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I  ntroduct i  on

Nef tc i ' s  (1982)  app l  i ca t ion  o f  Sh i ryayev 's  (1978)  resu l ts  on  the  op t ima l

de tec t jon  o f  reg ime swi tches  has  ga ined popu lar i t y  as  a  methodo logy  fo r

fo recas t ing  bus iness-cyc le  tu rn ing  po in ts . l  us ing  sequent ia l  ana lys is  and

monthly observations on .a leading - index--usually the Commerc€ Department's

Compos i te  Index  o f  Lead ing  Ind ica tors  (CLI ) - - the  Nef tc i  fo rmula  ca lcu la tes  the

probab i f  i t y  tha t  a  bus iness-cyc1e tu rn ing  po in t  i s  imminent .  The fo rmula

assumes that each observation of the percentage change in the CLI comes from

one o f  two urns ,  an  expans ion  urn  or  a  cont rac t i0n  urn ,  and tha t  the  conten ts

o f  each urn  have d is t r ibu t ions  w i th  cons tan t  means and var iances .

Recent  resu l ts  jnd ica te  tha t  s imp le  ru les-o f - thumb o f ten  do  as  we l l  as

the  more  soph is t i ca ted  Nef tc i  methodo logy  in  p red ic t ing  bus iness-cyc1e tu rn jng

po in ts .2  Th is  f ind ing  ra ises  doubts  about  whether  Nef tc i ' s  s imp le  two-urn

assunpt ion  is  va l id .  Here ,  indeed,  we show tha t  bo th  the  mean and the

var iance o f  the  CLI 's  g rowth  ra te  vary  sys temat ica l l y  w i th in  the  expans ion  and

cont rac t ion  phases  o f  the  index .

l , le  a lso  inves t iga te  the  adequacy  o f  two-s ta te  mode ls  fo r  descr ib ing

growth in the Commerce Department's Composjte Index of Coincident Ind' icators

(CCI ) .  Jus t  as  Nef tc . i  has  advocated  a  two-s ta te  mode l  o f  changes in  the  index

of  lead ing  ind ica tors ,  Hami l ton  (1989)  has  suggested  tha t  g rowth  in  aggregate

economic activi ty can useful ly be rnodeled as a two-state l . larkov process, l l |e

'  S tud ies  us ing  th is  methodo logy  inc lude D iebo ld  and Rudebusch (1989,
l99 l ) ,  Pa lash  and  Radeck i  (1985) ,  and  N iemi ra  (1991) .

2  Koen ig  and Emery  (1991)  cons ider  ru les  o f  thumb based upon the  number
o f  consecut ive  month ly  dec l  ines  ( inc reases)  in  the  CLI ,  the  cumula t ive
dev ' ia t ion  o f  the  CLI  f rom recent  loca l  max ina  (min ima) ,  and mov ing  averages  o f
the  growth  in  the  CLL The ana lys is  i s  conducted  en t ' i re ly  in  " rea l  t ime, "
us ing  unrev i  sed  da ta .



i nves t iga te  the  CCI  because i t s  movements  a re  representa t ive  o f  t rends  in  a

broad c ross-sec t jon  o f  the  economy but ,  un1 ike  GNP,  the  CCI  i s  ava i lab le  on  a

month ly  bas is .3  S ince  the  NBER ass igns  bus iness-cyc1e peaks  and t roughs  to

spec i f i c  months ,  the  use  o f  a  month ly  index  a l lows us  to  ach jeve  ex t ra

prec is ion  i  n  .€ur . "anaJys  i  s  .  Fur ther ,  s jnce  recess jons .somet imes las t  as  few as

s ix  months- -s jx  months  tha t  may inc lude on ly  one comp' le te  quar te r - - the  use  o f

quar te r ly  da ta  wou ld  p rec lude an  ana lys is  o f  changes in  the  mean and var iance

of  economic  g rowth  w i th in  cont rac t ions .  Us ing  the  CCI ,  we f ind  sys temat ic

changes in  the  var iance o f  the  economy 's  g rowth  ra te  w i th in  cont rac t ions ,  and

sys temat ic  changes in  the  economy 's  mean growth  ra te  w i th in  expans ions .

The Resu l  ts

Our  bas jc  da ta  ex tend f rom February  1948 to  May 1991.  Each expans ion

phase o f  the  lead ing  jndex  was d iv ided in to  th ree  subper iods  o f  equa l  Iength ,

wh ' i ch  we 1abe1 ,  respec t ive ly ,  s tages  l ,  2 ,  and 3 ,  Cont rac t ion  phases  were

s imi la r ly  d iv ided,  in to  s tages  4  th rough 6 .4  The da tes  separa t ing  expans ion

phases  f rom cont rac t ion  phases  are  the  peak  and t rough da tes  o f  the  lead ing

index  i t se l f ,  as  pub l i shed by  the  Commerce Depar tment .  Expans ion  and

cont rac t ion  phases  o f  the  co inc ident  index  were  a lso  d iv ided in to  th i rds .  For

3  The compos i te  co inc ident  index  inc ludes  measures  o f  indus t r ia l
p roduc t ion ,  rea l  manufac tur jng  and t rade sa les ,  rea l  persona l  income (1ess
transfers), and non-farm empl oyment.

a  Our  s i x -s tage  d iv i s ion  o f  the  bus iness  cyc le  i s  a  m inor  mod i f i ca t ion
of an approach introduced by Burns and Mitchel l  (1946) and adopted by King and
Plosser  (1989) .  Burns  and Mi tche l l  t rea t  the  th ree  months  centered  on  peaks
and the  th ree  months  centered  on  t roughs  as  t rans i t iona l  s tages .  The
expans jons  and cont rac t ions  tha t  separa te  these t rans j t ions  are  then each
sp l i t  in to  th ree  add i t iona l  s tages .  When our  es t imat jons  are  repeated  us ing
the  Burns  and Mi tche l l  s tages ,  resu l ts  do  no t  d i f fe r  qua l i ta t j ve ly  f rom those
reoorted bel ow.



the  co inc ident  index ,  we used two a l te rna t jve  da t ings  o f  the  expans ion  and

cont rac t ion  phases- -one da t ing  cor respond ing  to  the  peaks  and t roughs  o f  the

co inc jdent  index  i t se l f ,  and a  second da t ing  based on  the  NBER bus iness-cyc1e

re ference peaks  and t roughs .5  Resu l ts  a re  no t  sens i t i ve  to  the  d i f fe rence in

dating, so we focus on results based on the NBER reference cycle.

Tab le  I  p resents  mean growth  ra tes  o f  the  lead ing  and co ' inc jdent  indexes

dur ing  the  d i f fe ren t  s tages  o f  the  bus iness  cyc le .  The mean growth  ra tes  fo r

the  indexes  were  ob ta ined by  regress ing  percent  changes in  the  indexes  on  s jx

dummy var iab les ,  each de f jned to  equa l  one w i th in  a  par t i cu la r  s tage o f  the

bus iness  cyc le  and zero  o therw ise .  Tab le  I  a lso  presents  the  resu l ts  o f  tes ts

obta ' ined  by  runn ing  res t r j c ted  vers ions  o f  the  regress ions .  A1 1  regress ions

use the Newey-l,Jest weighting scheme to correct for serial correlat ion and

heteros kedast i  ci  ty.

For  the  lead ing  index ,  the  Ch i -Square  tes t  s ta t i s t i cs  ind ica te  tha t  the

Nef tc i  assumpt jon  o f  a  cons tan t  mean ra te  o f  inc rease w i th in  expans ions  can be

dec is ive ly  re jec ted .5  The mean ra te  o f  inc rease o f  the  Iead jng  index  dur jng

the  f i rs t  th i rd  o f  i t s  expans ion  phase is  s ign i f j can t ly  h igher  than in  the

second and th i rd  s tages .  Dur ing  cont rac t ions ,  the  Nef tc j  assurnpt ion  o f  con-

s tan t  nean growth  is  a1  so  re jec ted :  the  Ch i -Square  s ta t i s t i cs  ind ica te  tha t

the  lead ing  index  dec l  ines  s ign i f i can t ly  more  rap id ly  in  the  two la te r  s tages

of  i t s  con t rac t ion  phase than dur ing  the  f i rs t  s tage o f  con t rac t ions .  In

br ie f ,  the  lead ing  index 's  t roughs  are  subs tan t ia l l y  sharper  than i t s  peaks .

For  the  co inc ident  index ,  the  Ch i -Square  s ta t i s t i cs  repor ted  in  Tab le  I

'  A t  the  t jme o f  th is  wr i t ing ,  no  o f f i c ia l  end to  the  la tes t  recess ion
had been announced. l , le assume a trough was reached in May 1991.

u  The comect ion  fo r  he teroskedast ic i t y  and ser ia l  cor re la t ion  does  no t
a f fec t  the  resu l ts  o f  these tes ts .



i nd ica te  tha t  dur ing  economic  downturns  the  hypothes is  o f  a  cons tan t  mean ra te

o f  dec l  jne  cannot  be  re jec ted .  However ,  the  tes t  s ta t i s t i cs  ind ica te  tha t  the

co inc ident  index- -much l i ke  the  lead ing  index- - inc reases  a t  a  fas te r  ra te  in

the  f i rs t  s tage o f  expans ions  than in  the  second and th i rd  s tages  o f

expans ions .T  .The la t te r  f ind jng  is  .cons is ten t  w i th  resu l ts  ob ta ined by  l l ynne

and Ba lke  (1992)  fo r  indus t r ja l  p roduc t ion  and by  S iche l  (1992)  fo r  GNP.

Table 2 presents estimates of the variances of growth in the leading and

co inc ident  indexes  dur ing  d i f fe ren t  s tages  o f  the  bus iness  cyc1e.  Var iance

es t ina tes  were  ob ta ined by  regress ing  squared res jdua ls  f rom the  regress ions

repor ted  in  Tab le  1on the  same se ts  o f  dummies  used as  r igh t -hand-s ide

var iab les  in  the  ear l  ie r  regress ions .  Res t r i c ted  vers ions  o f  the  var iance

regress ions  were  used to  ob ta in  Ch i -Square  s ta t i s t i cs  fo r  tes t ing  coef f i c ien t

equal i  ty,

} i j th in  expans ions ,  the  Nef tc j  assumpt jon  o f  cons tancy  in  the  var iance o f

percentage changes in  the  lead ing  index  is  re jec ted  a t  the  lO-percent  (bu t  no t

the  5-percent )  s ign i f i cance leve l  .  In  par t i cu la r ,  the  var iance o f  the  growth

ra te  o f  the  index  is  s ign i f i can t ly  h igher  dur ing  the  f i rs t  th i rd  o f  the

expans ion  phase than dur ing  the  f ina l  th i rd  o f  the  expans ion  phase.  Dur ing

cont rac t ions ,  th is  pa t te rn  i s  reversed:  the  var . iance o f  the  growth  ra te  o f

the  lead ing  index  is  s ign i f i can t ly  h igher  a t  the  end o f  con t rac t ions  than a t

the  beg inn jng  o f  con t rac t ions .  Thus ,  the  ra te  o f  change o f  the  lead ing  index

is  more  var iab le  a round t roughs  than i t  ' i s  a round peaks .

Examin ing  the  co inc jdent  ' index ,  the  hypothes is  tha t  the  var iance o f  the

'  Us ing  the  co inc iden t  index 's
NBER re ference da tes)  to  de f ine  the
co i  nc ident  index  inc reases  fas te l in
in  the  th i rd  s taqe .  See  Tab le  3 .

own peaks and troughs (rather than the
s tages  o f  the  bus iness  cyc le ,  the
the  f i rs t  two s tages  o f  expans ions  than



growth rate is constant cannot be rejected for expansions but can be rejected

for  cont rac t ions .s  As  w i th  the  lead ing  jndex ,  the  sample  van iance o f  changes

in  the  co inc ident  index  inc reases  as  the  cont rac t ion  proceeds.

Conc I  us  i  ons

Th js  paper  shows tha t  mode ls  w i th  a t  leas t  four  s ta tes  are  requ i red  to

account for patterns in the mean and variance of growth in the Commerce

Depar tment 's  lead ing  and co inc ident  indexes .  Thus ,  we f ind  tha t  bo th  the

lead ing  index  and the  co inc ident  index  inc rease a t  a  par t i cu ia r ly  fas t  ra te

ear ' l y  in  expans ions .  The lead ing  index  a lso  decreases  a t  a  par t i cu la r ly  fas t

ra te  la te  in  cont rac t ions .  The var jance 0 f  the  growth  ra te  o f  the  lead ing

index  is  h igher  bo th  jus t  be fore  and jus t  a f te r  t roughs  in  the  jndex  than a t

o ther  t imes.  S imi la r ly ,  the  var jance o f  the  growth  ra te  o f  the  co inc ident

index  is  espec ' ia1  ly  h igh  in  the  f ina l  s tages  o f  con t rac t ions .

Our  resu l ts  fo r  the  iead ing  index  may he lp  to  exp la in  why i t  o f ten  fa i l s

to  g ive  re l iab le  s igna ls  o f  bus iness-cyc le  tu rn ing  po in ts ,  regard less  o f  the

ru le  used to  in te rpre t  j t s  movements .  Because the  lead ing  index  tends  to

increase a t  a  decreas ing  ra te  as  an  expans ion  proceeds,  the  t rans i t ion  f rom

expans ion  to  cont rac t ion  is  o f ten  no t  sharp  or  d is t inc t .  And a l though there

is a shif t  from very 1ow to very high average growth rates as the index moves

f ron  i t s  con t rac t ion  in to  i t s  expans ion  phase,  the  var iance o f  the  index 's

growth  ra te  i s  par t i cu la r ly  h igh  bo th  jus t  p r io r  to  and jus t  a f te r  the

t rans i t jon  f rom cont rac t ion  to  expans ion ,  mak ing  jn fe rence d i f f i cu l t .

I  Us ing  the  co inc iden t  index 's
NBER re ference da tes)  to  de f jne  the
of  the  growth  ra te  appears  to  d ip  in
Tab le  3 .

own peaks and troughs (rather than the
s tages  o f  the  bus iness  cyc le ,  the  var iance
the  midd le  s tage o f  expans ions ,  See

E



Our  resu l ts  fo r  the  compos i te  co inc ident  index  shou ld

in te res t ,  They  are  cons is ten t  w i th  recent  work  ind ica t ing

"bounce-back"  e f fec t  jn  rea l  economic  ac t iv i t y ,  bu t  ex tend

examin ing  changes in  the  economy 's  mean growth  ra te  w i th in

the  var iance o f  the-economy 's  g rowth  ra te .over  the  bus jness

be of i  ndependent

the presence of a

t h'i s work by

cont rac t  ions  and in

cycl e .
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Tabl e I

Means of Percentage Changes in the Lead' ing and
Coinc ident  Indexes  0ver  Bus iness-Cyc1e Stages  I948:2-1991:5

Regress ions  o f  Percentage Change on  Stage Dummies :  Coef f i c jen t
Estimates Are Sarnple Means 0ver that Stage

Lead i  ng  Index  Co inc jdent  Index

Coef f .  t -  s ta t i  s t i  c  Coef f .  t -s ta t i s t i c

S tage  I  .94  (10 .87)  S tage  1  .59  (10 .33)

2  .48  (6 .6s )  2  .45  (6 .82)

3  .30  (4 .51)  3  .32  (4 .91)

4  - . s8  ( -4 .23)  4  - .81  ( -e .e3)

5  - .71  ( -5 .22)  5  - .85  ( -7 .09)

6  - .  e l  ( - s .54)  6  -  .  e3  (  -4 .04)

Ad j .  R2 =  .33  Ad j .  R2 =  .3 i

Ch i  -Square  s ta t i s t i cs  fo r  mean equa l  i t y :

Lead i  ng  Index Coi  nc ident  Index

Test  x2

|  =  2  6 .57 . . -
i  = a r4.t5...
2=3 1 .82
l=2=3  15 .71 . . .
4  =  5  0 .75
4  =  6  0 .21
5  =  6  0 .78
4=5=6 0 .25
1 =  6  45 .83 . . .
3  =  4  117.03- - "

.01  s  i  gn  i  f i  cance leve l

.05  s ign i  f i  cance leve l
,  10  s ign i  f i cance I  eve l

degree of freedom for two-stage
three-s tage tes ts .

* * *  re jec t  nu l l  hypothes is  o f  equa l  i t y  a t* *  re jec t  nu l l  hypothes is  o f  equa l  i t y  a t*  re jec t  nu1 t  hypothes is  o f  equa l  i t y  a t

Ch i -Square  s ta t i s t i cs  d is t r ibu ted  w j th  one
tests and wjth two degrees of freedom for

Test

t=2
l=3
2=3
t=2
4=5
4=6
5 = b

4=5
1=6
3=4

?

16 .84-**
34 .26 . . "
3 .28 '

34 .73- - -
4 .97 ' .
7 .83- . -
I  .00
9.93" " -

99 . 5 5---
J O . v 5



Tabl e 2

Varjances of Percentage Changes in
Co inc ident  Indexes  Over  Bus iness-Cvc le

Coeff i  ci  ent Estimates Are

Lead ing . Index

Coef f .  t -s ta t i s t i c

Stage 1  .0092 (7 .37)

2  .006s  (4 .92  )

3  .0057  (6 .72)

4  .0034  (5 .31)

5  .0065  (3 .6s )

6  .0110  (s .21)

Ad j .  R2 =  .01

Samol e Vari ances of

Ch i  -Squares ta t  i s t i  cs  fo r  var iance equa l  i t y :

Lead i  ng I ndex

1 .53
5.42- -
0 .  53

=  3  5 .43 '
2 .70

I I  .94---
2 .70 '

=  o  r j . b 5
V . J L

4 .80"

* * *  re jec t  nu1 t  hypothes is  o f  equa l i t y  a t* *  re jec t  nu1 l  hypothes is  o f  equa l  i t y  a t
*  re jec t  nu11 hypothes is  o f  equa l  i t y  a t

Ch i -Square  s ta t i s t i cs  d is t r ibu ted  w i th  one
tests and with two degrees of freedon for

.01  s ign i  f i cance I  eve l

.05  s ign i  f i  cance leve l

.10  s  i  gn  i  f i  cance leve l

degree of freedom for two-stage
three-s taqe tes ts .

the  Lead ing  and
Staoes  1948 :2 -1991 :5

Stage I

z

4

f,

o

A , t  i

Percentage Change

Coi nc ident Index

Coef f .  t -s ta t i s t i c

.0061  (5 .47)

.0061  (4 .01)

.  0063 (4 .  18)

.0020  (3 .31)

.0058  (5 .  i 3 )

.01s0  (2 .69)

R2 = .01

Test

t=2
1 - 2
' 2=3
7=2
4=5
4=5
5=6
4=5

3=4

Coinc ident

Test

2=3
1=2=3
4=5
4=6

4=5=6
I=6
3=4

I  ndex

U . O U

0.  19
0 .14
0 .22

10.78---
5 .42 ' -
2  .68

15 . 45-.-
2 .52
7 .25-



Tab le  3

J t leans  and Var ia ices  o f  Percentage Changes in  the  Co inc ident
Index  0ver  Bus iness-Cyc le  S tages  I948:2-1991:5

(Stages defined by using the Commerce Department's
da t ing  o f  Co inc ident  Index  tu rn ing  po in ts )

Stage J.66

2  .48

3  .25

4  - .64

5  - .54

6  - .66

Ad j .  R2 =  .21

Sample Means

Coef f ,  t -s ta t i s t i c

Vari ances

t -s ta t i  s t i c

(3  .33  )

(7  .  05 )

(4 .  51 )

(5 .53)

(8 .  25 )

(8 .42)

(3 .05)

(  -8.4s )

( -4 .62)

( -2.e7)

Stage 1

2

4

5

6

Adj .

Samp l e

Coef f .

.0083

.0044

.0093

.0017

.0055

.0150

R2 =  .01

(4.  ee)

(4.  r5)

Chi -Square  s ta t i s t i cs  fo r  mean and

Mean Te sts

tes r  x -

r  = z 3.24-
I  =  J  I J . Z O

2 =  3  5 .72" "
1=2= 3  13 .37- " "
4  =  5  0 .50
4=6 0 ,01
s=6  0 .23
4  =  5  =  6  0 .54
I  =  6  30 .95- - -
3 = 4 64.29...

var i  ance equal  j  ty :

Vari ance

Test

L = L
' t  - ?

L =  5

I=2=3
4=5
4=6
5=6
4=5=6
l=6
J = +

Tests

x?

2.32
0.  10
5 . 20-*
7 .07--

1o .85-.-
l3 . 46...
6  .  3 l - .

23.77'""
t . 3 5

13 . 17-..

*** reject nu1 t hypothes' is of equal i ty at
* *  re jec t  nu1 t  hypothes is  o f  equa l  i t y  a t
*  re jec t  nu1 I  hypothes is  o f  equa l  i t y  a t

Ch i  -Square  s ta t i  s t i  cs  d i  s t r i  bu ted  w i  th  one
tests and with two degrees of freedom for

.01  s ign i  f i  cance leve l

.05  s  i  gn  i  f i  cance leve l

.10  s ign i  f i  cance  leve l

degree of freedom for two-st
th ree-s tage tes ts .
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