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NON-NESTED SPECIFICATION TESTS AND 

THE INTERMEDIATE TARGET FOR MONETARY POLICY 

Abstract 

This paper deals with the problem of choosing an intermediate target for 

monetary policy. The proposed alternative targets are related to economic 

activity in non-nested models. The choice among the various alternatives is 

reduced to a series of tests among non-nested models. The test statistics are 

constructed by creating an artificial nest in an exponentially weighted 

combination of the null and the alternative hypotheses. Of the monetary 

aggregates examined in this paper, M-1 was unambiguously the aggregate most 

closely related to economic activity for the period 1961 through 1980. 

I. Introduction 

In this paper we apply a recently developed method for testing non-nested 

hypotheses to the process of choosing an intermediate target for monetary 

policy. An intermediate target should be controllable by using the 

instruments of the central bank. Information about the target variable should 

be readily available, and the variable should be reliably related to the 

economic objectives of the monetary authorities. 1 

The Federal Reserve uses open-market operations and reserve requirements 

against bank deposits to control the supply of money. The Federal Reserve 

collects information as frequently as weekly on a subset of bank deposits and 

has daily access to information about reserves. Controllability and data 
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availability suggest alternative measures of the money supply and the monetary 

base as potential intermediate targets. In section I 1  of this paper, we 

investigate whether each of six alternative monetary aggregates is reliably 

related to the economic objectives of the monetary authorities. 

To begin we must define what we mean by reliably related to the economic 

objectives of the monetary authorities. Presumably the monetary authorities 

wish to pursue a policy leading to, or at least consistent with, stability of 

prices and real output as well as sustainable economic growth. Although 

monetary policy may affect prices and real output differently over different 

time horizons, we assume that stability of nominal output leads to stability 

of prices and real output.Z The reliable relation is specified as a single- 

equation model of nominal G N P . ~  This single-equation model has been used to 

investigate alternative intermediate targets in previous studies by Carlson 

and Hein (1980), Friedman and Meiselman (1963), Gambs (1980), Hafer (1981), 

Hamburger (1970), Higgins and Roley (1979), Levin (1974), and Schadrack (1974). 

Friedman and Mei selman (1963) reported correlations between 

contemporaneous values of nominal income and the monetary aggregates--M-1, 

M-2, and M-3. They selected M-2 based on a simple ranking of the measured 

correlations. The differences between correlation coefficients for post-1940 

data were very small. In each of the other studies, the authors compared 

2 adjusted R for single-equation models of nominal income that include 

alternative monetary aggregates. In no case did the authors attempt to 

construct tests for significance between the reported statistics 

2 (adjusted R ). 

In general, there is not much difference between statistics comparing M-1 

and M-2 in most of the studies. Gambs (1980) and Higgins and Roley (1979) 
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2 compare M-1 and t h e  monetary base. I n  b o t h  cases ad jus ted  R i s  h i g h e r  i n  

M-1 models. Many o f  these  s t u d i e s  i n c l u d e  o t h e r  p o s s i b l e  t a r g e t s ,  such as 

i n t e r e s t  r a t e s  o r  c r e d i t  aggregates. 

I n  some o f  t h e  s tud ies ,  t h e  au thors  r e p o r t  t h e  r o o t  mean square e r r o r  

(RMSE) f r om out- of- sample p r e d i c t i o n s ;  see L e v i n  (1974), Schadrack (1974),  

H igg ins  and Ro ley  (1979),  and Car lson  and Hein (1980).  Again, t h e  r e s u l t s  a re  

mixed, and t h e r e  i s  no a t tempt  t o  t e s t  t h e  s i g n i f i c a n c e  o f  r e p o r t e d  

d i f f e r e n c e s .  

Both Ha fe r  (1981) and Schadrack (1974) t e s t  f o r  s t a b i l i t y  i n  t h e  s i n g l e -  

equa t ion  models us i ng  t h e  Chow t e s t .  N e i t h e r  can r e j e c t  s t a b i l i t y  i n  any case 

us i ng  a 10 percen t  s i g n i f i c a n c e  l e v e l .  S i m i l a r l y ,  t e s t s  f o r  Granger c a u s a l i t y  

r e p o r t e d  by Hafer  (1981) and Car lson and Hein (1980) cannot r e j e c t  any o f  t h e  

proposed a l t e r n a t i v e s .  4 

These s t u d i e s  a l l  have i n  common a s imp le  r a n k i n g  o f  s t a t i s t i c s  generated 

f r o m  non-nested models. Tes ts  f o r  s t a b i l i t y  and Granger c a u s a l i t y  do n o t  

e l i m i n a t e  any o f  t h e  a l t e r n a t i v e s .  Cox (1961, 1962) proposed a t e s t  s t a t i s t i c  

f o r  comparing non-nested models. F o l l o w i n g  t h e  suggest ion o f  Cox, 

A t k i nson  (1970) used a combined p r o b a b i l i t y  d e n s i t y  f u n c t i o n  ( p d f )  - o f  t h e  two 

compet ing models, tio and tia, t o  choose between t h e  two models. Each 
- - 

hypo thes i s  i s  a s p e c i a l  case o f  t h e  combined pdf. Quandt (1974) and Pesaran 

(1982) summarize developments i n  t h e  use o f  t h e  combined pdf t o  choose between 

non-nested models. 

I n  t h i s  paper we app ly  a s p e c i f i c  f o rm  o f  t h e  t e s t  suggested by  Davidson 

and MacKinnon (1981).  Suppose t h a t  t h e  competing non-nested model s a re  g i ven  

as:  
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where - A(L) - and - B(L) - are matrixes whose elements are finite polynomials in the 

lag operator. Both - X and - Z have some elements that are not included in each 

other, i.e., one is not nested in the other. The error terms - u and - e are 

assumed to follow: 

The non-nested procedure requires a convex linear combination of the null 

hypothesis and the maximum likelihood estimate of the alternative hypothesis 

If a = 0, the null hypothesis is not rejected. Davidson and MacKinnon show 

that the maximum likelihood estimate of a is asymptotically distributed as a 

student's - t-statistic under the assumption that. the null hypothesis is true. 

Pesaran (1982) shows that this procedure leads to a consistent test and is 

asymptotically equivalent to other forms of the test when the two competing 

hypotheses are single-equat ion models (for example, see Fisher and McAleer 

1981). 
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1 1  The Model i n c l u d i n g  A l t e r n a t i v e  Monetary Aggregates 

The non-nested procedure i s  used i n  t h i s  paper t o  t e s t  a l t e r n a t i v e  

hypotheses represented by s i x  d i f f e r e n t  s p e c i f i c a t i o n s  o f  t h e  model o f  nominal 

G N P . ~  Each s p e c i f i c a t i o n  i n c l u d e s  a d i f f e r e n t  measure o f  monetary p o l  i c y .  

The model g iven  i n  equa t ion  4 i n c l u d e s  c u r r e n t  and lagged va lues  o f  a monetary 

p o l i c y  v a r i a b l e  and a f i s c a l  p o l i c y  va r i ab le .  The model i s  es t imated  us ing  

o r d i n a r y  l e a s t  squares: 

where 

Y = percentage change i n  nominal GNP - 

G = percentage change i n  high-employment government expend i tu res  - 
t h  

X = percentage change i n  t h e  j- monetary p o l i c y  v a r i a b l e  
- j - - 

!j 
= e r r o r  te rm assoc ia ted  w i t h  t h e  model i n c l u d i n g  -j" X 

- - 
The s i x  hypothesized monetary p o l i c y  v a r i a b l e s  a re  as f o l l o w s :  

H a  X = -1' -1 Board base (monetary base pub l i shed  by t h e  Board o f  

Governors of t h e  Federa l  Reserve System) 

H -  X = - 2' -2 S t .  Lou i s  base (monetary base pub1 ished by  t h e  Federa l  

Reserve Bank o f  St.  Lou i s )  

H3 - X -  -3 - nonborrowed base (Board base minus adjustment borrowing)  
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The da ta  a re  seasona l l y  ad jus ted .  The nonborrowed base i s  t h e  monetary 

base c a l c u l a t e d  b y  t h e  Board o f  Governors minus sho r t - t e rm  bor row ing  t o  meet 

an unexpected demand f o r  reserves.  Burger (1979) compares measures o f  t h e  

monetary base used by  t h e  Board of Governors and t h e  Federa l  Reserve Bank o f  

St .  Lou is .  Botn measures i n c l u d e  an ad justment  f o r  changes i n  r e s e r v e  

requi rements .  M-1 i nc l udes  currency,  demand depos i t s ,  and o t h e r  checkable  

depos i t s .  M-2 i s  a  broader  measure o f  l i q u i d  assets  t h a t  i n c l u d e s  M-1, sav ing  

depos i t s ,  smal l  t i m e  depos i t s ,  money market mutua l  funds, o v e r n i g h t  repurchase 

agreements (RPs) , and o v e r n i g h t  Eu rodo l l  a r  depos i t s  h e l d  by  U.S. r e s i d e n t s  a t  

Caribbean branches o f  U.S. banks. M- 3 i nc l udes  M-2, l a r g e  t i m e  depos i t s ,  and 

t e r m  RPs. A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  Ms used i n  t h i s  s t udy  can be 

found  i n  Simpson (1980). 

A two-step procedure was used t o  determine t h e  l e n g t h  o f  each d i s t r i b u t e d  

l ag .  I n  t h e  f i r s t  step, growth r a t e s  of nominal GNP were regressed  on a 

cons tan t  and a d i s t r i b u t e d  l a g  o f  growth r a t e s  f o r  high-employment government 

2  expendi tures.  The maximum ad jus ted  R r e s u l t e d  from t h e  e s t i m a t i o n  o f  t h e  

equa t i on  t h a t  i n c l u d e d  t h e  c u r r e n t  and two lagged va lues o f  qovernment 

spending. I n  t h e  second step, growth r a t e s  o f  nominal GNP were regressed on a 

constant ,  t h e  c u r r e n t  and two lagged va lues f o r  government spending, and an 

uncons t ra ined  d i s t r i b u t e d  l a g  of t h e  monetary v a r i a b l e .  We s e l e c t e d  t h e  l a g  

l e n g t h  t h a t  r e s u l t e d  i n  t h e  h i g h e s t  ad jus ted  R ' . ~  The es t imated  models 

f o r  each o f  t h e  f i n a n c i a l  v a r i a b l e s  a re  shown i n  t a b l e  1. The j o i n t  

hypo thes i s  t h a t  t h e  c o e f f i c i e n t s  on t h e  monetary v a r i a b l e s  were each equal  t o  

z e r o  cou ld  be r e j e c t e d  a t  a  1  percen t  s i g n i f i c a n c e  l e v e l .  The excep t i on  t o  

t h i s  was t h e  nonborrowed base, i n  which case t h e  j o i n t  hypo thes i s  cou ld  be 

r e j e c t e d  a t  a  1.5 percen t  s i g n i f i c a n c e  l e v e l .  I n  every  case, t h e  sum o f  t h e  
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c o e f f i c i e n t s  on government spending was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  zero, 

a l though  i n d i v i d u a l  c o e f f i c i e n t s  were s i g n i f i c a n t l y  d i f f e r e n t  about 50 pe rcen t  

o f  t h e  t ime. 

The procedure recommended by  Davidson and MacKinnon can be used t o  t e s t  

each hypo thes is  a g a i n s t  each of t h e  a l t e r n a t i v e  hypotheses. They r e f e r  t o  t h e  

t e s t  as t h e  j o i n t  t e s t ,  o r  - J- tes t .  The - J- t e s t  i s  conducted by e s t i m a t i n g  

equa t ion  5, which corresponds t o  a compound pdf o f  t h e  two compet ing models. 

The n u l l  hypo thes is  i s ,  f o r  i ns tance ,  model 1, i n c l u d i n g  t h e  Board base as t h e  

monetary p o l i c y  v a r i a b l e .  When a = 0, t h e  combined model becomes t h e  n u l l  

hypothes is ;  when a goes t o  1, t h e  combined model i s  i d e n t i c a l  t o  t h e  

a l t e r n a t i v e  hypothes is .  

The non-nested procedure r e q u i r e s  es t imates  o f  t h e  parameters o f  t h e  model 

under n u l l  and t h e  a l t e r n a t i v e  hypotheses, as w e l l  as t h e  cho i ce  parameter.  

To i d e n t i f y  t h e  cho i ce  parameter, i t  i s  necessary t o  impose a p r i o r i  

c o n s t r a i n t s  on t h e  parameters o f  t h e  a l t e r n a t i v e  model. Davidson and 

MacKinnon do t h i s  by u s i n g  t h e  o r d i n a r y  l e a s t  squares est imates.  T h i s  i s  

shown i n  equa t ion  5 by i n c l u d i n g  t h e  f i t t e d  va lues of GNP growth r a t e s  under 
A 

t h e  a l t e r n a t i v e  hypothes is ,  lj. - 

-J A 

x - ~ . ~  j = 2, ..., 5,6 
1-1, t-i 1 + axjyi + !jYt, - - - -  - - 

i =O 

Davidson and MacKinnon show t h a t  a conven t iona l  asymptot ic  - t - t e s t  can be 

used t o  t e s t  whether a = 0 i n  equa t ion  2. They p o i n t  o u t  t h a t  i f  t h e  

a l t e r n a t i v e  i s  t r ue ,  then  a should converge t o  1. However, t h e  - t - s t a t i s t i c s  

generated f rom e s t i m a t i n g  equa t i on  5 a re  cond i t i oned  by  t h e  t r u t h  o f  t h e  n u l l  

hypothes is .  To t e s t  whether t h e  a l t e r n a t i v e  i s  t r ue ,  we must r eve rse  t h e  
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r o l e s  o f  t h e  n u l l  and a l t e r n a t i v e  hypotheses and c a l c u l a t e  a cond i t i oned  by 

t h e  t r u t h  o f  t h e  new n u l l  hypothes is .  

As i s  r e a d i l y  apparent,  u s i n g  a  p a i r w i s e  - J- t e s t  may r e s u l t  i n  r e j e c t i n g  

none, one, o r  b o t h  of t h e  a l t e r n a t i v e s .  Sometimes t h e r e  i s  i n s u f f i c i e n t  

i n f o r m a t i o n  t o  c o n s t r u c t  a  model t h a t  can r e j e c t  a l l  o f  t h e  a l t e r n a t i v e  

hypotheses; converse ly ,  t h e r e  c o u l d  be i n s u f f i c i e n t  i n f o r m a t i o n  t o  r e j e c t  any 

o f  t h e  a l t e r n a t i v e s .  

D e t a i l e d  r e s u l t s  f o r  t h e  p a i r w i s e  - J- tes t  a re  shown i n  t a b l e  2. The n u l l  

hypo thes is  i n  each case i s  shown i n  t h e  f a r  l e f t  column. Reading across, t h e  

t a b l e  l i s t s  t h e  es t ima te  o f  a and t h e  - t - s t a t i s t i c  f o r  each a l t e r n a t i v e .  Us ing 

a  1 percen t  c r i t i c a l  reg ion ,  we f i n d  t h a t  a l l  o f  t h e  hypotheses except  ti4 

(M-1) are r e j e c t e d  by a t  l e a s t  one a l t e r n a t i v e .  

Each o f  t h e  h i ghe r  monetary aggregates r e j e c t s  each measure o f  t h e  

monetary base. No measure of t h e  monetary base r e j e c t s  any measure o f  t h e  

money supply.  The r e s u l t s  i n  t a b l e  2  support  t h e  Federa l  Reserve's d e c i s i o n  

t o  t a r g e t  t h e  money supply  r a t h e r  than  t h e  monetary base. 

According t o  c r i t e r i a  used i n  t h i s  study, t h e  Federa l  Reserve should 

t a r g e t  t h e  narrowest measure o f  t h e  money supply. M-1 r e j e c t s  bo th  M-2 and 

M-3, and i t  i s  n o t  r e j e c t e d  by e i t h e r .  M-2 r e j e c t s  M-3, b u t  M-3 does n o t  

2  r e j e c t  M-2. I n  t h i s  p a r t i c u l a r  case, a  s imple rank ing  o f  ad jus ted  R would 

have l e d  t o  t h e  same d e c i s i o n  as an a p p l i c a t i o n  o f  t h e  non-nested t e s t  

procedure. However, t h e  non-nested procedure p rov ides  a  measure o f  t h e  

s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  between a l t e r n a t i v e s .  

111. Conclusion 

I n  t h i s  paper we have a p p l i e d  a  procedure f o r  comparing non-nested models 
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t o  t h e  problem of choos ing an i n t e rmed ia te  t a r g e t  f o r  monetary p o l i c y .  We 

compared s i x  models of economic a c t i v i t y  based on s i x  d i f f e r e n t  monetary 

aggregates. The r e s u l t s  unambiguously i n d i c a t e  t h a t  t h e  model i n c l u d i n g  M-1 

as t h e  monetary p o l i c y  v a r i a b l e  most c l o s e l y  f i t s  t h e  h i s t o r i c a l  data .  

Whi le  these  r e s u l t s  a r e  based on h i s t o r i c a l  exper ience,  t h e y  a r e  r e l e v a n t  

t o  c u r r e n t  debate i n  one respec t .  I n  t h i s  paper M-1 d i f f e r s  f rom t h e  o t h e r  

aggregates i n  t h a t  i t  i s  t h e  o n l y  aggregate based on t h e  t h e o r e t i c a l  

d e f i n i t i o n  o f  money as a t r a n s a c t i o n  balance. T h i s  compares w i t h  measures o f  

t h e  monetary base t h a t  a t t emp t  t o  measure t h e  concept of o u t s i d e  money and 

broader  measures of t h e  money supp ly  t h a t  i n c l u d e  savings- type depos i t s .  The 

r e s u l t s  i n  t h i s  paper suggest t h a t  t h e  Federa l  Reserve shou ld  c o n t i n u e  t o  

measure and t a r g e t  an aggregate based on t h e  n o t i o n  of money as a t r a n s a c t i o n  

medi um. 

Footnotes 

1. Th i s  paper does n o t  address an i s sue  faced  b y  t h e  Federa l  Reserve i n  1981 

and 1982. That i s sue  was one o f  choos ing an i n t e r m e d i a t e  t a r g e t  when 

r e g u l a t i o n s  d e f i n i n g  d i f f e r e n c e s  among t h e  p o t e n t i a l  t a r g e t s  were changing. 

2. Tobin  (1980) and o t h e r s  argue t h a t  nominal GNP should  be t h e  i n t e r m e d i a t e  

t a r g e t  f o r  monetary p o l i c y .  Jordan (1982) contends t h a t  nominal GNP i s  and 

has been an i n t e r m e d i a t e  o b j e c t i v e  of those  who advocate monetary t a r g e t s .  

3. Th i s  model has i t s  o r i g i n  i n  papers by Friedman and Meiselman (1963) and 

Andersen and Jordan (1968).  
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4. For  a  d i s c u s s i o n  of Granger c a u s a l i t y  t e s t s ,  see Granger and Newbold 

(1977), pp. 224-25. Cagan (1982) uses t h i s  framework t o  nes t  hypotheses about 

t h e  app rop r i a t e  i n t e r m e d i a t e  t a r g e t  f o r  monetary p o l i c y .  

5. For  an a p p l i c a t i o n  of t h i s  procedure t o  da ta  f r om  Japan, see chap te r  4  o f  

To ida (1982). 

6. The search f o r  t h e  b e s t  l a g  spanned e i g h t  lags.  Ba t t en  and Thornton 

(1983) use a  v a r i e t y  of t e s t s  t o  determine t h e  b e s t  l a g  l e n g t h  and bes t  degree 

o f  t h e  po lynomia l  i n  t h i s  s ing le- equat ion  model, i n c l u d i n g  M-1 as t h e  monetary 

v a r i a b l e .  They suggest t h a t  t h e  bes t  l a g  l e n g t h  on t h e  f i s c a l  v a r i a b l e  may be 

as long  as 12. However, they,  as w e l l  as Hafer (1982),  a l s o  f i n d  some 

evidence suggest ing t h a t  t h e  f i s c a l  v a r i a b l e s  should  be exc luded f r om t h e  

model. The evidence on t h e  i s sue  i s  mixed; t h e  government spending v a r i a b l e  

was i nc l uded  on t h e  premise t h a t  i n c l u d i n g  t o o  many v a r i a b l e s  was p r e f e r a b l e  

t o  exc l ud ing  a  r e l e v a n t  v a r i a b l e .  McAleer, F i s h e r  and Vo lke r  (1982) p resen t  

evidence t h a t  i n c l u d i n g  t o o  many v a r i a b l e s  does n o t  a f f e c t  t h e  cons is tency  o f  

t h e  Davidson-MacKinnon t e s t ,  w h i l e  o m i t t i n g  r e l e v a n t  v a r i a b l e s  may l ead  t o  

i n c o n s i s t e n t  t e s t s .  
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