terms can 

be used t o  o b t a i n  fo recas ts  w i t h  sma l le r  e r r o r  var iances.  Th i s  paper exp la i ns  

how these f o r e c a s t s  can be ob ta ined  and presents  an example where t h e  

contemporaneous c o r r e l a t i o n  between t h e  money supp ly  (M-1) and nominal GNP i s  

used t o  reduce t h e  r o o t  mean square e r r o r  (RMSE) i n  f o r e c a s t i n g  c u r r e n t  and 

f u t u r e  GNP, g iven  c u r r e n t  M-1. Whi le t h i s  paper focuses on t h e  m u l t i v a r i a t e  

ARMA t ime  s e r i e s  models, t h e  r e s u l t s  h o l d  f o r  any m u l t i v a r i a t e  models t h a t  do 

n o t  e x p l i c i t l y  model t h e  contemporaneous c o r r e l a t i o n s .  

11. M u l t i v a r i a t e  ARMA Time Ser ies  Models 

The f o l l o w i n g  i s  a  v e r y  b r i e f  d e s c r i p t i o n  o f  m u l t i v a r i a t e  

au to regress ive  moving average t i m e  s e r i e s  models (ARMA); T iao  and Box (1981) 

p r o v i d e  a  more d e t a i l e d  d e s c r i p t i o n .  The ARMA models can i n c l u d e  seasonal 
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components; however, t h i s  paper uses o n l y  examples of nonseasonal models and, 

thus, p resen ts  o n l y  a d e s c r i p t i o n  o f  t h e  nonseasonal models. The genera l  

nonseasonal m u l t i v a r i a t e  ARMA model o f  o rde r  (p,q) i s  g i ven  by  

where 

e (B) = I - e B - ... - e B ~ ,  
-4 - -1 -4 

where 

B = b a c k s h i f t  opera to r  ( i  .e., S B Zi,t = Z i , t- s  > 9 

I = k x k i d e n t i t y  ma t r i x ,  - 

z = vec to r  o f  k v a r i a b l e s  i n  t h e  model, - 
@ . I s  and e . ' s  = k x k ma t r i xes  o f  unknown parameters, 
-J -J 

e = k x 1 vec to r  o f  unknown parameters, and -0 

a = k x 1 vec to r  o f  random e r r o r s  t h a t  a re  i d e n t i c a l l y  and - 

independent ly  d i s t r i b u t e d  as N ( O , C  ) .  

Thus, i t  i s  assumed t h a t  t h e  a I s  a t  d i f f e r e n t  p o i n t s  i n  t i m e  a re  
j ,t 

independent b u t  n o t  n e c e s s a r i l y  t h a t  t h e  elements o f  gt are  independent a t  a 

g i ven  p o i n t  i n  t ime.  

The n-period-ahead f o r e c a s t s  f rom these models a t  t ime  t ( z t ( n ) )  

a re  g iven  by 
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where f o r  any v a l u e  o f  t,n,m, [ L ~ + ~ - ~  ] i m p l i e s  t h e  c o n d i t i o n a l  expected 

va lues o f  t h e  random v a r i a b l e s  L ~ + ~ - ~  a t  t i m e  t. I f  n-m i s  l e s s  than  o r  

equal t o  0, then  t h e  c o n d i t i o n a l  expected va lues a re  t h e  a c t u a l  va lues o f  t h e  

random v a r i a b l e s  and t h e  e r r o r  terms. I f  n-m i s  g r e a t e r  than  0, then  t h e  

expected va lues  a r e  t h e  bes t  f o r e c a s t s  a v a i l a b l e  f o r  these  random v a r i a b l e s  

and e r r o r  terms a t  t i m e  t. Because t h e  e r r o r  terms a re  u n c o r r e l a t e d  w i t h  

p resen t  and p a s t  i n f o rma t i on ,  t h e  b e s t  f o r e c a s t s  ( i n  s tandard t ime  s e r i e s  

f o r e c a s t i n g )  o f  t h e  e r r o r  terms f o r  n-m g r e a t e r  t han  0 a re  t h e i r  c o n d i t i o n a l  

means, which a re  0. The f o r e c a s t s  can be generated i t e r a t i v e l y  w i t h  t h e  

one-period-ahead f o r e c a s t s  depending o n l y  on known va lues o f  t h e  v a r i a b l e s  and 

e r r o r  terms. The longer- leng th  f o r e c a s t s  i n  t u r n  depend on t h e  sho r t e r- leng th  

f o recas t s .  

111. Using Contemporaneous C o r r e l a t i o n s  

I f  some o f  t h e  v a r i a b l e s  a t  t i m e  t+l a re  known, then  t h e  expected 

va lues o f  t h e  assoc ia ted  e r r o r  terms a re  n o t  n e c e s s a r i l y  0  i f  t h e r e  i s  

contemporaneous c o r r e l a t i o n  between t h e  e r r o r  terms. ( I n  t h e  f o l l o w i n g ,  t h e  

t e rm  c u r r e n t  s tands f o r  t ime  t+l, i.e., t h e  t i m e  p e r i o d  f o r  which t h e  f i n a l  

va lue  o f  some o f  t h e  v a r i a b l e s  i s  known b u t  n o t  a l l . )  For  example, cons ider  

t h e  f o l l o w i n g  s imp le  model: 

d z  Zl,t = 2 1  2,t- 1 + al,t' 
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where each e r r o r  te rm has a  var iance  o f  1 and t h e  contemporaneous c o r r e l a t i o n  

between al and a2 i s  0.5. The s tandard n-period-ahead f o r e c a s t s  a t  t i m e  t 

f rom t h i s  model a re  g i ven  by 

where t h e  c o n d i t i o n a l  expected values o f  t h e  e r r o r  terms a re  0 i n  t h e  s tandard 

m u l t i v a r i a t e  f o recas t s .  

I n  p a r t i c u l a r ,  t h e  one-period-ahead f o r e c a s t s  a re  

Thus, i n  s tandard t ime  s e r i e s  f o recas t i ng ,  t h e  one-period-ahead f o r e c a s t  o f  

Z z ' t + l  =12z l , t '  which has a  s tandard e r r o r  o f  u2 ( t h e  s tandard 

e r r o r  o f  a2), which f o r  t h i s  model i s  assumed t o  be 1. However, i f  z  1, t+l 

i s  known and z ~ ~ ~ + ~  i s  not,  then  a  b e t t e r  f o r e c a s t  o f  zZytcl can be 

ob ta ined  by  u s i n g  t h e  contemporaneous c o r r e l a t i o n  between al and a2. Th i s  

i s  t r u e  because al,t+l, which equals t h e  f o r e c a s t  e r r o r  made a t  t ime  t f o r  

z1 a t  t ime  t+l (al, t+l = z - z  ( I ) ) ,  i s  known. Thus, t h e  l,t+l 1,t 

c o r r e l a t i o n  between al and a2 can be used t o  es t ima te  aZytcl g iven  

a  l,t+1° For t h i s  model, t h e  r e l a t i o n s h i p  ( d e r i v e d  f rom t h e  

var iance- covariance m a t r i x  of t h e  e r r o r  terms)  between t h e  two e r r o r  terms i s  

g i ven  by  
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where e is the error in predicting a using al t. For this model, 
2,t 2,t Y 

this error will have a variance of 0.75. Thus, given z ~ , ~ + ~ ,  the best 

forecast of a2,t+l is given by 0.5 * al,t+l; consequently, the forecast 

Or Z2, t+l is modified to be 

This forecast will have an error of e2,t+l, which has a variance of 

0.75 compared with the error variance of 1 for the forecast from the original 

model, using only z to forecast zZyt. 
l,t 

Thus, knowing z ~ ~ ~ + ~  reduces 

the error variance in forecasting z ~ , ~ + ~  by 25 percent for this example. 

Also, the forecast using contemporaneous data will remain unbiased. In this 

model, because the forecast of zl depends on z2, this reduction in 

forecast error variance for one-period-ahead forecasts of z2 will lead to a 

reduction of forecast error variance for forecasts of zl. For example, the 

one-period-ahead forecast at time t+l for zl using contemporaneous 

correlations is given by 
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Th is  f o r e c a s t  has an e r r o r  el,t+2 g i ven  by  

S i m i l a r l y ,  t h e  f o r e c a s t  e r r o r  al,t+l ( 1 )  f o r  Z l Y t c 2  w i t h o u t  u s i n g  

contemporaneous da ta  i s  

Thus, t h e  one-period-ahead f o r e c a s t  o f  zl us i ng  contemporaneous 

2  2 2  da ta  has a  var iance  o f  ol + qiZ1*oe2 = 1 + 0.75*qig1 w h i l e  t h e  f o r e c a s t  

2 2 2  2 var iance  n o t  us i ng  contemporaneous da ta  has a  var iance  o f  ol + @21*02 = 1 + mZ1. 
S i m i l a r l y ,  i t  can be shown t h a t  t h e r e  i s  a  r e d u c t i o n  i n  t h e  f o r e c a s t  va r iance  

f o r  f u t u r e  pe r i ods  when us ing  contemporaneous c o r r e l a t i o n s  f o r  t h i s  model. 

Thus, t h e  use o f  contemporaneous da ta  reduces n o t  o n l y  t h e  f o r e c a s t  e r r o r  o f  

t h e  contemporaneous va lue  o f  t h e  o t h e r  v a r i a b l e  i n  t h i s  model b u t  a l s o  t h e  

f o r e c a s t s  o f  t h e  observed v a r i a b l e  i n  f u t u r e  per iods.  

I n  general ,  t h e  amount of r e d u c t i o n  i n  t he  contemporaneous p e r i o d  

and f u t u r e  per iods  w i l l  depend on t h e  c o r r e l a t i o n s  between t h e  e r r o r  terms i n  

t h e  known v a r i a b l e s  and those i n  t h e  unknown var iab les ,  as w e l l  as t h e  

s t r u c t u r e  o f  t h e  model. 
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I n  t h e  genera l  case, t h e  v a r i a b l e s  can be d i v i d e d  i n t o  two s e t s  -- 

those f o r  which i n f o r m a t i o n  i s  a v a i l a b l e  f o r  t h e  c u r r e n t  t ime  p e r i o d  (LA) 

and those f o r  which c u r r e n t  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  (zNA). I n  t h e  

f o l l o w i n g  d iscuss ion ,  i t  i s  assumed t h a t  t h e  f i r s t  kA v a r i a b l e s  have da ta  

a v a i l a b l e  f o r  t h e  c u r r e n t  t ime  p e r i o d  and t h a t  t h e  rema in ing  k-kA v a r i a b l e s  

do no t .  The e r r o r s  i n  t h e  second group then  can be f o r e c a s t  f rom t h e  known 

e r r o r s  i n  t h e  f i r s t  group. The r e l a t i o n s h i p  between t h e  unknown e r r o r s  and 

t h e  known e r r o r s  ( a  - a  kA x  1  v e c t o r )  can be represen ted  as 
-4,t 

= b .a  (6) ai ,t -I-A,t + 'i ,t f o r  i = k  + l , k  + 2, ... ,k, A  A 

where - bi w i l l  be a  1  x  k  v e c t o r  o f  es t ima ted  c o e f f i c i e n t s .  Because t h e  

e r r o r  terms i n  equa t ion  6  g e n e r a l l y  w i l l  be c o r r e l a t e d  across equa t ions  ( t h a t  

i s ,  e  and e  w i l l  g e n e r a l l y  be c o r r e l a t e d ) ,  these es t imates  shou ld  be i ,t j,t 

determined b y  u s i n g  a  gene ra l i zed  l e a s t  squares es t ima to r  ( T h e i l  1971). 

Given t h e  s e t  o f  equat ions p resen ted  i n  equa t ion  6, t h e  f o r e c a s t s  

(o r ,  e q u i v a l e n t l y ,  t h e  c o n d i t i o n a l  expected va lues)  o f  t h e  unknown e r r o r s  

ai, t+l are  

( 7 )  aiYt(l) = bi%,t+l f o r  i = kA+ 1, kA+ 2, ... ,k. 

The f o r e c a s t s  us i ng  contemporaneous c o r r e l a t i o n s  a re  thus  g i ven  b y  

equa t i on  3, where [$.t+n-j,~A,t+n-j] = (1) if n- j  i s  g r e a t e r  than  

I (a, t+l ,bi$, t+l ) i f  n- j= l  (versus a  f o r e c a s t  o f  1 f o r  t h e  unknown 

v a r i a b l e s  i n  normal m u l t i v a r i a t e  t ime  s e r i e s  f o r e c a s t i n g ) ,  and cit+n-j i f  n- j  
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i s  l e s s  than  1. Thus, t h e  bas i c  change i n  t h e  f o r e c a s t s  i s  t h a t  t h e  

c o n d i t i o n a l  expected va lue  o f  ai , t+l (i=kA+l,kA+2, ... ,k) i s  es t imated  

from t h e  known e r r o r s  ($,t+l ) T h i s  has an obvious impact on t h e  f o r e c a s t s  

a t  t i m e  t+l. However, as p r e v i o u s l y  i l l u s t r a t e d ,  i t  a l s o  may improve t h e  

f o r e c a s t s  f o r  longer  t ime  per iods  f o r  a l l  va r i ab les ,  because f u t u r e  f o recas t s  

f o r  a l l  v a r i a b l e s  may depend on t h e  f o r e c a s t s  a t  t ime  t+l. 

I V .  Fo recas t i ng  GNP Using Contemporaneous M-1 

To i l l u s t r a t e  t h i s  method o f  f o recas t i ng ,  we have a p p l i e d  i t  t o  a  

th ree- var iab le ,  q u a r t e r l y  model t h a t  was es t imated  i n  another ongoing research  

p r o j e c t  (Bagshaw and Gavin 1984). The v a r i a b l e s  i n  t h i s  model a re  t h e  money 

supp ly  M-1, GNP i n  c u r r e n t  d o l l a r s ,  and t h e  bond- equivalent y i e l d  on Treasury 

b i l l s  w i t h  t h r e e  months t o  m a t u r i t y  (RTB3). M-1 and GNP a re  b o t h  seasona l l y  

ad jus ted  and measured i n  b i l l i o n s  of c u r r e n t  d o l l a r s ;  RTB3 i s  n o t  seasona l l y  

ad jus ted  and i s  measured i n  percentage p o i n t s .  The model was es t imated  i n  

l n ( 1  + RTB3) and i n  changes i n  t h e  n a t u r a l  l o g a r i t h m  o f  M-1 and GNP, o r  

v ln(M-1)  and vln(GNP)).  Because of t h e  c r e d i t  c o n t r o l s  d u r i n g  1980, t h e  s h i f t  

i n  monetary p o l i c y  d u r i n g  t h e  1980s, and t h e  Depos i to ry  I n s t i t u t i o n s  

De regu la t i on  and Monetary Cont ro l  Ac t  o f  1980, t h e r e  i s  some ques t i on  whether 

t h e  l a s t  t h r e e  o r  f o u r  years  would be adequately represented by  a  model 

es t ima ted  over an e a r l i e r  t ime  per iod .  Consequently, we developed t i m e  s e r i e s  

models cover ing  two over lapp ing  t i m e  pe r i ods  t o  t e s t  f o r  t h i s  problem. The 

two t i m e  per iods  were from 1959:IQ through 1976:IVQ and 1959:IQ th rough 

1979:IVQ. These a l l o w  f o r e c a s t s  t o  be produced f o r  t h e  t ime  pe r i ods  f rom 
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1977:IQ th rough  1979:IVQ and 1980:IQ t h rough  1984:IIQ. I f  these  changes d i d  

indeed have an impact, t hen  t h e  e a r l i e r  p e r i o d  should  be more s t a b l e  than  t h e  

l a t t e r  p e r i o d  and t h e  model should  pe r f o rm  b e t t e r  d u r i n g  t h i s  p e r i o d  r e l a t i v e  

t o  t h e  l a t t e r  pe r iod .  

The models were es t imated  u s i n g  t h e  Tiao-Box procedure t o  es t ima te  

t h e  parameters o f  a  m u l t i v a r i a t e  s imul taneous equa t i on  model. The procedure 

i s  an i n t e r a c t i v e  one s i m i l a r  i n  p r i n c i p l e  t o  t h a t  used i n  s i n g l e  Box-Jenkins 

model ing (Box and Jenk ins 1976).  The s teps  i n v o l v e d  a re  (1) t e n t a t i v e l y  

i d e n t i f y  a  model by  examining a u t o c o r r e l a t i o n s  and c r o s s- c o r r e l a t i o n s  o f  t h e  

se r i es ;  ( 2 )  es t ima te  t h e  parameters of t h i s  model; and ( 3 )  app l y  d i a g n o s t i c  

checks t o  t h e  r e s i d u a l s .  These d i a g n o s t i c  checks i n c l u d e  checks o f  

c o r r e l a t i o n s  i n  t h e  r e s i d u a l s ,  n o r m a l i t y  of r e s i d u a l s ,  e t c .  I f  t h e  r e s i d u a l s  

do n o t  pass t h e  d i a g n o s t i c  checks, t hen  t h e  t e n t a t i v e  model i s  m o d i f i e d  and 

s teps  2  and 3 a re  repeated. Th i s  process con t inues  u n t i l  a  s a t i s f a c t o r y  model 

i s  ob ta ined .  

When a p p l i e d  t o  t h e  two t i m e  per iods ,  t h i s  techn ique  r e s u l t e d  i n  t h e  

same f u n c t i o n a l  fo rm f o r  t h e  model, w i t h  s l i g h t l y  d i f f e r e n t  es t imated  

parameters. The r e s u l t i n g  model was 

A l l  o f  t h e  es t imated  parameters o f  t h e  model a re  s i g n i f i c a n t  a t  t h e  0.001 

l e v e l  (see t a b l e  1 ) .  There a re  no s i g n i f i c a n t  c o r r e l a t i o n s  rema in ing  i n  t h e  
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res idua l s ,  except f o r  t h e  contemporaneous c o r r e l a t i o n  between t h e  e r r o r  terms 

i n  M-1 and GNP, and t h e  models passed the  usual d iagnos t i c  t e s t s .  

Because o n l y  t h e  contemporaneous c o r r e l a t i o n  between t h e  e r r o r  terms 

i n  GNP and M-1 was s i g n i f i c a n t ,  we developed a  f o r e c a s t  o f  t h e  e r r o r  i n  t h e  

GNP equat ion g iven o n l y  t h e  e r r o r  i n  t he  M-1 equation. That i s ,  even though 

t h e  da ta  f o r  RTB3 were a v a i l a b l e  even be fore  t h e  da ta  f o r  M-1, these da ta  do 

n o t  p rov ide  use fu l  i n fo rma t i on  i n  f o r e c a s t i n g  e i t h e r  contemporaneous GNP o r  

M-1. ( I n  f a c t ,  we est imated regress ions us ing  bo th  contemporaneous e r r o r s  i n  

M-1 and RTB3 as independent v a r i a b l e s  and the  e r r o r  i n  GNP as t h e  dependent 

va r i ab le .  The RTB3 term was n o t  s i g n i f i c a n t  a t  t h e  0.05 percent  l eve l ,  and 

t h e  a d d i t i o n  o f  t he  RTB3 term d i d  no t  s i g n i f i c a n t l y  improve t h e  regress ion.)  

The r e s u l t i n g  r e l a t i o n s h i p  was 

where bl was est imated t o  be 0.792 i n  t he  pe r i od  through 1976:IVQ and 0.768 

i n  t h e  pe r i od  through 1979:IVQ. The standard d e v i a t i o n  o f  el was 0.0078 

versus a  standard d e v i a t i o n  o f  0.0089 f o r  a3 i n  t h e  p e r i o d  through 1976:IVQ 

and 0.0080 versus 0.0090 i n  t h e  pe r i od  through 1979:IVQ. Thus, we would 

expect approximately a  12 percent  reduc t i on  i n  t he  RMSE f rom fo recas t i ng  GNP 

when contemporaneous M-1 i s  ava i l ab le ,  compared w i t h  us ing  o n l y  lagged M-1 . 
To t e s t  t h e  r e s u l t s  on out-of-sample forecasts,  we used the  model 

f i t t e d  through 1976:IVQ t o  f o r e c a s t  GNP over t h e  pe r i od  1977:IQ through 

1979:IVQ. I n  one case, we used o n l y  lagged M-1 and i n  t h e  second case, we 

used contemporaneous M-1. Also, we used t h e  model f i t t e d  through 1979:IVQ t o  
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f o r e c a s t  over  t h e  p e r i o d  1980:IQ th rough 1984:I IQ. I n  a l l  cases, t h e  models 

were used t o  f o r e c a s t  bo th  contemporaneous changes i n  ln(GNP) and changes i n  

ln(GNP) from t ime  t t o  t ime  t+2, t h a t  i s ,  t h e  change f r om t h e  l a s t  known va lue  

o f  ln(GNP) t o  t h e  f o r e c a s t  va lue  f o r  two qua r te r s  a f t e r  t h a t  known va lue  

occur red  (see t a b l e  2 ) .  

From these r e s u l t s ,  we see t h a t  d u r i n g  t h e  p e r i o d  1977:IQ through 

1979:IVQ t h e r e  was a  decrease i n  RMSE o f  r ough l y  8 percen t  u s i n g  

contemporaneous M-1 i n  f o r e c a s t i n g  c u r r e n t  GNP, as compared w i t h  us ing  o n l y  

lagged M-1. Th is  agrees q u i t e  w e l l  w i t h  t h e  t h e o r e t i c a l  r e d u c t i o n  o f  12 

percen t .  However, du r i ng  t h e  p e r i o d  1980:IQ through 1984: I IQ  t h e  RMSE was 

a c t u a l l y  m a r g i n a l l y  l a r g e r  us i ng  contemporaneous M-1. For  t h e  two- quarter 

change fo recas ts ,  t h e r e  was a  r e d u c t i o n  of r o u g h l y  4  percen t  i n  t h e  f i r s t  

p e r i o d  and an inc rease  o f  r o u g h l y  3 percen t  i n  t h e  l a t t e r  pe r i od .  

As mentioned e a r l i e r  i n  t h i s  paper, t h e  1980s i s  a  t i m e  when many 

events  would p o t e n t i a l l y  a f f e c t  t h e  r e l a t i o n s h i p s  among M-1, GNP, and RTB3. 

However, i t  i s  thought  t h a t  these  events  have changed again f r om rough l y  

1 9 8 3 : I I I Q  t o  t h e  p resen t  i n  such a  way t h a t  t h e  r e l a t i o n s h i p s  would be back t o  

pre-1980 form. Table 3 p resen ts  t h e  contemporaneous f o r e c a s t  e r r o r s  f rom 

1980: IQ t o  1984: I IQ.  From these e r r o r s ,  we see t h a t  d u r i n g  t h e  p e r i o d  o f  

1983 : I IQ  through 1984: I IQ  t h e  f o r e c a s t  us i ng  contemporaneous M-1 has done much 

b e t t e r  than t h e  one us ing  o n l y  lagged M-1. I n  f a c t ,  t h e  RMSE f o r  t h e  

f o r e c a s t s  us ing  o n l y  lagged M-1 was 0.0131 over  t h i s  per iod,  w h i l e  t h a t  f o r  

t h e  f o recas t s  us ing  contemporaneous M-1 was 0.0101, a  r e d u c t i o n  o f  

approx imate ly  22 percent .  For t h e  two- quarter change f o recas t s ,  t h e  t ime 

p e r i o d  over  which t h e  l a t e s t  change would a f f e c t  t h e  outcome i s  f rom 1983:IVQ 
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t o  1984:IIQ, because t h e  two- quar ter  change f o r  1983:IIIQ depends on t h e  da ta  

f rom 1983:IIQ. The RMSE f o r  t h e  p e r i o d  1983:IIQ th rough  1984:IIQ u s i n g  o n l y  

lagged M-1 was 0.0210; t h a t  f o r  t h e  f o r e c a s t  u s i n g  contemporaneous M-1 was 

0.0188. Thus, u s i n g  contemporaneous M-1 reduced t h e  RMSE f o r  t h i s  p e r i o d  by  

r ough l y  10 percen t .  

V. Summarv 

Because m u l t i v a r i a t e  t i m e  s e r i e s  models i n c l u d e  t h e  contemporaneous 

c o r r e l a t i o n s  i n  t h e  e r r o r  s t r u c t u r e ,  these  models do n o t  use contemporaneous 

da ta  t o  f o r e c a s t  v a r i a b l e s  t h a t  a re  n o t  a v a i l a b l e  f o r  t h e  c u r r e n t  per iod .  

However, as demonstrated i n  t h i s  paper, these  d a t a  can s u c c e s s f u l l y  be used t o  

o b t a i n  more accura te  f o r e c a s t s  f o r  t h e  c u r r e n t  and f u t u r e  t i m e  per iods .  

Indeed, f o r e c a s t s  of GNP us i ng  contemporaneous M-1 had r o u g h l y  an 8 percen t  

sma l l e r  RMSE d u r i n g  t h e  p e r i o d  1977:IQ th rough  1979:IVQ than  t h a t  u s i n g  o n l y  

lagged M-1. The r e s u l t s  d u r i n g  t h e  p e r i o d  1980:IQ th rough  1984:IIQ a r e  

mixed. However, t h e  r e s u l t s  i n d i c a t e  t h a t  u s i n g  contemporaneous M-1 p rov ided  

more accura te  f o r e c a s t s  d u r i n g  1983:IIQ th rough  1984:IIQ, sugges t ing  t h a t  

us i ng  contemporaneous M-1 da ta  would p r o v i d e  more accura te  f o r e c a s t s  i n  t h e  

f u t u r e .  
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Table 1 Estimated Parameters 

Time period 

Parameter 1959:IQ - 1976:IVQ 1959:IQ - 1979:IVQ 

Standard 
devi a t  i ons and 
c o r r e l  a t  ions 
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Table 2 Forecast Error Statistics for GNP using M-1 

Time ~ e r i o d  

Contemporaneous forecasts 

Lagged Contemporaneous Lagged Contemporaneous 

Mean error 0.0009 -0.0003 -0.0072 -0.0080 

RMSE 0.0095 0.0087 0.0142 0.0143 

MAE 0.0068 0.0068 0.0122 0.0129 

Two-quarter change forecasts 

Lagged Contemporaneous Lagged Contemporaneous 

Mean error 0.0036 0.0010 -0.0155 -0.0157 

RMSE 0.0114 0.0109 0.0260 0.0267 

MAE 0.0093 0.0093 0.0212 0.0214 

NOTE: RMSE - root mean square error of the forecast. 

MAE - mean absolute error of the forecast. 
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Table 3 Forecast Errors for GNP using M-1 for 1980:IQ through 1982:IVQ 

Contemporaneous Two-quarter change 
forecast forecast 

Time 
peri od Lagged Contemporaneous Lagged Contemporaneous 

1980: I I IQ 0.0163 -0.0115 0.0038 0.0242 

1980: IVQ 0.0080 0.0125 0.0243 -0.0035 

1981: I I I Q  0.0046 0.0107 -0.0003 -0.0040 

1982: I1 IQ 

1982 : I VQ 

1983: IQ 

1983: I I Q  

1983: I I IQ 

1983: I V Q  

1984: IQ 

1984: I IQ 
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