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Forecas t i ng M1 w i th a Vector Au to regress ive Model : 
Some P r e l i m i n a r y Resu l t s 

1. I n t roduc t i on 

Fo recas t i ng economic v a r i a b l e s today u s u a l l y i nvo l ves a comp l i ca ted , 

and o f ten expens ive , combinat ion o f output from la rge simultaneous equat ion 

econometr ic models, p ro j ec t i ons of u n i v a r i a t e t i m e - s e r i e s approaches, and 

s i g n i f i c a n t a l lowance fo r judgmental adjustment . 

Sims [1977] has r e c e n t l y suggested as an a l t e r n a t i v e f o r e c a s t i n g 

s t ra tegy the use o f vec tor au to reg ress ions . In these s p e c i f i c a t i o n s , each 

element of a vec to r of economic v a r i a b l e s of i n t e r e s t i s p ro jec ted on i t s own 

lagged va lues and the lagged va lues of every other v a r i a b l e i n the system. The 

r e s u l t i n g models can lead to improved p o l i c y through improvements i n f o r e c a s t i n g 

accuracy . They are not , however, t o o l s f o r f i n d i n g e i t h e r an op t ima l r u l e o r 

determin ing the impact of a g iven change i n a p o l i c y ins t rument . P o l i c y 

v a r i a b l e s such as the funds ra te or M1 may appear, but not as exogenous v a r i a b l e s 

tha t can be manipulated at the u s e r s ' convenience. Rather , they appear as 

endogenous v a r i a b l e s whose past h i s t o r y he lps to determine the f o r e c a s t i n g 

c h a r a c t e r i s t i c s of the models, and whose pro jec ted time paths can be i n t e r p r e t e d 

as the po l i cymakers ' most l i k e l y course o f a c t i o n g iven no change i n the p o l i c y 

r u l e . 

The vector au to regress ive s p e c i f i c a t i o n i s inexpens ive and qu i t e 

g e n e r a l . I t i s capable o f model ing a r b i t r a r i l y w e l l any covar iance s t a t i o n a r y 

s t o c h a s t i c p rocess . Indeed, the main weakness of t h i s s p e c i f i c a t i o n , and the 

reason i t has not o f ten been used f o r f o r e c a s t i n g , i s , i n a sense, i t s ove r -

g e n e r a l i t y . The number of f ree parameters i n a system inc reases q u a d r a t i c a l l y 

w i th the number o f v a r i a b l e s , and f o r even modera te l y -s i zed systems the model 
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becomes h i gh l y overparameter ized. Es t ima t ion o f such models leads to a very good 

f i t o f the da ta , but a l s o to ex-post f o r e c a s t s w i th l a rge mean square e r r o r s . 

The problem of o v e r g e n e r a l i t y can be so lved by imposing r e s t r i c t i o n s . 

In f a c t , i t i s p o s s i b l e to view s e v e r a l types of macroeconomic models commonly 

used fo r f o r e c a s t i n g as s p e c i a l cases o f the vector au to reg ress ion model de r i ved 

by app ly ing p a r t i c u l a r c l a s s e s of r e s t r i c t i o n s . The reduced forms of t r a d i t i o n a l 

s imul taneous equat ion econometr ic models are e s s e n t i a l l y very l a rge vec to r au to

reg ress ions s p e c i f i e d w i th huge numbers o f exc lus iona ry r e s t r i c t i o n s imp l ied by 

economic theory and the c a t e g o r i z a t i o n o f v a r i a b l e s i n t o exogenous and 

endogenous. The e q u i l i b r i u m s o l u t i o n s o f r a t i o n a l expec ta t i ons models are 

another s p e c i a l case. Here the assumption of o p t i m i z i n g behavior of agents i n 

the economy g e n e r a l l y leads to a compl ica ted set o f c ross -equa t i on r e s t r i c t i o n s . 

In con t ras t to these approaches, where the r e s t r i c t i o n s are o f ten 

der ived from economic theory and always a p p l i e d w i th c e r t a i n t y , L i t t e rman [1979] 

has developed a set of techn iques, based on the use of Bayes ian p r i o r s , to apply 

ins t rumenta l r e s t r i c t i o n s - ' ' i n the form o f p r o b a b i l i t y d i s t r i b u t i o n s . They are 

a p p l i e d not f o r the purpose of i d e n t i f y i n g a s p e c i f i e d economic s t r u c t u r e , but 

exp ress l y to minimize the mean square p r e d i c t i o n e r r o r of the model. In t h i s 

l a s t sense, they are s i m i l a r to the method of r i dge r e g r e s s i o n . 

In work repor ted i n L i t te rman [1979], these techniques were employed 

to develop and t e s t s e v e r a l q u a r t e r l y , macroeconomic, vec tor au to reg ress i ve 

models. The post sample f o r e c a s t i n g performances dominated those of the same 

models i n u n r e s t r i c t e d form. F u r t h e r , they dominated the performance o f models 

composed of u n i v a r i a t e au to regress ive equa t ions . 

The work repor ted i n t h i s paper was undertaken to see i f the same k ind 

of success cou ld be achieved w i th a monthly model, i n p a r t i c u l a r , w i th a monthly 

— By i ns t r umen ta l , we mean r e s t r i c t i o n s that are not der ived from a 
p a r t i c u l a r economic model or theory . 
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"money market" model i n which M1 and, p o s s i b l y , other aggregates would appear. 

We were mot ivated by the p o s s i b i l i t y o f p rov id i ng an inexpens ive yet good 

( p o s s i b l y be t te r ) f o r e c a s t i n g t o o l i n an area o f h igh p o l i c y s i g n i f i c a n c e . We 

were a l s o prompted by the a v a i l a b i l i t y o f s e v e r a l recent s t u d i e s of the M1 

f o r e c a s t i n g record of the Board s t a f f , s t u d i e s tha t cou ld be used, we b e l i e v e d , 

to judge the success of our own e f f o r t s . 

In Sec t i on 2 we b r i e f l y desc r i be our method of us ing p r i o r s w i th vec to r 

au to regress ions f o r f o r e c a s t i n g . Sec t i on 3 presents the p a r t i c u l a r models used 

to f o recas t Ml and t h e i r f o r e c a s t i n g performance. Sec t i on 4 suggests s e v e r a l 

reasons f o r cau t ion i n comparing these r e s u l t s w i th those o f r e a l - t i m e 

f o r e c a s t e r s . 

2. A Bayesian Approach to R e s t r i c t i n g Vector Au to regress ions 

Au to regress ive s p e c i f i c a t i o n s o f ten lead to m u l t i c o l l i n e a r i t y problems 

and l a rge sampl ing e r r o r s i n es t ima t i on . Th is i s p a r t i c u l a r l y t rue i n vec to r 

s p e c i f i c a t i o n s which leave r e l a t i v e l y few degrees of freedom. S e v e r a l c l a s s i c a l 

procedures i n the form o f matr ix -weighted averages, such as r i dge reg ress ion and 

S t e i n r u l e es t ima to r s , have been dev ised to overcome t h i s type o f problem i n 

contex ts not i n c l u d i n g lagged dependent v a r i a b l e s . These procedures are 

j u s t i f i e d on the grounds that they can generate es t imato rs wh ich , though b i a s e d , 

have sma l le r mean square e r ro r than OLS es t ima tes . The same es t imators have a 

Bayesian i n t e r p r e t a t i o n , which amounts to s p e c i f y i n g the i m p l i c i t p r i o r 

d i s t r i b u t i o n f o r which the p a r t i c u l a r es t imator i s the p o s t e r i o r mean. 

Es t imato rs of a s i m i l a r form may be adapted to the vec to r au to 

r e g r e s s i v e s p e c i f i c a t i o n . Whi le these es t imato rs requ i re a Bayes ian j u s t i f i c a 

t i o n , they are mot iva ted, at l e a s t i n p a r t , by the above mentioned c l a s s i c a l 

r e s u l t s which suggest that the ins t rumenta l r e s t r i c t i o n s inco rpora ted i n t o the 

p r i o r s w i l l decrease the mean square e r r o r s o f f o r e c a s t s generated by these 

models. The experiments we repor t support that c o n c l u s i o n . 
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The f i r s t p r i o r which we have used t r e a t s a l l equat ions symmet r i ca l l y 

and s p e c i f i e s s t o c h a s t i c a l l y independent l ag c o e f f i c i e n t s which, except f o r the 

f i r s t l ag of the dependent v a r i a b l e , each have mean zero and standard e r r o r s 

which decrease w i th the length of the l a g . The l a g d i s t r i b u t i o n s a r e , thus , 

g i ven the p r i o r r e s t r i c t i o n that they fade away g r a d u a l l y . The c o e f f i c i e n t on 

the f i r s t l ag o f the dependent v a r i a b l e i n each equat ion i s g i ven a p r i o r mean o f 

one so tha t , i n the l i m i t , a t i g h t p r i o r , tha t i s one i n which the standard 

e r r o r s approach z e r o , corresponds to a random-walk process f o r the i n d e t e r -

m i n i s t i c component of each v a r i a b l e i n the system. Each equat ion i nc l udes a 

constant , f o r which there i s no p r i o r . 

The symmetric p r i o r a l s o a l lows fo r s p e c i f i c a t i o n o f l e s s weight on 

other v s . own lagged v a r i a b l e s i n the sense of imposing sma l le r s tandard e r r o r s 

around the zero means of the c o e f f i c i e n t s on other v a r i a b l e s . 

Two parameters determine the exact form o f the p r i o r . Standard e r r o r s 

o f l ag c o e f f i c i e n t s decrease i n a harmonic manner accord ing to a g iven va lue , Y-| • 

t h -Y 

The p r i o r standard e r ro r of the k l a g of each v a r i a b l e i s k 1 t imes the p r i o r 

standard e r r o r o f the f i r s t l a g . The second parameter, y^' s c a l e s the s tandard 

e r r o r s o f the other v a r i a b l e s ' l ags r e l a t i v e to those of the dependent v a r i a b l e . 

The p r i o r standard e r ro r s of other v a r i a b l e s ' l a g c o e f f i c i e n t s are 

a l s o sca led accord ing to the r e l a t i v e s i z e o f t h e i r v a r i a b l e ' s i nnova t ions as 

measured by the sample standard e r ro r o f t h e i r OLS r e g r e s s i o n . Let the standard 

e r ro r of the f i r s t l ag of the dependent v a r i a b l e be X. The p r i o r standard e r r o r 

o f the i ^ c o e f f i c i e n t , which i s the j t h l a g on the m t h v a r i a b l e , i s 5 . , where 

a i s the standard e r ro r of i nnova t ions i n the dependent v a r i a b l e and o"m the 

standard e r r o r of innova t ions i n the other v a r i a b l e . 

1 

j ' 1 — „ o therw ise , am 2 

j 11 i f the m th i s the dependent v a r i a b l e 
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Our procedure has been to ac t as i f we were g i v e n , i n 1972-1, the task 

o f d e f i n i n g a mechanica l procedure which would be used fo r the next f i v e years to 

make monthly f o r e c a s t s of the growth of seasona l l y ad justed M1 over two-month 

i n t e r v a l s at annual r a t e s . We chose t h i s task f o r t h i s pe r iod so tha t we would be 

ab le to compare our r e s u l t s w i th judgemental f o r e c a s t s of M1 growth made by the 

Federa l Reserve Board as compiled by P o r t e r , F a r r , and Perea [1978] . In f a c t , as 

d iscussed i n Sec t i on 4, we have found t h i s a d i f f i c u l t comparison to make. 

We have const ruc ted a sma l l ( four v a r i a b l e ) and a l a rge (e igh t 

v a r i a b l e ) vec to r au to regress ive model, a long w i th u n i v a r i a t e s p e c i f i c a t i o n s f o r 

comparat ive purposes. The parameters o f the models, such as l a g l eng ths , cho ice 

o f v a r i a b l e s , and, to some ex ten t , p r i o r parameters were p icked on the bas i s of 

f o r e c a s t i n g performance on the data up to 1972. 

Given the chosen s p e c i f i c a t i o n s , each model was used to make f o r e c a s t s 

o f the l e v e l s of M1 and the other v a r i a b l e s i n the systems each month of the 

p r o j e c t i o n p e r i o d , 1972-1 through 1977-11. The growth ra tes assoc i a t ed w i th 

these f o recas t s were c a l c u l a t e d and e r ro r s t a t i s t i c s generated. The models were 

reest imated each month of the p r o j e c t i o n per iod so that the f o r e c a s t s were based 

only on in fo rmat ion a v a i l a b l e at the time the f o r e c a s t s were made. One 

q u a l i f i c a t i o n needed here i s that the data used were the f i n a l seasona l l y 

ad jus ted numbers c u r r e n t l y a v a i l a b l e a t the time t h i s study was made (February 

1979). In f a c t , because of the two-s ided nature of the seasonal adjustment 

procedure, these numbers i nco rpo ra te i n fo rma t ion not a v a i l a b l e to f o r e c a s t e r s 

opera t ing i n r e a l t ime. 

The es t imators i n a g iven equat ion may be w r i t t e n as 

b = (X*X+k (R 'R) )~ 1 (X 'Y+kR ' r ) , 

2 2 2 „2 where the p r i o r i s g iven by R3 = r+v w i th v^N(0,X I ) where k = d A , 6s be ing the 

est imated var iance o f the reg ress ion r e s i d u a l s i n the OLS reg ress ion wi thout a 
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p r i o r . To put the p r i o r i n t h i s form, we set R = d i a g [ l / 6 ^ ] and r = [ 0 . . . 010 . . 0 ] 

where the one corresponds to the f i r s t l a g of the dependent v a r i a b l e . Here Y 

represents the vec to r of observa t ions on the dependent v a r i a b l e and X the mat r i x 

2 / 

o f observa t ions on a l l l ags of a l l v a r i a b l e s i n the system.— 

Given the c o e f f i c i e n t est imates of the au to reg ress i ve r e p r e s e n t a t i o n , 

p r o j e c t i o n s are made accord ing to Wold 's " c h a i n r u l e of f o r e c a s t i n g . " In January 

1972, f o r example, the cur ren t and lagged va lues of the v a r i a b l e s i n the system 

are used to f o recas t l e v e l s f o r February . These va lues are then used to f o r e c a s t 

March, and so on. 

The one-step fo recas t of the two-month growth ra te of M1 then r e f e r s to 

the quan t i t y [M(t+1)-M(t-1) ]600/M(t-1) where M(t-1) i s the value of M1 fo r 

December 1971 and M(t+1) i s the f o recas t f o r February 1972. S i m i l a r l y , the two 

step f o recas t i s [M(t+2)-M(t ) ]600/M(t ) . 

As the s i z e of the vec to r au to reg ress i ve system i n c r e a s e s , i t becomes 

i n c r e a s i n g l y imp laus ib le tha t the procedure o f t r e a t i n g a l l v a r i a b l e s i n the 

p r i o r symmet r i ca l l y i s op t ima l . In an N v a r i a b l e system, one must, a t l e a s t 

i m p l i c i t l y , s p e c i f y N-1 parameters i n each equat ion which determine r e l a t i v e 

weights o f o ther v s . own v a r i a b l e s . Treatment of each parameter sepa ra te l y seems 

a r b i t r a r y , wh i le the symmetric approach which reduces the s p e c i f i c a t i o n to a 

s i n g l e parameter seems ove r l y r e s t r i c t i v e . 

We have used the symmetric approach i n the four v a r i a b l e system, but i n 

the e igh t v a r i a b l e system have used a c i r c l e - s t a r type p r i o r , desc r ibed i n 

L i t te rman [1979]. V a r i a b l e s i n a c e n t r a l s t a r are those which are assumed to 

have a s t rong , but equal impact on a l l o ther v a r i a b l e s i n the system. The o ther 

— Our es t ima t ion technique of t r e a t i n g each equat ion sepa ra te l y i s not 
f u l l y e f f i c i e n t . In u n r e s t r i c t e d vector au to reg ress ions , separate es t ima t ion i s 
j u s t i f i e d because the r igh t -hand s i de v a r i a b l e s are the same i n a l l equa t ions . 
Th is r e s u l t i s no longer t rue when p r i o r r e s t r i c t i o n s are added; however, we 
b e l i e v e the l o s s i n e f f i c i e n c y i n our es t ima t ion i s sma l l because the covar iance 
mat r ixes of the r e s i d u a l s f o r these models are nea r l y d i a g o n a l . 
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v a r i a b l e s are arranged i n a c i r c u l a r o rde r ing w i th r e l a t e d v a r i a b l e s p laced c l ose 

together i n the o r d e r i n g . R e l a t i v e t i gh tness of the p r i o r on c o e f f i c i e n t s of 

v a r i a b l e s i n an equat ion i s then made a func t i on o f the r e l a t i v e p o s i t i o n s of the 

v a r i a b l e s . D e t a i l s o f the p r i o r s f o r the p a r t i c u l a r models are g iven i n the 

f o l l o w i n g s e c t i o n . 

3. P a r t i c u l a r Models and The i r Performance 

The techniques j u s t descr ibed were employed to develop two monthly 

money market models—one a smal l (and inexpens ive) four v a r i a b l e model, and the 

second an expanded ve rs i on wi th e igh t v a r i a b l e s — t h a t cou ld serve as f o r e c a s t i n g 

t o o l s f o r M1 and other aggregates. In both models, es t ima t ion was done w i th and 

wi thout the a p p l i c a t i o n of p r i o r s i n order to demonstrate the va lue of p r i o r 

r e s t r i c t i o n s . U n i v a r i a t e au to reg ress i ve models were est imated and employed t o 

generate f o r e c a s t s that cou ld serve as a bas is o f comparison. The data begin i n 

1953-1-

The four v a r i a b l e s of the s m a l l model are M1, persona l income, the ra te 

on 4 - to-6-month commercial paper, and the consumer p r i c e index. Income and the 

commercial paper ra te were chosen because o f the frequency w i th which they serve 

as key arguments i n s t u d i e s of the demand f o r nominal money ba lances . The 

consumer index appears i n l e v e l form; a t a l a t e r stage we p lan to s u b s t i t u t e the 

ra te of change of the index f o r i t s l e v e l as a measure of the commodity 

oppor tun i ty cos t of ho ld ing money. 

The parameters of the p r i o r i n the four v a r i a b l e system were y^ = .5, 

Y 2 = . 5 , and A =.5. Thus, the c o e f f i c i e n t on the f i r s t l a g of the dependent 

v a r i a b l e i n each equat ion has a mean of 1 and a standrd e r ro r of X = . 5 . The 

c o e f f i c i e n t on the second l ag has a mean of zero and a standard e r ro r of X k ' ^ l = 

. 5 ( 2 ) " " ^ = .3536. The c o e f f i c i e n t on the f i r s t l a g of the m t h o ther v a r i a b l e i s 

X y ? ( § - ) = . 2 5 ( ^ r ) . Table 1 shows the p r i o r on the M1 equat ion i n the four 



Table 1 
M1 Equat ion i n the 4 V a r i a b l e Model 

P r i o r Es t ima t i on 
C o e f f i c i e n t (Lag) Mean Standard E r r o r OLS R e s t r i c t e d 

Constant — — 4.84423 5.08283 

M1 (1) 1. .5000 1.05925 1.03916 

M1 (2) 0. .3536 - .14065 - .11526 

Ml (3) 0. .2887 .31659 .27803 

M1 (4) 0. .2500 - .45494 - .37066 

M1 (5) 0. .2236 .30059 .22980 

M1 (6) 0. .2041 - .07045 - .05063 

Income (1) 0. .0474 .02911 .02426 

Income (2) 0. .0336 - .02870 - .02094 

Income (3) 0. .0274 - .00319 - .00674 

Income (4) 0. .0237 - .01413 - .00720 

Income (5) 0. .0212 .04215 - .02703 

Income (6) 0. .0194 - .01722 -.00801 

Paper Rate (1) 0. .6229 - .48636 - .49440 

Paper Rate (2) 0. .4405 .03236 .09655 

Paper Rate (3) 0. .3597 .44900 .24374 

Paper Rate (4) 0. .3114 - .42979 - .19723 

Paper Rate (5) 0. .2785 .07504 - .01970 

Paper Rate (6) 0. .2542 .13497 .13338 

P r i c e s (1) 0. .6434 - .23289 - .15940 

P r i c e s (2) 0. .4550 .46715 .32752 

P r i c e s (3) 0. .3715 - .10268 - .04816 

P r i c e s (4) 0. .3217 - .07283 - .10614 

P r i c e s (5) 0. .2877 - .34708 - .20324 

P r i c e s (6) 0. .2626 .19081 .08791 
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v a r i a b l e system along w i th the u n r e s t r i c t e d (OLS) and the r e s t r i c t e d ( p o s t e r i o r 

mean) est imates of the c o e f f i c i e n t s . 

The e igh t v a r i a b l e model i nc ludes the four l i s t e d above and adds to 

them other t ime and sav ings depos i t s (which can be used w i th M1 to f i n d M2), the 

currency component of M1, nonborrowed r e s e r v e s , and the r a t i o of the commercial 

paper ra te to the Q c e i l i n g ra te on sav ings depos i t s a t commercial banks. Non-

borrowed reserves was se lec ted to represent s u p p l y - s i d e reserve f a c t o r s , and the 

r a t i o of market to c e i l i n g ra tes i nc luded to capture the e f f e c t s of d i s i n t e r -

med ia t ion . 

The p r i o r on the e igh t v a r i a b l e system d i f f e r s i n two important ways 

from that on the sma l le r system. F i r s t , the p r i o r i s cons ide rab ly t i g h t e r , tha t 

i s , has smal le r standard e r r o r s . A l s o , i t i n c l udes s t ruc tu re i n the sense that 

standard e r ro r s are ad jus ted on other v a r i a b l e s ' c o e f f i c i e n t s not only acco rd ing 

to the s i z e o f t h e i r i nnova t i ons , but a l s o w i th respec t to t h e i r p o s i t i o n i n the 

c i r c l e - s t a r p r i o r . 

The parameters of the p r i o r are Y - p . 5 , Y 2 = ' ° 5 , and X=.2. The c e n t r a l 

v a r i a b l e s are the four v a r i a b l e s i n the sma l le r system. Table 2 shows the p r i o r , 

u n r e s t r i c t e d and r e s t r i c t e d es t imates of the c o e f f i c i e n t s i n the M1 equat ion i n 

t h i s system. The t i g h t e r p r i o r i n t h i s s p e c i f i c a t i o n i s requ i red by the l a r g e r 

number o f parameters i n each equat ion r e l a t i v e to the number of degrees of 

freedom. The value of . 0 5 f o r Y 2 was chosen on the b a s i s of a comparison o f 

f o r e c a s t i n g performance of s e v e r a l models w i th d i f f e r e n t va lues of Yj o n the 

pe r i od 1968-71. 

Forecas t e r r o r s f o r a l l models were computed by tak ing the one- and 

two-step f o r e c a s t s of two-month growth ra tes and s u b t r a c t i n g the a c t u a l growth 

ra tes as determined from the data f i l e . These e r r o r s were summarized i n terms o f 

root mean square e r ro r s (RMSE) and T h e i l U s t a t i s t i c s (TU). I t shou ld be noted 

tha t the TU 's were computed accord ing to the formula 



Table 2 
M1 Equat ion i n the 8 V a r i a b l e Model 

P r i o r Es t imates 
C o e f f i c i e n t (Lag) Mean Standard E r r o r OLS R e s t r i c t e d 

Constant — — 4 . 1 8 9 3 2 1.54905 
M1 (1) 1. .2000 1.11031 1.11072 
Ml (2) 0. .1414 - . 1 7 5 8 3 - .14242 
M1 (3) 0. .1155 .35059 .16628 
M1 (4) 0. . 1000 - . 3 9 7 5 0 - .21223 
M1 (5) 0. .0894 .21068 .11437 
M1 (6) 0. .0816 - .07115 - .02125 
Income (1 ) 0. .0018 .02718 .00042 
Income (2 ) 0. .0013 - .02245 - . 0 0 0 1 0 
Income (3 ) 0. .0010 - .00521 . 00002 
Income (4 ) 0. .0009 - .01252 .00016 
Income (5) 0 . .0008 .03626 .00035 
Income (6) 0 . .0007 - .02539 .00017 
Paper Rate (1 ) 0 . .0248 - .75560 - .06726 
Paper Rate (2 ) 0 . . 0175 .41837 - .02117 
Paper Rate (3 ) 0. .0143 .40391 - .00755 
Paper Rate (4 ) 0. .0124 - .22772 - .00402 
Paper Rate (5) 0 . .0111 - .51101 - .00009 
Paper Rate (6 ) 0 . .0101 .69717 .00291 
P r i c e s (1) 0. .0259 - . 3 6 1 6 1 - .02551 
P r i c e s (2) 0. .0183 .64408 - .00695 
P r i c e s (3) 0. .0149 - . 18161 - .00515 
P r i c e s (4) 0. .0129 - . 0 3 9 7 7 - .00397 
P r i c e s (5) 0. .0116 -43853 - .00235 
P r i c e s (6 ) 0. .0106 .32377 .00002 
Reserves (1 ) 0. .0055 - .48387 .00083 
Reserves (2 ) 0. .0039 .36840 .00069 
Reserves (3 ) 0. .0032 .08682 .00057 
Reserves (4) 0. .0028 .31065 .00043 
Reserves (5) 0 . .0025 - . 3 8 6 7 1 .00027 
Reserves (6) 0. .0023 .02339 .00018 
Currency (1 ) 0 . .0116 - .96217 - .00360 
Currency (2 ) 0 . .0082 - .04182 - .00130 
Currency (3 ) 0 . .0067 .78621 - .00040 
Currency (4) 0 . .0058 - .68306 - .00053 
Currency (5) 0 . .0052 1.25497 - .00004 
Currency (6) 0 . .0047 - .43878 - .00005 
Other Time (1 ) 0 . .0021 .16788 .00253 
Other Time (2 ) 0 . .0015 - .23366 .00096 
Other Time (3) 0. .0012 .23715 .00061 
Other Time (4) 0 . .0011 - .32410 .00044 
Other Time (5) 0 . .0010 .06423 .00036 
Other Time (6) 0. .0009 .11812 . 00033 
r /Q (1 ) 0. .0139 1.8360 - .00956 
r/Q (2 ) 0. .0098 -2 .0798 - .00356 
r /Q (3) 0. .0080 .5267 -.00151 
r /Q (4) 0. .0070 -1 .0630 - .00088 
r /Q (5) 0. .0063 2.0622 - .00024 
r /Q (6 ) 0. .0057 - 1 . 7 3 0 2 .00014 
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m 1/2 

where 

P = p red i c ted two-month growth r a t e ; 

P = no change p r e d i c t i o n (the two-month growth ra te obta ined by e x t r a 

p o l a t i n g the a c t u a l growth ra te o f the preced ing two months); 

A = a c t u a l two-month growth r a t e ; and 

m = number of f o r e c a s t s . 

A TU s t a t i s t i c of zero i n d i c a t e s pe r fec t f o r e c a s t s ; a va lue of one 

i n d i c a t e s that the f o r e c a s t e r has done as w e l l as a s imple e x t r a p o l a t i o n 

procedure; and a va lue g rea te r than one shows tha t a s imple e x t r a p o l a t i o n 

procedure would have done b e t t e r . For the f o recas t pe r iod 1972-77, both RMSE's 

and TU's were compi led. 

On the bas i s of the RMSE measure of f o recas t accuracy the e igh t 

v a r i a b l e system wi th p r i o r r e s t r i c t i o n s performed best o v e r a l l . Table 3 shows 

the one- and two-step RMSE's and TU s t a t i s t i c s f o r each v a r i a b l e i n each of the 

3 / 

models i n which i t appears.— R e l a t i v e to the u n i v a r i a t e au to reg ress i ons , the 

e igh t v a r i a b l e system wi thout a p r i o r generated one-step fo recas t e r ro r RMSE's, 

which were i n a l l cases worse, and on average were 15.1 percent worse. The 

a d d i t i o n o f the p r i o r , however, reduced the e r r o r s to the extent tha t f o r seven 

of the e igh t v a r i a b l e s , the RMSE's were sma l le r than the u n i v a r i a t e s p e c i f i c a 

t i o n . On average, there was a reduc t i on of 1.2 percent i n the RMSE's. 

In g e n e r a l , the four v a r i a b l e systems d id not f o r e c a s t qu i t e as w e l l as 

the u n i v a r i a t e systems. The average inc rease of RMSE's i n the u n r e s t r i c t e d 

system was 4.7 pe rcen t , wh i le the average inc rease w i th p r i o r r e s t r i c t i o n s was 

— The RMSEs and TUs f o r the commercial paper ra te and the r a t i o of the 
paper ra te to the Q c e i l i n g on passbook sav ings are based on l e v e l s ra the r than 
growth r a t e s . 



Table 3 
Error Stat ist ics for the Period 1972.1 - 1977.11 

Model 

Univar iate 
one-step 
two-step 

4 variable - no prior 
one-step 
two-step 

4 variable - prior 
one-step 
two-step 

8 variable - no prior 
one-step 
two-step 

8 variable - prior 
one-step 
two-step 

Mi 

2.284 
3.474 

2.276 
3.469 

2.244 
3.404 

2.480 
3.960 

2.245 
3.328 

Income 

3.074 
4.199 

3.226 
4.312 

3.126 
4.224 

3.508 
4.560 

3.002 
4.074 

Root Mean Square Errors 

Paper Rate Prices 

.512 

.928 

.526 

.936 

.512 

.923 

.527 

.960 

.497 

.886 

1.749 
2.709 

1.944 
2.946 

1.882 
2.890 

1.951 
2.819 

1.737 
2.713 

Reserves 

7.978 
12.525 

9.753 
15.436 

7.909 
12.512 

Currency Other Time 

1.747 
2.318 

2.104 
2.792 

1.731 
2.283 

1.521 
2.857 

1.843 
3.638 

1.531 
2.905 

r /Q 

.099 

.169 

.118 

.209 

.097 

.164 

Model 

Univar iate 
one-step 
two-step 

4 Variable - no prior 
one-step 
two-step 

4 Variable - prior 
one-step 
two-step 

8 Variable - no prior 
one-step 
two-step 

8 Variable - prior 
one-step 
two-step 

M l 

.694 

.753 

.692 

.752 

.682 

.738 

.754 

.858 

.683 

.722 

Income 

.745 

.761 

.782 

.781 

.757 

.765 

.850 

.826 

.727 

.738 

Theil U Stat ist ics 

Paper Rate Prices 

.929 

.996 

.956 
1.004 

.929 

.990 

.957 
1.030 

.903 

.950 

.856 

.945 

.951 
1.028 

.921 
1.009 

.954 

.984 

.850 

.947 

Reserves 

.853 

.905 

1.043 
1.116 

.846 

.904 

Currency Other Time 

.779 

.794 

.939 

.956 

.772 

.782 

.716 

.865 

.868 
1.109 

.721 

.885 

r /Q 

.917 

.945 

1.100 
1.165 

.906 

.913 
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1.9 percent . I t should be noted, however, that the value of i n the p r i o r 

s p e c i f i c a t i o n was chosen s p e c i f i c a l l y w i th M1 i n mind, and fo r M1 a lone the 

f o recas t e r r o r s o f the four v a r i a b l e systems do show improvement over the 

u n i v a r i a t e p r o j e c t i o n s . 

The r e s u l t s we have repor ted a re , of course , cond i t i oned on the 

p a r t i c u l a r p r i o r we used. There are undoubtedly o ther se ts o f p r i o r r e s t r i c t i o n s 

which would generate sma l le r f o recas t e r r o r s on our p r o j e c t i o n per iod than the 

p r i o r we have chosen. We d id not search f o r these p r i o r r e s t r i c t i o n s . Such a 

task might be u s e f u l f o r o ther purposes, but as a bas i s of comparison of 

f o r e c a s t i n g performance, i t amounts to data m in ing . What we have attempted to do 

i s to choose our p r i o r w i thout us ing the data from the p r o j e c t i o n per iod and then 

t e s t i t s performance on that p e r i o d . Desp i te the p a r t i c u l a r s e l e c t i o n o f 

v a r i a b l e s , p r o j e c t i o n per iod and p r i o r r e s t r i c t i o n s we have used, we suggest tha t 

the r e s u l t s o f tha t t e s t support the f o l l o w i n g c o n c l u s i o n s : 

A. There e x i s t s a c l a s s o f r e l a t i v e l y inexpens ive es t ima to r s , generated as 

p o s t e r i o r means of p r i o r s i n c o r p o r a t i n g i ns t rumen ta l types of 

r e s t r i c t i o n s , which g r e a t l y improve the f o r e c a s t i n g performance of 

vec to r au to reg ress i ve models r e l a t i v e to u n r e s t r i c t e d OLS e s t i m a t o r s . 

B. The f o r e c a s t i n g e r ro r s of u n r e s t r i c t e d vec to r au to regress ions tend to 

i nc rease as the s i z e o f the system grows r e l a t i v e to the number of 

degrees of freedom. Th is phenomenon i s not t rue of the r e s t r i c t e d 

models we have used. 

Un fo r tuna te l y , our r e s u l t s do not seem to shed much l i g h t on the 

ques t ion o f whether the r e s t r i c t e d vec to r au to regress ions represent a p o s s i b l e 

improvement of f o r e c a s t i n g over u n i v a r i a t e au to reg ress ions o r judgmental 

f o r e c a s t s . The l a t t e r ques t ion w i l l be cons idered i n Sec t i on 4 . As to the 

former, our four v a r i a b l e system tends to favor the u n i v a r i a t e , wh i l e the e igh t 

v a r i a b l e system favors the vector s p e c i f i c a t i o n . 
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We emphasize tha t these r e s u l t s are s t r o n g l y cond i t i oned on our 

p a r t i c u l a r p r i o r s . In r e t r o s p e c t , we suspect tha t a t i g h t e r p r i o r on the sma l l e r 

system may have l e d to smal le r f o recas t e r r o r s . Our experiments w i th d i f f e r e n t 

p r i o r s on the 1968-1971 p r o j e c t i o n pe r i od showed that i n moving from the 

u n i v a r i a t e to a vec to r s p e c i f i c a t i o n , tha t i s , l e t t i n g i nc rease from 0 toward 

1, there was a reg ion of improvement fo l lowed by worsen ing. Th is phenomenon i s 

a l s o found i n a d i f f e r e n t system descr ibed i n L i t te rman [1979]. In the four 

v a r i a b l e system the improvement reg ion f o r the e a r l i e r p r o j e c t i o n per iod seemed 

qu i t e broad fo r the measure which we looked a t , namely the RMSE on p r o j e c t i o n s o f 

M1. These r e s u l t s l ed us to the loose p r i o r represented by the cho ice o f Y 2 = , 5 

and X=.5. The e igh t v a r i a b l e system, on the other hand, showed a much sma l le r 

reg ion of improvement, l ead ing to our cho ice of Y2=-05, and X=.2. 

The ques t ion of whether there are r e s t r i c t e d vec to r s p e c i f i c a t i o n s 

which dominate u n i v a r i a t e au to reg ress ions i n terms of f o r e c a s t i n g performance, 

seems to us to res t on whether one can generate r e s t r i c t i o n s which can be 

expected to c o n s i s t e n t l y lead to a reg ion of improvement. The r e s u l t s of t h i s 

t e s t suggest to us that such reg ions of improvement probably do e x i s t . On the 

other hand, i n t h i s system they appear not to have been as l a r g e , as c o n s i s t e n t , 

or as e a s i l y e x p l o i t a b l e as we had hoped. 

In a d d i t i o n to our p r o j e c t i o n s on the 1972-1977 p e r i o d , we have 

generated f o r e c a s t s f o r the months from then to the p resen t . In F igu re 1 we 

present the graphs of the e r ro r s generated by our r e s t r i c t e d four v a r i a b l e models 

a long w i th the f o r e c a s t e r r o r s made by the Federa l Reserve Board a t the t ime tha t 

most c l o s e l y corresponds to our f o r e c a s t s , that i s dur ing the week f o r which 

es t imates o f the l e v e l o f M1 fo r the p rev ious month f i r s t became a v a i l a b l e . The 

board fo recas t e r r o r s and those of the vec to r au to reg ress ion are very s i m i l a r 

through most of 1978. More r e c e n t l y both do very p o o r l y , w i th the au to reg ress ion 

making e s p e c i a l l y la rge e r r o r s . 



Figure 1 

Shown here are the recent forecast errors of the Board and the 
restricted four-variable vector autoregression (VAR). 

Errors in Forecasts of Two-Month Growth Rates of M1 
(Growth from months indicated) 

1977 1978 1 9 7 9 

% Two-Step Forecasts 

' i i i i i i I i i i i i : I I-8 
Nov Jan Apr July Oct. Jan. 

1977 1 9 7 8 1979 
•No forecast 



4 . Real-Time F o r e c a s t i n g and Seasonal Adjustment— 

We had hoped i n t h i s paper to present a comparison o f the f o r e c a s t s o f 

growth ra tes of M1 generated by the mechanical vec to r au to reg ress i ve models w i th 

the judgmental f o r e c a s t s produced by the Board and repor ted by P o r t e r , F a r r , and 

Perea . There are s e v e r a l problems w i th such a comparison. F i r s t , f o r e c a s t s made 

i n r e a l t ime , n e c e s s a r i l y i n v o l v e on ly past data and t h e r e f o r e , as we d i s c u s s 

below, requ i re the use of a one-s ided seasona l adjustment procedure. Th is i s not 

t rue of the seasona l l y ad justed data s e r i e s we have used. In t h i s s e c t i o n we 

est imate t h i s d i f f e rence and suggest a c o r r e c t i o n to ad jus t f o r i t . The Board, 

however, has not computed i t s f o recas t e r r o r s from the f i n a l two-s ided s e a s o n a l l y 

ad jus ted numbers, but ra the r from the one-s ided numbers as they became a v a i l a b l e . 

We have t r i e d to rec rea te these numbers w i th the use o f the one-s ided seasonal 

adjustment procedure de f ined below, but we have not been ab le to regenerate the 

growth ra te s e r i e s which the Board attempted to f o r e c a s t . The p o s s i b l e 

d i f f e r e n c e s which remain i nc lude benchmark r e v i s i o n s of the data based on 

nonmember bank r e p o r t s , o ther d e f i n i t i o n a l changes i n the M1 s e r i e s , and 

d i f f e r e n c e s i n the seasonal adjustment procedures. As we show here, the s e r i e s 

f o recas t by the Board shows more v a r i a t i o n than the s e r i e s we have f o r e c a s t . 

Thus, the sma l le r f o recas t e r ro rs which we have generated do not n e c e s s a r i l y 

represent an improvement over those of the Board. 

Consider now the problem of seasonal adjustment . The standard 

procedure f o r ob ta in i ng a " f i n a l " seasona l l y ad jus ted M1 s e r i e s r e q u i r e s the 

a p p l i c a t i o n of a two-s ided f i l t e r to the raw da ta . L e t t i n g the two-s ided 

seasona l l y ad jus ted data be M 1 s , the unadjusted data be M 1 N > then a two-s ided 

f i l t e r i s represented by 

M1 ( t ) = F [ M 1 N ( t - k ) , M 1 N ( t - k + 1 ) , . . . , M 1 N ( t ) , . . . , M 1 N ( t + k ) ] . 

— The r e s u l t s i n t h i s s e c t i o n were generated us ing the Regress ion 
A n a l y s i s of Time S e r i e s , RATS, computer program w r i t t e n by Thomas A. Doan a t the 
Fede ra l Reserve Bank of M inneapo l i s . 
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Thus, f u t u r e , as w e l l as pas t , va lues of the unadjusted M1 N s e r i e s are requ i red 

f o r some l e n g t h , k, depending on the f i l t e r . 

The r e s u l t s presented i n Sec t i on 3 are based on data cur ren t as of l a t e 

February 1979; f o r purposes of t h i s d i s c u s s i o n they can be cons idered f i n a l . A 

f o recas te r opera t i ng i n r e a l t ime, however, faces a more d i f f i c u l t problem than 

we have posed f o r o u r s e l v e s . At the t ime o f the f o r e c a s t , t , the f o r e c a s t e r does 

not know the f i n a l seasona l l y ad jus ted numbers f o r the l a s t k p e r i o d s , and he 

must f i r s t es t imate M1 ( t - s ) , s=0, 1, k, based on M l M ( t - s ) , s=0, 1, and 

then p ro jec t fu tu re va lues of M1 . We r e f e r to the es t ima t ion of M1 ( t - s ) , s=0, 
s s 

1, k, on the b a s i s o f M l ^ t t - s ) , s=0, 1, as one-s ided seasonal 

adjustment, and l e t M 1 ^ ( t - s ) , s=0, 1, be the es t ima tes . Not i ce tha t f o r s > 
s 

k, M1^( t -s) = M1 ( t - s ) . Severa l methods have been suggested to accompl ish t h i s 
5 S 

one-s ided seasonal adjustment. We use the procedure suggested by Geweke [1978] 

because i t has the proper ty o f m in im iz ing expected subsequent r e v i s i o n i n the 

seasonal f a c t o r s . 

In theory we could face the problem of r e a l - t i m e f o r e c a s t i n g by 

s t a r t i n g w i th unadjusted data and i n c o r p o r a t i n g a one-s ided seasonal adjustment 

procedure e x p l i c i t l y i n t o the es t ima t i on process a t each po in t i n t ime dur ing the 

p r o j e c t i o n p e r i o d . We have not done t h i s because o f the la rge computing expense 

which would be i n v o l v e d . Not only would there be the cos t o f seasonal adjustment 

each p e r i o d , but more impor tan t l y , because the data s e r i e s themselves change, use 

o f the Kalman f i l t e r updat ing a lgor i thm would no longer be p o s s i b l e and a set of 

mat r ix i n v e r s i o n s would, thus , have to be performed each per iod to form the 

5 / 

des i red p ro jec t ions .— 

Ins tead of us ing t h i s c o s t l y procedure throughout, we have fo l l owed i t 

once i n a u n i v a r i a t e system as an experiment i n order to est imate the magnitude 

— The Kalman f i l t e r i s a r e c u r s i v e a lgo r i t hm which, g iven cur ren t 
c o e f f i c i e n t es t imates and a se t of a d d i t i o n a l obse rva t i ons , generates the new 
c o e f f i c i e n t s f o r the enlarged data s e t . 
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of the d i f f e r e n c e between us ing two-s ided and one-s ided seasona l l y ad jus ted 

da ta . 

The two-s ided seasonal adjustment procedure we used cons i s t ed of the 

f o l l o w i n g . Given the e n t i r e M1 N s e r i e s , the seasona l l y ad jus ted s e r i e s , M 1 g , i s 

formed us ing a s i m p l i f i e d ve rs i on of the m u l t i p l i c a t i v e , r a t i o - t o - m o v i n g average 

method used i n the Census X-11 program as descr ibed i n S h i s k i n , Young, and 

Musgrave [ 1 9 6 7 ] . The f i r s t step i s c a l c u l a t i o n of a centered 23-term moving 

average of M1^. S-I ( s e a s o n a l - i r r e g u l a r ) r a t i o s are formed by d i v i d i n g M1 ^ by 

the moving average. Seasonal f a c t o r s are generated as a (3x5) moving average o f 

the S-I r a t i o s i n d i v i d u a l l y f o r each month. The seasona l l y ad jus ted s e r i e s Ml 
S 

i s M1 N d i v i d e d by the seasonal f a c t o r s . Th is procedure requ i res va lues of the 

unadjusted s e r i e s 47 s teps ahead and prev ious to each pe r i od i n order to 

c a l c u l a t e the seasona l l y ad justed va lue . 

Th is mechanical procedure generates a s e r i e s which c l o s e l y 

approximates the pub l i shed seasona l l y ad jus ted M1 s e r i e s , M1-SA. A comparison o f 

the two dur ing our p r o j e c t i o n p e r i o d , a long w i th the unadjusted da ta , i s g i ven i n 

F igu re 2 . The s e r i e s l a b e l e d " F i l t e r e d M1-NSA" i s generated us ing the above 

method and i s based on unadjusted data a v a i l a b l e through 1978-11 and p r o j e c t i o n s 

o f M1 N beyond tha t da te . Shown are d e v i a t i o n s from constant and t rend of the 

logar i thms of each of the three s e r i e s . 

The f o l l o w i n g i s our one-s ided seasonal adjustment procedure. Given 

M 1 N ( t - s ) , s=0, 1, a f o recas t of M1 N ( t+s) , s=1, 2 , k i s genera ted . The 

fo recas t i s made i n the manner suggested by Geweke, that i s , us ing data up to 

t ime t the reg ress ion o f M1 N ( t ) on M 1 N ( t - 1 ) , M 1 N ( t - 1 2 ) , and M1 N ( t -13) i s 

computed. The r e s i d u a l s are then regressed on themselves i n a s i x t h order 

a u t o r e g r e s s i o n . They are p ro jec ted k s teps ahead us ing the cha in r u l e . These 

f o r e c a s t s of r e s i d u a l s can then be plugged i n t o the f i r s t r e g r e s s i o n a l l o w i n g 



Figure 2 

This graph compares the seasonally adjusted M1 series generated by 
the two-sided seasonal filter defined in the text (Filtered M1-NSA) 
with the published seasonally adjusted series (M1-SA) and not 
seasonally adjusted series (M1-NSA). All three are shown as devia
tions from constant and trend of logarithms of the data. 
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c a l c u l a t i o n of M1^(t+s), s=1, 2, k. Us ing these va lues f o r M1^ the above 

two-s ided adjustment procedure i s app l i ed to generate M 1 ^ ( t - s ) , s=0, 1, . . . . 
s 

The above techniques a l l ow us to generate two s e r i e s of growth ra tes o f 

seasona l l y ad jus ted M1 as f o l l o w s : 

1- S NSA(t) = 6 0 0 [ M l t ( t ) - M 1 t ( t - 2 ) ] / M 1 t ( t - 2 ) tha t i s , the two-month growth 
s s s 

ra tes o f s e a s o n a l l y ad jus ted M1 which become a v a i l a b l e month by month 

through the use o f the one-s ided seasona l adjustment procedure; and 

2 - S NSA(t) = 600[M1 (t)-M1 ( t -2) ] /M1 ( t - 2 ) , the two-month growth ra tes o f 
s s s 

M1 , the s e r i e s generated by the two-s ided seasonal adjustment procedure s 

a p p l i e d to the e n t i r e not seasona l l y ad jus ted M1 s e r i e s . 

In F igu re 3 we have p l o t t e d these two s e r i e s a long w i th " S A , " the growth r a t e s 

imp l ied by the f i n a l pub l i shed seasona l l y ad jus ted M1 data which we used i n 

Sec t i on 3. The s e r i e s " 1 - S NSA" c l o s e l y approximates both " 2 - S NSA" and " S A . " 

We now de f ine " r e a l - t i m e f o r e c a s t i n g " as the technique o f f o r e c a s t i n g 

fu tu re va lues of M1 based on M l \ that i s , of r e e s t i m a t i n g . M l ^ C t - s ) , s=0, 1, 
s s s 

on the b a s i s o f M l ^ C t - s ) , s=0, 1, each per iod and us ing those es t imates 
to p ro jec t M1 ( t+1), M1 (t+2), . . . . We have c a l c u l a t e d e r ro r s t a t i s t i c s s s 

comparing the f o r e c a s t s o f growth ra tes of M1 generated by t h i s method w i th 
s 

those generated by p r o j e c t i n g M1 on i t s e l f . 
s 

Our experiments show that there i s on ly a ra ther sma l l advantage gained 

by us ing the f i n a l seasona l l y ad jus ted numbers throughout ra the r than the r e a l 

t ime f o r e c a s t i n g method. R e c a l l from Sec t i on 3 tha t the one-step p r o j e c t i o n s by 

a u n i v a r i a t e s i x t h order au to reg ress ion o f two-month growth r a t e s o f "SA" 

generate a root mean square e r r o r of 2.28 on our p r o j e c t i o n p e r i o d . The 

cor responding e r ro r s t a t i s t i c us ing M1 i s 2 .34 . The root mean square e r r o r of 
s 

f o r e c a s t s us ing the r e a l - t i m e f o r e c a s t i n g method i s 2 . 4 3 . Thus, we have 

demonstrated a procedure of r e a l - t i m e f o r e c a s t i n g which, i n the u n i v a r i a t e case , 



I 

Figure 3 

A comparison of the growth rates of three seasonally adjusted M, 
series shows that applying the one-sided and two-sided adjustment 
procedures defined in the text to not seasonally adjusted data gener
ates series with growth rates very close to those of the published 
seasonally adjusted data. 
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generates e r r o r s only s l i g h t l y l a r g e r than our o r i g i n a l method of p r o j e c t i n g 

f i n a l seasona l l y ad justed da ta . These r e s u l t s show that our root mean square 

e r ro r s t a t i s t i c s on f i n a l seasona l l y ad jus ted s e r i e s should be ad jus ted upward by 

approx imate ly .09 (2 .43-2 .34) i n order to account f o r e r r o r s which would have 

been made i n r e a l - t i m e f o r e c a s t i n g over t h i s per iod us ing our one-s ided seasonal 

adjustment procedure. 

On the other hand, the Board does not attempt to f o recas t growth ra tes 

which correspond to our f i n a l s e a s o n a l l y ad jus ted da ta . The i r procedure 

corresponds to us ing cur ren t one-s ided seasonal numbers to p ro jec t the next 

p e r i o d ' s one-s ided seasonal growth r a t e . F o l l o w i n g P o r t e r , F a r r , and Perea 

[1978] , we c a l l the r e a l i z e d one-s ided seasona l l y ad jus ted growth r a t e s , 

" a c t u a l s . " We could not d i r e c t l y attempt to f o recas t t h i s s e r i e s because we do 

not have i t s va lues p r i o r to 1972-2. I ns tead , we performed the cor responding 

exper iment , that i s , f o recas t fu ture va lues o f " 1 - S NSA" based on cur ren t M1 f c w i th 
s 

a u n i v a r i a t e system, and obta ined one-step fo recas t e r r o r s w i th a RMSE of 2 . 1 0 . 

Th is would i n d i c a t e a s u b s t a n t i a l improvement over the Board r e s u l t s , which are 

summarized below. 

However, as shown i n F igure 4, our " 1 - S NSA" i s not a p a r t i c u l a r l y 

c l ose approx imat ion to the " a c t u a l " s e r i e s used by the Board. One d i f f e r e n c e 

between the two i s a t t r i b u t a b l e to the r e v i s i o n s i n the data a f t e r the " a c t u a l " 

number i s generated. To t h i s extent the " a c t u a l " s e r i e s represents a no isy 

measurement of the " 1 - S NSA" s e r i e s . Some of the d i f f e r e n c e i s a l s o caused by 

the Boa rd ' s use o f a one-s ided seasonal adjustment procedure which does not 

min imize subsequent r e v i s i o n . In any case , i t i s c l e a r that the " a c t u a l " s e r i e s 

has more v a r i a t i o n than the s e r i e s we have used. We have q u a n t i f i e d the 

inc reased v a r i a t i o n by computing the standard e r r o r s o f the d i f f e r e n t s e r i e s 

about t h e i r means, and by computing the s tandard e r r o r s of the r e s i d u a l s i n 



Figure 4 

The series "actual," which forms the basis of the real-time forecast 
errors of the Board, shows more variation than the growth rates of 
1-S NSA, the series being forecast in this study which most closely 
approximates it. 
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t h i r d - o r d e r au to regress ions w i th constants f o r the 72-5 to 77-11 p e r i o d . The 

r e s u l t s are shown i n Table 4 . 

Table 4 

V a r i a t i o n of Four M1 Growth S e r i e s 

Ac tua l s SA 1-S NSA 2-S NSA 

Standard Dev ia t i on 
o f S e r i e s 3-915 3-182 3-062 3-431 

Standard Dev ia t i on 
o f Res idua ls of 
3rd Order Auto
r e g r e s s i o n 3-369 2.668 2.299 2.739 

In the study by P o r t e r , F a r r , and Perea , Board f o recas t e r r o r s are 

repor ted as a f unc t i on of the number of weeks a f t e r the FOMC meeting the f o r e 

cas t s were made. S ince the t im ing of the FOMC meeting v a r i e s to some extent from 

month to month, none o f t h e i r e r ro r s t a t i s t i c s can e x a c t l y represent f o r e c a s t s 

made w i th in fo rmat ion se t s which match those i m p l i c i t i n our procedure. 

We suggest that the in fo rmat ion a v a i l a b l e two weeks a f t e r FOMC i s the 

best approx imat ion to the in fo rmat ion used i n our one-step f o r e c a s t s . The RMSE 

of those f o r e c a s t s i s 2 .62 . The other e r r o r RMSE's, rang ing from one week p r i o r 

to FOMC to three weeks a f t e r , were 3-49, 3-18, 2 .92 , 2 .62 , and 2.18 r e s p e c t i v e l y . 

R e l a t i v e to these numbers, the RMSE's generated by both the u n i v a r i a t e 

and vector s p e c i f i c a t i o n s we have tes ted appear ra the r s m a l l . Un fo r t una te l y , the 

cons ide ra t i ons which we r a i s e above fo rce us to conclude tha t such a comparison 

must be viewed w i th extreme c a u t i o n . 

5 . Conc lus ions 

Th is paper presents the r e s u l t s o f an experiment i n which we have t r i e d 

to t e s t the f o r e c a s t i n g performances of mechanica l procedures and compare them 

w i th the compiled e r ro r s o f the judgmental f o r e c a s t s of the Board. In g e n e r a l , 



- 18 -

our f o r e c a s t i n g r e s u l t s by the mechanical procedures have appeared encouraging 

r e l a t i v e to judgmental r e s u l t s . However, we have found many d i f f i c u l t i e s i n 

making such a comparison. 

We f e e l more u s e f u l comparisons can be made amoung d i f f e r e n t 

mechanical f o r e c a s t i n g procedures us ing the techniques we have d e s c r i b e d . Our 

t e s t s on u n i v a r i a t e , smal l and l a r g e r vec to r au to reg ress i ve s p e c i f i c a t i o n s 

suggest tha t i ns t rumenta l r e s t r i c t i o n s i n the form of Bayesian p r i o r s can gen

era te s i g n i f i c a n t improvements i n f o recas t performance over u n r e s t r i c t e d models. 
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