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ABSTRACT

The aggregate investment schedule is a relationship for which
the issue of stability over-time is of special importance for macroecono-
mic policy. In particular, one may wish to use this schedule to study
the impact of various policy measures such as changes in the nominal cor-
porate tax rate, changes in depreciation allowances, investment tax cre-
dits, etc. An ingenious formulation of an investment function making
| possible such studies is due to Hall and Jorgenson (1967).  The importance
of using, for such policy simulations, a model which exhibits a good sta-
bility over time is easy to understand. In particular, the parameters
should be invariant with respect to the policy changes themselves. This
point has been forcefully stressed by Lucas (1976). This author argues
i the since parameters in econometric relationships reflect economic agent's
decision rules and these integrate knowledge about policies, changes in
policies are likely to induce shifts in the parameters. Lucas describes
three cases where such phenomena could be observed, one of which involves
the Hall-Jorgenson (1967) model of investment demand (and taxation). In
particular, as regards the impact of investment tax credits with this
model, Lucas makes two kinds of prediction: first, if the model is
implemented under an assumption of static expectations (vs rational expec-
tations) and estimated from a period during which policy rules changes
appreciably, it is likely to exhibit parameter instability related to
these policy changes; second, the impact of tax credits is likely to be
heavily under-estimated.

The paper presents empirical evidence on both these effects
on the basis of a version of this model estimated from U.S. data (1956-
1972) by Gordon and Jorgenson (1976) and extensively used in policy
simulations; fluctuations of investment tax credits over the period
considered suggest the Lucas effects are likely to be observable in this case.
For this purpose, we use recursive stability analysis, an exploratory metho-
dology introduced by Brown, Durbin and Evans (1975) and extended by
Dufour (1979, 1982). This method is based on a process of recursive
estimation of the model considered with, among other things, an analysis
of associated prediction errors; it has the advantage of making very weak
assumptions concerning the type of instability to be detected and indi-
cates the direction of the prediction errors induced. The main finding
is a discontinuity associated with the first imposition of the tax
credit (1964-66); furthermore, the observed shift induced a strong
phenomenon of unprediction of investment, thus bringing support for
Lucas' hypothesis.
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. RESUME

La fonction d'investissemént est une relation dont la stabilité

ftemporelle a une importance’ con51derab1e pour les politiques macroécono-
‘miques. En particulier, on peut se servir d'une telle relation afin d'étu-

dier 1'impact de ‘diverses mesures telles des changements dans les taux de
taxation du revenu des compagnies ou‘dans les taux de dépréciation, les
crédits d'1mpot d 1'investissemerit, etc. -Une formulation partlcullerement

‘ingénieuse de ‘cette’ relation et permettant de telles ‘€tudes a ete proposée
: notamment par Hall et Jorgenson (1967)

I1 est fac11e de comprendre 1'1mportance, pour de telles simula-
tions, d'utiliser un mod&le dont les coefficients peuvent &tre considérés
comme stables dans le temps. Lucas (1976) a spécialement insisté sur ce
probléme. - Cet auteur suggére que des changements dans les politiques
peuvent induire des -changements dans les coefficients: ceci provient du
fait que les coefficients des modéles &conométriques reflétent des régles
de décision optimales qui tiennent compte des politiques gouvernementales.
Lucas décrit trois cas ol on est susceptible d'observer de tels phé&noménes:
1'un 'de ces cas est le modéle de demande d'investissement de Hall et
Jorgenson (1967). Considérant le cas particulier des crédits' d'investisse-
ment, Lucas fait deux types de prévision: premi&rement, si le mod&le est
estimé sous une hypoth&se d'attentes statiques et & partir de données d'une
période au cours de laquelle la régle de politique pertinente a changé,
on peut s'attendre 3 ce que le modéle démontre une instabilité reliée &
ces changements,»deuxlemement 1'impact d'un crédit d'investissement tempo-

‘raire sera sous-estimé.

Dans ce contexte, nous présentons des réusltats sur ces deux
effets a partir d'une version du modéle originalement estimée avec des
données américaines (1956-72) par Gordon et Jorgenson, (1976) et qui a &té
utilisée pour faire des simulations de politiques. Comme on peut observer
plusieurs fluctuations dans la politique touchant les crédits d'investisse-
ment, nous anticipons d'observer les effets suggérés par Lucas dans ce cas.
Pour cette fin, nous utilisons '"1'analyse récursive de la stabilité" telle
qu'introduite par Brown, Durbin et Evans (1975) et généralisée par Dufour
(1979, 1982). Cette méthode est basée sur un processus récursif d'estima-
tion et l'analyse de diverses statistiques résultantes: les avantages de
1'approche sont qu'aucune hypothése n'est faite sur le type d'instabilité
a détecter et qu'elle fournit des indications sur la direction des erreurs
de prévision. A 1'aide de cette méthode, nous avons détecté une disconsti-
nuité qu'on peut associer trés précisément avec la premiére imposition du
crédit d'investissement (1964-66); de plus, le changement observé produit
un phénoméne important de sous-prévision de l'investissement. Ces deux
observations semblent donc supporter 1l'hypothése de Lucas.



1.  Introduction - .
| . The aggregate investment schedule is a relationship for which the
issue of stability over time is of special importance for macroeconomic po-
licy. In particular, one may wish to use this schedule to study the impact
. of various policy measures such as q@pnges’in the nominal corporate tax ra-
te, changes in depreciation allowanc;s;-investment tax credits, etc. An
ingenious formulation of an'investment’function making possible such studies
is due to Hall.and Jorgenson (1967). Also, a particularly extensive simula-.
tion based on this model, aimed at studying the impact of investment tax
credits in the United States over the period 1960-1985 was made by Gordon
and Jorgenson (1976).

The importance of using, for such policy simulations, a modelwhich
exhibits a good stability over time is easy to understand. In particular,
the parameters should be invariant with respect to the policy changes them-
selves. This point has been forcefully stressed by Lucas (1976). This au-
.thor argues that since parameters in econometric relationshibs-reflect econo-
mic agents' decision rules and these integrate knowledge about policies,
changes in policies are likely to induce shifts in the parameters. Lucas
describes three cases where such phenomena could be observed : the first omne
is linked to the aggregate consumption function, the second to the Hall-
Jorgenson (1967) model of investment demand (and taxation) and the third to
the Phillips curve. We will concentrate here on the second case in order to
obtain some empirical evidence on the instability issue involved.

The argument of Lucas is that the effect of a change in the rate

of an investment tax credit depends crucially on expectations concerning fu-

ture changes in this rate. The impact of a given change in the rate of the
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tax credit will differ depending on expectations about future changes in the

rate.  Or, in other words, the response coefficient to a change in the rate

.of the tax credit depends on expectations about future changes in this rate.
~In particular, after developing a simple investment model, Lucas shows that

-the impact of a given change may be substantially bigger if it is thought

to be transitory rather than permanent (once-and-for all)l, Thus, assuming

the changes in the investment tax credit were considered permanent by the

' Televant economic-agents while they were in fact thought transitory, may lead

to appreciably underestimate the impact of the tax credit.

At the empirical level, if one wants to forecast accurately
the effect of a proposed change in the tax credit, it is necessary that:
(1) the correct assumptions concerning‘expectétions about future
changes in the tax credit (following the proposed change) be

used; -

(2) the model be specified and estimated using the correct expec-
tational assumptions over the historical period used for
estimation. |

Hall and Jorgenson (1967) as well as Gordon and Jorgenson (1976) assumed
changes in tax rates were viewed as permanent. We will devote our at-
tention here primarily to the second study. During the sampling period
used for the estimation of the investment function of Gordon and

Jorgenson (1956-72), five major changes in the tax credit took place. The
tax credit was originally introduced to stimulate investment in 1962. Then

"the effectiveness of the tax credit was increased substantially in 1964

More precisely, assuming the tax credit follows a Markovian
scheme (which includes as special cases a permanent credit and a frequently
imposed but always transitory credit), Lucas (1976) shows that the impact of
the tax credit on investment can be much bigger if it is thought transitory
rather than permanent. Indeed, under reasonable values of the parameters,
the ratio of effects may be in the range of 4 to 7.




with the repeal of the Long Amendment!. The investment tax credit was sus-
pended in 1966-67 and repealed in 1969 in order to reduce the level of in-
vestment. The tax credit was re-enacted in 1971 to stimulate investment

expenditures"?, Thus, given this appérent instability of policy, it would

not be surprising (if we follow Lucas' argument) to observe parameter ins-

i tability in the Gordon-Jorgenson model (unless expectations effectively

obeyed the scheme implicity assumed‘by Hall and Jorgenson). Also, if we

estimate the model recursively (adding observations gradually), as suggested By
prown, Durbin and Evans (1975) and Dufour (1979,1982), we would expect the introduc-
tion of the investmeﬁt tax credit to be assoclated with under-predictions

of investment exﬁenditures, since it is afgued that the assumption of sta-

tic expectations is likely to lead to underestimate tﬁe impact of the tax

credit.

The precise model considered by Gordon and Jorgenson (1976)

is of the form (for quarterly data) :

6
(1.1) IPDES8, = o + 6K + ) BV

+ u .
jo0 1 t1 0t

IPDESSt is real investment (1958 dollars) in producer's durable equipment
(during period t), Kt is gross, beginning of period, real capital stock

of producer's durable equipment, Vt is a proxy for desired capital stock

IThe Long Amendment forbade to use for depreciation purposes
that part of the cost of a capital asset financed by the tax credit.

2From Gordon and Jorgenson (1971, p. 278). We list the "ef~
fective tax credits" (1961-72), as measured by these authors, in Table 7.
The "effective tax credit" could be non-zero for periods longer than the
nominal credit because, once the credit was suspended or repealed, firms

could still use a credit to which they were entitled but did not use when
it was in force.
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. given by

(1.2) V., = (PGNP __,) (eyp58, /¢, B

’where'GNPSSt is real gross national product (1958 dollars)l,PGNPt is the
GNP price deflator and Ct’is the rental cost of capital; u, is a random
‘disturbance. The cost of“capi‘tallct is defined as

o

(1.3) Ct‘ = PIPDEt [0.138 + Rt(l-Ut)] [1-Uf.zt - TCt + YtZtTCtDt]/(l-—Ut) >

where,PIPDEt is the price deflator for investment in producer's durable
equipment, O.138Iis the depreciation rate on producer's durable equipment
as calculated by Christensen and Jorgenson (1969), Ut is the nominal
corporate tax rate, Rt is the interest rate on new issues of High-Grade
corporate bonds, Zt is the present discounted value of depreciation
allowances, TCt is the effective tax credit and Yt equals one during those
years in which the Long Amendment applied and zero otherwise .

In order to estimate this model, Gordon and Jorgenson (1976)
used a second degree Almon polynomial lag structure constrained to pass
through zero after seven periods, i.e. it was assumed that

. .2 .
(1.4) Bi = ao-all-azl , 1 =0,1,...,7

with 87 = ao--7al--49a2 = 0, so that there are effectively only two free
parameters in the distributed lag over Vt' Under these conditions, the
relation to be estimated takes the form :

(1.5) IPDESBt = a + th + alwlt + azw2t + u,

1IPDE58t and GNPSSt are seasonally adjusted and measured at annual rates




where

6 6
.2
(1.6) W, = 20(7-:L)vt_i . Wy, = 120(49_1 W g

Furthermore, since the original Durbin-Watson statistic was 0.7554,

a first-order autoregressive transform was used (p = .6223) and.the

following result was obtained (based on the ﬁefiod 1956—721)’:

1.7 IPDESSt = =-9.656 + 0.0572 Kt + 0.00181 Vt + 0.00218 Vt-l

(1.522) (0.0163) (0.00071) (0.00033)

+ 0.00233 Vt- + 0.00228 Vt— + 0.00202 Vt-

2 3
(0.00019) (0.00031) (0.00038)

4

+ 0.00156 Vt- + 0.00088 Vt-

5
(0.00036) (0.00023)

6

'RZ = 0.9577 , DW = 1.9788

In this paper, the stability over time of the above model is
analyzed. For this purpose, an "exploratory" methodology aimed at being
sensitive to a wide variety of instability patterns is used; it is based
on estimating recursively the model under study and considering associated
paths of coefficient estimates and prediction errors. An especially inte-

resting aspect of this approach for our problem is that it can give us

lEffective observations, not including those observations which
are "lost" via the lagging process and the autoregressive transformation.
The standard errors are given in parenthesis. R% is the multiple correla-
tion coefficient and D.W. the Durbin-Watson statistic (both for the trans-
formed model).
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information on the timings of parameter shifts and the directions of resul-
ting prediction errors, one of the implications of Lucas conjecture for this model.
For a detailed description of the methodology followed and its statistical
bases, the reader is referred to Dufour (1982). Another purpose of the
study 1s precisely to illustrate the uorking and usefulness of the recur-

sive approach to the analysis of the’stability of econometric models?

et

Along these lines thus, we present, in Section 2, the results
of three different recursive estimation experiments relating to model (1.5)
over the period 1956- 1972 (and using the data of Gordon and Jorgenson1976).

First, we estimate (1.5) recursively by ordinary least squares. Second,

since Gordon and Jorgenson (1976) corrected the model for autocorrelation
(which, in some cases, may be a rather ad hoc correction for a problem of
parameter instability), it is important that we look how the conclusions

may be affected after making such a correction; thus we do a similar
'é experiment on the correspondingly transformed model (using p = .6223, the

same estimate of p as Gordon and Jorgenson)
(1.8) IPDES8  (p) = o' (1-p) + &K (p) ¢ a,W, (o) + aW,, (p) + et

-~ ~ ~ -~ 1
where IPDESSt(o) = IPDE58t - IPDESSt_l, Kt(p) = Kt-—o Kt—l’ etc.

Finally, we must deal with an extra problem : the capital stock Kt cannot

rigorously be considered as being non-stochastic and independent of the full set of

the disturbances u, for it is a function of past investment. Thus the

lgee Dufour (1982, Section 2.5) for a discussion of this proce-
dure. 2

Another illustration, which concerns the stability of the demand
for money during the German hyperinflation, may be found in Dufour (1981b).




regressor Kt may be viewed as a form of lggged dgpendent variéble and the
tests performed in the two first experiments cannot be considered exact.
As suggested in Dufour (1982, Section 2.5), what can be aone in such a
case is to get rid of the troublesome regressor Kt(a) by subtracting
3Kt(5) on both sides of (1.6) where 8 is the estimate of & based on the

full sample; we thus consider the regression :

- A A - - - *
(1.9) IPDE58t(p) - GKt(p) = a(l-p) + alwlt(p)-fazwzt(p) te,

.

where § = 0.0572 and p = .6223, and we perform the recursive estimation

experiment on the remaining coefficients I,

10f course, this third experiment involves losing some of the
advantages of "recursivity" (we cease to estimate § recursively), hence
quite probably a loss of power. But it appears necessary in the present
circumstances as a cross—check of the results obtained without taking into
account the presence of the lagged dependent variable.
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2. Recursive Stability Analysis

"'We first estimate equation (1.5) recursively without any trans-
formatioﬁ‘(1956/1—1972/IV)1.‘ The recursive estimates obtained are listed
in Table 1 and graphed in figures 1A~1D; the recursive residuals (one to
four and eight-steps ahead) are listed in Table 2A, with a number of test
statistics in Table ZB?, and they are graéhed in Figures 2A-2E.

If we look first at the recursive estimates, we can distinguish at

least four phases (for all coefficients): the first phase (say, up to 1961/I)
is characterized by wide fluctuations (and somewhat "weird" values, especially
at the very beginning3) and a :ough trend (upward for o and al, downward for
8§ and a2); then we can observe a period of relative stability showing no
trend (1961/II-1963/III), except for‘é which trends upward from 1962/IV;
third (1963/IV-1966/1V), we notice a very definite period of trend (downward
for o and a,, upward for § and al), during which all coefficients change sign*
and fourth, over the rest of the sample period (1967/1—1972/IV), al and a,
move in the direction opposite to the one followed before while o and § seem
to stabilize. The fourth quarter of 1963 and the last quarter of 1966 clearly
appear to be breaking points. Let us now look at the (one-step ahead) recursi-
residuals. Although there is no systematic tendency to over or underpredict
over the full period (as indicated by the global location tests in Table 2B),

we can observe a run of 13 consecutive underpredictions from 1963/IV to 1966/1¢

a very surprising outcome if the assumed model is correct (the probability of

log course, given that K is a form of lagged dependent variable and
if disturbances are autocorrelated, least squares coefficient estimates will be
inconsistent. Nevertheless, the appearance of "autocorrelation" may be a sympt
of an instability problem and thus an experiment without such a correction seer
indicated. 1In any case, it will allow us to illustrate how a misspecificationm
may lead to the observation of paramcter Instability in a recursive estimation
experiment.

’The test statistics in Table 2B, as well as those in Tables 4B and ¢
are based on the (one-step ahead) recursive residuals. We report systematicall
three categories of tests (general tests, run tests and serial dependence tests
which can be compared and cross-checked [see Dufour (1982, Section 4)].

5This is not too surprising since, at the beginning, few observations
are used for estimation. .

“This is, by itself, a somewhat preoccupying behaviour.



obtaining’at least one’rgn of this length or more is .0065, under the

null hyéothesis). The total ﬁumber‘of rﬁns (of ovéf- or under-bredictions)

is extremely small (16) in relation to the sample size and there is strong

evidence of serial dependence.(at least up to a distance of 3 quarters).
Indeed the striking features of the trajectory of the recursive

residuals consist‘in a first period exﬁibiting a tendency to overpredict

(negativekreéiduals) uﬁ ﬁo 1963/1II! followed by a long run of 13 consecu-

tive under-predictions (1963/IV-1966/1V), a"breaking point" between 1966/IV

and 1967/I, another run of 9 under-predictions (1967/IV-1969/IV), while the

sequel looks relatively '"random'". We can also observe that the two, three

and four-steps ahead recursive residuals show basically the same pattern, in

fact a substantially more Aefinite (or "cleaner'") pattern. It is quite in-

teresting to compare the observed trajectory of the recursive residuals

with the movement in the effective investment tax credi;z. The long run

of under-predictions starts (1963/IV) roughly with the repeal of the

Long Amendment (1964/I) and extends as long as the effective tax credit

is non-zero (till 1966/IV); then we can note a discontinuity in the

series (1967/I) which takes place with the suspension of the tax credit,

while the following run of under-predictions (1967/IV-1969/IV) can be

associated (although more weakly than in the nrevious case) with the

reimposition of the tax credit (1967/II-1969/I)3, With respect to the

same issue it is also instructive to compute t-statistics to test the

null hypothesis of a zero mean (from the one-step ahead recursive

residuals) over the separate subperiods corresponding to the different

1

This phenomenon is also indicated by the CUSUM test (see Figure
2F) . Note also that the CUSUM of Squares test is not significant (at
level .05).

2See Table 7 for a listing of variables TCy {effective tax credit
rate) and U, (dummy for Long Amendment) from 1961/I to 1972/IV.




10

4

phases of the tax credit (as given in Table 7) . We have the following

set of results.

Period2 . t p-value3
1962/1 -1966/I11 | = 2.553 .0200
1964/1 ~1966/111 8.834 | .00000251
1967/11-1969/T |  1.724 128
1971/11-1972/1V 1,127 |7 303
-Remainder4 , -3.790 . .000705

It is remarkable that each period where the effective tax credit is non-
Zero correspondstoaapbéitivet-value (indicatihg a tendency to under-
predict) while the period in which it does not apply produces a negative
t-value. The indication is particularly strong (significant) for the
first application of the tax credit (especially after the repeal of the
Long Amendment). Thus, estimating recursively equation (1.5) by ordinary
least squares (and making abstraction of the fact that the capital stock
Kt'may be viewed as a form of lagged dependent.variable), we find several
signs of instability. These, in particular, point to the presence of a
substantial shift contemporaneous with the first imposition of the invest-
ment tax credit, especially after the repeal of the Long Amendment. Fur-

thermore, the instability involved induced systematic under-prediction of

This is justified by the fact that the (one-step ahead) recursive
residuals are i.i.d. N[O,0 27 under the null hypothesis [see Dufour (1982,
Section 4.3)].

21962/1—1966/III corresponds to the first application of the tax
credit; 1964/I-1966/II1 is the same period after the repeal of the Long
Amendment; 1967/II-1969/1 corresponds to the second application and 1971/II-
1972/1V to the third.

3Marginal significance level.
41957/I-1961/IV, 1966/TV-1967/1, 1969/I1-1971/I.
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the level of investment expenditures over this period. In other respects,
the two other ;éplications of thé tax credit do not‘seem to have induced
a significant effect (although still loosely in the same direction).

Let us now consider the results of a similar experiment applied
to equation (1.8), i.e. to model (1.5) after correction for autocorrela-
tion (using p = .6223). The reéursive estimates are listed in Tabie 3
and graphed in Figures 3A-3D; the recursive residuals (ome to four
and eight-steps ahead) are listed in Table 44, with a number of test
statistics in Téble 4B, énd they are grapﬁed in Figures 4A-4E.Y With
respect to the recursive estimates, we still distinguish four phases
corresponding basically to ﬁhe same subperiods: first (1957/I-1961/1)
wide fluctuations with rough trends\(upward for o and a5, downward for
and al); second (1961/II-1963/I11), a period of relative stability showing
no trend (except in the case of § which starts to go up near 1961/IV; thirdly
(1963/1V-1966/1V), a very neat trend for all coefficients (downward for «
and ays upward for § and al) during which all coefficients change sign;
fourth (1967/If1972/IV), a period where all coefficieﬁts seem to stabilize.
If we then consider the (one-step ahead) recursive residuals (Figure 44),
the pattern appears more ''random' than without the transformation (compare
with Figure 2A). Global location tests and serial correlation tests are
not significant at standard levcls (say .10). Nevertheless, a tendency
to overpredict is still visible in the earlier period (up to 1963/II) and,
especially, a run of 14 consecutive under-predictions from 1963/III to
1966/IV, followed by a sudden drop (1967/I), as observed in the preceding
case.? The 1967/IV-1969/IV run (of under-predictions) disappears. These

observations are very eloquently confirmed when considering the several-

1The recursive residuals obtained in this way are not, of course,
exact (for the true value of p is unknown). Nevertheless, since p is a con-
sistent estimate of p, their use is justified in large samples. See Dufour
(1982, Section 2.5).

2By the way, it is interesting to compare the residuals in Figure
4A (recursive) with the corresponding generalized least squares residuals in
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sféps ahead recursiﬁe résidﬁais (Figures 4BF4E). Theré are thus
continﬁing signs of‘instability, inlassociafion particularly with the
fifst application of ﬁhectéx'credit (especiélly after the repeal of

the Long Amendment). If we compﬁte, as we did previously, t-statistics
over the separate subperiods corresponding to the different phases of

the tax credit, we obtain :

Period ‘ t p-value ;
1962/1 -1966/111 ©2.178 - .0429
1964/1 ~1966/1I1 6.066 .0000812
1967/11-1969/1 , 1.130 .256
1971/11-1972/1V 2194 .853
Remainder1 -1.839 .0762

|

Asvin the first experiment, we can see that the t-values over each
period of application of the tax credit are positive, while, for the
rest, we get a negative t-value. Moreover, the t-value for the first
period of application is significant (at level .04) and very strongly
significant (at level .00008) if the period where the Long Amendment
applied is excluded.

Finally, we consider the results of a recursive estimation
experiment on equation (1.9), in order to take into account the fact
that Kt is truly a form of lagged dependent variable. The recursive

estimates are listed in Table 5 and graphed in Figures 5A-5C; the

l1957/141961/IV, 1966/1V-1967/1, 1969/11-1971/1.
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recursive residuals (one to four and eight-steps ahead) are listed in
Table 6A, with a number of test statistics in Table 6B, and they are

d. graphed in Figures 6A-6E. With respect to the recursive estimates, we

can still observe more or less the same four phases: first (1956/IV-
1961/1) wide fluctuaﬁions with rough trends (upward for a and ays down~-
ward for al); second (1961/11-1963/11),15 pé;iod of relative stability;
third (1963/I11-1966/1V), a clear trend (downward for a and a,s upward

fér al); fourth (1967/1-1972/1IV), a period wﬁere all coefficients seem

to stabilize. With respect to the (one~step ahead) recursive residuals
(see Figure 6A), we note now that ﬁone gf thehtést statistics in Table

6B nor the CUSUM and CUSUM of Squares test (Figures 6F aﬁd 6G) are sig-
nificént (at level .05). In particular, the longest run test is not
conclusivel. Nevertheless, the several-steps ahead recursive residuals
(Figures 6B-6E) do not seem to be affected in the same way and still
exhibit basically the same pattern as in the previous expefiment; in
particular, the two and three-steps ahead recursive residuals show
continous runs of under-predictions covering the period 1963/II11-1966/1V.
Indeed, the similitude between Figure 4A and Figure 6A (showing one-step
ahead recursiye residuals) is itself striking: we note a tendency to over-
predict up to 1963/II1 and a tendency to underpredict over the period
1963/I11-1966/1V, while the rest looks relatively "random". If we compute
t-values over the separate subperiods coresponding to the separate phases
of the tax credit, we find results basically similar to the ones obtained

before:

1Two residuals, in the middle of the longest run previously
observed (1963/111-1966/IV) were lowered hence "cutting'" the run.

— j
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Period t p~value
1 1962/1 -1966/111 2.197 L0414
1964/1 -1966/1II 4.697 .000653
1967/11-1969/1 .957 .370
1971/11-1972/1V .105 .920
Remainder! -1.944 .0613

The t-value attached to 1962/1- 1966/III (first application of the tax

credit) is positlve and significant at level .04 while, for the period

1964/1 1966/III (after the repeal of the Long Amendment), it is signifi-

cant at level .00065. The contrast between the periods of applications

of the tax credit (which produce positive t-values) and the remainder

of the period (which produces a negative t-value) is again to be noted.

Thus, although in a less conclusive form than with the two

previous experiments, we can still observe a phenomenon of under-

prediction associated with the first imposition of the tax credit

(especially after the repeal of the Long Amendment).

For the two other

applications of the tax credit, we do not observe significant effects

(although the corresponding t-values are positive and thus also indicate

a tendency to over-predict).

l1956/IV-—1961/IV, 1966/1v-1967/1, 1969/11-1971/I.

14
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3. Conclusions

The resultsypbtained in this recursive:stability analysisvare not
as clear and definite as thoée obtained,\fdr example, for the Cerman demand
for money (Dufour, 1932), They are édnfuséd, in particular, by the presen-
ce of a regreséor (the caéital stock) which contains lagéed values of the
dependent variable. Nevertheless{ one feature femainé constaﬁt throughout

the three experiments performed : there appears to be a discontinuity asso-

i ciated with the introduction of the firét investment.taxvcredit (1962/1-
1966/I111), especially after the repeal of fhe Long Amendment (1964/1); fur-
thermore, the discontinuity is of a tyﬁe that induces under-prediction of
investment, a behaviour in contrast with the~performance of the model before
1962 (which rather runs in the direction of over-prediction). This phenome-
non of underprediction appears quite in line with Lucas' forecast. There

is also some indication of a tendency to overpredict investment for the two
other periods where the tax credit was in force (1967/1I-1969/1 and 1971/II-

1972/1V), as suggested by the corresponding t-values, but these are too small

to be considered significant. Indeed, the latter part of the sample (1967/11-
1972/IV) exhibits few signs of instability.

Thus, on the whole, we find some evidence of the type of instabili-
ty suggested by Lucas (1976), although it appears difficult to qualify this
evidence as being very "strong" or 'neat'". Of course, one could try to ex-
plain the instability observed by a misspecification other than the one poin-
ted out by Lucas (e.g. the Almon lag scheme used may be wrong) : in any event,
whatever the ''true" problem may be, it certainly appears desirable to know

about its existence.



16

NN MM MM TINT T OIMNN T TET TT T T T T IL T T SOOI IO MO MMM OIS IO
COCOOOOOOOOOOODOROOOOOOOOOOOOOOOCOCOORCOHOOOOOL PO OO0 OOIOO
R I I N E R N N R N T T o o D v 2 T T o I I B B
Wwitcibita e Rt G UL G Lt o Lot s oo Wt Wl s Wt s o s ot o oo o)) b o) Wl Wi ot o) ot ug
~ 00 OO0 OOCOO OO0 0OOODOOOOOOOOOOODOOOO COODODOOOOOCCODOOOOOO
al ~C N~ OO OOOVINT COCOOCOOOCOOCOCCOOOOM N EN MO T OND MNMO~ONNIOOBN~MINOIUNT
o O MU N0 ©NIC (1 (M0 D (N OUN P LN C © 0 O @ N T 00 A0 QD (L0 \O (UL et F O i3 (N S AN T (I UNOUNITD ) ~t J O e )
IO AL MNCO I Y CrmOCOMALNT CAM O L MOU T =L AT O SN T O Mt 0 i QN et e O (7, C s
=T T OO T T et (\J b=t QO (NN D G0 O Q0 V) =00 (M0 O N0 © ret \D s LNCD e=t(™) O =\ = OO (0 A0 P~ 00 O OD WO \O NN P~ et 74
rmtetF T \OUND IO et rmtrai O I =it T 3 33 10 = O Q0 LN (et F LN O vt i O UL NN D IVOU U N \J et oot grok. et 1t ottt st Aot et ot QN et et
..C...0....0....0.....‘.......OO.......Q... 2 © 9 0 ¢ 0 5 %06 O & 8 s I SO b

@® O
—~QN
)

" U I I B B I ) ..._-u._....-.._..-..-...-—-..._.-..

et et et OOV CUOL QU U OU 0D 0700 00 0D OO U U UOL U DOV O 5 -3 O 0 O OU CLOL AL LA AU VAU SO (WO UM NN ) (D EDET (T
00000 OCOOOROCOCOOOOCOOCOOOCOOOOOOCCOOOCOOOOOOOC COOOCDOOOCIDOCO OO0
SRR R R R R R R R R R R R N N N R T T 0 T T 2o T T o o o o O O O O D I
- Lt LUt W U U Litu ot Gl b W b o it i Wi L Lo bo g bt W Luted Wit bt tous b b wilu b ) Ul Wi toiug b Wit bt
LG O S OM NN O CO OO OINMNMN OO NMOCOCOOOIRN LTV CTMNON NMORN ~O0 CO~MN O OO OO0 O
“ OGN OO M VG U T OO MU QU I COM O P (N T et Q0 L 0N D (M <F OOV N MINGA Q) OOM~ T T O DO P () QUM =D (UM Q) ©
] O LN LN L KD reteet 10 G QOO LN (O (WD O QA0 G000 P~ O -0 0 ©MIUN mi-F OO WO LN OO OI~D DO F OM N it (ST AT et~ LNON OO I

P’
[o4
[/2]
1
o
N’
L]
Q
@
R L MO CUNSCO C OO U M T NN T T T L DN T T SO (D =S 0 UG OIS 40U D T @D I 1~ F I = D QS Ol
HH L. OO T FC0 DD i OU DDLU F O oot et roed pmtmet et L) =i\ O () =i OC -3 OUN T MO0 AN IO OMN T M it et SO NINOS VO NS I
© rend ettt F ) P N (OO U G F < L) I et ot ettt et P ot et ot O\ QO ot pomtrmt (W O\ (NSOt it 78 emetind ot ot et et =ttt N O SN
m . ® 8 5.8 005 005600 0. 000005000000 00048046 0480600080000 ® 6 0 00 00 06000 2008 08 00
® A I I A I IO I T I IO O DO OO O OO D RN R B N B B N |
Pl > - e :
ol <
m o~ ot e gtk 1t (\J et (\J ot et (\J et =t b et ok el e ol rand et ot romd =k rad ek reed et =t
i =1 B COOO . CCCOOOOOO COOOCOOOCOOCCOOC oCC
g1 o RN i trrr
<] U] — - : (IO I I I I I | LI I B
RS -1 B B - _ il Ll il bt ot Sy W ) ot Lo ot o ot W ) bl ud
o e FOIMNTNOINT OO T~ T =N NN Nt =N SO NSO b OO OM OGO T MO OO NS T e IO
u ] O OENLCXT ITA~LT OOAL I ITOY CO mil L eV ot i L XL "NC INNFIOCQACY IUNOCO CL LU Y Jacars-pM~e
[ a2 e | O M T DU IO NN T it (UM N O OGN DO M) et (MM N = N SO M TND DO PO @ T T D~ 0D M~ Q0 (N O rtr=bO NS O OO I 0
..m“ % © | o0 NN =CSMNT TN OO 3 O OMNIC C Crdriri\F =3 O O T ~OR OX LOIF=L~MOM M 33T OMMSMNMONOOX I~~~ M N
- O M= ONND 30N FONOOCMMIM I T ETIM=POIC TR OO FT~MO O~ MNDNY DMt MNP NI OO et O DN
m ~ © e 00 8 O\KMNILD rtrmt ot (M) I RO st et (IO O O U O (NS (N ot s o et et ot e et i et 00 F O i P et O U (UM S WO NN G T S N0 OU™ N
wll.l.,........’......O..O...“.......‘.O.‘.'.... ® & 0 5 0 & 0 ¢ %86 &6 6 ¢ 0 & 0 60 o
m t1 . L T T T I T O O IO IO R A R O O RO B RO R BN N N N R AR B ) [ I |
8 B
ﬂ
V]
H
O
= , M F ~0 NOOV OGO VLN OVO T OO O NN L 1O0 CU N O N NI ST FJUNMS~O M~V OO O~ OO I —
Q T O MNO=M -ONIT OONT PNSANNCTNDW NI TN T L O NL L -~0 (N0 O O~ T OOT INNNON QX O O
bl il (T NN NS St kX 1 S P LD T ok Sttt SOGUE 3 SN ML 3G 3 U NN F U OE DU FEMU SO CY T
vO.. oy 8 868 0dq o 80 0 OOWOMMMNIO NINMMIINEM OFTVONING TN JT OIS DOMPCNISTN T O IO N T NN I ™~ U O~ O
o O LM 6miMMet™ 06 06 60606 ¢C 660600 060606060008 es00 s ¢INUNMNNCNUNUDT MatNC «MOMFTANI CIINN
AN AN O O=MNIN OO 0O 0N DNN O strtrt QUMD M:=A~(\] 06 ¢ 06 0 ¢ 0 06 80 * 56 00 4605 60006060 064020
. ﬂ.:-«:-f:.ﬁ]&. QI et = QC LD F ) O\ =P OO OO VUM O O MU O OU N O =t N OO Y = U %;”7 axcogd RBQ—.I_.IR.VB oo m.u,
. [ | LI O I I I | [ A |

1] C OO0 C OO OO OCIOCL COCCUUNCOLOOCOIUICOOCIOD COOAO0ODO0COOOTCOO COOCO
Q C COC OCOOCCCOCOOCOOCOCCOCCCCOCOTOLCCCL ot Ot COOCCOOOORCCOOCCOOC
& 9 6 0 6 6 8 0 0 06 8 0 0 66 0 0 606 6 6 06 606 0 068 66 0 0 060 606 060 0686 006 0606 5 56 © 006 00 5 0 0805 280508 80 0 o0
u T 0N TN 20U T U T ™) T M T AN T = 20U 3 Mg LM T = NG =M 3 T O e Y

O OO COOCC e OCOCCOCOOCOCCC DCCOoTOCCOCCOTCCOOICCOR QOOCOOOOCOOCOCOOOTO
W‘ CPSNOCLTXRT O P OO0 Ortrmtrmt—(ININNM MMM 3T 3 T ETNUNDNCLCOLNSSD TCOT R T T OOOO -4~ NN N

UL LNDIOT IS DT WP GO €0 L L 0AE O L AOL L O L LOOLE LLLOLL L EE CNG L OO PP i PP

lEnd of sample (1956/1-




, 17

: 31,804 )
L ]
g o
; e ) .
o oe
[} .
.
)
e [ ]
.
i
; .
!
. ®
(]
0
.
[ (') .
®
. *
® 0 e o
[ . . 0
e 0 0 0 . L I ]

|
! .

] .

-uo'lol.: 'y i 1 [l L 3 A 1 ] L i -l 1

6001 6101 6201 6301 6401 6501 6601 6701 6801 6901 7001 7101 7201 720%4

FIGURE 1A - Gordon-Jorgenson Model: Recursive Estimates of o (OLSQ)1

1The values up to 1959/IV are excluded from the graph because most of them are

"too big". Similar remark for Figures 1B-D, 3A-D, 5A-C.
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R TABLE 2B

Gordon~-Jorgenson Model (0LSQ): Test Statistics1

Number of residuals = 64

Global Location p-values
Tests t-Test .0619 .9506
No of Positive Residuals | 32 1.0000
Wilcoxon Test L1053 .9307
. Runs Tests” No of Runs ' é 16 .000019
. Length of the Longest Run ! 13 -.0065
2 — :
. Serla% Correlation Modlflei Von Neumann‘ L .6779 £.,002
: atio '
Tests
i Rank Tests
; k Signed-Rank Tests Sign-Tests
E ' i ' ) '
| Sk Sk ! p=value Sk sk p-value
: 111735} 4.977 {.00000065| 48 | 4,158 | .000038
! 2 114211 3.116 {.0018 41 1 2,540 | .0151
; 3-11284; 2,431 1.0150 37 | 1.664 .1237
; | 4 {1091f1.296 [.1951 33 7746} .5190
| : 5 {104111.177 1.2390 33 .9113] .4350
; 6 {1095/ 1.854 [.0637 351 1.576 | .1480
ﬁ 7 11058]1.839 1.0659 351 1.722 | .1112
8 | 9831.509 [.1313 32 1 1.069 .3497
9 {1015; 2,053 {.0401 33 | 1.483 .1770
10 | 958, 1.856 [.0635 32 | 1.361 .2203
11 | 877/1.430 }.1528 31 | 1.236 2717
12 | 807{1.075 [.2825 30 { 1.109 .3317

lBased on the one-step ahead recursive residuals.

2See Dufour (1982, Section 4.3). These are two-sided tests.
3Marginal significance levels.

4See Dufour (1982, Section 4.5).These are one-sided tests : P[R < 16] = .000019
and P[L > 16] = .0065, where R = no of runs (of + 's or -'s) and L = length
the longest run,

5S is a rank statistic for testing serial dependence [see Dufour (1982, Section
4.6) J,where k is the lac used (r) 1 for the sign test and a, (r) =_r for
the signed-rank test; (s, - where 1, = E(S, ) and V(S,) = 0, under
the null hypothesis. We con51der ﬁere two-sided tests (against positive or
negative serial dependence). For a more complete theory of these tests, see
Dufour (198I) .
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TABLE 4B

. Gordon-Jorgenson Model (p = .6223

Number of residuals = 64

T

): Test Statistics

Global Location p-value
Tests
t-Test -.1203 .9042
No of Positive Residuals - 38 .1686
Wilcoxon Test * ) 1126 .5652
Runs Tests No of Runs 29 - .2250
Length of the Longest Run 14 .} ,0032
Serial Correlation ModlfiiS~Von~Neumann 1.967 >.10
atio
Tests
Rank Tests
k Signed-Rank Tests Sign-Tests
Sk SL p-value Sk SL' p-value
1 {1161 1.047 | .2949 | 35 .8819| .4500
2 11103 .8869! .3751 § 36 1.270 .2529
3 {1114f 1.210 | .2262 i 36 ; 1.408 .2000
4 | 789| -.9276! .3536 26 1-1,033 .3663
5 | 897 .0906{ .9278 32 -.6509 .6029
6 11126| 2.094 | .0362 36 | 1.838 . 0869
7 11092] 2,109 .0349 37 | 2.252 .0331
8 | 787 -.0897] .9285 30 .5345 .6889
9 { 870 .8379} .4021 28 <1348 1.0000
10 | 710f -.2798} .7796 26 { ~-.2720 .8919
11 | 578;-1.217 .2235 24 | -,68681 ,5831
12 | 696 .0638 .9492 25 1 -.2774 .8899

38




9

-3

(€229* = J) sTenpIsay 2ATBANDAY PBAYY dajg-3uQ : [3POW UOSUSBIOL-UOPIOY — VY €iNDIA

1009

™

106§

r

108§

1 4

1048

i

1089 10h9 T10€9 1029 1019

LJ L] J H

1099

v

1069
'

10L9

101L

hoTL 1024
T !

1004 1089
L] L J

Thh™

41S"




4 :
(€229° = J) STPNPTS9Y OATSANDIY peayy Sd93IS—OML- : [9PON UOSUSBLO[L-UOPIO) - I TUNOTA
02s 102cL 1014 1004 1069 1089 1049 1099 1069 1049 10€S 1029 1019 1009 1068 1085 ¢0LS
v ¥  § L)  § 1] 4 1 L T v v ] L\ § L { T ] NO.mO
L]
L 4
A J
& T S R - . : e : 2
L 4 L]
¢ [ ] [
L J
L
L 4
L L]
L
[ J @
L]
L J L ] [ ]
e L ™~ . " 0
® L 2
. ) L J ®
. L4 ®
° . ® (]
® .
o [ ]
] L4 ] [ ]
e o L}
]
L]
® ° . e® °
. . .
) 48S°1




SO e

—
<t
(€€29° = J) sTenpysoy °ATSANDIY. PwolV 8dPIS-99IUL : [PPON UOGSUDSIOL-UOPIOH - Oy AU
h02L _TI0TL T00L 1069 1089 1049 1099 1059 1049 10€9 1029 1019 1009 106S 1085 €04S
) 1 ] | ] ] 1 1 1 A ] L} ] 1 ) ] -
'Y 68
.
.- B
o .
L ]
[ ] ®
®
[ J [ ] )
.
] ° .
~ .
’
° '
° S
° °
. . 0
. .
A J [ ]
®
L ] [ L J [ ] [ ]
°
° .
° 'Y
[}
.
e 9 °
.
.
o e
.
° S8t




(€229° = 0) STenp1eoud. 9AFsanpey peeyy 8do15-inog :[OPON UOSUSAIOL—UOPIOH — (Iy dANOTA

702s 10¢L 1014 1004 1069 1089 1049 1099 1089 1049 10€9 10¢9 1019 1009 106S 1088 "O0LS
v Y T T T T T Y Y T ¥ U LI T T Y o1

. ® h .

.
®
[} L]
L ] e [ ] [ ]
L [ ] [ 4
: e 8 »
® [ ]
® [ N L4 L4
. °
.
® [ ] [
[ L] * L ] 0
L]
[ J [ ]
L] .
¢
® ) [
° [
. . . .
* [
° .
.
L] *
[

o o e .
., .

° 4z28°1




[yp]
<
(€229° = 0) STenpisod oA[sandoy peayy 8d93S-IYSFd. : [9POW UOSUL3I0L-UOPIO) - Hy HANDIA
_:ouh 102L 1014 1004 1069 . 1089 1049 1099 1059 1049 10€9 1029 1019 1009 1068 %08S
1Y 1] ™~ | ¥ T T T T T . 2 Y ¥ L s P
L J
® [ 3
. .
® ]
[ ]
*
L 4 r 3
h ° [
[ }
L}
[ ] e
% 0
[
[
L
[ ] e o -
[ J
]
[ ] ®
®
®
®
[ ]
[ ]
42272
lm.(,énf TRAR A S 3 e v o T T




<
(€7z9° = J) STenpEsay 9ATSANDdY JO WASAD :[OPOW UOSUSSIOL-UOPIOY - Ay MANOIA
eL 1024 1014, 100 1069 1089 1049 1099 1059 1049 10€9 1029 1019 1009 1068 108§ 1048
T Y - v T ™ 1 Y T Y T T 7 T ¥ T 822
IONvy
I
. hHgHM yole )
® /
. .
. - —
¢ . » a e o T
e o [ ] L]
, e .
, ° ) : ] [] »
a L . [ ) - ° °
'Y e o 9 @ * o ® s % o e o PR
. a8 [] (3N}
L N ] [ * ¢ s e Lt "] 0

TR



45

(€229° = 0) s[enpjsoy 9A[sinooy JO soaenbg JO WNSAD :[9POW uosuafior-uopiod - 9% FWNOIA

i ¥

w02 102L 101L 100L 1069 1089 10L9 1099 1059 1049 Aopmm 10¢9 1019 1009 1065 1086 1048
i W A V. A L e —t A " - Il A A A 3 i O

L 3
L 4




TABLE 5

~/
o
Q
&
o
o
~
LS
0
o)
[75]
—
]
T
o
4
-]
[&]
P
o
o~
(3]
\O

C NAMCEMOMOMNEMEINT I I TN OO 3T LI IOOMOI MO MO OO MM OIS G oM

000000000000000000000000000000000000000000000n:QU000000000000000000
N N R R R R R R R R R ] FELET S E I )

"l Ldudlutad Wil Wit Wi bt Wilow b wg L)l b b it b At ) o a i g o ud Wil i b iy Lt bt ot L

O 00000000 COCOOOCOoOOOR VOO0 CC OCCOCCOCOODTOOCO OO COOCOOOOC OO CCOD
&~ AN (MMTO T~ ONO OO0 OOT NG NODVVNNOUN M OO OO0 COCOOIM NN OO OM mt(M AC:uﬂJEIH.?&ZZOQ/_::,OOOSAC
D (O3 Or-\C B0 T O INT NOWSM NN T~ OO T OO NMD i MO O O r=t P~ (NN O QOO i L VOO Yo o
> QOO COCA CHT il et M OO I\ SO A T WM TOFTOM F NI T SN A O O\O i O~ NI O ™
) =D O OO O i SNM O [l el e VolatTe N T Yo W RS 48 9535701475311,01113224012110115100

C PRt IO PO (O =t O\ et (NI (YD st et et et mad oo, et et et (\] ot SO Tt ettt LY ot ot et (V) o i et oot ot oot e send oot gond. e e gt e ret et QO P O ot g

...................Q...............Q.Q........ .Q...O‘.....O.....ﬁ.

~4 —OUM AU OO O OO OO (U OO O OOV OO OO M 60 MM T OIMHIINM MM M) CHI MO CHIMIIMITIICIMN I

O OO O C OO0 OOOOCCCO COOOCOOOOOOO COCOOCOVOCOOD OO OO0 OO QOOOCOCOD

L ot ot ot Lo e o e Bt ot ic oo o botctobtoatotototo ototeroto e b ot oy WU LAJWWJ Wi wWlou ol

~
=

Gordon—-Jorgenson Model: Recursive Estimates (p

1956/1~1922/1IV

9812065“7050002017719206650250000000000009000000000000000000000000
7:753?:9a&903?939390100@:b?ﬁé?a§9q100021ﬂﬁoH?QQOQA?A3A395?QQOIAI?R
242384953867598270721539010779381172770723947052338995448695479576
595003397498364434701234090931751489615458597&J81524481363851813208
579711328613334534609999840028404567855750329019881672735549660576
N NS O~ LYY 071t (b et ot bt et C\J et md ot 1t gt et O\ ot = LY <F L) WNNO N UNO st~ N O NN 557668456554522344
'.......0.0....0...‘...0..00....0.00...0..0... *® & 5 8 0 0 9 *® & 6 0 & 0 0 0

N OO F T MU O~ O OO MM T~ 3@6600255827 SN N OO OT ™M
[on]

O A~ N0 OF NS O
QMM ~NNI~CNINMC O
N T O MO0 AC O S
QNP OO~ CODT O N
«C T

e o

o

[ ]

s 3 ORI 0N M I N Mt i) DL O D SO U T ~ NN 3O F T ODFD T
NSO - O~ OM OO0 CCOMO O MI ™~ NMTA ™ NINMG IO~ IO e=aC I~
® I WNT M OMW O MIM~\O P\D N T (O D T ret O~ O T O RN NM
QM o) 6 0000060008 00 sMMOMNNONTMOMNLOOI0OXTCL & o0 £
O ML o M =NMLNOONA~ANMrtr<t 6 0 0 60 o6 ¢ 6.F ¢ 0 00 60080 6 60O o o
NINI PO IO CH COVOWNN I M I N MO oF L 0N T FUOUNS O T O rdrmi0 O
11 ittt 000000 L2 I IO I B IO D I I IO I B |

)
g
]

~9.,487]

-G,7

-9.5

-G.6
0
0

LRmINRE N R RO L C L L L L O LCOCLCOCLOL ECL L OO CLEL L 0L

“Quarter

000000000000000000000000000000000OOOOOOOOCOOrd0OOhvnuOOOOUOﬂvOOOOOOUOO
O OO C OO OO COCOOCOC OCOCLOCOCOOC OOOC T O C OO C COCQLOUOC OOOOOCOOCOCC S

...OQ.................'Q'.‘....O.............Q0 .........Q.O......l.
0 3 lUM 340G T Tt T 40U 3 -0 T =0 T =DM 30 3N I =N I U T 0D T UMt M =) T
08000000000.0000000000000000000000000000.0”~Oﬂ.0.000 COCCOOOCOTOCOOOC DD
OSSN T AL TOC T T OO O rmtmd—t «AIININM M MY T T3 DO I TalN e N alV oV of o 8 L Sl o1 aX0 ¢ 1o o X0 e s W0 ) DD Ordrtt (IO (I 1\
LLOLOLCLE L LSS~




47

[
A [}
X 0 o
[ ]
[ ]
[ ]
[ ]
[ ]
| 'Y . ‘e
§ [
i . e ‘
1 . 1
1 *. .000+600. ) 00.“'. o0
. . :

’
!
i

[
!
*
| ]
- 55.89 - 'Y
1 ] ] ] [ ol L 1, i () 3 i 1 L
6001 6101 6201 6301 6401 6501 6601 6701 6801 6901 7001 7101 7201 720%
FIGURE 5A - Gordon-Jorgenson Model: Recursive Estimates of alp = .6223, Capital Subtracted)




48

Joonf

s
*
-

-.0021 =

Y 1 [} \. [\ \ 1 { -] i i L 1 {
6001 6101 6201 6301 6401 6501 6601 6701 6801 6901 7001 7101 7201 720%

3 S R R

FIGURE 5B - Gordon-Jorgenson Model: Recursive Estimates ofia;(a = .6223, Capital Subtracted)
I

W
3l
4
Pl




49
,0002 o ‘ Py
’ . . . .
] .' ‘
o0 00
oy .
L [ ]
.
i
: [ ]
| .
')
°
. o0
i [ 3
i 0
o
5
|
»
L4 ']
[
1]
. . 'X)
. ’
] e [} [
s eve
[ ]
)
[ ] [ ]
[ ]
.
3 [ ]
-.0002 1 \ 3 i L 1 4 { { ) 1 . 1 Iy

6001 6101 6201 6301 6401 6501 6601 6701 6803 6901 7001 7101 7201 7204

FIGURE 5C - Cordon-Jorgenson Model: Recursive Estimates of a,,i(s-- .6223, Capital Subtracted)




5¢

o .y iget gt puet

[~ I ] oo C©

{ ] 168 0 .
W W il W

DMt MIF NN~ MO O OMO T NT FTONMO MmO\ (\J F I M

DONOR S Mt M0 I miO P IO QO OO (ION e=ilN) =t 3 O\ D QO QDN KD \D

N OPOONT NN NN O UL O LN D MINDO O ON LN 0 =l et~ 0 O

=400 Q0D (XD F UM OV OMD (O N LN D (A (M) =400 mai NI D N O MONO O F

~F QD OW (RF =tD M MON DO Ot (\J et =t (M) O P Y LN S LT ot et (\J (V) 1ot

Neomtoanifn Q) ©¢ o 060060 0 0 @ POIMet-mt 0080 00 ¢ o0 o(\JmiO
® 00 00 smi(\(\rtrmdrirmotmirm B 6 ¢ ¢ 0 0 ©rmirmipmipn)rmipmirmipd Gpui & & @

[} BN NN NN (R} 1

RECF8

- —
[~ (=]
[} ]
w W
T O ==t Q0 N P i (D) F 3 emiemt \XN N T OND i OO0 T
Nt O © O MMMND (RN met{\] =i oot ot O O 00
NPT ONGITMNOMMS ST OONOO
CLCUCNL e U IMNCCTU O NG
=ifemd N (N N DI NN O OT OT MO PO N Ot g mi (M $ O (Nrmt mi O D F O -
® 0 NOMN omiOONITILN o 0 ¢ ¢ sOmIOX PP 0 S0\ (M) ¢ 0 0 0 00 o3 F(UD
OOOOOQ.—.......o—u—o(\)(\j—oooo.n-ooooo-—c—uo—co-‘-‘—t—t—t—-doo-ooooo
U B LI I I O I | LI 1 ) ] [ ]

O MM OINNICC DN T T O -
ghhmmt-l(\l¢—‘°\£‘0‘ D=t O O
<

mgg) TN MO OO TNV O
()
3 FC L =CO YOI

RECF 4

E-01
=01

: w

= DU U (Ui D NHO‘NO‘\T—‘U‘.OU’CD\D\DQ OF OMMMNOUNUOMN T MO~ 0IN0

QO SN0 mmwO‘mef\NI.DQMI\\DO—‘QO“OHNG\TO‘U\MO(\H\UH\N\DQ’)#‘F)c
moommomr\mhhmommmmhmcmmmm--«mmcmo TN T IO
O N0 T UNOLOUT S i S S OO UCmimif~ TMIONSICNAUSNCOULO T T NI~
mmN\DO‘f\f*O—l—twbb—(DCCCO\ONMO‘O-NGNM—OO*OMO#\TCCNO OMO e I O

® 0 tDMC NDDM® oNNNM ¢ & 8 & Spmimd Mt SN NNINND ommt 0rd oD 800D o oANOO D
oooooo—cooo-—toooo-—t—tﬂ-—t—nocooo—ddoooo.—qu—to-—co-—to.—oo.—.oooo

U I B | [ A | 1Pt 1t 1 [ ]

~

Gordon-Jorgenson Model: Recursive Residuals (p = .6223, Capital Subtracted)

RECF3

TABLE 6A

~— — - ey -
<o < < < <
] 1 ] ] ]
W W L (%) !
I M =t QLN O S i OIS MO CetMIL O OO IO S OO Nt
CAUNPICONII =T PN T A D red T DF IO T C U L CTee 33X 3
IO OO O Of~ IO NI OV F () O SO =) LN 0N FP O° J I (%) =00 CD =4 (M)
=Mt O PO TN O M MO SM O OANNOOLCMINI T CriCmimi NN O MU I~
DO =~ ANND OO OR T MO DDNM T OOt ML M~ NOOND (ot DX DOt (M i L
Srdfrt( ¢ sNCONPIOIM 00 ¢ oI miMM o o FNTION 63Dt ¢ X O o rat N OC
OooooN-—ooooooooo.—«-ﬂ’\}aooooo-—u—too.oo—qoo.-«o—qooomoooo
L I | [ | [ I I LI I | ] ¢

1956/1v-1972/1V
f

RECF2

-nl

LJ
¢N:No¢mmmm~¢m~o¢~omo~mm-uoorxof\cmmmmhmmmom Loy
I~ N MO~ T SNONC N~ IO Mmoo T 3 - 3 OUrM~
et Ot (NI T OOUT O (L miT et NSO ML T O NN T I OO INMIrLawvy

@K
X
X

38E-01

ocl\mmmmomvsmw-ﬂmmhoqmmﬂqﬁoor\rsr-m—nrx)mm--mmmo:nmm:—'mm
SO0 MO LALLM AT S SN IU N mml a3 O MU S (ML ~T NS
FXOND & st OO 0 6 8 o\ it (1ot 8 =t TO M 3O~ M LT LOMT ¢ oML
Q".H-—-‘.Q.'.....—dﬂmv—l"."r—‘.l.'l..l..r—q.....(’\h—q..

LI I A [ | 111 LI I L | LI

RECF1-

occooooooocoooc:c:ooooc:oococoococcoooooooowococ:x.:
Sl el el Clalet et ole Folatal ol e P o P g e P P P cC oo

........l.oc.l.....‘....Qlo‘o....l...."......'
Tt 3 AN Tt T ™ T om0 =00 T e IRES e IAN M o 1N oot o Ta R a ol P Lo WCh o a b S
ooOcoocoocooococooccoooooooococcc-cooooccc»ccc'cc
OPISN-C L LT OO OO rrmtrat AU 7 T F 3 F T UOLNINLN OO OOMS IS~
(I ant R el Uati Rk o R T AtV oYVl TaTTa RV QNN NG IN QIR Vo IV RalNaVelVaV et s gV e N alN siN el iV e}V o N N QAN N QN o N el iV i e

Quarter




Fd
3
5

TABLE 6A(continued)

RECF8

M NN =N O QNN O NSO TN

RECF4

nin MO M OT ™~ N OUNM O
2O O et =l =N DI N OO OMNED iCD
N OO0 O ~OWO PO D= YOV O
[t ol THITAR B o] of - ol o] of yVagle o T Voo oV
=4 (\Jr M D D (] =™ (NNUHN OFTDON S
O T oML oo ¢ O\ I ol oY

® 0 0mt 00 OrtOmi(?) 0O S & S0y & .

RECF3

(=T ealVal oV e B QVo e SolVelo TV olVele d o do V]
DO NN T DTN IO T = O T LN
U0 O Nl \ND CONLE~O
T UCNOC TN M il T O O
CMOIFOC O ~ONNITM FMmM IO
Rt o FOIM omdt ¢ SN SNYD o
@ 0 0md 0 0 Ot OmiY) € 0 Ot & Ort @
L) ] ! ¢ ' ] 14

RECF2

ol

6
2€-~

DO T T MNOD
0 Ot T O\ ilD
O\ O PO TR

1585

s SONI M N0 on
"} 0 O o & g @
' ] [ ]

.ggqu‘z: 1
§3552445°0
- 406092
«173178
i425343
o7

=M ONC ONDINL .
MIN ONNMOMIING -

RECF1

—
o
L]
W

VR CDNO OO MNO OO NNO
OO MLE O MIILT OO O
QO et (Nt O QI T OXOCO
OO T ot N P OM N Ot (NN =i OO
TN OO ST MMMNOIT ™
MO olNNUT oM ¢ 0 s~ 3 oM ¢ 0O
8 0 0rd © 0 i Vruif{V)r=d & Ol Qovird O

Quarter

OOOOCOOOOCOODOOOODO0
COCOOCOOOOCOCOCOOCOoO
e & 0 0 5 & 0 & 5 0 0 60 6 0 0D 8 0
NGt 3 (U T i (M) T O -3
COCOCOCOOOOOOOCOOOCO
DDOPTTC P OO OOt md e OISO
NelValVelNalValVe Vol ¥ ol ol ol ol ool il ol nd a0

51



52

. TABLE 6B ... . .. ... .

Gordon-Jorgenson Model (S -?.6223, Capital Deducted): Test‘Statistics

Number of residuals = 65

Global Location b e ‘ P—values
Tests t-Test -.4535 6502
No of Positive Residuals 35 6201
Wilcoxon.Test.. . . .. [. 1112 .7962
Runs Tests No bfikﬁhé ﬁ ;fi,L,fw;; 34 . 6460
Leﬁgﬂfdfthetpﬁéeéfkpn’f”7'7_ﬂ; - .3892
Serial Correlation Mogified‘Von Neumann 1.974 2 .10
i Ratio
Tests -
Rank Tests . ...
k | _ Signed-Rank Tests Sign-Tests
. N gt L
Sk- Sk , p-value Sk ‘Sk p-value

{1101} .4079 | .6833 ; 31 |-.2500 | .9007
{1117} .7462 | .4556 35| .8819 | .4500
11106! .9079 | .3639 | 30| -.2540 | .8991
818:-,9158 | .3598 25 +1.408 .2000
866!-.3607 | .7183 25 +1.291 .2451
1100|1.623 1046 . | 34 {1.172 .2976
1092{1.831 .0671 36 { 1.838 .0869
738{-.7032 | -.4820 | 25| -.9272 | .4270
973|1.427 .1534 33 11.336 .2288
10 | 748|-.1843 | -.8538 26 | -.4045 | .7877
11| 639{-.8912 | .3728 25 | -.5443 | .6835
12| 806| .8012 | .4230 28 | .4121 | .7838
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