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ABSTRACT

This paper is an inquiry into the relative roles of different types
outlays. We study the case of the American economy from an erhpinita
historical perspective starting in 1953. To that end we use-@srozction
models to model systems consisting of production, consumption, investment
and government spending. We pay attention to the various historicas event
and to the stability of the estimates. We derive three mddelshich we
discuss the structure and the dynamic interactions of the estironé on
the full sample 1952005, one for 1953972 and another for the 1973
1986 period Our results indicate that consumption has played an important
role irrespective of the time period. We put our findings into thexaesind
policy perspectives and conclude that the consumpsioan empirically
sound determinant of growth, while at the same time understattdt in
literature.
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NON TECHNICAL SUMMARY

The present paper is concerned about production and its components as
featured in the National Accounts. We investigate the propeofiean
empirical model consisting of ‘command basis’ production (GDP less t
trade balance), consumption, investment and government spending, all
variables in real terms. The country studied is the UnitedsSta®&32005.

The key questions addressed here are of the following: do all demand
components have the same effect on production? Do they have the same
roles? Have those relative roles changed over time?

Those questions are at the core of many economic theories. However
those issues have rarely been addressed in a coherent empidied fhe
two exceptions are the papers of KPSW[1991] and FHT[2003]. Those find
that a system comprising of (real, per capita and private) producti
consumption and investment has a general tendency to grow over time
which is partly, if notentirely, explained by consumption shocks. Those
shocks are found to have persistent effects on production, while irareéstm
is found to have temporary, adjusting effects.

We extend those studies by using a larger sample and by explicitly
incorporating government spending. We show that inference on such are
large sample may be hazardous and identify two subsamples which make
more sense from an economic history standpoint.

Our results on 19532 are in line of those of KPSW and FHT, namely
that consumption has a persistent effect on production while investaent
only transitory effects. On the later subsample of 18@3however, both
variables are found to have transitory effects on the level of piioduén
both cases, nonetheless, consumption explains between 45% and 76% of the
business cycle variability, substantially higher than KPSW and FHT.

The results about government outlays are puzzling. We find that
government spending has permanent effects on production but the
magnitude of that effect turns out almost null. In addition government
spending is found to explain almost nothing of the business cycle
variability.

In the course of the paper we make several comments about production
and its components. A recurring observation is that investment appears as
temporal consequence of the behavior of the other variables, ig. it i
determined by them. The other variables, especially consumption and
government spending, are much more exogenous in this respect.
Consequently, we propose to understand the-degllment large variability
of investment as stemming from the fact that it very sendititke changes
in the environment.

We pay a lot of attention to the structural parameters and shova that
part of the model can be understood as a sugghgand mismatch
indicator. This indicator, we comment, is highly correlated witessions.

We find that recessions always start when excess supply appeacome
to an end at the time of the excess supply maximum. To the gomtear
document that recessions never happen in the case of excess demand.
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1. Setting

The paper is an investigation into the relative roles of the difféypes
of outlays. We study the case of the American economy from an eahpiric
and historical perspective starting in 1953. The underlying idea is to be
traced back to th&lational Accounting identity relating production to the
various types of demand as consumption, investment, government spending
and trade. The questions we are addressing are the following: ypesl|df
demand matter equally? Do they have the same?blage those respective
roles changed over tirle

Such issues have been at the core of most economic theories fgr a ve
long time. A well established consensus generally places investment
spending above any other kind of demand on the basis that investment
generates production and jobs. Under that scheme consumstitire
residual of savings which is required prior to investméiternatively
consumption outlays needs to be financed and therefore jobs have to be
created first. However the argument can be reversed if one thinks of
consumption as the ultimate goal of all economic activity, so lieat tis no
rationale to invest if no consumption demasdoreseen. Investment can as
well be seen as expanding capacity, therefore raising produjmacity
instead of production as such.

There have been several attempts at modeling production supply as
related to demand. The most widely known approach is the classic
production function of the Cobbouglas type. The idea is to split
production (as an incomeinto different types of components, typically
labor and capital. Shaikh[1974] showg arithmetic transformationthata
classic CobfDouglas production function featuring constant shares of
output is equivalent to the national accountichgntity relating value added
to wages and profits. Our purpose here is to provide a transpositibis of t
‘income framework’ to the ‘demand framework’. One may think for
instance of wages (or labor) as reflecting consumption, and profits (or
capital)as reflecting investment. However, as we shall see, thingsiarie m
more complicated than that in practice, partly because we aNdv
government spending and trade to enter the model.

Keynes, also, dealt in his own way with the interrelatedness of
production, consumption and investment. Keynes explicitly acknowledged
that consumption had indeed a role to play in the determination of
production (chap. 22 of the General Theory). However this recognition
comes at the end of a book throughout which he spent considerable energy
in demonstrating that investment, especially in the short, iglteevariable
determining all the others. Keynes devotes three chapters and 45tpages
consumption, whereas he details the intricacies of investment deneg s
chapters and 109 pages. The passages about the consumption function and
the multiplier show indeed that consumption has a positive roleayo iplit
that Keynes believed investment to have a larger role.
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Besides theoretical developments, the patterns of production,
consumption and investment have been the subject of several empirical
studies. However there hasn’'t been many attempts to model production and
its demand componentaltogether in a coherent modelOf notable
exception is the 1991 article of King, Plosser, Stock & Watson éfiere
KPSW). In that classic paper the authors study a three variable ectsitome
model of the US economy consisting of private GNP, consumption and
investment.Each variables taken in logs on a real, per capita basis. The
econometric model is a vector er@rrection model (VECM) which is
estimated on 1949:1988:4, and KPSW interpret the results with
theoretical reference to a real business cycles model.

KPSW found that this three variable model was characterized: By
unit roots leading top-r=1 one stochastic trend. The unit roots were
identified as two of the ‘great ratios’ in economics, the consiom@&@NP
ratio and the investme@NP ratio. The stochastic trend is found to be
given by the accumulated shocks to consumption, and consumption only, as
this type of outlay is the only variable found being weakly exogenous to the
‘great ratios". Therefore the number of weakly exogenous variable matches
the number of stochastic tren(fsr=m=1) so that the general tendency of
the system, the permanent component, is uniquely defined as the
(cumulated) consumption shocks. To the contraryestment and GNP are
found to have temporary, adjusting roles. Among the three variables studied
by KPSW, real consumption per capita is the sole variable whose
unexpected changes (‘shocks’) are able to shift the whole system.

KPSW interpret this finding as the fact that shocks to the permanent
component are the outcome of productivity improvements in the real
business cycles model they use as a theoretical basispictuee that
emerges from this three variable model is that the long run gfathe
American economy is given by productivity shocks, and that investmdnt a
GNP adjust to it. This is in line with the real business cyutelel KPSW
use. However, by considering an augmented model featuring nominal
variables, KPSW find that shocks to the permanent component typical
explain about forty percent of total business cycle variability. Nwethe
estimates of KPSW do not leave any room for investment or @GN\P
defining the common trendhocks on those variablege found to have
temporary effects on the other variables of the model, at best.

The paper of KPSW has become a classic and its results eave b
investigated by different authors, with different models and different
methods. Fama [1992] does not use VECMs but arrives at the conclusion
that “consumption is a random walk that immediately captures the
implication of shocks (demand shocks, supply shocks, whatever) fonghe |
term stochastic trend in consumption, investment and "GRR469).
Therefore here again, the common trend consists mostly of consumption, if
not entirely. Cochrane [1994] later confirms this findikuging a VECM
consisting of production and consumption nondurables only, Cochrane
found that it was the latter that had permanent effects on productare. M

! see Fisher, Huh and Tallman [2003] for a moreiletaevision of this finding.
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recently Fisher, Huh & Tallman [2003] (thereafter FHT) havestigated a
model very similar to that of KPSW. The model consists of theeshanee
variables (albeit with different definitionsthe sample is extended to cover
1948:1-2000:3 and the parameters are different. The tests performed on
such model confirm the presence of two cointegrating vectors andotleere
of one common trend. Fisher, Huh & Tallman find that the structucalksh
comprise over 75% of consumptionhat proportion reaches 100% when
consumption is assumed weakly exogenous, which is an assumption
supported by the data. Therefore FHT find the exact same rastliBSW
in a similar model.

The originality of the FHT paper lies at the level of therjmtetation of
the results. FHT point to KPSWiesult of aproductivity common trend as
an interpretation stemming from the particular business cyctekeinthey
use. FHT, though pointing at this as an interpretation, provide another
interpretation. The idea now is that consumption has to be financed
somehow and, since consumption is found to lmarenaneneffects on all
other variables, financing has to come fropmeamanenincome. Of course
the idea of permanent income leads to Friedman who in turn links the
permanent income to increases in total factor productivity. Thulsatiem
lines of KPSW and FHT are the same: tlmensumption shocks’ common
trend is interpreted as (unobservable) productivity shocks. The diftere
between the two interpretations is that the productivity equivalaéac
achieved through the lens of a real business cycles model in KiFtevéas
it is made through Friedman’s permanent income hypothesis in FHT.

All of those results pose important problems at different levéis.fiFst
problem comes from the finding that it is consumption that definescpe
common trend, therefore leaving no room for investment. This finding,
indeed, is at odds with the many economic theories which give investment
at least in the long rurthe role of setting the general tendency of other
variables. The empirical finding of investment having merely tranysito
effects is at odds with those theories. The second problem tisthiha
assimilation of consumption shocks to productivity shocks is just ivisat
an interpretation. It cannot be a statistical finding for tihere productivity
variable in any of the models introduced above, as FHT acknowledge
KPSW and FHTsee two differentheoriesfitting this result but arrive at the
same conclusiothat some measure of productivity is the underlying force
which makes the system grow. Tterd problem is with the association of
consumption shocks to productivity shocks. More precisely the problem lies
at the level of productivity shocks being tteuseof consumption shocks.
Two counterexamples can be provided.

First, a policy aimed at boosting consumption, such as a sudden and
effective tax break, would raise consumption and therefore, by the
interpretation of KPSW and FHT, raise productivity. The same would appl
in reverse if consumers suddenly changed their forecasts to péissimis
expectations. In neither of those cases does the change in productivity
originate from a change in technology or a sudden discovery. For the second
example take the war periods or take the late seventiedy/ eghties.
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Those are the times of American economic history when consumption has
been the most severely shaken. Clearly those kinds of shocks are bette
understood as political or policy changes which were intense and mostly
unexpected and, in any case, sudden. Those episodes —not at all of rare
occurrence in the American economic historgre times at which the
interpretation of consumption shocks as productivity shocks sniitkie
sense ; rather, the most likely interpretation is in termgrafegic planning,
(geo)political conflict, policy changes, etcAll the unexpected wars, oil
shocks, monetary shocks, government spending shocks, currency crises,
etc..., have hit consumption as well as other variables. Negativakssho
have often led to recessions which have in turn affected producyty.
this explanation productivity shocks are not the cause of consumption
shocks; rather productivity shocks are concomitarconsumption shocks,
if not their consequence

All those issues make such a serious point that it be foolisketernat to
tackle them in the present paper. Instead we propose an enlargertient of
findings of KPSW and FHT inhree directions. First we do not call upon
any specific theoretical model and would in particular interpretwsopson
shocks as consumption shocggcond, we will rely upon a modextended
in two ways: an enlarged time span and a broader set of variebtesirig
government spending explicitly. Third, we will take great care ofystgd
the stability of the estimated model. As will be shown, our mbedier
ought to be split into two distinct eras giving rise to two distorcwth
regimes.

2. The cointegrated VAR model:
structure, representation and limitations

We next proceed with the presentation of the vector -eoection
model (VECM). This is done in a technical way to introduce thetioos
but the basic principle of those models can be understood with thefre!
simple and intuitive graph. We also present the estimation metlgydolo
used in the following pages.

2.1. Structure and notations

Johansen [1988, 1992, 1995] and Johansen & Juselius [1990, 1992] have
popularized the use of VECMs for modeling integrated processef. Su
models are also called cointegrated VAR models because thieythme
econometric advances of the vector autoregressive model (VAR) and
cointegration analysis. Cointegration analysis, a field pioneereddie &
Granger [1987], is interested in the-mmvements in time of nonstationary
variables. Cointegration implies that the nonstationary varialéesréven
by the same persistent stochastic shocks, which are attribttablee or
several variables present in the model. This also implies thatcame
distinguish a short run structure from a long run structure. VAR node
allow for modelling simultaneous equations, i.e. systems of equatidms w
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dynamic interactions. Johansen’s approach is based in the rddured
VAR model which can be written

X, =11,X_ +.+I1,X,_, +®OD, +u+u, (1)

whereX; is a set ofp variables,I1, arepxk matrixes of freely estimated
coefficients as igb, D; and u are vectors of deterministic variables and a

constant, respectively. Note that the model is required to réegtu
nonstationary variables (in levels, for instance) as well asdizausrrorsy,

(independently, identically and normally distributed). Equation (1) state
that each variable is explained by its okvpast values as well as thgast
values of each and every other variable in the system. This giv&ARe
model the welknown property ofnot to distinguish from the outset
between endogenous and exogenous variables on any thecaqiraai.
Equation (1) can alternatively be rewritten in its exorrection form (2) :

k-1
_ '
AX,=0B' X, + D TAX,  +®D, +p, +pf+ g, )
—~ = — v ———
long—run det er ministics error

short—run

k k
with T,==>"TI, and IT=> (I1,-7), | being an identity matrix. The
Jj=i+l i=1
symbols and interpretations are the following :
A for the first difference operatonx, :=x, —x, ,

B'X,, is a rxp matrix containing cointegrating relationships. Those are

relationships between the series taken in levels which drenstey by
construction and definition, i.e. F(X, ;) = 0. Thep' coefficients are

estimated by Johansen’s maximum likelihood principle and arenige
run loadingsof the levels variableX at time t1. The whole terng' X, ,

bears different names: long run relationships, cointegrating relationship
levels relationships, equilibrium relationships, steatites, etc...

o is a pxr matrix consisting of the weights of each cointegrating
relationships ireach AX; equation. Those coefficients are usually called
adjustment coefficients because they measure the significanight we
and direction of the adjustment of the long run part to the short run part.

k-1
ZEAX,_,. are autoregressive terms. Thes are purely short coefficients
i=1

in the sense that they are weights of differenced series, mor@oser
model which is already accounting for the long run separately.
D, is the same set of deterministic variables as in the Y¥ARhe weights

o differ.

L,,u, are new terms which depend on the information contained in the data.
Indeed one may wonder what the deterministic part of the VEC model
is, precisely because it consists of two parts. The answeatishe data
gives statistical evidence of what the deterministic in tleetgun part
and the deterministic in the long run part. The type of the detestinini
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specification is to be assessed jointly with the results oftegiation
tests (see Johansen [19%&r instancg
g, represents modeling errors. Note that= AX, — E, ,(AX,) represents

the part of the changesXia which were not unanticipated tii.

We will not discuss the econometrics of the VEC model in greatldet
Interested readers can refer to the excellent exposition of JOhHSE5]
among many other places. However we will comment on the adjustment
coefficients o as they will turn out having decisive implications in the
present context. Appendix 1 also presanrt intuitive graph providing an
overall view of the richness of the VEC models.

When the model is estimated, the adjustment coefficienthrave
important implications for the understanding of the results. The fintedy t
the adjustment coefficienté, for a given variable are not significant

means that variabledoes not react to the cointegrating relationsigs, , .

Here variable participates to the long run (i.é, is significant) but the

changes in variable do not correct for the long run errors. Therefore the
condition &, =0 defines the exogeneity of variablewith respect to the

long run parameterf', which Johansen & Juselii$990] call the weak

exogeneity property. From that point we can derive two properties:

P1 —a weakly exogenous variable is an indication of causality in tgese

of no ‘levels feedback’. Equivalently, the weakly exogenous variable is
autonomous/exogenous and does not participate in the realignment of the
variables.

P2 —It can be shown that tha weakly exogenous variables of a model will
have persistent effects on at least one variable of the in@ietversely, a
variable which is not found to be weakly exogenous will have transitory but
no permanent effect on any of the other variables. Therefore the weak
exogeneity tests allows discriminating between variables whose dhaaoks
permanent or long lasting effects and variables whose shocks are transitory.

An illustrative example and an intuitive graph are given in appendix A.

% The term ‘weak’ is indeed required for variableas other regressors, namely the lagged,
short run coefficients. Weak exogeneity is only eitke of the coin, the side with respect

to the long run. If thd'; ’s are null as well (i.e. when variable i is fouexbgenous in the

short run by Granger causality tests), then vagiali$ said strongly exogenous. Strong
exogeneity was shown to be the condition under kvtac partial model could be

estimated, i.e. a model featuring the changes vébile i as exogenous regressors. The
move to a partial model reduces the number of petersm to be estimated and often

provides greater stability to the model, while ieavthe o.,[3 estimates unchanged.

% Equivalently, the cumulated empirical shocks to eakly exogenous variable defines a
common trend and, since there gre common trends, there can be=p-r weakly
exogenous variables at most.
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2.2.  Estimation methodology

In practice things get much more complicated than the intuitive graph of
appendix A presumes. There are four reasons for thigigre can be more
than two variables, and therefore there can be more than one catingggr
relationship, if) there is no intuitive graph for more than two variabig} (
the model has lagged terms in general andlite model has to be identified
in order to make sense of it. In addition there are econometuessuch as
(v) the requirement of Gaussian erross) (he limitations of cointegration
tests and (i) the stability of the model. The biggest problem, however, is
that the three parameters of the model, namely the samplagHhength
and the cointegration rank, are tojbmtly chosen because each parameter
affects the other parameters.

Throughout the rest of the paper we will estimate VECMs usieg th
following recursive methodology:

(1) estimate a VAR model in levels wiaon the largest sample possible,

(2) choose a low order for the lag length, starting Wath,

(3) check residuals, introduce dummies if necessary for extraoydin
events,

(4) check VAR residual requirements. If the errors are nais§an, then
start over at step (2) and increase the lag length. If thesearer not
Gaussian for any reasonable choicé&,adr if the errors are Gaussian for
a reasonable choice kf then the problem is not with the lag length, so
it is time to put into question the choice of the sample.

(5) check the stability of the VAR model with the best moddlieved so
far. If the model is not stable, then the stability graphs hekpasthe
location of breaks. Because we have used the largest sample lavailab
from the start, checking for stability amounts often to start avstage
(1) with a reduced sample.

(6) perform cointegration tests, possibly with a sreathple adjustment
factor, and estimate the model. It is also interesting to cifettie
eigenvalues of the model are stable.

In empirical work it is found that steps (1) throug®) (ncrease our

knowledge of the data very much. In the end those steps should result in a

fully estimated, parsimonious, stable VAR model on which inferendesna

sense. If such a model is not attainable the previous methodoldgyoimi

to where the problem lies. In any case, because there are nwsy te

involved and because every choice of a parameter influences the wélue

the other parameters, the search for a reasonable modelnisaftel to be
difficult and timeconsuming.

3. Data sources and properties

We have applied the above methodology to data from the NIPAs. We
used Table 1.1.6 entitled ‘real gross domestic product, chained dollars’
which reports data for GDP and outlays in billions of 2000 chained Bollar
andwhich is seasonally adjusted at annual rate. The selectetlearare,
as defined by the NIPAsCgr:='personal consumption expenditures’,
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Ir:="gross private domestic investment’, including the change in private
inventories, Gg:="government consumption expenditures and fixed
investment’ and ‘commanbasis’ real GDP Qn That measure of
production is defined as NIPA’s real GPD net of the trade real balance:

Qnett = Crit IRttt Gri

Note that the sign= describes an identity which holds always true.
However we are going to estimate a derivative of that igewtitere every
variable is taken in logarithm&his transformation is dongl) to avoid
increasing variance effectg2) to avoid estimating an identity (3) to
facilitate interpretation (small changes of logs equal growth rates).

There are two reasons why we are working with a production measure
Qnet Which is net of trade effects. The first reason is to keepmrtbeel
simple and easily identifiable. Contrary to KPSW, the trade tsffae not
left out of the model since they are subtracted from production. i$hat
likely to avoid the difficult case of omitted variable(sp that we can

reliably isolate the results pertaining to production to consompand
investmenonly.

Figure 2 — Plots of variables and relative shares in GDP, 1947q1-2005g3
10

Z///
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Consumption share of GDP (right)
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Notes: data from NIPA Table 1.1.6 (left, in logadarable 1.1.10 (right)
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The data is available from 1947 on a quarterly basis and is plmtted
Figure 2. The top panel reports the Kmyels of the aboveefined series
while the bottom panel presents the shares in GDP (not net of trade).

The data presents interesting patterns through time. The top panel shows
all variables strongly trending upwards. Production and consumption are
especially smooth, whereas investment reports about the same ttene in
but with much more volatility.Government spending shows a much
different patternit clearly reports noticeable ‘bumps’ during the Korean
and the Vietnam wars but the overall trend, though upwards, is clezrly
that of the other variables. The only time when government spending is in
line with other variables is from the Korean War to the eaglesties.
Since then government spending has slowed compared to production,
consumption and investment. This government relative ‘under spending’
translates into in a decreasing relative share in net produas evidenced
on the right panel. Quite noticeably, the decrease in government spending
benefited almost entirely to consumption.

Another interesting property of the data is every series’ degree of
integration. Two degrees of integration arepafticular interest here, one
and zero, and the difference between the two lies at the tdvéie
persistence of exogenous shocks. A series integrated of order zel@)i.e.
or ‘stationary’) will exhibit transitory fluctuations following shock and
looks very much like a straight line, horizontal (meawverting) or trending
(trendstationarity). To the contrary a series integrated of order oihsee
exogenous shocks leaving persistent effects on itself ; this saeeof a
unit root in the series, i.e. the series features a wandering pattern in time.

We checked the degree of integration of our four series by meang of un
root tests on the 1954¢PD05g3 era However those tests are famous for
performing poorly in a number of situations and miut always provide
similar results. Because there is no uniformly most powetdst our
conclusions will be basesh a consensus. We chose twut root tests with
different spirits (the ‘older’ ADFand the ‘newer’ DFGLS) as well as the
KPSS test, which is a stationarity test. We used the HaQuoam
information criterion as a median value to set the lag lefigid.results are
not reported in details to preserve space but are commented below.

For all tests, production, consumption and government spending turn out
at most barely trendtationary in logevels but get very significantly mean
reverting in logchanges Investment on the other hand seems trend
stationary in logevels, and therefore much more so in-tdgnges.
Therefore each series appears integrated of order one with ajitrong
linear trending pattern. Exogenous shocks on each series are thus found to
have persistent effects, except for the notable exception oinrestment
which does not appear disturbed from its deterministic (fixed) path.

* The period before 1954q1 ought better be lefthmaiause of all the instability it contains,
especially pertaining to government spending ademded above. Other events such as
the Korean War and the price controls may indeed hayed an important role. In
addition, instability is not testable in the eaylyars of a sample because of degrees of
freedom and the number of observations requireddosible inference.

®The DRGLS test applied on government spending is an ¢irep
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We used the above methodology to estimate a VEC model on the full
sample 195€005.First the parameters of the model were investigated. It
turned out that the choicés1l to 4 were leaving autocorrelated residuals.
We therefore turned to the choike5 which was better in this respect
However the residuals could not be made-st@tionary with any sensible
choice ofk. We were therefore very much interested in the individual non
normality of the residuals. This was achieved by introducing finlig’*
dummies at times where the residuals were very atypical (1958q1, 196094,
197191, 197892 and 1980gdote that most of those dates are clearly
reminiscent of specific events in economic history : 1971qg1 for rideoé
fixed exchange rates and 198092 for the highest point in interestarates
unemployment. Other dates mark ends of recessions or early stages of
recovery (195891, 1960g4 and 1980g2 again). On the other hand 197892
does not call for specific historical event but rather for a sudgsarge in
activity which was later interpreted by the Federal Resasv@ signal to
raise interest rate§.hose parameters led us to estimate a VAR(5) model,
whose residuals’ properties are reported in Table 1, first column.

Table 1 —VAR and VEC residual properties

54910593 53917291  53q1-72ql 73q1-86q1

VAR VAR VEC VAR
Multivariate tests
LM(1) 0.29 0.30 0.69 0.33
VARCH(1) 0.00 0.25 0.61 0.05
Skewness 0.21 0.10 0.52 0.88
Kurtosis 0.00 0.50 0.80 0.99
JB 0.00 0.19 0.77 0.99
Univariate tests
JB(E ) 0.93 0.34 0.74 0.06
JB(E cR) 0.44 0.99 0.98 0.07
IB(E R) 0.04 0.11 0.38 0.91
JB(E gR) 0.04 0.38 0.55 0.55

Notes : All statistics are probabilities calculateith JMulTi. Serial correlation was tested
for at first order by means of a BreuSwodfrey Lagrange Multiplier (LM) test.
Heteroscedasticity was tested with a VARCH teghatfirst order. Multivariate normality
was tested with Doornik & Hansen method to orthadjae the residuals.

The introduction of the dummies allowed improving the skewness of the
residuals. As a result each equation residual is at leasy bavamally
distributed. However the residuals have become neither jointly noronal
heteroscedastic. But those are less serious than autocorrgdatiich is
rejected with probability 0.29).

The somewhat disappointing specifications of the residuals on- 1954
2005 may have several causes. One important cause would be a break to
have occurred. It is, after all, quite natural to suspect a bedkavte

® KPSW, which use a model close to ours, use a VAR(6
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occurred somewhere in a sample spanning fifty yeaesting for the
stability of the estimated system is therefore an important requirement.

To that end we used the multivariate derivations of Chow’s origiadility
tests. Candelon & Litkepohl [200%{udy the properties of those tests and
find that theyare seriously distorted in size, especially in small samplgs an
especially Chow's sampleplit test. To correct for the unacceptable
rejection frequencies Candelon & Litkepohl propose to use bootstrapped p
values. This is implemented in the software JMulTi which we metthose
stability testg(see Litkepohl & Krazig [2004]Figure 3 reports the results

of those tests for each quarter.

Figure 3 —Chow’s stability tests results on 1954200593
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Note : bootstrapped-palues computed with JIMulTi using 1.000 replicasiof\ccounting
for the degrees of freedom, reduces the numberhowCstatistics to be computed and
therefore reduces the samples on which stabilitybeinferred. Consequently the SS and
BP tests are traced 1961§997q1 while the FC test results are available 86143
20052

The overall picture reported by each test is clear. The braak{Ri)
test is null almost all the time and is thus evidence of ingjabomewhere
on the sample (but we don’t know where). The forecast (FC)stediove
the 10% critical value all the time so that there is no ingkabin the basis
of this test. There are however two distinct eras portrayed bif@htest:
before 1973 (yvalues < 50%) and after 1974-yplues = 100%). Thus
clearly ‘something’ has influenced the parameters of the model dilming
early seventies. Finally the samgplit (SS) test is much more informative.
It reports null pvalues until 1974, a pike at 12% after the first oil shock, and
another pike at 8% on the second oil shock and an extremely sharpencreas
from 10% in 1981 to 100% in 1984.
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The difference between the results are explained by the fact that each
test measures ‘stability’ in a different way. For instamee3S test assumes
that the residual covariance matrix is constant so that any irtgtalis to
come from the estimated coefficients only. To the contrary thar@PFC
tests do not assume a constant residual covariance mathatsostability
may either come from the covariance matrix or the estimated ceatci

Altogether, the stability tests point to three distinct regirdefined by
two breaks, one happening at the beginning of the seventies and the other in
the eighties. Note that the dates of those regimes make senseaf
economic history perspectivebroadly speaking, the first regime is that of
the postwar balancegrowth era, the second regime is characterized by
massive and recurrent shocks of different types, and the thirmeaeagithat
of unbalancesHowever the precise break dates remain unknown until the
stability of the models on those subperiods has been checked. This is
because the Chow statistics are unreliable after a breakodmsred
precisely because the model parameters have changed (therelraakse
‘within’ breaks). We now turn to more precisely estimated models.

Since we have found different eras on which the model seems
reasonably stable we are proceeding to its estimation. As natker ¢he
VAR(5) on the whole sample was a tricky case because itduats
specification and its parameter stability are neither exiyebaa& nor totally
convincing. In any case it is likely that a fiffjyear long sample should be
split. We will thus frst estimate the model on the subsamples evidenced
above, and then turn to the ‘borderline’ model estimated on the full sample.

4. Estimation on the first regime

4.1. Specification of the model parameters

We have applied the above methodology starting from a large
subsample 1954@1981qgl. Because of space requirements we do not
provide the results of the various tests and trials involved and wealsesc
the process instead. The stability testdicated that a break happened
somewhere at the beginning of the seventies. This is no surprisethase
accumulation of events and the previous discussion about instalitityat
time. We consequently #estimated the model by varying the beginning and
end dates of the sample until a satisfactory model was found.

The best model on the largest sample turned out to be a VAR(3) on
1953911972q1 T=77 observations).The dates of that subsample
correspond broadly to the end of the Koreand VietnamWars and much
of the sample covers the Vietnam and Colthrs. It is important to
remember that the results derived from that sample areirpegtao a
specific, war economy.

Table 1 reports the properties of the estimated VAR residualthe
sample.Those have clearly improvetdlot over the properties of the model

"by 195301 the formidable government spending foltbeean war had ended.
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estimated on the full sample. Even more remarkable is that tkeatsr
were achieved without the introduction of dummy varidbl€ke residuals
are now multivariate Gaussian (and furthermore individually normal)
fulfilling the requirements of Johansen’s ML method. Stabilitystestre
performed and resulted in p(SS)>0.35 and p(SS)>0.20 all the time. Chow’s
FC test was above the 15% significance level all the timepéxaing
recession year 197IThe VAR(3) model as an overall well specified,
parsimonious and stable model on which inference makes sense.

We next preformed unit root tests on that sample and all variabhesitu
out I(1) with a somewhat important trending pattern. As a reseltvVEC
model is likely to feature a constant in the eworrection and possibly
another one in the long run part (Johansen’'s cases 4 and 3). We next
proceeded to the cointegration tests. Because of the limitatidhe oésts
mentioned above whave used the classic Johansen’s tests as well as the
newer test by Lutkepohl and Saikkonen. The problem of small samele siz
(relative to the number of parameters to be estimated) for Jotiartests
has been addressed by using Cheung & Lai [1993] correction factor.2lable
presents the results of the cointegration tests for the two tgpes
deterministic specification.

Table 2 —Cointegration test results on 1953427291

Johansen’s tests Saikkonen
Trace Trace A max A max & Lutkepohl
unadjusted adjusted  ynpadjusted  adjusted

Case 4-a linear trend in the cointegrating relationshgspnstant in the VAR

p-r=4,r=0 0.00 0.05 0.00 0.03 0.01
p-r=3,r=1 0.26 0.55 0.50 0.73 0.58
p-r=2,r=2 0.34 0.55 0.49 0.68 0.36
p-r=1,r=3 0.35 0.47 0.35 0.48 0.39
Case 3-a constant in the cointegrating relationshipsyrstant in the VAR

p-r=4,r=0 0.00 0.01 0.00 0.02 0.00
p-r=3,r=1 0.09 0.24 0.22 0.41 0.07
p-r=2,r=2 0.19 0.32 0.21 0.34 0.31
p-r=1,r=3 0.23 0.28 0.23 0.28 NA

Note : statistics shown are thevalues of the tests. The asymptotic critical valaesthat
of MacKinnon, Haug & Michelis [1999] for Johansemésts and the ones tabulated by the
authors for the S&L test.

The results of the cointegration tests coincide and are clda.
hypothesis=0 is rejected while=1 is accepted for all tests and in either
case 4 or case 3. Therefore we are quite confident that themyir=1
cointegrating relationship ang-r=3 common trends in the present
subsample. This has to be compared with the findings of KPSW and FHT of
r=2 andp-r=1 common trend in their threariable model but, again, the
modek are different. The interpretation however cannot be the samd, for i
is not possible to discuss about two great ratios (consumption:gdp and
investment:gdp) when there is only one cointegrating relationship.

& Two outliers stood out in the residuals : 19638 4865q4 However the magnitude of
the residuals was too small to require the intrtidacof an intervention dummy.
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Because Johansen'’s ‘five cases’ are nested into one anothenpibte c
between a model of type 4 and a model of type 3 can be made on te basi
of the significance of the trend in a model of typdHe trend turned out at
best barely significant and in any case very small. Besides, drprietiation
of a trend in the present contegthard to justify a priori. We therefore we
decided not to include a trend in the cointegrating relationship @and t
estimate a model of type 3 instéad

The properties of the estimated unrestricted model have been
investigated in several ways. First the properties of the dstimasiduals
of the VEC have been checked to be very acceptable (see JaBlectbnd
the largest roots of the characteristic polynomial were estihesel, 1, 1,
0.72, 0.72, 0.67, 0.64& he three unit roots correspond to the three common
trends and the fourth largest root is reasonably far from unity, supgporti
our choicer=1. Third the stability of the VEK was checked by means of
Chow tests and the recursive methods given in Hansen & Johansen [1999].
The results, not reported here, gave evidence of a stable mitiiel stable
choice of a unique cointegrating relationship. Having passed all tests we
will consider that the 19532 period is adequately described by a VEC(3)
model with a single cointegrating relationship of type 3.

4.2. Identification of the long run and short run structures

We now turn to the estimates of the moglet se Note that at this stage
the model is unidentified in the sense that we have not discussed the
economic interpretation of its structure and relationships. Blstethat the
model is also unrestricted in the sense that no test has bréed oat on its
structural parametessf . Those are given in the top panel of Table 3.

The finding of a single cointegrating relationship facilitates the
economic meaning of the long run parameters. By looking at the estimate

long run coeﬁicients[f% one sees that they are very significant and almost

sum to zero. This is no surprise. Those coefficients represetdngeun
elasticities of (the log of real) consumption, investment and government
spending with respect to productiaeteris paribusA first formal test is to
impose those coefficients to sum to zero, which we have labeled hgisothe
Hi. This test of long run identification was carried out by means of a
likelihood ratio test and was accepted with the high probabili§.&6 (the
chi-squared statistic is 0.033). Note that the acceptation of this hyothesi
similar to the finding of constant returns to scale in the cobbglas
production function setting. The estimated model undeisHyiven in the
middle panel of Table.3

® The coefficient here is 0.000137 withvalue -1.74. However in a model restricted by
hypothesisH1, presented infra, the trend becar@ed00007 with dvalue-0.67 H1 was
accepted with probability 0.12)sing type 3 yielded constants in the short rurt par
the model with4values of 0.89, 3.78, 1.59 and 0.69, respectiidte that the finding of
a significant constant in the growth rates equati@sults, in cumulation, in a significant
linear trend in the levels, consistent with ournwas finding of highly linear variables
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Table 3 —Estimates of structural parameters, 195391-1972q1l

109 Qnet log Cr log Ir log Gr ‘ZB
Unrestricted model
[3 1 -0.626 -0.163 -0.210 0.000286
[-182.03] [-63.79] [-79.95]
o' +3.06 +1.14 +17.53 +1.16
[2.15] [1.16] [2.73] [0.57]
pr(6L = 0) 0.04 0.23 0.02 0.60
Unrestricted model 1-Hj, : ZBI =0 (p-value 0.85)
B 1 -0.626 -0.164 -0.210 0
[-178.30] [-73.76] [-109.73]
o' +3.01 +1.13 +17.37 +0.94
[2.19] [1.20] [2.81] [0.48]
pr(Q, =0) 0.10 0.45 0.03 0.87
Unrestricted model 2— H; with H,: &, =0 and ., =0 (p-value 0.61)
ﬁ 1 -0.627 -0.164 -0.209 0
[-174.55] [-72.16] [-107.11]
& +1.55 0 +13.65 0
[1.97] [2.60]

Note : significant coefficients are given a bchdé.

Restriction H did not change much of the magnitude or significance
levels of the estimated paramet@;[%. Each long run coefficients is highly

significant. The long run elasticity of consumption is about twi®ig as
the sum of the long run elasticities of investment and government spending.
Because the adjustment coefficiedtsare of paramount importance we

have performed weak exogeneity tests on both the unrestricted model and
the model restricted by ;H The results are the same for both models :
government spending and consumption are found weakly exogenous, while
this is not the case of production nor of investment. Consequently
government spending and consumption exhibit ‘no levels feedback’, i.e.
participate to the development of the other variables over thalonghile
they are not influenced by them in rettfinAs a result shocks to
government spending and consumption will have persistent effects on at
least one of the variables of the model, while investment and production will
only have temporary effest The bottom panel of Table 3 presents the
estimates of the model once the weak exogeneity of consumption and
government spending has been imposed on the system, togetheriwith H
This hypothesi$i, is accepted with the high probability of 0.61.

The finding that consumption is weakly exogenous is not new. Recall
that KPSW as early as 1991, point to this finding and interpret it as
consumption being the result of productivity shocks. The same applies to

191n this formulation the long run calls for the &8s of the series affecting the growth rates
of the series (their growth rates).
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FHT who have found consumption weakly exogenous and have interpreted
this finding along Friedman’'s permanent income hypothesis. Our study
nonetheless differs from the ones of KPSW and FHT in the skatevée

have explicitly retained another real factor affecting production: government
spending. The result of a weakly exogenous government spending on this
sample shows that it is important to single out that variablrom a
statistical point of view the shocks to government spending has been
important in  making the system shift permanently. From a
historic/economic point of view there have been many such shockston tha
war period. The 1954972 sample has been characterized by active
government actions, especially on the defense side to support the Vietnam
War and all the uncertainties of the Cold War era.

Another interesting result about the weak exogeneity tests can be found
by giving an interpretation to the cointegration relationshimder
hypothesis Hthe cointegrating relationship is

0, —0.627logC, —0.164log/, —0.209l0og G, + ¢,

In the present context tﬁes have the usual interpretation as the

estimated long run elasticities of each type of demand with cedpe
production, ceteris paribu¥. The cointegrating relationship can thus be
understood as a long run production function relating production to different
types ofoutlays As mentioned earlier, this is the other side of the coin of
the CobbkDouglas production function which can be shown to relate
production to incomes.

The plot of the cointegrating relationship presents the extewhich
the actual observations are ‘in line’ with the long run values. By
construction, any cointegrating relationship is stationary with meem ze
When normalized with respect to production, the present unique
cointegrating relationship reveals the long run relationship between
production and its demand components. The plot is given on Figure 4.

The graph oscillates quite frequently around the zero line so thateve
reasonably confident about its required stationarity. The grapkergsting
because recessions (shaded on the graph) happen when we move from
below to above the zero line. This means that recestaéte placewvhen
production Qne: moves above the weighted sum of the consumption,
investment and government spending (in logs). In other words, recessions
take place when productiobecomes too high with respect to demand
(which is the case of excess supply) or, alternatively, that degetedoo
low with respect to supply (insufficient demand). Interestingly enough,
recessions doot happen in situations of undspending, i.e. below the zero
line. Quite worth noting also is the fact that the 60s expansidarésa
relatively small supply/demand mismatches, which may explain why it
lasted for so long.

™ In KPSW and FHT government spending is absenestine focus is oprivate GDP.

2 The constant termy has a special interpretation as a composite ofitfiteroot values of
the model and the starting values of the variables.
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Figure 4 —The supplydemand cointegrating relationship, 195972
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Note : shaded areas represent official recessitas ds defined by the NBER. 196591 is a
military spending shock date identified by RameyShapiro [1998] and 1969qgl an
oil/monetary shock identified in Hamilton [1985]caRomer & Romer [1989].

We can now give a more meaningful interpretation to the adjustment
coefficients, economically speaking. The finding that consumption and
government spending are weakly exogenous translates into the proposition
that those two types of outlays, taken in growth rates, are noteaffegtthe
supply/demand mismatches (deviations to the long run equilibrium). To the
opposite both production and investment bear the brunt of the adjustment

process. Note that sin|é%|<|d,, , the adjustment to the long run values is

mostly made through investment.
4.3. Short run coefficients

The above discussion on the estimated adjustment coeffigientwas

a discussion about the weights of a stationary variable, the aaititeg
relationship In this sensét was a discussion about short run coefficients.
However there are other short run coefficients in the contexVEE

models, namely the lagged differences of all variabES}AX,ﬁi .

The previous test of weak exogeneity was a temporal ‘feedback
causality’ test in the sense that the past)(equilibrium error was a
regressor of eacAX, . Another classic temporal causality test to perform is

that of Granger predictability. The idea of Granger causality test for the
significance of the coeﬁicientﬁi for each and every variable of the model.
If those coefficients do not turn out significant for a given vagiabthen
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variablea is not a significant predictor and can thus be taken out of the
equation. Even though intuitive, it is important to note that theng&na
causality tests have a specific interpretation in the comtegte VEQM.

Indeed those are tests based onltheoefficients which are only one side
of the temporal ‘causality’ coin, along with the weak exogeneitys.test
Granger tests are here based on coefficiefits which are ‘out of

equilibrium’ or ‘business cycle’ coefficients. Tablgoresents the results of
Granger tests together with the weak exogeneity tests. Thlésrase based
on the H model but they are essentially unchanged in the other siodel

Table 4 —Temporal causality tests results, 1953q1-1972qg1

Explained variables

AlOg Qnet AlOg CR AlOg IR AlOg GR
Alog Qnet, ti --- 0.91 0.11 0.70
Alog Cg ¢ 0.21 0.04 0.80
Alog I ¢ 0.25 0.98 0.60
Alog Gg 0.27 0.86 0.13
Joint Granger 0.28 0.08 0.02 0.23
pir(Q, =0) 0.10 0.45 0.03 0.87

Note: Reported statistics are the probabilities ot ‘Tausing’.

The Granger predictability tests yield most probabilities abbgel0%
level so that the system does not appear very causal. The fewcsignifi
causal directions all go towards real investment growth. Inves@appaars
being significantly ‘caused’ by the past growth rates of real wapson,
and borderline so by the past growth rates of real production ahd rea
government spending. The joint Granger tests confirm this finding with
probability 0.02, the lower value of the mod€herefore investment is the
most endogenous variable by this measure, which is in line with thke we
exogeneity measure discussed earlEris finding is important because
such a high degree of endogeneity may be the cause of the high volatility of
investment we observe.

On the other hand government spending appears Granger exogenous
with probabilities of 0.23 and 0.28 respectively. Since government spending
is also found weakly exogenous, government spending should be labelled
‘strongly exogenous’ by Johansen’s terminology. No regressor turns out
significant in the government spending equation (not even the corstant)

that there would remain onogG, = £,, or alternativelylogG, = 25,, .In

that case the changes in government spending coresisitely of the
‘surprises’ ; , i.e. non anticipated events. This result makes sense in the

195372 era characterized by wars and active government.

Finally the last two lines of Table 4 show that consumption and
production appear to be of different nature. Consumption is endogenous
during the business cycle but not over the long run, while the converse is
true for production.
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4.4. A CONDITIONAL MODEL

All our previous findings go in the same direction of discriminating
between the two weakly exogenous varialgemsumption and government
spending and the two variable@roduction and investménivhich are not
weakly exogenous. Therefore we can partition the system into (resbhecti
m=2 variables which exhibit levels feedbacks and=2 variables which do
not exhibit levels feedbacks. Because weakly exogenous variables do not
contain information about the long run parameters we can altogether omi
them in the modelling process and estimate a partial mootediitional on
weak exogeneitfdohansen[1992]). This is done in appendix B.

4.5. Variance decomposition andmpulse response functions

We so far discussed the properties of the model with respeits to
estimated coefficients and their significance lev&his analysis was thus
of a staticnature. It has provided us with the partial effects of a bbkrian
another without accounting for the dynamics of the model.

Variance decomposition (FEVD) and impulse response functions (IRFs)
are classic tools for analyzing dynamic relationships. Both arel lmaséhe
idea of shocking the system and see how it reacts. After-imeaeshock,
variance decomposition will decompose the varigiotehe forecast erryr
of a variable into components attributable to each and every vaoifatiie
model, and this for any horizon after the shock. The same applies to
impulseresponses with a more straightforward idea : the system is shocked
and the dynamic responses of the variables are traced out.

The drawback of the decomposition of variansethat the results
depend on the way the variables are ordered in the Motlké classic way
to order the variables is to suppose an ordering of the variablesttieom
most likely to act first to the least likely to act asaaise. This is essentially
a causal ordering from the most exogenous variable to the most endogenous
variable.

We already have identified two such orderings above when addressing

Granger causality and weak exogeneity. From Table 4 above it turns out that
Gr is always the most exogenous variable knithe most endogenous. The
rankings of Qner and Cr are uncertairso that we simulated two shocks:
shock A with orderindGg, Qnet Cr, Ir) and shock B with orderingg, Cr,
Qnes Ir). We consequently decomposed the variance of the forecast error,
following a shock consistent with those two orderings, and up to a 20
guarterhorizon (5 years). Because we are utmost interested in the growth
process we will concentrate here upon the decomposition of production
only. The results are the following:

13 pesaran & Shin [1998] alleviates this issue indbetext of impulseesponse functions.
See their article for their method of ‘generalizadipulseresponses applied on the
KPSW data.
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- (shock A) : at each time horizon, the variance of production is
attributable almost entirely to its own shocks (>92%). As ailtres
consumption, investment and government spending contribute for
almost nothing (<8%) to the variance of production. Those results are
disappointing, because we would have expected the whole (production)
to depend on its components (outlays) in some non null proportion.

- (shock B) : no such problem occurs. The variance (of the forecast er
of is attributable to consumption shocks at a level comprised hetwee
60% (when the shock occurs) and 76% (5 years after the shock). The
effect of production shocks on itself accounts for most of the rest,
between 33% and 19% for the same horizons. As a result investment and
government spending shocks account for virtually none of the variance
of production.

What should be recalled of those two decompositions of variancngm

uncertain. There is no universally better way to define acafpshock.It

would however be fair to give more weight to the results pertaitong

ordering B, and therefore conclude in the direction that consumption shocks

explain most of the variance of productidiis result is in line with KPSW

who find consumption explaining ‘typically less than half of the business

cycle variability (private production, in context)’

Figure 5 —IRFs of real ‘commantbasis’ production, 1953g1-1972q1
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The generalized impulsessponses have also been computed up to a

time horizon of 5 years. The responses have been calculated following a

onestandard error shock on each impulse variable (consumption,

investment and government spending). This was done on the unrestricted
underlying VAR model with no further restrictith Figure 5 presents the
responses of production together with their (analytic) 95% confidence
interval.

Figure 5 presents interesting patterns. Much of the dynamics have
become constant at theydar horizon so those values can be understood as
long run values.

- Consumption is the only type of outlay to have a persistent effect on
production. As such an increase in consumption is likely to increase
production for a long time. This finding is just the mirror imagehef t
weak exogeneity of consumption.

- Investment has a positive impact on production but becomes not
significant after 6 quarters. This means that investment shoesles cha
shortlived effect on production. This confirmsur prior finding of
investment having no persistent long run effects.

- Government spending is found to have a positive but not significant
effect on production, except maybe for one quarter. This finding may
appear surprising in such a period characterized by wars. Hgweve
has to be recalled that, during the whole sample, the war affovell as
other government expenses have been entirely financed by taxes
recollection. As a result the United States had a balancegebad that
period, even a slight surplus. However we previously found government
spending to be strongly exogenous. This finding is not at odds with the
present result, since the weak exogeneity of government spending can be
understood as government spending shocks having long run effects on
another variable than production.

- Production shocks are found to have positive effects on itself but, ever
since 6 quarters, those effects are not clearly significant.nAglais
consistent with the previous finding of production being borderline
weakly exogenous.

*k%k

Several points stand out as a conclusion of the analysis on #tis fir
subsample 1953972. We find consumption as weakly exogenous based on
formal tests and impulseesponse functions. To the contrary investment is
found very endogenous with respect to the short and the long run. Both of
these findings, however, are not new, for they have already been sp#lled
in the studies of KPSW and FHT. Nonetheless this paper reliesooa
detailed tests, especially with regard to the stabilityhefd@stimated model,
and also conducts the analysis in a more general framework including
government spending. In this framework we have found consumption

1 The results differ little when restrictions arepmsed, and the general interpretation
remain unchanged.
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having an even greater role, being the cause of between 60% and 76% of the
variance of production, whereas KPSW have found it to be around 40%.

The inclusion of government spending in the model leads to several
interesting findings. First, including government spending reduces the
number of stationary relationships, as compared to KPSW and FHT, from
two to one. Second, government spending is strongly exogenous and its
shocks will leave persistent effects on at least one of thablesi of the
model. That variable, however, is not production and this may appear
surprising.

5. Estimation on the second regime

The same study was conducted after the end date of the firsteregim
1972. Because the specification and identification procedure is unchange
we will not go into many details.

A VAR model was searched from 1973q1l to the end of the full sample,
20050g3. The rationale for choosing a start date of 1973 is that Chow tests
results are unreliable after the first break date, precisetause the
occurrence of a break changes the parameters of the model under
investigation. The longest period on which the model was found stable is
1973911986qg1. The resulting small samplE=63 observations) does not
allow one to compute many of Chow’s statistics, so that stalifiglysis
may prove to be hazardous.

A VEC(3) model was nonetheless found stable baring in mind those
limitations The residuals showed evidence of significant piked @78q2,
198092, 198294 and 198394 and the subsequent dummy variables were
introduced®. The VAR residual specifications are reported in Table 1 and
fulfill reasonably the requirement of Gaussian errdre cointegration tests
were performed and gave rise to the same results as in precedody pe
namely that there is one cointegrating relationship of either£as case 3.
Again, the small sample size is likely to undermine the coinfegraést
results, so that those results should be taken as information th#rer
conclusive evidence. Case 4 was rejected on the basis of the non
significance of the trend in the cointegration relationship. (8aagain™®.

The results of the structural parameters are reported in Table 5.

5 The criteria retained for the introduction of a daynvariable was that there was that (1)
there was a sudden pike in the residuals and &2)pike corresponded to a known event.
The date 197892 corresponds to a sudden uptic&tivitg which had signalled the start
of a formidable interest rate hikes. It is idemtifias a monetary shock by Romer &
Romer [1989]. The most significant date 19802 @ed in the production and
consumption residuals and corresponds to sevemltgv the ‘CarteReagan military
build-up’ evidenced by Ramey & Shapiro [1998], antiie high in interest rates and a
policy and political change. The date 1982g4 wamdbin the investment residuals and
corresponds to a sudden increase in the intere=t vehen the trend was thought to be
clearly downwards. The date 1983g4 was found ingtreernment spending equation
and calls for a cut in social spending at the same as tax breaks for businesses

' The constants in the VAR were estimated witiatios of 1.85, 4.46;0.98 and 1.25,
resulting in their joint significance. We checked the magnitude of the largest roots of
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Table 5 —Estimates of structural parameters, 197391-1986q1

109 Qnet log Cr log Ir log Gg ZBz
Unrestricted model
B 1 -0.889 -0.028 -0.124 0.0414
[-11.13] [-1.48] [-1.27]
a' +0.60 -0.52 -1.98 +0.05
[-4.79] [-4.80] [-2.86] [0.31]
(&, =0) 0.00 0.00 0.00 0.78
Unrestricted model 3— H; : Zﬁ, =0 (p-value 0.22)
ﬁ 1 -1.009 +0.001 +0.008 0
[-14.66] [0.06] [0.15]
o' -0.49 -0.40 -1.81 0.09
[-4.64] [-4.22] [-3.17] [0.66]
Pr(&, =0) 0.00 0.00 0.00 0.39
Unrestricted model 4— Hz with Hy : [31, = BGr =0 andd; =0 (p-value 0.69)
lg -1 1 0 0 0
o' +0.52 +0.41 +1.84 0
[5.12] [4.27] [3.20]

Note : significant coefficients are given a boldda

As before the model was first estimated without restrictiord then
restricted according to the results. The unrestricted model opghganel
of Table 5 indicates that the coefficient of @gis very high and
significant, that the coefficients to liggand logsg are almost zero and not
significant and that the sum of the estimated coefficierdémsst zero. The

model was subsequently-estimated by imposingH B, +B, +B,, =1

and the results on the middle panel indicate that this restrictioacgapted
with a probability of 0.22. That didn’t change much the estimates, f

except for thatf, is now almost unity. We therefore tested for H

B, =B, =0 in addition to &, =0. This restriction was accepted with a

high pvalue of 0.69. The results appear in the bottom panel of Table 6,
where normalizationvas done on consumption rather than on production to
facilitate interpretation.

The identified structure is surprisingyteresting and puzzling at the
same time. In particular the elasticity of production witlspest to
consumption has been accepted to be one, so that the elasticities with
respect to investment and government spendingen@ That finding can
be understood as the fact that, on 12986, besides short run movements,

the system with different number of cointegratirdationships. With one postulated
cointegrating relationships the largest roots haalaes of 1, 1, 1, 0.77, 0.77... and with
two postulated relationships they bee 1, 1, 0.99, 0.77, 0.77... Clearly, the choice of a
single cointegrating relationshipadetter choice.
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the variables ‘in line with each other’ are production and consumptign onl
Investment and government spending played role ‘on average’ or86973
The finding that government spending is not aligned is not a big surprise
since we made a similar observation based on Figure 1 (government
spending started to diverge from the other variables since the early
seventies From an economic standpoint, the early seventies denote the
beginning of a ‘less government’ era. Therefore our result of government
spending noralignment makes sense and, since elasticities sum to unity,
less government means higher elasticities of consumption and investment.
However, more surprising is the finding that the long run elasticity of
production with respect to investment is zero as well. That mdaats t
investment has not contributed to production on average or1l9B& One
way to make sense of this finding is to call upon the accumulation of
specific events on that period: two oil shocks, stagflation, histmgécand
fall of the interest rate, turaround policy and large deficits, just to name a
few. Indeed in such an uncertain world it is not surprising to sestmeat
being hit a lot andoose track of the other variables in the process.
Therefore the apparedisconnection of investment may be attributable to
the (somewhat intense) accumulation of specific destabilizing events.
Finally the errorcorrection term desergse comment. The long run part
of the model under His estimated as (in expectandggC, —logQ, , =0
so that the long run value of the share of consumption in net proadusti

stationary. The plot of the cointegrating relationship is given on Figure 6
(modelH,4 with normalization on production for comparative purppses

Figure 6 —The supplydemand cointegrating relationship, 197986
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Again the recessions (shaded) show up to be closely associateckeetis e
supply and not with excess demand. This is particularly the case ifajlow

the first oil shock and the small recession of 1980. However as cedhjmar

the previous period the association is less close. The-8®8&cession in
particular covers partly an excess supply and an excess demand stage.
Contrary to the previous period 193972, recessions do not end at the
excess supply peak but last until excess demand is genegaiiéel.worth

noting recessions take place when the wage shaetawaverage.

The effects of those supptiemand mismatches can readily be seen on
the adjustment coefficients. We see all variables readt @xcept for
government spendind\s during the previous period, investment reacts with
the most important forceo that the supply/demand mismatches are being
mostly captured by investment changes. Note also that investment, not
being significant in the long run, is very active in the short run.

A compared as to the 198372 period, some noticeable changes have
taken place both on the long run and adjustment coefficients. The first and
obvious change is that the elasticity of production with respect to
consumption has risen from 0.63 to unity, while the elasticity of production
with respect to government spending falls to zero, all things edjal.
197386 period thus marks the end of the alignment of government spending
(together with investment), making production depend solely on
consumption spending in the long run.

The second major change takes place in the adjustment coefficients
both in magnitude and significance levelShe magnitudes of the
adjustment coefficients have been much reduced in-887%% compared to
195372. The magnitude of the adjustment realized by production has been
divided by three and that of investment has been slashed by ada@tor
This means that the adjustment between production (supply) and demand
has taken more time during 1988 than it previously did. Equivalently we
find a more sluggish adjustment process in the & period, a time of
less active government action.

In both periods production and investment are endogenous and
government spending is exogenBud herefore the second most important
change is to be found in the behavior of consumption, which has moved
from being weakly exogenous (even borderline strongly exogenous). This
process of endogeneization of consumption changes the role of
consumption, from being autonomous in the first subsample to being a
passive adjusting factor in the second period. Recall however that
production is found to depend solely on consumption ‘on average’

Granger causality tests have also been performed on that secat peri
The results are summarized in Table 6 for the modeait commented
below.

Investment growth is, and stays, the most highly caused variabiie in t
system, whereas consumption has now become exogenous in the short run.

" Note that since government spending is not siganifién the cointegrating relationships,
government spending cannot be deemed ‘weakly exagéas in the preceding period
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Production appears predicted by each and every other variable while
government spending is not predicted by any other variable. As compared to
the previous period those short run results have not changed by much for
government spending and investment, while consumption has gained
exogeneity and production has gained endogeneity. The Granger ordering
has now become€g, Gg, Qnet Ir

Table 6 —Temporal ‘causality’ tests results, 1973q1-1986q1

Explained variables

Alog Qnet Alog Cg Alog |5 Alog Gg
Alog Quer +i 0.14 0.06 0.62
Alog Cg 1 0.09 0.05 0.42
Alog I g ¢ 0.04 0.20 0.65
Alog Gg i 0.11 0.55 0.18
Joint Granger 0.09 0.29 0.00 0.09
pr(a, =0) 0.00 0.00 0.00 0.39

Note: Reported statistics are the probabilities ot ‘causing’, derived from a Wald test.

With that new ordering the decomposition of the variance (of the
forecast error) of production didn't change much as compared to the
previous subperiod (ordering B). For any time horizon until 5 years,
consumption shocks now explain between 45% and 60% of the variance of
production, and the rest of it is explained by own production shocks.
Consequently and as previously, investment and government spending are
responsible of almost none of the variance of production. Those rasailts
robust to alternative orderings.

The generalized impulsesponses have been computed with the same
parameters as on the previous sample. The responses of production are
reported on Figure 7 together with the 95% confidence intervals.

The time profiles of the production responses have changed as compared
to the previous period. No variable is found to have a long lasting
(permanent) effect on production. However the effect of consumption is
again the most important in the short run but becomes not signitftar 9
quarters. The effects of production and investment are positive wetlie
short run but become not significant after3 2quarters. Government
spending is again found to have no large effect on production, if any. Note
that all those results are in line with the previous finding of reakw
exogeneity of production, consumption and investment. The result of
government spending having no effect on production is however puzzling,
for government has been very active during that period, at least disring
later part. This result, which we also found during the previousghemay
be an indication that production ought better be taken net of taxes.



THE EMPIRICALIMPORTANCE OFCONSUMPTION| 29

Figure 7 —IRF of real ‘commanbasis’ production, 1973q1-19869g1

Response following a real production shock Response following a real consumption shock
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Broadly speaking the impulsesponse functions on 1988 do not
differ much from those on 19528. However there seems to be some kind
of shift downward of all responses, i.e. production reacts less tarmtkem
impulses. As a result all demand effects on production are founchrtbi i
long run, that is there is no permanent stimulus to production. This is
essentially the characteristic of a ‘short run’ economy whialforeinated
by an uncertain environment characterized by important shocks on demand.

We have tried to perform the previous analysis on a more
contemporaneous period. All trials have failed because the ediofatiee
model were not stable for any sufficiently long sample. As atrasulesult
will be presented here. We will however provide comments on the likel
reasons why our modeling attempts have failed.

1- The most important reason seems to be that the adjustment®wre sl
since the eighties. This is visible in the observed lesser variahc
production, as well as in shorter recessions, and consequently in longer
expansions. Therefore the supplgmand mismatches are expected to
oscillate less frequently around the zero line, undermining the
stationarity of the errecorrection term.

2- The model may be inappropriate on that period. In particular we have
relied until now on a model featuring production net of trade. Yet trade
has not been balanced on that period, nor has it been constant, so that it
may be useful to distinguish the trade effects explicitly.
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6. Estimation on the full sample

As we have seen both models have led to estimates which areryot ve
different in nature. Besides a model estimated on the full sapgrled
19542005 had been checked to give somewhat stable estimates on the basis
of Chow’s FC testlt would be interesting how the results reached so far
compare to the fulbample model, even if its properties are not very
satisfying.

Again we will report only the main results here. The parameiietise
model are the one described above, a VAR(5) with 5 dummy variables and
with residuals lacking normality. The cointegration tests weréopeed
and unambiguously yieldegt 1 cointegrating relationship of either case 4
or case 3. Again case 4 was rejected on the basis that ttetedficient in
the cointegrating relationship turned out at most barely signifigadtin
any case very small. The estimates of the model are preserntatle 7 for
case 3.

Table 7 —Estimates of structural parameters, 1954q1-2005q3

109 Qnet log Cr log lr log Gg ‘ZB;
Unrestricted model
B 1 -0.569 -0.215 -0.211 0.004518
[-38.98] [-23.77 [-16.69
o +0.37 -0.07 +3.34 -0.32
[-2.74 [-0.68] [5.63 [-1.64
DR(6 = 0) 0.01 0.48 0.00 0.13
Unrestricted model5 —Hs : Zﬁ, =0 (p-value 0.42)
B 1 -0.556 -0.219 -0.224 0
[-38.51] [-22.53 [-42.19
& +0.33 -0.08 +3.12 -0.22
[2.83 [-0.82] [5.65 [-1.22
DR(6 = 0) 0.01 0.51 0.00 0.32
Unrestricted model6 — Hs with Hg : O, ,0, =0 (p-value 0.39)
[g 1 -0.557 -0.219 -0.224 0
[-37.99] [-22.15] [-41.50]
o' +0.43 0 +3.20 0
[5.12] [5.89

Note : significant coefficients are given a boldda

The model can successively be identified and restricted by imposing the
sum of the demand elasticities of production to equal one (hypothgsis H
individually accepted at 0.42) jointly with the weak exogeneity of
consumption and government spending (hypothesjsattepted at 0.39).

The estimates do not change much throughout the restriction process and
stay very highly significant. The cointegrating relationship of moded 6
plotted on Figure 8.
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Again the model captures the recessions (shaded on the graph) very
well. Almost systematically the recessions appears at the very sextaxs
supply and come to an end the peak of the excess supply episodes. Again,
there is a time lag in between the end of the recession aagpkarance of
excess demand. Note the building up of excess demand following the two
latest recessions 1990 and 2001 has taken more than following the previous
recessions. This suggests, paradoxically, a slower adjustment than
previously.

Figure 8 —The supplydemand cointegrating relationship, 193805
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The results of Granger tests, performed on model 5, are reported in Table 8.

Table 8 —Temporal ‘causality’ tests results, 195391-1972q1

Explained variables

AlOg Qnet AlOg CR AlOg IR Alﬂg GR
Alog Qnet, ti 0.00 0.27 0.63
Alog Cg ¢ 0.36 0.29 0.61
Alog I ¢ 0.99 0.01 0.52
Alog Gg ¢ 0.89 0.01 0.12
Joint Granger 0.00 0.03 0.00 0.62
pir(Q, =0) 0.01 0.51 0.00 0.32

Note: Reported statistics are the probabilities ot ‘causing’.

Those short run results are also similar to those reached on subsaBpl
this measure, investment is the most endogenous variable while gomernme
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spending is the most exogenous. Since government spending has been found
to be weakly exogenous, it can be deemed strongly exogenous. But this is
no the case of consumption. Accounting for weak exogeneity results does
not alter the Granger ordering which is h€g Cr, Qhes Ir.

Based on that ordering the decomposition of the variance (of the forecast
error) of production has been performed for a period of 5 years. $hksre
are that 51% the variance of production is explained by its own vatues
one quarter after the shock and falls to below 10% at 10 quartersted
shock. What captures the most of production’s variability is again
consumption, in a range of 58% to 82% (respectively at a two quantirs a
20 quarters after the shock). This leaves almost no room for inuvdgstme
(explaining below 1%) or government spending (explaining below 10% of
production variability).Thus again consumption is the variable that captures
the most of the business cycle variability, to a larger extent KiRBW
have estimated.

The generalized responses of production are given in Figure 9. Those
are essentially unchanged as compared to the results on the sassampl
Investment has a shdived effect, consumption has a more important and
persistent effect, and government spending is almost inefficient except for in
the very short run. Of notable difference, though, is the persistence of
production shocks on itself which turns out more significantly than on the
previous subsamples.

Figure 9 —IRFs of real ‘commantbasis’ production, 1954g1-2005q93

Response following a real production shock Response following a real consumption shock
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TENTATIVE CONCLUSION

The issue dealt with in this article is that of the rol¢hefvariables in a
model featuring production, consumption, investment and government
spending. To that extent we have modeled those variables expressa&d in re
terms within an errecorrection model framework. We have distinguished
between the results pertaining to the -Bdimple 19542005 and two
subperiods, 19532 and 19786 on which the model was found more
stable. No stable model could be found on a period starting after TI9&86.
results can be classified in two groups : the new or surgrasies, and the
ones consistent with the previous empirical literature (KP&W FHT,
albeit using a different model).

There are several results consistent with the previoustliteral he first
and most important is that consumption shocks, above all other types of
demand, has the largest and more persistent effect on production.
Investment on the other hand is found to have a 4ived, temporary
effect on production. Those two findings are already present in KPSW and
FHT. Therefore our results provide robustness to their original findings
when other samples, parameters, and variables are used.

Our new findings come precisely from such a different methodology.
First we have inquired about the stability of the models, which KRS
FHT do not do. Stability is indeed required for the reason that beraks
likely to greatly affect the estimates of the model, and thatkisrare highly
likely to have happened in a 50+ year long sample. Splitting the sardple di
not reverse the previous findings, and to the contrary has reinforced the
importance of consumption. For instance we find consumption shocks to
account for at least 45% and 60% of the variance of production on our two
subsamples, significantly more than previously estimated by KPSW.

Another original feature of the present paper has been to feature
government spending explicitly in the model. As commented above this did
not change the previous findings about the relative importance of
consumption and investment for production. However two main results have
arisen from the introduction of government spending in the model.

The first one is that there now exists only one cointegrating op&dtip
(clearly), as compared to two in KPSW and FHT. Their study dedscf
three variables out of which only one was found weakly exogenous
(consumption). With two cointegrating relationships, the authors have
identified all the permanent component of the model as (proportmntie
cumulated sum of the unexpected consumption shocks. Therefore the
models of KPSW and FHT do not leave any room for investment asfpart
the permanent component. Clearly this is at odds with most economic
theories —provided that consumption shocks are not interpreted as
productivity or permanent income shocks. Most theories, indeed, call upon
investment to be one, if not the only, factor of growth. Yet in both KPSW
and FHT models, investment has no role of giving a general tendency to the
system.
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To the contrary our model rests uperl cointegrating relationships, so
that there arep-r=3 common trends on each subsample. On -I/253
consumption and government spending are found weakly exogenous and
therefore their cumulated unexpected shocks define a two common trends.
The remaining third common trend is a weighted average of production and
investment. On 19786 no variable was found to be weakly exogenous so
the three common trends are weighted averages of each and evabjevari
of the model. Thus on both samples investment is part of the common
trends. Therefore our estimates give a role to investment as gigageral
tendency to the variables. Note however that the effect of investome
variables other than production has not been discussed in the present paper.

Finally, the explicit inclusion of government spending in the model has
allowed discussing its nature and role in the model. It was found that
government spending acted much as consumption in the sense of being
weakly exogenous and defining a common trend. However, it was found
that government spending did not generally have any effect on production.

The main conclusion of the paper is that consumption, rather than
investment, appears #s major sound determinant of realized production.
This is consistent with KPSW and FHT. Needless to say, thi#t mggpears
as an outlier in the economic literature. Most macroeconomicriéise
would see investment as the dominating spending type. Consequently
consumption is often regarded as adjusting to investment, for instance
through saving.

However in the course of the present paper we came to makelsevera
comments about our results. We believe that all those commentsserae
individually and are jointly coherent. For this reason we believe dhat
empirical investigation should open up the discussion about alternative
macroeconomic theories and policies.
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— APPENDIXA -
— An intuitive interpretation of VEC models -

The VEC models can quickly become very complicated and it is
useful to have an intuitive interpretation of their most intengsteature :
their rich structure. We will here take the simple exampla ¥EC model
with no dummies and no lagged values, k=€l and a constant. In that case

X, =11LX,, +p+u,
where we take only two variables for simplicity, nameby{y;, G} consists
GDP and consumption (in logs). This is a VAR model which statéglha
production at-1 affects present consumptigmintly with (2) consumption

at t-1 affects present production. Alternatively, this VAR model can be
rewritten in its erroicorrection form as

AXt = OL(B"Xt—l _BO)+YO +é,
For illustrative purposes we will set the values of the long ruanpeters to
B'=[-1 1] so that the cointegrating relationship is

B'X, :—logy, +logc,, —B,

Note that the long rufs parameters are generally estimated by Johansen’s
method rather than chosen as we do here.

By construction the cointegrating relationship is always stationary so
that E(B’X,_l)zo. This implies that the cointegrating relationship can be
rewritten asE(log(c/ y)) =8,, i.€. B, is the average value of (the log of) the
share of consumption in GDP. By our choice of parameters the model above
gives the changes in GDP and consumption as explained by the share of
consumption in GDP, and a constangt

In applied work production and consumption have often been found to
exhibit the same pattern through time, i.e. to be cointegrated. ésul a
scatter plot of the two variables will show points disseminatedind an
average relationship which takes the form of an upw@mtding line. The
choices made above give this line the equali@C =logY +8,, i.e. a 45°

line originating ir,. This is the cointegrating relationship, i.e. the steady

state relationship which holds ‘on average’ or ‘in the long run’. Tihesib
plotted in FigureA below.
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Figure A — An intuitive representation of a VECM
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note: derived from Juselius[2006], chap. 5, p.102.

The graph consists of the following different par&.(B,) is the
space spanned by the long run parameters, i.e. the straight, tpsvalidg
line evidenced above. However this relationship is true ‘in the lang r
only and the observationg;,(c;) are almost never on that line. The most
likely case is that deviations appear in the short run such asxpditerex;
is figured such as it is above the cointegrating relationship, ithat
consumption and production are such as the share of consumptiavés ab
its long run value. Whenever a deviation appears the -eoroection
mechanism is activated so that a forae moves both variables. The
direction and magnitude of the enmorrection mechanism depends on the
long run parameters as well s For the chosen long run values, the
deviationx; is likely to be corrected for by a negative foraeaffecting
GDP and/or consumption changes.

In applied work the long run parameters are estimated to be o=y cl
to B'=[-11]. The estimates of the adjustment coefficients would turn out
as o=(a,0 with o ,<0. Equivalently, production adjusts and
consumption is weakly exogenous. This means that consumption is found
not to depend on the consumption share while production does, or
alternatively that the log run stability of the consumption shai@D® is
maintained by adjustments of GDP only. Consequently the unanticipated
shocks to consumption define the common tr@dc while GDP assures
the stability of the system. This general result translateglie proposition
that shocks to consumption would persist in time, while shocks to GDP
would merely be transitory.
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— APPENDIX B -
— The partial model 19531972 -

The idea of a partial model in the context of VECMs is the falgw
Take X, = {X X f”""} as the vector op variables of interest which is

split into m weakly exogenous variablesy,”* and p-m variables

X which are not weakly exogenous. In that case the full VEC model, say
of the form

k-1
AX,=of' X, + ZF,AXH g

i=1

yields the same estimated setﬁotoeﬁicients than the partial model

k-1
AX =0 B X, + D T CAX, | +m,+ A AX T +v,
i=1
The partial model therefore is the same as the full model éndrdy the
equations for the non weakly exogenous variables remain) augmented by

AX as an additional regressor. Note that this regressor is sgeagian

exogenous variable, i.e. only the values at timemain.

Why estimate partial models instead of full models ? The questioot i
as naive as it seems because estimating a partial modelesetpiknow
which variables are weakly exogenous, that is most of the time esdoir
estimate the full model in the first place. The answer toghestion is that
by conditioning on weakly variables one reduces the number of parameters
as well as the number of equations to estimate. Consequently ircg@ract
partial model is often found more stable and precise than a fdein
However, using a partial model to describe a process in the shors ru
clearly not a good modelling strategy since the weak exogeneity holds with
respect to the long run parameters. Partial models ought thebefarely
used when the long run properties of a system are the focus.

We have estimated the partial model conditional on the weak exogeneity
of both consumption and government spending. For comparative purposes
we first report the equations of production and investment of thentudeel
under H.

0,,=6"B"X,, -1 .46QM, —2.020,. +1, 35th L 4zcm 24027 1 ri1+0.33] pss

[-1.33] [1.09] [1.46]

10.25Gr 1+0 50Gm 2+0.002+1,,,,, R’? =0.136, c=0.010
[0.69] [0.89]
1R,:AFBFvX [12_14Qm’t_1—11.38ém’t2+996CRt1+831CR,2+1841R11+1[1'7735]Rt2
+1.94G rs1+2.64Grs2—0. 020+u,, R?=0.133, c =0.046

[1.19] [1.81] [-1.61]

wherefor compacity we use thelog 4, == 4, shorthand notation, and where
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&F,f%F are the adjustment and long run parameters for the full model we
already discussed and which are given in the bottom panel of Table 5.

The partial model had”,p” parameters such as
logQ... — 0 627*10gC -0. 164*10g1 —0 209*logG -0.915

~169.85] [~70.86] ~103.00]

and the adjustment coefficients becaage +1.54 anda, =-13.64

[1.91] [2.54]

which is unchanged as compared to &feB estimates for the full model
up to the third decimal. The detailed partial model was estimated as

=GB X, =2190,01 = 2,130, 2 1,67 Crin 145 Ciat 030 i+ 0,321 s

”e’ ! [——2.24] =L 22401 ; [2.44]

+0.39Gr, +0, 51GRt 2—0. 006+(1 13Ca,+0. ISGsz+vQ .. R?*=0.707, =0.006

[1.87] [3.43 [10.93] [3.09]

Ire=6"p X, -13.250,,,,-12, 76Q

[-2.16]

et t—1 neti—2 T 10.29 CR,H + 8.81CR,t—2 +1 .80[1%,:-1 +1 .96[1?,;-2
’ ’ [2.54] [2.30] [1.83] [2.24]

[1.67] [-3.67] 4.96 [-1.21

+235GR,1+310GRt2—0044+(343th 040GR,j+o,,,, R?*=0.358, ©=0.040

As compared to the short run part of the full model, the estinudtése
partial model have changed especially in terms of significance levels.

In the full model no coefficient in the production equation was found
significant at the 10% level. In the partial model all eleven fuoefts
become significant at the 5% level, five are significant atahthtwo at are
significant at the 1%. level. The adjusted R2 increased drarhatfcam
14% to 70% of the variance of the growth rate of production being
explained by the model. The standard error of the equation was almost
slashed by two to 0.6%.

The same applies to the investment equation. In the full model &ner
eight coefficients (out of eleven) which are significant at the 1l and
one at the 5% level. In the partial model ten coefficients igréfisant at
the 10% level, eight at 5%, three at the 1% level and two &t%héevel.

The fit increased also by much, moving from 13% to 36%. The standard
error of the equation, however, didn’t drop by much.

Other statistics worth commenting are the coefficients ofvtreables
acting as exogenous regressors (reported into brackets). Thosehaurt
run’ or ‘spot’ coefficients as weights of stationary variablEsey can be
understood as elasticities calculated with acceleration raltesoefficients
are highly significant except for the contemporaneous effect of govatnme
spending on investment (however, past values of government spending
foster investment). The largest contemporaneous effect if that of
consumption on investment (+3.43) and the lowest is that of government
spending on production (+0.15). The ‘spot’ value of consumption on
production is 1.13, meaning that an acceleration of consumption by
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translates into an acceleration of production by about the samengmo
ceteris paribus
Now, looking at the equation of production can give us many insights

about the growth process during the ‘business cycle’ (oui”éf“')(t_l).

The regressors of the rate of growth (of real production) whichrere t
largest in magnitude are (1) past values of production with coeifiele32,

(2) past and present values of consumption with value +4.25 (3) peeskn
past values of government spending with coefficient +0.95 and firglly (
past values of investment with coefficient +0.62. Notice that every
coefficient associated with demand is positive, meaning that lgrasvt
protracted by demand during the business cycle. On the other hand the
negative sign of production means that if the past values of theofat
growth of production are positive then present production will tend ¥ slo
and viceversa. This is a dampening or ‘adjusting’ effect. If there is no
demand, production collapses.

The same comment on the investment equation gives the sameiresults
terms of the largest coefficients. The past values of producterthe
largest contributor to investment growth with a negative sign26f
meaning that high growth of production in the past reduces investment,
ceteris paribus Consumption growth is the second largest with coefficient
+23.50 while government spending is at about +5.50. In both the production
and investment growth rates equations, the ‘adjusting’ effect of pioduct
Is almost entirely counterweighted by the consumption ‘shifting effect’.

The partial model also came out to be more stable as evidenced by
CuSum and CuSum squared tests performed on the production and
investment equations. The results (reported in appendix 2) indicaté¢hat
consumption equation gained stability in the partial model especiallyeby
CuSum test measure, even if the equation was already stable fuallthe
model. The investment equation however was found somewhat unstable
during 1960 in the full model and using the CuSum of squares measure.
That instability disappeared in the partial model.

Given that the significance levels have greatly increased one may
wonder to what extent the switch to a partial model has changed the
previous findings of causality. We recall that we especially found the
perplexing result that production was not being influenced by any variable
in particular. Granger tests were performed on the partial menaelit
turned out that production is now being ‘caused’ at the 2% level by every
single other variable, individually and jointly. In the full modelestment
was found ‘caused’ by consumption and loosely so by production and
government spending. Again this result changed in the partial model and
investment was found significantly caused by each and every other gariabl
at the 3% level.

Clearly then, the switch to a partial model has brought about a model
with better fit, more stable equations, and higher significance andlitaus
levels. Those findings, again correspond to a (growth) direction given by
consumption and government spending patterns, (whose shocks persist), and
a ‘business cycle’ around that direction, cycle given by the adjustraénts
production but mostly investment (whose shocks are temporary).



