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ABSTRACT:

A simple emor-correction model of output and uti l  izat ion grot{th captures both
the tendency for output growth to be especial ly rapid early in expansions and
the tendency for deep recessions to be fol lowed by strong recoverjes.
Estimates suggest that manufacturing capacity ut i l  izat ion typical ly peaks at
around 83.5 percent. 0nce an expansion is underway, two thirds of the gap
between actual ut i l  izat ion and normal peak ut i l  izat ion is closed each year.
Output and uti l izat ion switch to a low-growth state during cycl ical
contractions. Capacity growth slows sl ightly during cycl ical contractions and
in response to weak output growth, but is independent of capacity ut i l  izat ion.



l. I ntroducti on

This paper develops a simple econometric nodel of manufacturing output

growth that t ies together several dif ferent strands of the business-cycle
' l i terature. 

Consistent with results reported by Friedman (1969, 1993) and

l lynne and Balke (1992, 1993), the model predicts that the rate of output

growth in an expansion wil l  be greater the deeper was the preceding recession.

Consistent with results reported by Sichel (1992) and Emery and Koenig (1992),

the model predicts that output growth is especial ly rapid in the early stages

of expansions. Furthermore, est imates of the rnodel reinforce Beaudry and

Koop's point that "theories of recession that predict only temporary losses in

output may be appropriate even i f  output is not trend- stat i  on ary'  (Beaudry and

Koop 1993,  p .  150) .

Like Beaudry and Koop, I  al low output growth to be inf luenced by

deviat ions of output fron "capacity." In the Beaudry-Koop analysis, capacity

equals the historical maxinun of output. Here, in contrast, the measure of

capacity is an index conrpi led and published by the Federal Reserve Boarc.

Estimation resu' l ts confirm that, introduced separately, the Beaudry-Koop

and Federal Reserve indexes of capacity ut i l izat ion are both useful in

predict ing changes in manufacturing output. However, when they are introduced

toqether, the Federa' l  Reserve ut i l  izat ion index unambiguously dominates that

of Beaudry and Koop, Nevertheless, the evidence points to signif icant non-

l inear i ty  in  the  behav io r  o f  ou tpu t  over  the  bus iness  cyc1e.  In  par t i cu la r '  a

contraction dummy based on Hamilton's Markov-swjtching model (Hamilton 1989)

has marginal explanatory power for output even in regressions that include the

Federa l  Reserve 's  u t i l i za t ion  index  as  a  r igh t -hand-s ide  var iab le .

An imp l ica t ion  o f  the  empi r i ca l  resu l ts  i s  tha t  ou tpu t  g rowth  tends  to

be especial ly strong in the early stages of expansions. Furthermore, the



deeper is a recession, the stronger is the subsequent recovery. Normal peak

uti l izat ion is found to be approximately 83.5 percent of measured capacity.

0nce an expansion begins, near' ly two thirds of the gap between actual

u t i l i za t ion  and normal  peak  u t i l  i za t ion  is  c losed each year ,

Capacity growth--unl ike output growth-- is independent of the rate of

ut i l izat ion. The effects of lagged output growth and a contraction dummy on

capac i ty  g rowth  are  s ta t i s t i ca l l y  s ign i f i can t  bu t  quant i ta t i ve ly  smal l .

II. The liodel

l lynne and Ba' lke estimate a relat ionship of the form

( t ) Ayr = oo + o' (y' - yp),

where y, and yo are the logarithms of some measure of output at a business-

cycle trough and at the preceding business-cyc1e peak, respectively, and where

Ay, denotes the percentage change in output from the business-cycle trough to

one year after the trough. For jndustr ial production and several

subcomponents of industr ial production ( including manufacturing), l lynne and

Balke  ob ta in  es t imates  o f  o ,  tha t  a re  negat ive  and s ta t i s t i ca l l y  s ign i f i can t ,

indicating that deep recessions are typical ly fol lowed by strong recoveries.

A disadvantage of the l iynne-Bal ke approach to modeling output growth is

tha t  i t  y ie lds  on ly  one observa t ion  per  recess ion .  Th is  charac ter is t i c  l im i ts

the usefulness of the Wynne-Ba1 ke approach to businessnen and po1 icymakers,

who are general ly interested in predict ing movments in output over the entire

course  o f  the  bus iness  cyc le ,  no t  jus t  a t  cyc l i ca l  t roughs .  From the

viewpoint of the econometrician, the approach has the disadvantage that i t



requi res long t ime ser i  es

To get around these

the form

for stati sti cal

I  imi ta t ions,  one

i  nference.

might est imate a rel at i  onsh i  p

(?) Ayt  =  % +  q(y  -  c ) .  +  7 ' (L )AJ . - , ,  +  y r (L )Ac , - ' ,

where yt is the logarithm of output at date t,  ct is some measure of

"capacity" at date t,  and Ay. and Ac. denote percentage changes in output and

capacity, respectively, from t ime t to t ime t + 1.

Using post- l ' l t r l l  I  quarterly real GNP data, Beaudry and Koop (1993)

es t imate  a  vers ion  o f  equat ion  2  in  wh ich  /2 (L)  =  0  and c ,  =  max(y t - j l j>0 .

They  f ind  tha t  q  i s  negat ive  and s ta t i s t i ca l i y  s ign i f i can t .  S i rn i la r  resu l ts

are obtained for manufacturing output. Estimating equation 2 using fourth-

quarter manufacturing output data from 1948 through 1992, one obtains:2

Av. = .otgz --  ( .01s3)
c ) ,  +  . l 36Ay , - ' .-  (  . les) -

The es t imate  o f  4 , ,  i s  negat ive  and s ta t i s t i ca l l y  s ign i f i can t .  I t  fo l lows no t

only that deep recessions tend to be fol lowed by strong recoveries, but also

that output growth is stronger in the early stages of expansions (while output

remains below its historical maximum) than in the latter stages of expansions.

'  The Beaudry-Koop and tr lynne-Balke measures of capacity coincide at
cycl ical troughs provided that at each new cycl ical peak the 1eve1 of output
exceeds the leve' l  of output at the previous cycl ical peak. For a
general izat ion of the Beaudry-Koop measure of capacity, see equation 17 in De
Long and Summers (1988, p. 459).

2 Standard errors appear in parentheses. The Akaike cri terion was used
to determine the number of lagged output-growth terms,

1 .043(y  -
(  .4e5)



As emphasized by Beaudry and Koop, negative output shocks are less persistent

than are posit ive output shocks.

For the manufacturing sector of the economy, an alternative to the

Beaudry-Koop capacity measure is the index of capacity compiled by the Federal

Reserve Board. In the fol lowing section, I  review the construction and some

of the propert ies of the Board index. Then, I  conpare the marginal

expl anatory power of the Beaudry-Koop measure of capacity ut i l  izat ion to that

of the Board neasure,

II I .  The Federal Reserve Indices of Capaci ty and Uti l izat ion

Every month, the Federal Reserve publ ishes indices of manufacturing

capacity and capacity ut i l izat ion. Data extend back to 1948. Great pains are

taken to ensure that the capacity index is consistent across t ime and with the

corresponding output index. A number of studies have found a relat ionship

between the  Federa l  Reserve 's  u t i l i za t ion  index  and in f la t ion ,  suggest ing  tha t

movements in the index accurately ref lect changes in capacity pressures (Kan,

Krieger'  and Tinsley 1989; Bauer 1990; Franz and Gordon 1993; Steindel 1993).

The Federal Reserve bases j ts capacity est imates on end-of-year capital

stock data and on a fourth-quarter survey of large manufacturers. Honthly

estimates of capacity are obtained by interpolat ing between the end-of-year

f igures ,  I t  fo l lows tha t  w i th in -year  var ia t ion  in  capac i ty  u t i l i za t ion

largely ref lects month-to-month movements in output (Raddock 1985, 1990).

Accord ing ly ,  th is  paper  uses  on ly  ou tpu t ,  capac i ty ,  and u t i l  i za t ion  da ta

reported for the fourth quarter of each year.

t {hen Ph i l l i ps -Per ron  and augmented D ickey-Fu11er  un i t - roo t  tes ts  a re

applied to the logarithms of the Federal Reserve indices of manufacturing



output and capacity, test results strongly suggest that deviat ions of output

and capacity away from a I inear t ime trend are non-stat ionary. (In no case

can the hypothesis of a unit  root be rejected at even the ten-percent level .)

t lhen similar tests are appl ied to the logarithrn of the Federal Reserve index

of  capac i ty  u t i l i za t ion  (w i thout  a  t ime t rend)  the  un i t - roo t  hypothes is  i s

rejected.s I t  fol lows that the Federal Reserve's capacity and output indices

are coi ntegrated,

IV. Error-Correcti on llodels of output Growth and Utilization Growth

The stat i  onari ty- test results reported above suggest that i t  is

appropriate to estimate error-comection models of output growth and

ut i l i za t ion  growth .  For  ou tpu t  g rowth ,  the  re levant  mode l  i s  g iven  by

equat ion  2 ,  w i th  c .  se t  equa l  to  the  logar i thm o f  the  Board 's  capac i ty  index .

The error- correct i  on model for ut i l izat ion qrowth takes a similar form:

(3)  A(y  -  c ) .  =  a0  +  ar (y  -  c ) t  +  c ' (L )AJ ._1  +  c r (L )Ac . - , .

Estimates of equations 2 and 3 are presented in the second columns of

Tables lA and lB, respectively. The Akaike cri terion was used to determine

lag lengths, In each regression, the estimated value of the emor-correction

coef f i c ien t  (o '  in  equat ion  l ,  a '  in  equat ion  2)  i s  h igh ly  s ign i f i can t  and o f

the expected sign.

The stat ionarity of the Federal Reserve Board's capacity ut i l  izat ion

index impl ies that the long-run growth rates of output and capacity must be

3 According to the Dickey-Fuller test, a unit  root is rejected at the
ten  percent  s ign i f i cance 

' leve1 
.  Accord ing  to  the  Ph i l l i ps -Per ron  tes t ,  a  un i t

root is rejected at the one percent signif icance level .



equa l  .  Th is  res t r i c t ion  w i j l  be  sa t is f ied  fo r  an  arb i t ra ry  long- run  capac i ty

growth rate only i f  the coeff icients of the lagged output growth and iagged

capac i ty  g rowth  var iab les  sum to  one in  equat ion  2  and sum to  zero  in  equat ion

3.  Res t r i c ted  es t imates  o f  the  ou tpu t  and u t i l i za t ion  equat ions  are  repor ted

in  the  th i rd  co lumns o f  Tab les  lA  and 18 .  Formal  tes ts  o f  the  parameter

res t r i c t ions  ind jca te  tha t  they  cannot  be  re jec ted .  (See the  F  s ta t i s t i cs

reported at the bottom of the co1 umns.) The coeff icients of the effor-

correction term and the contraction dunmy remain siqnif icant and of the

expected  s ign .

Note that, in Table 1A, lagged output gro$,th appears to be of relat ively

l i t t le  use  in  p red ic t ing  fou  r th  -  quar te r  - to  -  four th  -  quar te r  g rowth  in  ou tpu t

once one cont ro ls  fo r  the  Iagged e f fec ts  o f  capac i ty  u t i l j za t ion  and capac i ty

growth .  In  Tab le  lB ,  ne i ther  lagged ou tpu t  g rowth  nor  lagged capac i ty  g rowth

a ids  in  p red ic t ing  changes in  capac i ty  u t i l i za t ion .  The po in t  es t imates  o f

the  er ro r  cor rec t ion  coef f i c ien t  in  the  u t i l  i za t ion  equat ion  ind ica te  tha t  two

thirds of any gap between output and normal peak capacity is typical ly

e l  im ina ted  a f te r  one year ,

The four th  co lumns o f  Tab les  1A and lB  repor t  es t imates  o f  vers ions  o f

equations 2 and 3 in which both the Federal Reserve and Beaudry-Koop measures

of  manufac tur jng  capac i ty  u t i l i za t ion  appear  as  r igh t -hand-s ide  var iab les .

The results are unambiguous. Coeff icients attached to the Federal Reserve

Board  u t i l i za t ion  index  are  h igh ly  s ign ' i f i can t  and o f  the  expec ted  s jgn .

Coef f i c ien ts  a t tached to  the  Beaudry-Koop u t i l i za t ion  measure ,  a l though o f  the

expected  s ign ,  a re  smal le r  in  magn i tude than those a t tached to  the  Board

index ,  and are  s ta t i s t i ca l l y  ins ign i f i can t .  Thus ,  in  p red ic t ing  growth  in

manufac tur ing  ou tpu t ,  the  jn fo rmat ion  conta ined in  the  Beaudry-Koop measure  o f



ut i l  i za t ion  is  neg l  ig ib le  in  co tnpar ison  to  the  in fo rmat ion  in  the  Federa l

Reserve measure of ut i l izat ion. A simple bivaniate I inear model of output

growth clearly outperforms Beaudry and Koop's univari te non-l inear model .

Hamilton (1989) has proposed a l i larkov- sr{ i  tch i  ng model of output growth

that is similar to the model of Beaudry and Koop in that i t  is univariate and

non-l inear.a In Hamilton's nodel ,  the economy is sometimes in a high-growth

state and sometimes in a 1ow-growth state, To test whether Hami l ton's state

variable contains information about future growth in manufacturing output

beyond that contained in the Federal Reserve Board's measure of capacity

u t i l i za t ion ,  I  es t imated  vers jons  o f  equat ions  2  and 3  in  wh ich  a  dummy

var iab1e was inc luded as  an  add i t iona l  r igh t -hand-s ide  var iab le .  The dumny

var iab le  was de f ined to  equa l  one in  years  in  wh ich ,  accord ing  to  Hami l ton ,

the probabil i ty that the economy was in i ts 1ow-growth state during the fourth

quarter exceeded one half.  Otherwise, the dummy variable was defined to equal

zero.S Results are presented in the f i f th columns of Tables lA and lB.

The regression results indicate that the Hamilton contraction dunmy and

the Board's ut i l  izat ion index both contain useful information about future

growth in manufacturing output and capacity ut i l izat ion. Apparently, the

dynamics  o f  ou tpu t  and u t i l i za t ion  are  qua l  i ta t i ve ly  d i f fe ren t  dur ing

expans ions  than dur ing  cont rac t ions .  In  par t i cu la r ,  i f  the  econony is  in

cycl ical decl ine in the fourth quarter of a given year, then one should expect

" In a sense, there are actual iy two variables in the Hamilton model
(output and the state variable). However, only one of the variables is
observabl e,

5 Hamilton's methodology can be used to estimate either real-t ime or
fu l l -sarnp le  recess ion  probab i l i t ies .  However ,  the  recess ion  dunr rny  var iab les
corresponding to the alternative probabil i ty est imates are identical ,  They
equa l  one in  1949,  1953,  1957,  1960,  1969,  1970,  1974,  1979,  198I ,  1982,  and
1990, and are zero otherwise,



rates of output and uti l ization growth over the next four quarters that are

substantial ly louer than rates that would have prevailed had the economy been

in i ts  expansion phase.

Y. Simul taneous Estimation of the Output and Uti l izat ion Equations

Cons is ten t  w i th  empi r i ca l  resu l ts  ob ta ined in  the  preced ing  sec t ion ,  I

modif ied equations 2 and 3 by imposing long-run cointegration restr ict ions,

al lowing for an intercept shif t  in contraction periods, and dropping lagged

output growth and lagged capacity growth variables from the r ight-hand side of

the ut i l  izat ion growth equation. The modif ied error -correct i  on model takes

the form:

(? ' ) Ay. =q[(y - c)t -  p] + /Act_j + (1 - 7)Ay.-, '  + 6h.

(3 ' , ) a(y  -  c ) ,  =  a [ (v  -  c ) .  -  B ]  +dh. ,

where h is the contraction dummy. In the modif ied model ,  the parameter F

represents the ( ' log of the) measured rate of capacity ut i l  izat ion towards

which the economy tends to converge in expansion periods.

Table 2 reports parameter est imates obtained from simultaneous

estimation of equations 2' and 3'.6 Note, f i rst,  that both error- correct i  on

coeff icients (o and a) are signif icant and of the expected sign. Gaps between

actual and potential output are el iminated fair ly quickly: over two thirds of

the output gap is e1 iminated each year,

6A chi-square test indicates that one cannot reject the hypothesis that
the l imi t ing ut i l iz4t ion ra te,  p ,  is  the same in  equat ions 2 '  and 3 ' .  The
test  s ta t is t ic  is  1 ' ( l )  =  .021,  wi th  marg ina l  s ign i f icance leve l  .885.



Second,  i t  remains  the  case,  in  these regress ions ,  tha t  lagged capac i ty

growth is a much more important determinant of current output growth than is

lagged output growth. The weight (f)  placed on lagged capacity growth is over

96 percent. The weight is est imated quite precisely: i ts standard emor is

on ly  1 .8  percentage po in ts .

Third, as before, i f  the economy has entered i ts contraction phase, then

both output growth and uti l izat ion growth can be expected to be depressed over

the coming year, relat ive to what they would have been had the econonly been in

i ts  expans ion  phase.  That  i s ,  the  coef f l c ien ts  (6  and d)  o f  the  lagged

cont rac t ion  dummy are  a lways  negat ive  and a lways  s ta t i s t i ca l l y  s ign i f i can t ,

The phase e f fec ts  a re  a lso  ouant i ta t i ve ly  s ign i f i can t :  annua l ized  ou tpu t  and

uti l izat ion groi{th slow by about 4.5 percentage points during cycl ical

contracti  ons ,

F ina l  l y ,  the  logar i thm o f  the  l im i t ing  u t i l  i za t ion  ra te  i s  - .180,  wh ich

cor responds to  a  measured u t i l i za t ion  ra te  o f  83 .5  percent .

VI. t{hat Variables Affect crowth in Capacity?

Together, equations 2' and 3' imply that

(4)  ac .=  (a-  a) l (y -  c ) t  -p l  +yAc._ ,  +  (1  -  y )Ay- ,  +  (6-d)h , .

In general ,  capacity growth is a function of capacity ut i l izat ion, 
' lagged

capacity growth, lagged output growth, and the stage of the business cycle,

However, the point est imates of o and a reported in column 2 of Table 2 are

qu i te  c1ose,  suggest ing  tha t  changes in  u t i l  i za t ion  have a  neg l ig ib le  e f fec t

upon capacity growth. The chi-square stat ist ic at the bottom of Column 3 of



Table 2 confirms that the dif ference between c and a is stat ist ical ly

ins ign i f i can t .  l r ' l hen- -as  in  co lumn 3- -equat ions  2 '  and 3 '  a re  re -es t imated

subject to q = a, parameter est imates change l i t t le, In part icular, i t

remains the case that about two thirds of the output gap is el iminated each

year. The estimated normal peak ut i l izat ion drops from 83.5 percent to 83.4

percent of measured capac i  ty.

According the the chi-square stat ist ics reported at the bottom of

columns 4 and 5 of Table 2, one also cannot reject the hypothesis that

capacity growth is independent of the stage of the business cycle and the

hypothesis that capacity growth is independent of lagged output growth.

However, when one tries to impose these tv,ro hypotheses g;4!lEMp_UgU- -as in

colunn 6--one obtains a very strong reject ion. Similar1y, the hypothesis that

q = a is compatible with either the hypothesis that 5 = d or the hypothesis

that y = I,  but not both of these hypotheses at the same t ime. See the

resu l ts  repor ted  in  co lumns 7 ,8 ,  and 9  o f  Tab le  2 .

Apparently, capacity grovrth is independent of ut i l izat ion. Furthermore,

either capacity growth is depressed when the economy is in i ts contraction

phase or capacity growth is depressed when output growth has been weak. The

data  are  insu f f i c ien t  to  d is t ingu ish  be tween the  la t te r  a l te rna t ives .

In an effort to shed further l ight on the determinants of capacity

growth, and as a robustness check, equations 2' and 3' were reestimated with

an NBER contraction dunnny in place of the Hamilton contraction dummy.T

7 The NBER contraction dunmy, n,, is defined to equal one in a given
year i f  the econoqy was in the contraction phase of the business cycle in the
fourth quarter of that year, where business cycle dates are as detennined by
the National Bureau of Economic Research. Thus, the NBER dummy equals one in
1949,  1953,  1957,  1960,  1969,  1970,  1973,  1974,  1981 ,  1982,  and 1990,  and is
zero  o therw ise .  For  a  n ice  d iscuss ion  o f  the  re la t i ve  mer i ts  o f  a l te rna t ive
bus iness-cyc1e da t ing  methods ,  see  Bo ld in  (1994) .

t0



Results are displayed in Table 3, which has the same format as Table 2.

Measures of fit are generally somewhat improved using the NBER dummy,

but parameter estimates are very similar to those obtained using the Hamilton

dummy.8 As in Table 2, one cannot reject the hypothesis that capacity growth

is independent of capacity utilization. (See the chi-square statistic at the

bottom of column 3 of Table 3.) Now, however, both the hypothesis that

capacity growth is independent of the stage of the business cycle and the

hypothesis that capacity growth is independent of lagged output growth are

unambiguously rejected by the data. (See the chi-square statistics at the

bottom of columns 4 and 5 of Table 3.)

In summary, capacity growth slows during business-cycle contractions and

in response to slow output growth, but is independent of the rate of capacity

utilization. The impact of contractions is quite small, as is the impact of

slow output growth. Annualized capacity growth falls by only .3-to-.4

percentage points during cyclical contractions, and the elasticity of capacity

growth with respect to lagged output growth is only .028.

VI. Concluding Remar~s

One explanation of the "bounce-bac~ effect" and the tendency for output

growth to be especially rapid in the early stages of recoveries is that output

growth is responsive to some measure of capacity utilization. Beaudry and

Koop (1993) suggest using the historical maximum of output as a capacity

measure. The resultant model is non-linear: it predicts that negative growth

shoc~s are less persistent than are positive growth shoc~s.

8 As before, one cannot reject the hypothesis that the limiting rate of
capacity utilization, ~, is the same in equations 2' and 3'. The test
statistic is X2 (l) = .038, with marginal significance level .845.

11



Results presented here indicate that, in predict ing novements in

manufacturing output, the Beaudry-Koop capacity measure is dominated by the

capacity index publ ished by the Federal Reserve Board. The Board's output and

capacity indices are cointegrated, suggesting that est imating error- correcti  on

equations for output growth and uti l izat ion growth is appropriate. The

estimated equations reveal that output growth is strongly inf luenced by

capacity growth, while capacity growth is largeiy exogenous with respect to

output growth. Shocks to capacity growth are persistent. In contrast, shocks

to output growth are short- l ived, given capacity growth.

0utput growth is inf luenced not only by lagged capacity growth and the

ra te  o f  capac i ty  u t i l i za t ion ,  bu t  a lso  by  the  s tage o f  the  bus iness  cyc1e.

That  i s ,  even a f te r  cond i t ion ing  on  lagged capac i ty  g rowth  and the  u t i l  i za t ion

rate, the dynamics of output growth remain non-l inear to a signif icant degree.

This result obtains regardless of whether the dating of cycl ical peaks and

troughs is determined using Harni l ton's real-t ime Markov switching model of GNP

growth  or  NBER bus iness-cyc1e da tes .  In  expans ions ,  the  es t imated  l im i t ing

ra te  o f  capac i ty  u t i l i za t ion  is  83 .5  percent .

t2
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TABLE IA.

Vari abl e

An Error-Comecti on l'lodel of output Growth

Sample Per iod:  1948-  1992

Estimated Coeffi ci ents

Constant -.2097'-
(  .0677)

(y  -  c )  - .8?28"
( .2037)

Ac- r  2 .0146.
( .86e2)

- .1266 ' *  - .1 lg4"
( .0331)  ( .0354)

- .6456 '*  - .5809*
( .1618)  ( .1884)

.8149" .7567"
( .155s)  ( .1782)

.1851 .2433
( .1sss) ( .1782)

- .3488
( .5103)

- . 1253**
( .0315)

-.7032--
( .  1s63)

1.0105--
( .  r720)

- .0105
( .1720)

-  .0502.
(.0224)

.3087

.0498
5.3204

Ft , r r  =  2 .907

Ay-r .2786
( .  1675)

Beaudry-
Koop

Hami I ton
Durmy

R2 .zslt
sE .0516
Q(11)  ? .7280
Restr i  ct i  on Fr ,3e  =  1 .966 Fr .38  =  1 .735

.2392

.0522
2.47?3

.2289

.  0525
2.1710

*  S ign i f i can t  a t  the  f i ve-percent  1eve1
** Signif icant at the one-percent 1eve1
Standard errors appear in parentheses.
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TABLE IB.

Vari abl e

Constant

(v-c)

Ac- t

Av .

- .2166-*
(  .0638)

-.8287'*
(  .1e21)

t .?2t7
( .8 les)

.2401
( .1s7s)

An Error -Correcti on l,lodel of Utilization Growth

Sample Period: 1948-1992

Est imated Coeff i  c i  ents

Beaudry-
Koop

Hani I ton
Dunmy

R? .316b
sE .0486
Q( l  l )  3 .3378
Restri ct i  on

- .1?26**  - . l l47**
( .031s)  ( .0337)

-.6284-- -.5663--
( .  r54r)  ( . l7e4)

- .1344 - .1903
( .1481)  ( .16e7)

.1344 .1903
( .1481)  ( .  r6e7)

-  .3349
(  .4861)

.2853 .2758

.0497 .0501
3.3206 3 .0814

F1, .s  = ?.8?7 F, , r .  =  2 .541

- .121s-"
(  .0302)

- .6807--
(  . I4e8)

.043I
(  .1648)

- .0431
(  .1648)

- .0456 '
( .021s)

.34?8

.0477
6.27 43

Fr ,se = 3.949

*  S ign i f i can t  a t  the  f i ve-percent  leve l
* *  S ign i f i can t  a t  the  one-percent  leve l
Standard errors appear in parentheses,
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TABLE 2. Non-Linear Estimates of the Error -Gorrecti on llodel: Hanilton
Contnaction Dunny

Ay,  =o [ (y  -  c ) .  -  B ]  +  yAc,_1  +  ( l  -  y )Ay ._ '  +6h.

a(v -  c) .  = a[ (v  -  c) ,  -  P]  +dh.

Restri ct i ons

6=d q=a c=a E=i
Parameter  none q=a 6=d f=7 I= l  6=d T=1 l= l

a  - .71g--  - .651 '*  - .673. .  - .708. .  - .636 ' .  - .G40"  - .672 '*  - .612*
( .  r3e)  (  .128)  ( .138)  ( .13e)  ( .138)  ( .128)  (  .12e)  ( .12e)

a - .695 ' *  =g - ,662-*  - .696**  - .648. .  =o =q =ot
( .133)  ( .132)  ( .133)  ( .132)

B - .190--  - . l8 l **  - .181* .  - .191. .  - . lgz**  - .  l8o*  - .183. .  - .143 ' -
( .0 r2)  ( .012)  ( .0 r2)  ( .0 t1)  ( .011)  ( .012)  ( .012)  ( .012)

l, .965-' .972-- .952". =1.000 =1 .000 .957'- =l.oo0 :l .oo0
( .018)  ( .018)  ( .018)  ( .01s)

6 - .042*  - .043-  - .034*  - .048. .  - .030 - .034*  - .045.  - .030
( .0r8)  ( .0 r8)  ( .017)  ( .018)  ( .017)  ( .017)  ( .018)  ( .017)

d - .043*  - .039-  =  6  - .04?-  =  6  :6  - .040-  =  6
( .0r8)  ( .01 i )  ( .018)  ( .017)

(? ' , I

(3 ' , )

T2
d . f .

.37?

.0474
I  .460

.403

.0454
I  .453

.359

.0475
I  .524

.401

.0455
I  .503

I  .68

.364

.0477
1 .465

.399

.0456
1 .444

3 .75
I

,372
.047 4
1 .414

.403

.0455
1 .445

3  .81
I

1 C R

.0480
1.4r2

.395

.0457
I  .440

I I  .86--
2

.362

.0478
1 .509

.399

.0455
1 .482

4 .21
2

.370

.0475
1.447

.402

.0455
1 .466

4.36
?

.354

.0481
I  .351

.394

.0458
t  .395

12.52*
3

Eo.  ? ' :'R?

SE
DU

Eo.  3 '  :'R2

SE
Dt,

*  S ign i f i can t  a t  the  f i ve-percent  leve l* *  S ign i f i can t  a t  the  one-percent  leve1
Standard errors appear in parentheses.
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TABLE 3. Non-Linear Estimates of the Error -Correcti on llodel: ]IBER
Contracti on Dumy

(z',)
(3 ' , )

T2
d . f .

none
- .708"
( .13s)

- .684'-
( .12e)

- .179- "
( .0r2)

. g64**
(  .018)

- .048-'
(  .018)

- . 044*
( .017)

.381

.0471
I  .405

.4 l  l

.0452
1 .396

Q =  a
-  .644*
( .ru5)
- .644'-
( .  r25)

- . I80"
(  .012)

.972--
( .017)

- .044-
(  .017)

- .04t '
( .017)

.378

.0472
1.471

.409

.0452
1 .449

1.68
I

.373

.0474
I  .433

.407

.0453
I  .404

4 .39 '
I

.381

.0471
I  .356

.410

.0452
I .389

4. 05-
I

.365

.0477
I  .384

.403

.0454
I  .406

t2 .50- -
2

.371

.o474
1 .474

.406

.0453
I  .439

4.  83
2

.380

.0471
I .389

.  410

.0452
1.410

4.49
2

Ayt  =o [ (y  -  c ) .  -  p ]  +  IAc t_ l  +  ( l  -  7 )Ay ._ '  +6n,

A(y  -  c ) t  =  a [ (y  -  c ) .  -  B ]  +  dn ,

Restr i  ct i  ons

Parameter
o

a

p

I

6

d

q =  a  Q =  a
6=d v=1

(  .125)  ( .125)

- .633- .  - .667"
( .12s)  ( .125)

-  . l tg"  - .182"
( .012) ( .0rz)

.958- '=1 .000
( .o ls)

- .035- - .046"
( .017)  ( .017)

- ,035*  - .041*
( .or7)  ( .017)

A 'a
6=d
v-  l
-G7"
( . l2s)

-.667**
( .125)

- .182--
(  .012)

:1 .000

- .031
( .017)

- .031
( .0r7)

.364

.0477
I  .326

.403

.0455
1 .353

13.  l8- -
3

6=d
6 -d  y=1  y= l
-.665* :.5e-6-. ;63T'"
( .  r34)  ( .13s)  ( .  134)

- .653. *  - .6g6**  - .643- -
( .12e)  ( .12e)  ( .12e)

- .180. .  - .  181. .  - .  181 ' -
( .012)  ( .012)  ( .012)

.952-- :1 .000 =l .OO0
(  .018)

- .035-  - .049--  - .032
( .017)  ( .0 r8)  ( .017)

- .035- - .043' - .032
( .0r7)  ( .017)  ( .017)

Z ' , :
F
SE
Dl.,
3 ' , :
R2
SE
DU

Eq.

Eq.

* Si gn i  f i  cant
** Si gn i  f i  cant
Standard effors

at the f ive-percent I  evel
at the one-percent I  evel
appear  in  paren theses .
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