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FORECASTING THE MONEY SUPPLY I N  TIME SERIES MODELS 

Abstract  

I n  t h i s  paper, time ser ies techniques are used t o  forecast  quar te r l y  money 

supply leve ls .  Results ind ica te  t h a t  a b i v a r i a t e  model inc lud ing an i n t e r e s t  

r a t e  and M-1 pred ic ts  M-1 be t t e r  than the un ivar ia te  model using M-1 only and 

as wel l  as a 5- var iable model which adds prices, output, and c red i t .  

The paper also presents evidence on the issue o f  using seasonally adjusted 

data i n  forecast ing w i th  time ser ies models. The imp1 i ca t ions  o f  these 

resul  t s  apply t o  a1 1 econometric model ing. Resul t s  support the hypothesis 

t ha t  using seasonally adjusted data can lead  t o  spurious cor re la t ion  i n  

mu1 t i v a r i a t e  model s. 

I. Introduct ion 

The goal o f  t h i s  research i s  t o  b u i l d  a s t a t i s t i c a l  model r e l a t i n g  the 

intermediate targets o f  monetary pol i c y  t o  i n f l a t i o n  and output. The Federal 

Reserve has used both i n t e r e s t  ra tes and the money supply as intermediate 

targets i n  t he  past  20 years. It has j u s t  recen t l y  adopted an experimental 

ta rge t  range f o r  c red i t .  1 

This model would be used t o  monitor the economic re1 at ionships t h a t  are 

assumed (predicted) i n  the construction of the intermediate targets and t o  

devel op tes ts  t h a t  woul d suggest when the predicted re1 at ionships are re jec ted  

by the  data. When the assumptions underlying the targets are rejected, the 

targets should be changed. 

Th is  paper reports the resu l t s  o f  pre l  iminary work on t h i s  project. A 

5- var iate model i s  estimated and i t s  forecasts o f  the money supply are 
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compared w i th  forecasts from univar ia  t e  and b i v a r i a t e  models. Estimation 

procedures developed by Tiao and Box (1981) are used t o  estimate the 

simultaneous equation model (SEM) wi thout p r i o r  r es t r i c t i ons .  Ze l lner  and 

Palm (1974) argued t h a t  time ser ies  analysis could be used t o  t e s t  the 

assumptions underlying econometric models--assumptions about var iab les being 

exogenous, about lags i n  the dynamic s t ructure o f  the model, and about the 

cor re la t ions between the random elements o f  economic variables. The problem 

faced by Zel l n e r  and Palm i n  1974 was t h a t  there were no time ser ies methods 

ava i lab le  by which one could estimate d i r e c t l y  the parameters o f  an SEM 

model. The procedures they recommended involved est imat ing approximations t o  

appropriate transformations of the time ser ies s t ruc tu ra l  model, t h a t  is ,  the 

f i n a l  form and the t ransfer  funct ion form. This suggestion by Zel l n e r  and 

Palm l e d  t o  procedures developed by Granger and Newbold (1977), Wall i s  (1977), 

and Chan and Wal l is  (1978). A l l  o f  these procedures are computationally 

burdensome and i n t u i t i v e l y  i n f e r i o r  t o  one t h a t  can provide d i r e c t  estimates 

o f  the parameters. Because o f  computational complexity, these procedures were 

1 im i ted  t o  models w i t h  2 or, a t  most, 3 variables. 

Sims (1977, 1980) recommended est imat ing the vector autoregressive form o f  

the model. The problem w i th  t h i s  approach i s  t h a t  i t  leads t o  a plethora of 

parameters i n  mu l t i va r ia te  models. Sims has solved t h i s  problem by 

a r b i t r a r i l y  t runcat ing the order o f  the autoregression. Others have used the 

Akaike (1969, 1970) f i n a l  p red ic t ion  e r ro r  i n  pre l  iminary analysis t o  speci fy 

opt ional  l a g  lengths f o r  each variable. (See, f o r  example, Hsiao 1982 o r  

Fackler 1982. ) This prel iminary analysis i s  i n  a l i m i t e d  sense the 

counterpart o f  the i d e n t i f i c a t i o n  stage i n  the Tiao-Box procedure. A major 

drawback o f  t h i s  autoregressive approach i s  t h a t  one i s  constrained t o  a 

subset o f  models t ha t  are possible using the more general Tiao-Box procedure. 
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I I. The Vector ARIMA Model 

The f o l l  owing i s  a very b r i e f  descr ip t ion o f  the vector Autoregressive 

Integrated Moving Average (ARIMA) model. A more deta i led descr ip t ion i s  given 

i n  Tiao and Box (1981 ). I n  the vector ARIMA model, i t  i s  assumed e i t he r  t h a t  

each ser ies i s  s ta t ionary  o r  t h a t  some su i tab le  d i f ference o f  the data i s  

stat ionary. Thus, i f  z t  i s  the o r i g i n a l  k dimensional vector valued time 

series, then i t  i s  assumed t h a t  

d S D i  
'it = ( I - B )  ( I - B )  Zit 

i s  s ta t ionary  f o r  each component o f  z f o r  an appropriate choice o f  di and 
r L t  

- Di where B i s  the backsh i f t  operator (i.e., Bzit - S i s  the 

seasonal period (e.g., f o r  quar te r l y  data, S = 4), and di(Di) i s  the 

nunher o f  regul ar  (seasonal ) d i  f ferences necessary t o  make wit s tat ionary.  

The model i s  presented i n  terms o f  the s ta t ionary  ser ies ct. The general 

vector ARIMA model i s  given by 

where 

O ( B )  = I - O B  - ... - CJ B P ,  
%P - -1 2' P  
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the $.Is, @.'s, O.'s,o.'s, and a. are k x k unknown parameter 
*J S J  "JJ "JJ 

matrices, and the a 's are k x 1 vectors o f  random var iables which are 
,t 

i d e n t i c a l l y  and independently d i s t r i bu ted  as N(Oyt ). Thus, i t  i s  assumed 

tha t  the z t ' s  a t  d i f f e r e n t  points i n  time are independent, b u t  not  

necessari ly t h a t  the elements o f  qt are independent a t  a given po in t  i n  time. 

The Tiao-Box procedure a1 lows one t o  estimate the s t ruc tu ra l  parameters o f  

a mu1 t i v a r i a t e  simul taneous equation model. The procedure i s  an i n te rac t i ve  

one s im 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 ing le  equation Box-Jenkins 

model ing. The steps involved are: 1 ) t en ta t i ve l y  i d e n t i f y  a model by 

examining autocorrel a t ions and cross-correl at ions o f  the series; 2) estimate 

the parameters o f  t h i s  model; and 3)  apply diagnostic checks t o  the 

residuals. I f  the res iduals  do no t  pass the diagnostic checks, then the 

ten ta t i ve  model i s  modif ied and steps two and three are repeated. Th is  

process continues u n t i l  a sa t i s fac to ry  model i s  obtained. 

111. The Empirical Models 

I n  t h i s  section the Tiao-Box procedure i s  used t o  estimate the h i s t o r i c a l  

re la t ionsh ips among the intermediate targets and the goals o f  monetary 

pol icy. The model estimated below includes 3 quan t i t y  var iables and 2 p r i c e  

var iables from the markets f o r  goods, c r e d i t  and money. M-1 i s  used t o  

measure the money supply (M-1). Cred i t  i s  measured as funds ra ised by the 

non-f inanc ia l  sector (NFD) inc lud ing p r i va te  and government debt. This 

measure d i f f e r s  s l i g h t l y  from the actual measure t h a t  has been adopted by the 

Federal Reserve as an experimental and supplemental ta rge t  f o r  monetary po l i c y  

i n  1983. Our var iab le  i n c l  udes equi t ies  issued by nonfinancial corporations 

and funds ra ised i n  the United States by subsidiar ies o f  foreign 

corporations. The quant i ty  o f  goods i s  measured as GNP i n  constant (1972) 

do l l a r s  (GNP72). The p r i c e  o f  output i s  the imp1 i c i t  GNP de f la to r  (PGNP). 
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The p r i ce  o f  c r e d i t  i s  measured as the y i e l d  on 3-month Treasury secur i t i es  

(RTB3). 

This work i s  p re l  iminary i n  many ways. F i r s t ,  we have n o t  checked the 

s e n s i t i v i t y  o f  our resu l  t s  t o  a1 te rna t i ve  measures o f  the i n c l  uded variables. 

Certainly, the 3-month Treasury b i l l  note i s  an a r b i t r a r y  measure o f  the y i e l  d 

on cred i t .  Second, we have no t  checked the s e n s i t i v i t y  o f  our r esu l t s  t o  the 

i n c l  usion o f  other markets. Speci f i c a l  ly, much o f  the work i n  macroeconomics 

suggests t h a t  the 1 abor market i s  no t  i n  continuous equi l  ib r ium and t h a t  

events i n  t h a t  market are important determinants o f  f l uc tua t ions  i n  both 

output and i n f l a t i on .  Third, one o f  the most important t es t s  o f  any model i s  

how wel l  i t  does i n  forecast ing out-of-sample. I n  the l a s t  sect ion we compare 

out-of-sample forecasts f o r  M-1 from a1 te rna t i ve  time ser ies models, bu t  we do 

not  evaluate forecasts o f  the other var iables nor do we provide a 

comprehensive comparison o f  our model's pred ic t ions w i th  non-time ser ies 

procedures. 2 

Using the notat ion from the introduct ion,  w i s  a vector o f  the 5 economic 
(\I 

variables. Th is  vector has an associated random vector, at. The model i s  
".A 

estimated twice, once using seasonally adjusted datq and once w i t h  

not-seasonally adjltsted data. The w vector includes appropr iately di f ferenced 

1 ogari thms o f  each variable. The estimates using not-seasonal l y  adjusted data 

should be considered superior a p r i o r i  because the seasonal fac tors  are 

estimated j o i n t l y  w i th  the other parameters o f  the model. This i s  i n  cont rast  

t o  using seasonally adjusted data where the seasonal f i l t e r s  appl ied t o  the 

data are d i f f e r e n t  f o r  each var iab le  and the seasonal adjustment procedures do 
-, 

no t  take account o f  co r re la t ion  between series. Wall i s  (1974) has shown t h a t  

using data t h a t  has been seasonally adjusted w i t h  conventional procedures may 

l ead  t o  incor rec t  inference i n  dynamic models. 
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The model estimated using the not-seasonally adjusted data i s  given i n  

tab le  1. The model estimated using seasonally adjusted data i s  given i n  

tab1 e 2. When the models are i n  the general form, they are d i f f i c u l t  t o  

i n t e r p r e t  because there may be in te rac t ions  among the autoregressive and 

moving average operators. Consequently, we express the models i n  the moving 

average form as shown i n  tab le  3. This leads t o  the fo l lowing in terpreta t ions.  

The Pr ice  o f  Goods. For the not-seasonal l y  adjusted data, the imp1 i c i t  

de f la to r  i s  independent o f  the r e s t  o f  the  model i n c l  ud inp  contemporaneous 

correlat ions. According t o  these estimates, i n f l a t i o n  can be modeled as a 

un ivar ia te  ARIMA model w i th  a f i r s t - o rde r  autoregressive and a f i r s t - o rde r  

moving average term. This model suggests t h a t  information from the money 

supply, c r e d i t  aggregates, the  i n t e r e s t  r a t e  and rea l  output w i l l  no t  he lp  

p red ic t  changes i n  the p r i ce  l eve l  once we have taken account o f  informat ion 

i n  the h i s t o r y  o f  the p r i ce  leve l .  

This s i t u a t i o n  changes dramat ical ly  when we examine the same equation from 

the model estimated w i th  seasonally adjusted data. I n  t h i s  model, i n f l a t i o n  

responds p o s i t i v e l y  t o  1 agged money supply, negat ively t o  1 agged c red i t ,  and 

(a1 though weakly) negat ively t o  lagged i n t e r e s t  rates. A l l  o f  these 

re la t ionsh ips invo lve decaying lagged patterns because o f  the autoregressive 

terms i n  the model. 

While the pos i t i ve  dependence o f  i n f l a t i o n  on money supply growth w i l l  be 

encouraging t o  some, we would have more confidence i n  t h i s  sesul t i f  i t  was 

evident i n  the not-seasonally adjusted model. Part  o f  the model no t  captured 

i n  the parameter matrices i s  the estimate o f  the cor re la t ions between 

contemporaneous errors. I n  nei ther case i s  there a s i g n i f i c a n t  co r re la t ion  

between the e r ro rs  from the i n f l a t i o n  equation and the other errors. 3 

M-1. The second equation determines the money supply. I n  tab le  1 we can - 
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see t h a t  the seasonal p a r t  o f  the model requi red a four th  d i f ference and a 

fourth-order moving average t o  represent the seasonal movement i n  the 

~ e r i e s . ~  The money supply i s  determined by a moving average o f  the e r r o r  

from the M-1 equation and a second-order moving average o f  the e r ro r  from the 

i n t e r e s t  r a t e  equation. 

The sign o f  the moving average parameter on the i n t e r e s t  r a t e  e r r o r  i s  

consistent w i th  the money demand l i t e ra tu re .  The s ign i f icance o f  a "scale" 

variable, usual ly  income or  wealth, i n  almost every model o f  money demand 

suggests t h a t  there should be s i g n i f i c a n t  co r re la t i on  between M-1 and output. 

I n  tab le  1, the cor re la t ion  between e r ro rs  i n  the money and output equations 

i s  n o t  s ign i f i can t .  However, there i s  a s t rong contemporaneous cor re l  a t i o n  

between the e r ro r  i n  the M-1 equation and the e r ro r  i n  the c r e d i t  equation. 

Using seasonally adjusted data resul  t s  i n  changes t h a t  support t r a d i t i o n a l  

money demand models. The major d i f ferences are a s i gn i f i can t  pos i t i ve  

cor re la t ion  between the er rors  from the M-1 and output equations and a 50 

percent increase i n  the estimated i n t e r e s t  r a t e  e l  as t i c i t y .  There i s  a lso a 

s i g n i f i c a n t  e f f e c t  from c r e d i t  s t a r t i n g  a t  l a g  one. 

Credit. The t h i r d  equation determines c red i t ,  t h a t  i s ,  the amount o f  

funds ra ised  by the nonfinancial sector. I n  tab le  3, we see t h a t  

not-seasonally adjusted c r e d i t  depends on lagged M-1 growth, o n  the i n t e r e s t  

r a t e  1 agged 3 quarters and on a f i r s t - o rde r  moving average error. I n  a1 1 

these "quanti ty" equations, M-1, NFD, and GNP72, the seasonal model involved a 

fourth-order di f ference and a fourth-order moving average parameter. The 

contemporaneous e r ro r  i n  the c r e d i t  equation was s i g n i f i c a n t l y  cor re la ted w i t h  

the e r ro rs  from the M-1 and the rea l  output equations. 

The c r e d i t  equation estimated using seasonally adjusted data d i  f i e r s  from 

the equation i n  tab le  1 i n  t h a t  c r e d i t  does n o t  depend on past M-1 o r  past  
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i n t e r e s t  rates. Using seasonally adjusted data we f i n d  t h a t  M-1 depends on 

past  c r e d i t  b u t  t h a t  c r e d i t  does no t  depend on past M-1. This i s  exact ly  

opposite t o  our f indings when we used not-seasonally adjusted data. 

The I n te res t  Rate. The four th  equation determines the i n t e r e s t  ra te ,  the 

y i e l d  on Treasury b i l l s  w i t h  3 months t o  maturi ty. I n  the not-seasonally 

adjusted model, changes i n  the i n t e r e s t  r a t e  depend only on past  e r ro rs  from 

the M-1 equation and on past  e r ro rs  from the i n t e r e s t  r a t e  equation. There i s  

no s i  gn i f i can t  contemporaneous cor re la t ion  between the e r ro r  from the i n t e r e s t  

r a t e  equation and any o f  the e r ro rs  from the other equations. 

I n  the seasonally adjusted model the i n t e r e s t  r a t e  depends on past M-1 and 

c red i t .  I n  both models the re la t ionsh ip  between the i n t e r e s t  r a t e  and M-1 i s  

pos i t i ve  i nd i ca t i ng  a supply re1 ationship. These models suggest t h a t  s ing le  

equation money demand models i nco r rec t l y  t r e a t  the i n t e r e s t  r a t e  as 

exogenous. Again, the e r ro r  from the i n t e r e s t  r a t e  equation i s  no t  

s i g n i f i c a n t l y  cor re la ted w i t h  contemporaneous er rors  from any o f  the other 

equations. 

Real Output. I n  the not-seasonally adjusted model r ea l  output depends on 

lagged M-1 growth, i n f l a t i o n  and i n t e r e s t  rates. These estimates c l  ea r l y  

r e j e c t  the hypothesis t h a t  r e a l  output i s  independent o f  ant ic ipated changes 

i n  the money supply. There i s  a weak cor re la t ion  between contemporaneous 

e r ro r s  i n  M-1 and output, b u t  i t  i s  no t  s i g n i f i c a n t  a t  the 5-percent leve l .  

When seasonally adjusted data i s  used output depends on past  i n f l a t i o n ,  

M-1 , cred i t ,  and i n t e r e s t  rates. This equation i s  consistent  w i th  the 

hypothesis t ha t  accel e ra t ing  i n f l  a t i on  has a s i g n i f i c a n t  depressing e f f e c t  on 

t he  t rend i n  output growth. The er rors  i n  output are s i g n i f i c a n t l y  cor re la ted 

w i t h  the errors from the money and c r e d i t  equations. 

Sumnary o f  Estimated Model s. I n  every equation, d i f f e r e n t  var iables 

http://clevelandfed.org/research/workpaper/index.cfm
Best available copy



were s i  gni f i  cant depending on whether not-seasonal l y  o r  seasonal l y  adjusted 

data was used. The contemporaneous cor re l  a t ions between e r ro rs  were very 

s im i l a r  i n  both models. The strongest contemporaneous corre la t ions were 

between M-1 and c r e d i t  and between rea l  output and c red i t .  The 

contemporaneous cor re la t ion  between output and money was j u s t  bare ly  

s i g n i f i c a n t  i n  the seasonally adjusted model and j u s t  marginal ly i ns i gn i f i can t  

i n  the not-seasonal l y  adjusted model . 
One i n te res t i ng  r e s u l t  was t h a t  f o r  the seasonally adjusted data, twelve 

o f  the twenty off-diagonal terms o f  the moving average representation were 

non-zero, whi le  only seven were non-zero f o r  not-seasonally adjusted data. 

Th is  r e s u l t  supports the (Wal l is  (1974) c la im t h a t  the o f f i c i a l  (Census X-11 

var ian t )  seasonal adjustment procedure can induce spurious dynamic cor re l  a t i on  

between variables. 

Using not-seasonally adjusted data resu l t s  i n  a forecast ing model t h a t  i s  

block recursive w i th  two independent leading blocks, the p r i c e  equation by 

i t s e l f ,  and the money and i n t e r e s t  r a t e  equations. The c r e d i t  equation 

depends on the money and i n t e r e s t  r a t e  block. The output equation depends on 

both leading blocks. This r e s u l t  suggests t h a t  a b i va r i a te  model inc lud ing  

j u s t  the i n te res t  r a t e  and M-1 would p red ic t  M-1 as wel l  as the 5- var iate 

model. Both should outperform a un ivar ia te  model o f  the money supply process. 

Using seasonally adjusted data resu l t s  i n  a block recursive forecast ing 

model i n  which the c r e d i t  equation forms the leading block, the money and 

i n t e r e s t  equations form the second block, the i n f l a t i o n  equation i s  t h e  t h i r d  

block, and the output equation i s  the f i n a l  block. I n  t h i s  case the forecasts 

of M-1 from the 5-variable model should outperform both the b ivar ia te ,  

inc lud ing  M-1 and the i n t e r e s t  rate,  and un ivar ia te  models. 
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I V .  Forecasting the Money Supply i n  Time Series Models 

Three time ser ies models o f  the money supply were estimated using both 

seasonally and not-seasonal l y  adjusted data over the per iod from the f i r s t  

quarter o f  1959 t o  the four th  quarter o f  1979, and forecasts were generated 

over the per iod from the f i r s t  quarter o f  1980 t o  the t h i r d  quarter  o f  1982. 

The 3 models are a un ivar ia te  model o f  M-1 , a b i v a r i a t e  model o f  M-1 inc lud ing 

the  y i e l d  on 3-month Treasury b i l l s ,  and the 5- var ia te  model shown i n  tab le  1 

o f  section 1. 

The resu l t s  i n  tab le  1 show t h a t  f o r  not-seasonally adjusted data, the 

money supply and the i n t e r e s t  r a t e  form a 1 eading recursive block i n  the 

forecasting model. Therefore, we would expect the  b i va r i a te  model t o  do 

be t te r  than the un ivar ia te  and as wel l  as the 5- var iate model. The models f o r  

M-1 are displayed i n  tab le  4. An i n te res t i ng  feature o f  these three models i s  

t h e i r  s im i l a r i t y .  The f i r s t -  and fourth-order moving average terms are almost 

iden t i ca l  i n  a l l  three cases. The estimated i n t e r e s t  r a t e  e l a s t i c i t y  i s  

s im i l a r  i n  the mu l t i va r i a te  models. I n  the b i v a r i a t e  model the f i r s t - o rde r  

moving average parameter on the i n t e r e s t  r a t e  e r r o r  i s  no t  s i g n i f i c a n t l y  

d i f ferent  from zero, b u t  i t s  excl usion 1 eads t o  s i g n i f i c a n t  se r i a l  co r re la t ion  

between er rors  i n  the i n t e r e s t  r a t e  and M-1. 

The resu l t s  o f  the forecast ing experiment are given i n  tab le  5. Panel a. 

o f  tab le  5 shows the resu l t s  o f  one-step-ahead forecasts. The resu l t s  show 

t h a t  the forecasts became s l i g h t l y  be t t e r  as more var iables were added t o  the 

model. The di f ferences are small, however, and the Root Mean Square Errors  

(RMSEs) are disappoint ingly large. One reason f o r  t h i s  may have been the 

c r e d i t  cont ro ls  imposed i n  the second quarter o f  1980 and removed i n  the t h i r d  

quarter o f  the .same year. We attempted t o  abst ract  from the e f f e c t  o f  these 
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controls i n  two ways. 

F i r s t ,  we ran n-step-ahead forecasts, which d i d  no t  use any actual data 

a f t e r  the four th  quarter  of 1979. The resu l t s  were much be t t e r  and they 

favored the mu1 t i v a r i a t e  model s (see panel b. 1. However, the confidence 

in te rva ls  are so wide on these forecasts t h a t  we must ascribe the good 

performance t o  coincidence. I n  panel c. we repeated the n-step-ahead 

forecasts using the i n i t i a l  values from the f i r s t  quarter  o f  1980. The 

resul  t s  were much worse, a1 though the mu1 t i v a r i a t e  model s s t i l l  outperformed 

the un ivar ia te  model. 

The second method we used t o  intervene i n  the model t o  cor rect  for c r e d i t  

controls was t o  rep1 ace actual values o f  M-1 and the i n t e r e s t  r a t e  i n  the 

second quarter  o f  1980 and t h i r d  quarter  o f  1980 w i t h  predicted values. This 

e l  iminated er rors  i n  those quarters. Panel d. 1 i s t s  the mean e r ro r  and RMSE 

f o r  the 8 quarters beginning i n  the f i r s t  quarter  o f  1980. I n  t h i s  case, the 

mean e r ro r  was s l  i gh t l y  1 arger than i n  panel a. , b u t  the RMSE was much small e r  

and more i n  1 i ne  w i t h  the e r ro r  normal l y  found i n  regression models o f  the 

money supply. 

For the seasonally adjusted data, the models f o r  M-1 are given i n  

tab le  6. The b i v a r i a t e  and 5- var iate models are s im i l a r  i n  t h a t  the 

autoregressive terms are close and the f i r s t - o rde r  moving average terms on the 

i n te res t  r a t e  are roughly the same. The non-significance o f  the constant i n  

the 5- var iate model i s  due t o  the addi t ion o f  the  c r e d i t  term. The un ivar ia te  

model i s  ac tua l l y  c loser t o  the other two models than i t  a t  f i r s t  appears. 

This can be seen by transforming t h i s  model as follows: 

2 - 1  2 8 (1-.414B-.363b ) A lnM1 = (1-.238B )a2t 

o r  by d iv id ing  the f i r s t  operator i n t o  one o f  the 1-B factors, 
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Also, the res iduals  from both the b i v a r i a t e  and 5- var iate models f o r  M-1 had 

j u s t  bare ly  nons ign i f icant  co r re la t ions  a t  l a g 8 .  Thus, these models would 

have a moving average term o f  l a g  8, which would no t  d i f f e r  subs tan t ia l l y  from 

t h a t  o f  the un ivar ia te  model i f  t h i s  parameter were included. Thus, the  

models are q u i t e  s im i l  i a r .  

The resu l t s  o f  forecast ing using the seasonally adjusted models are 

presented i n  tab1 e 7. The resul t s  f o r  the one-step-ahead forecasts agree w i  t h  

the statement t h a t  the un ivar ia te  model should be outperformed by both the 

b i va r i a te  and the 5- var iate models and t h a t  the 5- var iate model shoul d do 

be t t e r  than the b i v a r i a t e  model. A1 so, these RMSEs are smaller than those o f  

the not-seasonally adjusted models. Th is  may be due t o  the f a c t  t h a t  when the 

data was seasonally adjusted, an attempt was made t o  ad just  f o r  the e f f ec t s  o f  

c r e d i t  cont ro l  .5 We repeated the three addi t iona l  forecast ing experiments 

from above. The resu l t s  f o r  the n-step-ahead forecasts from the four th  

quarter  o f  1979 are ra ther  strange i n  t h a t  the un ivar ia te  model i s  much be t te r  

than the other two models. This r e s u l t  i s  n o t  t r ue  when forecast ing from the 

f i r s t  quarter  o f  1980 where the 5- var ia te  model i s  much bet ter .  Examining the 

f i n a l  r esu l t ,  we see t h a t  indeed, even the seasonally adjusted models forecast  

be t t e r  past  the c r e d i t  control  period. 

Overall, these forecast ing resu l  t s  from t h i s  shor t  per iod do no t  

d is t ingu ish  sharply between the three t ime ser ies models. This may r e f l e c t ,  

i n  part,  the p a r t i c u l a r l y  v o l a t i l e  per iod over which the forecasts were run. 

Besides the c r e d i t  controls, there was a1 so a change i n  Federal Reserve 

operating procedures j u s t  before the s t a r t  o f  the forecast ing period. This 

change has been associated w i th  higher variance i n  both i n t e r e s t  ra tes and M-1 . 
One way t o  get  around t h i s  problem would be t o  "backcast" i n t o  the 1950s 

using the estimated parameters o f  the model. It may also be i n s t r u c t i v e  t o  

look a t  d i f f e r e n t  variables. Forecasting output may be more useful i n  

determining the advantage o f  1 arger time ser ies model s because output depends 

on more var iables i n  the system than does M-1. 
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V. Conclusion 

I n  t h i s  paper we have used the Tiao-Box procedure t o  i d e n t i f y  and estimate 

a dynamic simultaneous equation model. The procedure leads t o  a parsimonious 

representation o f  a model inc lud ing markets f o r  goods, money, and c red i t .  The 

resu l t s  from the forecast ing experiment were mixed. I n  5 o f  the 8 

experiments, the 5-variate model gave b e t t e r  forecasts than the small e r  

models. I n  two o f  the other cases the r e s u l t s  were very close. This was a 

turbulent  per iod for monetary pol icy.  The Federal Reserve adopted a new 

operating procedure i n  October 1979. That change i n  regimes was fo l lowed by 

unpredicted swings i n  the i n te res t  r a t e  and more v o l a t i l e  growth i n  the money 

supply. I n  sp i t e  o f  th is ,  the out-of-sample quar te r l y  pred ic t ion e r ro r  o f  M-11 

was on the order o f  1 percent when we intervened f o r  the per iod o f  c r e d i t  

controls. This e r ro r  i s  o f  the same magnitude as t h a t  which has been found 

when standard econometric models are used. Overall, there was no t  much 

d i f ference between the d i f f e r e n t  model s. Perhaps as we gather more 

informat ion we w i l l  be be t t e r  able t o  choose between these models. 

I n  the not-seasonal l y  adjusted model, i n f l a t i o n  was independen't o f  a1 1 the 

intermediate targets. This suggests t h a t  a d i f f e r e n t  spec i f i ca t ion  o f  the 

model w i l l  be needed t o  represent the transmission mechanism going from 

monetary pol i c y  t o  i n f l a t i o n .  Using seasonally adjusted data leads t o  a model 

t h a t  i s  more useful f o r  po l i cy  evaluation. However, i f  the dynamic 

cor re la t ions are spurious, caused by an inappropriate seasonal mode? , then we 

cannot r e l y  on t h i s  model e i ther .  One possible approach t h a t  we plan t o  

invest igate,  i s  t o  combine i n f l a t i o n  and output i n t o  nominal GNP and b u i l d  a 

model r e l a t i n g  nominal GNP t o  the intermediate targets. I n  practice, much o f  

the discussion surrounding monetary pol i c y  goals i s  couched i n  terms o f  

nominal GNP. 
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Footnotes 

1. Fackler and S i l ve r  (1982-83) discuss the issues involved i n  use o f  c r e d i t  

as an intermediate ta rge t  f o r  monetary pol icy.  Friedman (1981 ) and 

Fackler use vector autoregressive methods w i th  seasonally adjusted data t o  

examine the dynamic re la t ionsh ips among i n f l a t i o n ,  output, i n t e r e s t  rates, 

M-1 and c red i t .  

2. O 'Re i l l y  e t  a l .  (1981) repor ts  t h a t  un ivar ia te  ARIMA models d i d  no t  

forecast  as wel l  as the D R I  l a rge  model. The 1 arge model forecasts had a 

r o o t  mean square e r ro r  average 73 percent lower than ARIMA models. They 

present a mu l t i va r ta te  model b u t  do no t  present comparative s t a t i s t i c s  f o r  

t h i s  model. I n  general, 1 arge model forecasts t h a t  "do we1 1 " do so 

because o f  judgmental adjustments t o  the model forecasts. The vector 

ARIMA model can be expected t o  beat non-judgemental forecasts from la rge  

econometric model s . 

3. Throughout t h i s  work, we have used a 5-percent c r i t i c a l  region t o  def ine 

signif icance. 

4. I n  pre l  iminary work, we found t h a t  i f  a Tourth-order autoregressive term 

was included i n  the model, then i t s  estimate was close t o  1. 

Consequently, t he  data were seasonal l y  d i  fferenced. 

5. Pierce and Cleveland (1981) discuss the method used by the Federal Reserve 

t o  ad just  f o r  the e f f ec t s  o f  c r e d i t  control .  
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Table 3 Moving Average Representation 

Not-seasonally adjusted data 
i 

Seasonally adjusted data 
- .  

r 1 
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Table 4 Time Series Models of MlNS* 

(Sample Period: 1959: IQ to 1979: IVQ) 

UN I VAR IATE : 

BIVARIATE: 

5- VARIATE : vv 4 l n  M I N S ~  = (1 + .504B) (1 - .558B4)a2t 

- .012B2 qt 

* Ml NS i s  M-1 not  seasonally adjusted 

a2 = Random component o f  1 n Ml NS 

aq = Random component from the i n t e r e s t  r a t e  equation 
not shown i n  th is  paper 
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Table 5 Out-of-Sample Forecasts f o r  MINS 

(Bi 11 ions of do1 1 a r s )  

Mean Error RMS E 

a .  One-s tep-ahead forecast  1980: IQ t o  1982 : I I IQ 

Univariate -0.582 7.629 
Bivariate -0.277 7.526 
5-Vari a t e  -0.380 7.200 

b. n-Step-ahead forecast  from 1979:IVQ t o  1982:IIIQ 

Univariate -4.871 6.994 
Bivariate -0.381 3.968 
5-Variate -1.367 4.179 

c .  n-Step-ahead forecast  from 1980: IQ to 1982: I I IQ 

Uni va r ia te  -9.103 10.611 
Bivariate -5.939 7.393 
5-Variate -5.411 6.919 

- - - - - -  

d. One-s tep-ahead forecast  wi t h  intervention from 
1979:IVQ to  1982:IIIQ 

Univariate -0.967 4.735 
B i  vari  a t e  -0.547 4.845 
5-Variate -0.574 4.934 
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Table 6 Time Ser ies  Models of M- l *  

(Sample Period : 1959: IQ t o  1979: IVQ) 

UNIVARIATE: 2 l n ~ l  = (1 - .414B - . 3 6 3 ~ 2 )  (1 - . 2 3 8 ~ 8 ) a ~ ~  

B I VAR IATE : (1 - .648B) InM12 = a 2 t  - .0194aqt,l + .00431 

5- VAR IATE : 

*a2 = Random component o f  lnMl 

a4 = Random component o f  lnRTB3 
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Tab le  7 Out- of Sample Forecas ts  f o r  M-1  

( B i  11 i o n s  o f  do1 1 a r s )  

- -- 
Mean E r r o r  RMS E 

a. One-step-ahead f o r e c a s t  1980:IQ t o  1982 : I I IQ  

U n i v a r i a t e  -0.422 6.532 
B i  v a r i a t e  0.118 5.644 
5- Va r i a te  0.206 5.274 

b. n-Step-ahead f o r e c a s t  f r om 1979:IVQ t o  1982 : I I IQ  

U n i v a r i a t e  -2.245 4.639 
B i v a r i a t e  11.536 13.418 
5- Va r i a te  8.220 9.920 

c .  n-Step-ahead f o r e c a s t  f rom 1980: IQ t o  1982 : I I IQ 

U n i v a r i a t e  -5.810 7.296 
B i v a r i a t e  4.573 7.119 
5-Var i  a t e  1.868 4.774 

d. One-step-ahead f o r e c a s t  w i t h  i n t e r v e n t i o n  from 
1979 : I V Q  t o  1982 : I I IQ 

U n i v a r i a t e  -0.846 4.541 
B i v a r i  a t e  -0.242 4.880 
5-Var i  a t e  -0.070 4.160 
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