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Abstract

In this paper we test the hypothesis of constantme to scale and no market power, implementiniisHa
test (1988, 1991) on Israeli annual real businestes GDP data. The results validate the hypothafsis
perfect competition at the aggregate level. Thushenone hand they justify the imposition of theSCR
restriction when estimating the business-sector @Edduction function in Israel and on the othegyth
contradict the assumption of CRS with market poarmat fixed entry costs in the modeling of the Israel
economy.
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1. Introduction

In this paper we test the hypothesis of constatme to scale and no market power in the goods
market, implementing Hall's test (1988, 1991) omuat real business sector GDP data for Israel
during the years 1979-2006. The test was performmeder the assumption of Hicks neutral
technological changes. According to this non-pataméest, the acceptance of the null hypothesis
requires that the rate of change of TFP, obtairsed Solow residual (SR) under the null hypothesis,
be exogenous to changes in output that do notnarigiin or affect technological changes.

The issue of divergence from the joint hypothes$isamstant returns to scale (CRS) and no
market power in the goods market (hereafter thehygothesis) has been approached from a second
angle as well. This approach originated in theréeffo obtain an accurate estimate of the SR by
estimating a production function econometricalljneTobjective of this line of research was to
determine the contribution of technological changewodied in the SR to GDP volatility, thereby
empirically testing the RBC theory according to evhthe procyclicality of the SR mainly reflects
productivity shocks. The need for the SR to provgteaccurate measure of technological shocks
required the accounting for economies of scale fandnput and output mismeasurements in the
estimation of the production function. The exteheconomies of scale was thus obtained as a by-
product of the effort to measure technological ¢geaaccurately. The empirical research concentrated
on the U.S economy even though some of it relatmlta other economies.

The results obtained by Hall, using annual valugeaddata relating to the period 1953-1984,
for 26 industries at the two-digit level, rejectdte null hypothesis because his test indicated a
correlation between changes in the SR and in exagenactivity inducing factors which are
uncorrelated with technological change. Followihgs trejection he estimated econometrically the
extent of IRS in the U.S. economy. The resultsiobthjustified the attribution of the procyclicalit
of SR and of its correlation with exogenous-aggiitducing factors to the existence of economies of
scale. Indeed, the derivation of the SR under theneous assumption of CRS would give rise to a
procyclical residual because output would risel)(fay more than the rise (fall) implied by the
increase (decrease) of the production inputs irptesence of IRS, thus giving the false impression

output enhancing productivity gains.



The rejection of the null hypothesis by Hall in dawf the existence of market power and IRS
found support in additional empirical research [@kdvo and Lyons (1992) and Roeger (1995)]. In
Caballero and Lyons (1992) the origin of the insieg returns was not at the firm level but at the
aggregate level, and they arose from externaliti¢ise form of spillovers.

The empirical research implementing the second odetlogical approach based on the
econometric estimation of the production functidch bt find evidence of significant returns to scal
in the U.S. economy, after accounting for the mizsseement of output and for fluctuations in the
intensity of utilization of labor, as a result afdrding, and of capital [Burnside et al. (1995)sBa
and Kimball (1997) and Basu and Fernald (1997)kWBet al. (2001) and Basu and Fernald (2001),
respectively, found evidence of limited economiésaale in the production of durables and limited
economic profits, implying only a small divergenitem the perfect competition paradigm, in the
U.S. economy. This empirical research, togetheh wlite findings of Burnside and Eichenbaum
(1994) reduced the contribution of technologicalcis to the volatility of output in the U.S, theyeb
weakening the RBC interpretation of output flucioias in this economy.

According to Basu et al. (2001), the weakening leé tontribution of changes in TFP
productivity to the growth of output may have besmggerated at least in the second half of the
1990s, which was characterized by accelerated timesg in information technology. This
acceleration seems to have obscured productivitysgas a result of an underestimation of output,
because of the unmeasured increasing adjustmets ico®lved in the acceleration in investment.
These costs created a wedge between the higheal amiput level and its lower measured
counterpart which does not include adjustment cbsts

With respect to economies of scale outside the,P&quet and Robidoux (2001) showed,
using Canadian aggregate data, that after accaufdgincapacity utilization, the economies of scale
obtained when not adjusting inputs for their intgn®f utilization disappeared. Likewise Inklar
(2006) obtained that the estimated coefficiente@inomies of scale in France, Germany and the
Netherlands either fell to the vicinity of one @dame statistically insignificant after adjustinguts

for their intensity of utilization. Vechi (2000) owpared the U.S. and Japanese economies, and

! According to Hall (2004), capital and labor adjustrhcosts for U.S. industries at the two-digit lewe relatively small.
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showed that in Japan procyclical productivity ie tlesult of labor hoarding and that internal regurn
are higher in the U.S. industries than in Japarstrang evidence was found of increasing returns in
the American economy.

The ability to account for the intensity of inpuilization was crucial for the econometric
estimation of the production function because litseace and the consequent misspecification of the
production inputs give rise to a positive biasha estimation of the output elasticities with respe
the production inputs, favoring the false rejectairthe CRS hypothesis. This is also true of Hall's
non-parametric test.

Given that the intensity of input utilization isalyservable, it was expressed in the empirical
literature as a function of observed variableswaetifrom the F.O.C. for efficient production in the
estimation of the production function which werdraduced in its stead in the econometric
estimation of the production function.

With respect to capital utilization, Burnside et @995) used electricity consumption as its
proxy assuming that capital services and eleggranie used in fixed proportion. Under less stringen
assumptions about the production function they &libwhat the equality of the marginal rate of
substitution between labor and electricity, whishalso a function of capital services, and their
relative price, allows us to express capital sewias an increasing function of the labor input and
electricity consumption and a decreasing functibthe relative price of electricity with respect to
labor services. A condition similar to that obtalnen the basis of electricity consumption was also
derived from the use of intermediate materials wtiegse were considered as production factors
alongside labor, capital and energy.

With respect to labor effort, Burnside et al. (1p88ed as a proxy an expression of income,
consumption, average labor hours and unknown coeffis, obtained from the F.O.C of optimizing
households. Vecchi (2000) used as a proxy for labibzation the intensity of intermediate matesial
with respect to hours worked. Basu and Kimball()%8¥wwed, under the assumptions that labor and
capital are quasi-fixed and that the cost fromrtheensified utilization lies in higher wages fibre
first and higher depreciation costs for the secdhdt it is possible to express labor effort as an

increasing function of average hours worked andaciéyp utilization as a function of observed
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investment, the capital stock, production materiasl the prices of production materials and of new
capital (investment goods). They found however that adjustment of the capital stock for the
depreciation involved in its more intensive utitiba was not substantial in the U.S. economy and
could be overlooked.

The need to assume the existence of higher castsgioer capacity utilization, in the absence
of substantial depreciation costs because of the nmbensive use of capital, led Basu et al. (2001)
and Basu and Fernald (2001) to assume the existdrateft premia when the capital stock is quasi-
fixed, in order to obtain an internal solution f@pacity utilization. Under this assumption, capaci
utilization, like labor effort, can be expressedaasincreasing function of the average working kour
only. This variable was also put forward as a primxycapacity utilization by Abbott et al. (1998)ch
has also served us as such in the present paper.

Our findings did not justify the rejection of thelhhypothesis for the Israeli economy, after
adjusting the data for changes in labor produgtigitd for variations in the capacity utilization of
capital. Our inability to reject the no-market-poweypothesis justifies the imposition of CRS
restrictions when estimating the business-sectoP Giboduction function in Israel, but does not
justify the assumption of monopolistic competitemmong identical firms with fixed entry costs in the
model of the Israeli economy.

Our main focus in this paper will be on the implernag¢ion of Hall's test on business sector
GDP production in Israel. We shall therefore referthe parametric approach only when such
reference is necessary to clarify our expositionisTpaper contains four additional parts: In the
second part we present Hall's methodology forrigstor the departure from the CRS no-market-
power paradigm; in the third, we analyze the dath@éhoose a proxy variable for capacity utilization
and instrumental variables exogenous to technabgioovations required for the implementation of

Hall's test. In the fourth part we present the testlts, and in the fifth we conclude.



2. Hall's Test

In this section we describe the methodology of 'slaéist and we subsequently present the economic
intuition and a more formal explanation behind pleeceived procyclicality of changes in TFP under
the null hypothesis. The rationale behind the igeghat, under the erroneous assumption that the
economy operates under CRS and no market powelg whfact it does not, the derivation of the
change in the TFP as an SR will include, in additm the technology component, a factor positively
correlated with changes in economic activity whach uncorrelated with technological change. Such
a correlation will therefore constitute a prooftbe divergence of production from the CRS and

perfect competition paradigm.

a. The specification of the test

Under the assumption of Hicks neutral technologa#nges, the domestic product, Y, produced
using capital, K, and labor, L, can be represehtethe following functional form:

1) Y = AF(K,L) .

In the above expression A stands for the technolmggvation factor. Expressing the above equation
in logs and differentiating with respect to time ol#ain that:

dy dF dA_dY K dK dYLdL dA

()_:_+_ ...... _
F A dK Y K dL Y L A

Our assumption of Hicks neutral technological inmttans allows us to rewrite expression (2) in
terms of F instead of in terms of the domestic pobdY:

dy dF K dK dF L d. dA

( )_:_._._ —
dK F K dL F L A

The sum of the output elasticities with respectltdhe production inputs provides a measure of the
extent of economies of scalg,so that:

dy K dy L_dF K dF L dF K de L

DY oy K F L F 7w F A F



The assumption that price, P, is set as a gros&-upam, over marginal cost, MC, allows us to

rewrite expression (3), under the assumption thiatisf are price takers in the inputs market, as

follows:

WL P, -K
4 = B + .Cr—_
4y uY.Py uY'Py

In this expression W stands for the nominal wage Bp for the cost of capital. Letting the share of
the wage bill in the value of domestic product head to «; and the share of the profits above the

normal be zg, we obtain that the share of the capital costeqgsal to (1-a; —7g), and the
coefficient of economies of scale is equdl to
6) y=wa+u Q-a-zg)=pu 1-7g) .
It transpires from expression (5) that the grosskr@, x, is in general greater than the degree of
returns to scaley, and that the simultaneous assumption of no maeer (1 =1) and CRSy=1)
implies zero monopolistic rentszg =0, i.e., free entry and thereby free competition.also
transpires from expression (4) that the elastité domestic product with respect to the labor and
capital services are equal toand (1-«) under the null hypothesis, to-« and (1- - «) under
CRS and market power, and to & and (y - - &) under IRS?

Inserting these elasticities in (2') and rearragderms we obtain that the rate of technological

change is given by (6) under the null hypothests lan(6") and (6"-6™) respectively under CRShwit

market power and under IRS:

dA_jdY dK| _ dL_dK,.
y GA_jdY dKy o dl dKy o fdY dKo o odl o dK, o dl dKo
(G’K‘[v K}ua(l_ K)[Y K}a(L K- (w-n-a (-5 ;

ZA monopolistic rent is sometimes introduced in these of fixed costs, say, of entry. In this casesg profits include a

monopolistic rent, which is not however appropidaby the capital owners but is used to cover tkedficosts. In this case profits
are zero at equilibrium, but the share of the irqmsts is smaller than one.

3 In all of the above and subsequent expressiongrtes markup measuring market power, the laboeshaevenue, the rate of
growth of domestic product, of production inputdaf technology all have time subscripts which haeen suppressed to
simplify the exposition.



) D -] -n a5 o

w GA_1dY dK dL _dK ﬁ_d_K _qy. 9K
(G)K_{Y K}a[L K}( 1)-a( )~ (7 -1)- 9

The invariance of the Solow residual implies tliat variable exists, hereafter the instrument,
which is, say, positively correlated with the rategrowth of GDP per unit of capltap——? but

is not, by construction, correlated with technobadjichange, neither causing productivity shifts nor
being caused by them, then its correlation withrtte of change in TFP derived as an SR should be
zero under the null hypothesis. Expressions (6)-(®iply that if technological change is errondgus
derived on the basis of the RHS of expression (®&@mwin fact the economy is not characterized by

CRS and perfect competition, then the rate of ceaid FP calculated in this way will be augmented
: . dA .
with respect to the true technological changﬁT, by an additional factor, and the measured

technological change will in this case be equal to
dA dL
(7) TJ{(ﬂ—l) (———)}

if the economy is characterized by CRS and mar&eiep, and to

(8)d—:+{(ﬂ—1)-a (-] —}

in the presence of IRS.
If the rate of change of the instruments is positicorrelated with the rate of GDP growth

. , . dA .
and uncorrelated by selection with the rate of nebbgical change,f, then it must also be

positively correlated with the factors in bracketexpressions (7) and (8) according to expressions

(6'-6™). If the null hypothesis should be rejecteecause of market powem ¢ 1)or because

production is characterized by IRS¢ 1), then the measured rate of technological chandgeruhe



erroneous null hypothesis, obtained as an SR, alglb include these factors and will be thereby
positively correlated with the rate of change @f éxogenous instruments.

At the empirical level it is possible to obtain thie rate of capital growth is determined on
the basis of decisions made in previous periodhaits correlation with the instrument may ble ni
The impression may thus be created that the nplbtesis may be falsely accepted in spite of the
existence of IRS. However the existence of suchn@tdes is consistent with economic profits and as
a result it requires a gross mark-up which is gmedihan unity according to expression (5) or,

technically, a value fory greater than unity requires the existence of mapkever (1 >1). As a

result a positive correlation between changes i itistrument and the growth rate of labor
employment per unit of capital will be sufficiert tletect the afore mentioned positive correlation,
necessary for the rejection of the null hypothesider IRS even if the rate of growth of capital is
uncorrelated with the instrument.

In order to determine the existence of a corratati@tween the rate of change of the
instrument expressed here d5 and the rate of technological change obtainedeurde null
hypothesis, Hall (1988) ran a regression of the RH®) ondz °

dy dK dL  dK
99 ———-a(—-—)=¢+Cy-dz.
9) v K (L K) C1+Cp

A statistically significant regression coefficietyt,with the same sign as that of the correlation
between changes in the instrument and change® iprtdduct/capital ratio constitutes a proof of the
statistically significant correlation required fthre rejection of the null hypothesis. The correlati

between changes in the instrument and the ratecbhblogical growth under the null hypothesis is

affected by mismeasurement of output and of thelyrtion inputs leading to its false rejection or

“This conclusion is straightforward when the grosskup is assumed to be constant. Hall (1988) hawstunder more general
conditions that when the gross markup is allowefluctuate even though it is on average equal &, ¢ime covariance between
changes in the instrument and in the measured edmffical changes will be zero or slightly negativeder the null hypothesis,
so that a positive covariance and correlation @ttesthe divergence from the null hypothesis pigrad

® The performance of Hall's test on the basis of ddimgroduct shares does not allow us to diffeetatbetween the two
alternative hypotheses of CRS with market power &®lWwith market power. A similar test can be perfatroalculating a cost-
based residual derived from cost-based shares. &uebt can detect the departure from CRS only, lsecptoduction costs
cannot account for the existence of markups, bekpgessed at factor cost and not in market prigesthis reason such a test
can serve to check whether findings of a divergdrama the assumptions of CRS and of a no-market-p@asadigm are due to
a departure from the first or from the second aggiom. Unfortunately there are no data availabléctvtallow the performance
of this test for the Israeli economy at the aggredrvel

® The variables used by Hall (1988, 1991) as instnis were the American President's party and tteeafaichange of the
government's military expenditure, and of the oit@.



acceptance. Following Hall we define below the ¢tbmas under which such outcomes can be

obtained, and discuss the ways to avoid them.

b. The false rejection or acceptance of the nydotiyesis

The mismeasurement of production inputs leadinthéofalse rejection of the null hypothesis may
arise from the mismeasurement of the intensityhefrtutilization, of their quality, or of overhead
costs in production. Output mismeasurement, ituits, may be the result of investment adjustment
costs being overlooked as a result of which theetation between changes in the instruments and
the measured technological rate of growth is miéidaln this way input mismeasurement can lead to
the false rejection of the null hypothesis, whiletput mismeasurement may lead to its false
acceptance.

In the following section we present the issue efitiput and output mismeasurement in some
detail. We also show that both the non-parametriethodology we use and the parametric
methodology lead to similar results with respectthie false acceptance or rejection of the null
hypothesis with the exception of the existenceiad overhead labor costs. While in this case the
application of Hall's test will not lead to the dalrejection of the null hypothesis, when overhead
costs are overlooked the application of the parameapproach will bias the estimation results in

favor of the existence of IRS.

b.1 The mismeasurement of output

The mismeasurement of output arises from the exdstef investment adjustment costs, among other
things, as a result of which services renderedimvitie firm by its labor force may not be considgkre
as an output, while the corresponding labor inputhe provision of these services is considered as
part of the labor force. At the aggregate leves thihortcoming is reflected in a lower value for
investment. If during upturns in economic activiyhich are not triggered by technological changes,
economies experience an acceleration in investnedleicted in a rising investment to capital ratio,
which implies higher investment costs, then itasgble that the measured domestic product will fal

short from its actual level and from the one imgliy the production inputs, if investment
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adjustment costs are overlooked. As a result outpsimeasurement will be reflected in a fall in TFP.
In this way the procyclicality of the changes ire t8R when the null hypothesis is false could be
obscured by the countercyclical effect on TFP clkargf accelerated investment during expansions.
In a more formal manner we can write the observabtput Yogs as a function of the actual
output, Y, and of adjustment costsyhich are an increasing function of the investhapital stock

ratio:
(10) Yops =Y - [1- f(IE)] , with >0 .

The functionf provides a measure of the weight of unmeasuredstamdgnt costs in the actual
domestic product. Taking logs and differentiatinghwespect to time we obtain expression (11)

below:

@) dYops _dY _df

Under the assumption of IRS the above expressioieaewritten as follows:

d dK, dA dK | df

) N R - -

L K

A K dt

YOBS K

Had output been properly measured, the procydidplstment cost effec%it, would have appeared

on the LHS of expression (11') with a positive signd technological growth, obtained under the
erroneous null hypothesis, would have been equahé¢oterm in brackets on the RHS of this
expression, which is known to be procyclical anddeepositively correlated with changes in the so-
chosen procyclical instrument. This positive catiein would have allowed the rejection of the null
hypothesis when the alternative hypothesis of IR$drrect. As it is, the adjustment cost effect,
which is procyclical, appears on the RHS of (11)hwa negative sign and thereby mitigates the
aforementioned positive correlation. In this wag tiull hypothesis may be falsely accepted in spite
of the existence of IRS.

A similar result of underestimation of economiessoéle is obtained under the parametric

approach of the production-function econometritngtion. If the adjustment-cost factor is omitted
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from the list of regressors, then the estimateghef coefficients of the rate of growth of the

production inputs labor and capital will be bias€de estimation bias should be negative because the

correlation between the existing procyclical regoes and the missing one%t-, IS negative, given

that% is in its turn positive and procyclical. This néga bias gives rise to underestimates for the

output elasticities with respect to the productioputs, supporting the false acceptance of the null

hypothesis.

b.2 The mismeasurement of the intensity of utii@atof the production inputs and of labor
productivity

The positive correlation between technological groderived as an SR under the null hypothesis and
changes in the instrument may also arise from tiseneasurement of production factor utilization. If
a lower demand for goods is accompanied by a l@mapacity utilization, CU, and/or lower labor
effort, e, then having overlooked these two factors we wexigect to obtain a higher level of output
than the one actually produced. Under these cirtamoss the "lost" output is attributed to a negativ
productivity shock, establishing a positive cortiela between the exogenous fall in demand growth,
and hence in the rate of growth of the instrumentthe one hand, and the fall in TFP growth under
the null hypothesis, on the other. Such a resuit lead to the false rejection of the null hypotkesi
The above argument may be presented in a more lfovayaas follows:

Let the production function be given by

(12) Y=F(K.cu,L.e) .

Then, expression (6) above may be re-written as

(13) d_Y_d_K_a.(ﬁ_d_K):d_A\_F a.%+(1_a).
Y K L K A €

dcu
cu
As a result of overlooking the intensity of utilimn of production inputs, changes thereof are

erroneously included in the measured technologjaahth obtained as an SR. If these changes in the

intensity of utilization of the production inputsegprocyclical they will be also positively corrtdd
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with changes in the procyclical instrument, givimge to a positive correlation between the latted a
changes in the measured TFP, thus leading to ke fajection of the null hypothesis.

A similar outcome is obtained when implementing plaeametric methodology of production
function estimation. The omission of the changth@intensity of utilization of the two inputs ctea
a positive bias in the estimation of the coeffitseof the growth rates of the labor and capitautsp
The positive sign of the bias is due to the positoorrelation between the omitted procyclical
regressors, which measure the intensity of inpilization, and the existing regressors, that is the
rates of growth of employment and capital stockisTgositive bias provides an overestimate of the
elasticity of output with respect to the productioputs, facilitating the false rejection of thellnu

hypothesis in favor of the existence of IRS.

If we relate to% as a measure of the rate of change of labor ptmitycthen by the same
€

token overlooking it will give rise to a positiveorcelation between the SR and changes in the
instrument if this change in labor productivitypiocyclical, leading to the false rejection of tindl
hypothesis.

However if changes in labor productivity are negay correlated with output growth, then
they will most probably be negatively correlatedoalith changes in the instrument. This negative
correlation will mitigate the positive correlatidoetween changes in the procyclical instrument and
the SR when the null hypothesis is false. This gatton effect may in its turn allow the false

acceptance of the null in spite of the existenciR&.

b.4 Labor overhead costs

If workers allocate a certain number of hours to-pooductive activities at work regardless of the
length of their shift, then longer shifts, arisiingm demand-induced upturns in economic activitg, a
consistent with an increase in the effective praoitadours of work. This increase is relatively mor
substantial than the corresponding increase irrégperted working hours, which include also hours
spent on non-productive activities. As a resuliglEmshifts will induce a greater output expansion

than that implied by the growth rate of reportedrkileg hours, since output expansion varies
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according to the higher growth rate of the effextivorking hours and not to the lower growth rate of
reported working hours. Therefore, if we use thedovalues of the latter as a regressor in the
econometric estimation of the production functiostéad of the higher values of the former, then
under the null hypothesis we will obtain an unekpd increase in output. In order to account for
this higher output, the estimation results will yad®e an overestimate for the output elasticity with
respect to the labor input, biasing the estimatesult in favor of the IRS hypothesis and of the
rejection of the null. This intuition is not howewalid when implementing Hall's test, as is shown
below.

Let the production function be expressed by

(14) Yy = A.F[L - (h=¢), K, ] .
The above production function is similar to (1) ltudiffers from it in that whereas total working

hours are equal tio, productive hours are equal th— ¢), a fixed number of houre being spent on

non-directly-productive activities. For reasonssohplicity we assume here that the employment

level, L, in terms of the number of workers is fixeo that the rate of change of the productiverlab

. . dh . .
input is measured b}f— Under the null hypothesis the rate of productghois given by
h—¢)

dK F

K

dy [dF K]dK [dF h—(/)] dn  dA
dh F

15) —- = _dh oA
()Y h—-¢ A

Given thate is constant, the second term in the RHS of expmeg4d5) measures, under the null
hypothesis, the contribution to output growth & tirowth rate of effective working hours. This term

may be rewritten on the basis of expression (3yalas follows:

d_F.h—go} dh _[A-dF.h—go} dh _[ﬂ.h—qp] dh _[ﬂ.ﬂ]d_h
dh F dh A-F P AF h

(16){ .h—go_ .h—go_ h—(p_

Expression (16) implies that the contribution tepo growth of the growth rate of effective working
dh . dh : . .
hours, ——, and of reported working hours;—, are equal provided they are weighted by their

h—¢p h

corresponding shares in the value of output. Assalt, no bias is introduced in the calculationhef
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change in TFP under the null hypothesis when implgmg Hall's test, if we do not differentiate

between effective and reported working hours.

3. The Test and the Data

In this section we present the data and the vasafglevant to the implementation of Hall's test.

We have assumed that production takes place irstages so that the output of the business sector is
produced using intermediate goods and value addeidh in turn is produced by labor and capital.
We have concentrated here on implementing Haks da the latter. Hall's original paper of 1988
included 32 annual observations between 1953 aBd &Ad covered 26 industries at a roughly two-
digit level according to SIC classification. Ourngale period included 28 annual observations
between 1979 and 2006 for the test at the aggregatieiction level.

The econometric estimation of economies of scakedbeon value added data when the
objective is to determine the deviation from thefexet-competition-CRS paradigm with respect to
the output function may introduce a bias [Basu Beacdhald (1997)]. This bias is the outcome of the
omission of a regressor in the estimation of thedpction function which depends on the import
intensity with respect to output. If this intensity procyclical, as is usually the case, then the
coefficient obtained for economies of scale onlthsis of value added data will be biased in fa¥or o
IRS. Such a variable will be missing also if we lempent Hall's test and want to draw conclusions
about the production of output based on value adid¢al. However this is not the case at hand since
we are interested in testing the departure frompiréect competition paradigm of the value added
(GDP of the business sector) production functiomgivalue added data and not for the output

function’

! An additional bias may be introduced when usingegate data if the assumption of a representativei$ false. Aggregation
over diverse sectors and firms gives rise to afatieasuring the reallocation of inputs acrossdimmthe same industry or across
industries. This factor is usually omitted wherireation is based on aggregate data because ohtierlying assumption of the
single representative firm. The divergence fromrigygresentative firm paradigm creates a bias ireftenation of the average
returns to scale, as a result of this factor, widisection constitutes an empirical issue [Basu Bachald (1997)]. Paquet and
Robidoux (2001) have used directly aggregated GDB da the Canadian economy without resorting toatpgregation of
sectoral data.
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Below we describe in detail the adjustment of théado prevent mismeasurements of the
nature mentioned in the previous sections and looice of the exogenous variables and instruments,
correlated with economic activity and uncorrelateth changes in technology.

We based our hypothesis testing, like Hall (1988aaegression estimation in which the rate
of the technological change derived as an SR seaseddependent variable and the rate of change of
the instrument as a regressor. As will be shownwbethe test results did not allow the rejection of
the null hypothesis especially after correcting étianges in the productivity of labor and in the

capacity utilization of capital.

a. Measuring GDP and the labor share

The derivation of the rate of technological chaagean SR under the null hypothesis based on the
calculation of the RHS of expression (5) requites talculation of the rates of growth of GDP,
production inputs and labor share. In additionhest variables, the rate of change of the productio
inputs has to be adjusted for changes in theirngitg of utilization and for changes in the
productivity of labor.

The GDP should be expressed at factor cost (proguazes) and not in market prices since
these are the prices relevant for the optimizimgh.fiThe GDP data in fixed producer prices are
however available only after 1995, even though GRaR at current producer prices exist for earlier
dates. As a result, we were constrained to expr@$sDP growth in terms of constant market prices
since our sample starts from 1978he labor share, which was obtained as the ratiwden the level
of the wage bill and GDP, was however availablenfrt979 since its GDP component, expressed at
factor cost, was expressed in terms of currentepri@he components of the labor share data are
reported by the CBS on an annual basis and we weresequently obliged to limit the

implementation of Hall's test to annual observagion

8 The correlation coefficient between the GDP grouattiixed producer and market prices between 19852806, a period for
which GDP data are available under both definitigmequal to 0.9995, implying that our use of Gilea at fixed market prices
for our entire sample because of the absence af aafixed producer prices may not have impairesl docuracy of our
calculations.
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In Israel investment statistics include, accordioghe CBS data, a large part of the costs
incurred by the firm to render the new capital epienal,such as transportation and installation costs
of new equipment. As a result, the extent of tvedjence noted above between the reported GDP on
the one hand and actual GDP inclusive of investnaeliistment costs on the other seems to be
limited. We therefore consider the risk of falselgcepting the null hypothesis because of the
procyclical underestimation of the TFP growth tdibeted.

According to our exposition we should not be prepeed with the issue of overhead costs
which affect the effective labor input when implerieg Hall's test. With respect to the measurement
of the effective production inputs, we were thu$ e cope with their qualitative aspects and with
their intensity of utilization. Our use of capital constant prices accounts to a large extenttor i
increasing productivity, leaving us to handle ticelaiate measurement of labor productivity and the

intensity of utilization of labor and capital.

b. Measuring the effective production inputs

b.1 Accounting for changes in labor productivity

A substantial part of our sample period was affgdte the absorption of an unprecedented influx of
immigrants at the end of the 1980s leading to p&&ent increase in the labor force between 1991
and 2006. In view of the fact that this immigratiadversely affected the productivity of labor
[Friedman and Zussman (2008)], during an upswingdonomic activity, ignoring its effect on the
rate of growth of the effective labor input couldvk created a negative bias in the calculation of
changes in TFP, favoring the acceptance of the hydbthesis according to our previous analysis.
We therefore adjusted the labor input data to agicfau the fall in productivity.

Our adjustment of the labor input for changes botgproductivity is based on a productivity
index derived by Friedman and Zussman (2008) om#ses of wage differentials and the assumption
that labor's earnings are commensurate with itsgmalr productivity. If the wage differentials
identified by Friedman and Zussman do not reflecdpctivity differentials but discrimination
against new immigrants, then, as we show below,abjsting the labor input for a fall in

productivity which did not occur, we would havelatéd the productivity gains by a factor which is
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procyclical in our sample period and is thus exgedb be positively correlated with changes in our
instrument. We would have thus created a bias flagdhe rejection of the null hypothesis. If under
these adverse circumstances our test still campettrthe null hypothesis, then the case for CRE an

competition becomes even stronger.
: : : . ge
If the quality of the labor input has indeed beeedorating at a rate <0, the true
€

estimate of the rate of technological change uttgenull hypothesis will be equal to expression) (17
below instead of being equal to the RHS of (6).

(17) d_Y_d_K_a.(i_Fd_e_d_K :d_A .
Y K L € K A

If on the other hand the fall in labor productivisyfictitious, the true rate of technological cbharis
given by the RHS of expression (6). If under theiseumstances we erroneously derive the rate of

technological change as being equal to the LH &, (while (6) is correct, we will obtain a biased

rate of technological change, which will be eqmnl(—jAé -ad—e. The bias is positive, because of the
€

assumed fall in productivity, and equal md_e. It is also procyclical, since the immigrationlin
€

induced an upswing in activity and should thus sitprely correlated with changes in our

instrument, leading to the false rejection of thé hypothesis.

b.2. Measuring production inputs and their intgneftutilization.

In this section we describe the characteristicghef variable we chose as a proxy for capacity
utilization (CU) and examine its suitability to geras such by examining whether it is characterized
by properties that CU should fulfill, and whether @volution over time resembles that of indices of

CU obtained by different methodologies in otherrdaes.

Choosing the Proxy Variable

Capacity utilization is in general considered tofrecyclical. The economic intuition behind the

procyclicality of capacity utilization and laborfeft runs as follows: If the production inputs catn
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be readily adjusted to their optimal level follogimn activity-augmenting shock, then the higher
capital or labor services required to satisfy oplitgy conditions after the shock will be provideg b
increasing the intensity of their utilization, evésuch an increase is costly; in this case higiosts
mitigate the extent of the increase in the intgnsitinput utilization.

By the same token, according to Basu and Fernd@1(?and Basu et al. (2001), higher
investment adjustment costs induce an efficientbdpcing firm to increase its capacity utilization
the margin when the demand for investment incredseeese costs are an increasing function of the
I/K ratio, then we would expect CU to be positivelyrrelated with the latter. As a result, CU would
be expected to be higher the greater the deviaiidhe capital stock from the level satisfying the
firm's optimality conditions, since the I/K ratib@uld be an increasing function of the capital lstoc
deviation from its optimal level. This conclusias in line with the spirit of the analytical results
obtained by Greenwood et al. (1988).

These efficiency conditions imply that CU should fr@cyclical and positively correlated
with the I/K ratio and as a result our proxy valebor it should be also characterized by similar
properties. Our choice of this proxy variable isdxh on the fact that efficient production requires
marginal costs to be equal across all productigrutsn As a result the marginal cost of longer
working hours, which carry higher compensation bsezof the disutility involved in them, should be
equal to that induced by the more intensive utilima of capital because of shift premia. Basu and
Kimbal (1997), Basu et al. (2001) and Basu and &dri§2001) show, under not very restrictive
assumptions, that these efficiency conditions intpst labor effort and capacity utilization shoblel
an increasing function of the average number ofper worker if longer working hours per worker
imply higher wages. This allows unobservable vdeisbof intensity of input utilization to be
expressed as an increasing function of the avdeaggh of the working week, which, in line with the
analysis above, should be also procyclical andtipesr correlated with the I/K ratio similarly to

cu?®

® This is true under the assumption that the numbshitts is given, otherwise it is possible tha tpening of an additional shift
could lead to lower working weekly hours per worker

19



If the length of the working week is to capture tiéect of changes in the intensity of
utilization of inputs, then it must not be "contaaied" by increasing or decreasing trends resulting
from structural changes in the Israeli economy.

The rising share of women in employment over tifPgagram 1) alongside their lower
average weekly hours than men's (Diagram 2), asutrof their consistently lower level of full-ten
working hours (Diagram 3), are expected to have daxtgative effect over time on the aggregate

average weekly hours.

Diagram 1: The Weight of Women in Employment

(percentage points, quarterly data)
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Diagram 2: Average weekly hours per employed person
(quarterly data)

otal’'man and womanhours

) W

38
36
34 V Total womanhours

32 TT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TT Tt

()
(@)

NI I NI U I SN N T I PN TP )
oy > ,\/os q/o\ PN N AR 0OV O ,»Os ,]/osob‘os&o\obo\

N S
AIEN NN NN N N I S S S SO Y

20



Diagram 3: Full and Part-time average weekly hours

55 (quarterly data)
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This implies that our use of average working hags proxy for capital capacity utilization
should not be a weighted average of the data w#pect to gender and full and part-time jobs. The
data indicate that the average number of weeklyshot fully employed males fluctuated around
48.5 hours between 1979 and 1989, after that tatereased, and it stabilized after 2002 at ahdyg

higher level of 49 weekly hours (Diagram 4).

Diagram 4: Full-time average weekly manhours
(quarterly data)
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A closer analysis of the data reveals howeverttiatslight rise in the average weekly hours
of full-time male employees reflects, among othangs, the increasing weight of skilled male
workers over time (Diagram 5) and the fact thagemeral they work longer hours (Diagram 4). The
slight rise in the length of weekly hours workedumskilled male employees after 2002 compared to
the pre-1989 period (Diagram 5) also contributethtorise in the average weekly working hours of

male workers.
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Diagram 5: Average weekly hours of full-time unskilled workers
and the weight of skilled males in full-time employment
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To neutralize this composition effect we chose asoay for capacity utilization the average
weekly hours of full-time skilled male employeegfided as employed persons with 13 years or
more of formal educatiof® This variable converged to its pre-1989 levelra2@02—03 (Diagram 4).
When measuring the rate of growth of the labor infpuderive the SR we have to include all
employed labor; however, when deriving a proxy afale for the intensity of input utilization as we
have done here, it suffices for this variable tocberelated on theoretical and empirical grounds to
this intensity and need not necessarily encomgassialoyed labor. For this reason we relied on the
national accounts statistics which cover Palesisand foreign workers as well as Israeli workers t
calculate the growth in labor input, and we usedsQ#&bor survey quarterly data which cover only

the Israeli labor force to derive our proxy.

The cyclical characteristics of the proxy variable

In this section we examined the extent to which oboice of the proxy variable chosen has
properties compatible with those of capacity wdilian (CU), and whether its evolution over time

resembles that of indices of CU obtained by difiéraethodologies in other countries.

10 The length of the working week in hours is mordesss similar across sectors for fully employedis#liimen converging after
2002-03 to its pre-1989 level with the exceptionm@anufacturing sector and the banking and finareéator. In these two
sectors the number of weekly hours stabilized #@92 at a higher level than the one which predaitethe late 1980s. The
observed rise in the full-time skilled man-hoursnmanufacturing and in the financial sector was meflected in the average
weekly skilled man-hours at the aggregate leveh essult of the fall in the weight of manufactgriand of the financial sector
over time in the number of full-time employed sédllmale employees.
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To examine the similarity between the cycles amkeislly their turning points based on CU

and other variables measuring economic activitydesgved the cyclical component of the proxy

variable using spectral analysis of quarterly ddtar subtracting the sample mean and after definin

as cyclical frequencies those between 6 and 53eysaiThe reasoning behind the derivation of such

a cyclical de-trended component is for it to sease basis for the construction of a CU index adoun

the mean which will reflect full capacity. The cgslobtained on the basis of the cyclical component

of CU obtained from spectral analysis did not dieconsiderably from cycle classifications with

respect to economic activity in the Israeli econofielnick (2002)] and Marom et al. (2003).

Exceptions to this pattern were the expansionsraoéssions in the first half of the 1980s and the

recession between 1990 and 1993 identified by thei@ex (Table 1) but not by any other

methodology of cycle classification in the Israsdbnomy.

Table 1: The cycles in economic activity in Israednd in average weekly working hour&

Melnick Dates* Marom et al. (1) Dates* Marom et al (2)Dates* CU Dates**
Recession 1975.5-1980.7 Recessior 1979.4-1980|7 eXRem 1979-1980.5 Recession 1979-1982
Expansion | 1980.8-1983.9 Expansion| 1980.8-1981.7 Expams |1980.6-1988.3 Expansion
Recession Recession 1981.8-1982.9 Recessign Bieces
Expansion Expansion | 1982.10-1983.8] Expansior Expansio|1982.3-1987.1]
Recession 1983.10-1985.10 Recession 1983.9-1984.3 eced’ion Recession
Expansion | 1985.11-1987.8| Expansion| 1984.4-1987.5 E>xgian Expansion
Recession 1987.9-1989.12 Recessior 1987.6-1990,2 cesRmn 1988.4-1989.8 Recession 1987.2-198
Expansion | 1990.1-1996.4 Expansion| 1990.3-1996.2 Expams |1989.9-1996.2 Expansion| 1989.2-199(Q.
Recession Recession Recession Recessign 1999932
Expansion Expansion Expansion Expansion | 1993.3-1997|
Recession 1996.5-1999.7 Recessior 1996.3-1999|3 eRem 1996.3-1999.1 Recession 1997.3-199
Expansion | 1999.8-2000.9 Expansion| 1999.4-2000.9 Expams |1999.2—2000.10 | Expansion| 2000.1-2001
Recession 2000.10-2003.71 Recessio 2000.10—200RHeession 2000.11-2003.10 Recession 2002.1-20
Expansion | 2003.8-2008.5 Expansion| 2003.11-2008)5 Exgian | 2003.11-2008.5| Expansion| 2003.2—?

9.4
4
03.1

1) On the basis of the probability of recession.
2) On the basis of the level of the composite inofiegconomic activity in the Israeli economy.
* Monthly data on the basis of the composite indégconomic activity in the Israeli economy.
** Quarterly data on the basis of average weeklykivig hours of skilled male employees.

More precisely, the cycle classification based &hdlves rise to one only recession and expansion

between 1979 and 1987, while in the case of Mel(@f02) and Marom et al. (2003) there are two

and three expansions and recessions respectivehgdhis period* The business sector seasonally

adjusted GDP growth data on the basis of which vag rdentify the businessycles in the Israeli

11 Marom et al. (2003) used two approaches in clgssifthe business cycles in Israel on the basithefmonthly composite
index for economic activity in Israel. The firsteois based on the probability of a recession obthfrom the index data and the
second from the deviation of the index from itsgaarm trend. While it is the first methodology whigave rise to the numerous
expansion and contraction periods between 1979.88d, the second methodology assigned years 19BQ381 into expansion
periods. This fact is particularly disconcertingese these years were characterized by the sedaibck.
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economy indicate that the last quarter of 1982 amasutlier characterized by an exceptionally high
rate of growth (Diagram 6).

This outlier may have stood, apparently, behindclhssification of the period between 1980
and 1983 and the periods between 1982.10 and 1888.8etween 1980 and 1988 as expansions by
Melnick (2002) and by Marom et al. (1) (2003) andribin et al. (2) (2003) respectively. If we do not
consider this outlier, we will obtain, using Melki¢2002) and Marom et al. (2) (2003), a recession

between 1979 and 1984-85 and an expansion afteddteand until 1987.

Diagram 6 : The quarterly rate of growth of business sector GDP
(Deviations from the mean, sa data)
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The cycle classification according to the CU indexalso consistent with one recession and
expansion period between 1979 and 1987 but thekthd recession is anticipated at the second half
of 1982 from 1984-85.

The recession which has been identified betwee® 888 1993 only on the basis of the CU
index—the other classifications having assigneid fferiod to expansions—points to a more
profound difference between the CU cycle clasdificeand that of the other methodologies. While
deviations of the demeaned CU from zero refleab asviations of output from its potential level,
given the available quantities of labor and cagstatk, this is not so with deviations of GDP griowt
from its trend. This argument becomes clearer wtamsidering the wave of immigration in the
beginning of the 1990s. When the GDP growth ratgeidrended, what is obtained for the years of
immigration is a higher level of activity than immmal times, i.e., an expansion. However the inflow

of immigrants and their absorption into employmieicteased overnight not only the actual but also
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the potential output and under these conditionallairf the cyclical component of working hours
could be consistent with production being belowpidéential level in spite of the observed high rate
of growth. We therefore consider the CU cycle dfeesdion to be closer in content to the definition
of business cycles in which expansions and recessefer to periods in which current production is
above or below its potential.

The classification of cycles on the basis of the cdical component succeeds, therefore, in
delineating cycles in the Israeli economy betwe@r9land 2006 in a way which is similar to that of
other classifications. Moreover, in the instancesvhich the two classifications do not coincides th

difference is either not very substantial or intksathat the CU classification is more precise.

Capacity utilization and the investment capitakektmtio.

While the cyclical component of full-time skilledam-hours defines cycles in economic activity in
Israel similarly to other classifications, the esfgel positive correlation, according to previous
analysis, between CU and the investment to cagitalk ratio seems to transcend business cycle
frequencies. Indeed the low frequency componenthefaverage weekly hours of skilled males,
between 55 and 111 quarters, follows an evolutiatiepn between 1979 and 2006 (Diagram 7)
resembling that of the long term evolution of thé fatio (Diagram 8).

This observation suggests that our CU index shalkb include the low frequency
component of our proxy variable, implying that fretracted deviation of the average weekly hours
and capacity utilization from its steady state rhaye been the result of the protracted adjustmient o
the economy to the influx of immigrants in termsopitimal capital stock. Since we perform Hall's
test on annual data we used the annual quartedsage of weekly full-time skilled man-hours to

construct our proxy for CU.
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Diagram 7: The Low-frequency component of the index of skilled
106 male weekly manhours
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Our choice is consistent with our including in B¥ index only the low and business cycle
components of the weekly man-hours, even thoughusee quarterly data which include the high
frequency component of weekly working hours as wilis is because averaging the quarterly data
filters the high frequency component of our progyiable.

Diagram 8: The I/K ratio in Israel
(percentage points, quarterly data)
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The correlation coefficient between the I/K ratiodathe length of the working week of
skilled employed males in the business sector ip&6ent for equipment and 70 percent for total
investment and capital for the period between 1QT%nd 2006:Q4. Between 1995:Q1 and 2006:Q4,
the period for which sectorial data on investment aapital stock are also available, the
corresponding correlations for the business se®I76 percent and 77 percent respectively, in line

with our expectation to find a substantial positbegrelation between the two variables.
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This correlation at the aggregate level is refldcia the co-movement between the
investment/capital ratio and the average weeklifeskiman-hours: The full-time skilled man-hours
are characterized by a positive trend since 1988E88gram 4) while the trend in the I/K data
becomes positive around the beginning of 1989 (@iag8). This period coincides with the
beginning of the end of the downturn after the 19&fbilization program and the beginning of the
immigration influx. Prior to that date the I/K ratreplicates the business cycle between 1979 and
1983, 1983 and 1986 and 1986 and 1989.

The beginning of the falling trend observed in éiverage weekly skilled man-hours between
1996 and 1997 was accompanied by a fall in therdo during the same period. Following its fall
between 1996-97 the I/K ratio and the averageeskithan-hours stabilized between 1998 and mid-
1999, increased slightly in 2000, renewed its regdtend after 2000, stabilized between 2003 and
2004, and increased thereafter. Similarly, afterfal between 1996 and 1997, the length of the
working week of full-time skilled men stabilized atlower level between 1998 and 1999, increased
slightly between 1999 and 2000, and fell after 260@s 1989 level. Even though the evolution of
I/K replicates that of economic activity during teerveyed period, the upturn observed after 2003
has not been reflected in the length of the workvegk.

It should be mentioned at this point, however, tteg interdependence between the two
variables is weaker at the sectorial level for pleeiod 1995-2006, in spite of the high correlatibn
the aggregate level. The corresponding correlatbrise sectorial level fluctuate between 40 pédrcen
and 47 percent in manufacturing with respect t@estment in equipment and aggregate investment

respectively and between 50 percent and 70 peiteetvices™

Intercountry comparison

Our CU index refers to the business sector as demwhile the available indices from foreign

countries refer to capacity utilization in manutagtg only. CU indices for the manufacturing

121t should be noted however that the observed aticel reflects the co-movement between the I/Koratid the length of the
working week and not that between adjustment caghéch depend on the I/K ratio and the length of thorking week.
Moreover this correlation can also reflect the dffef other economic factors which may have mitigathe correlation arising
from the direct interdependence between the twiabkes.
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industry in the Israeli economy did not howeverstahtially change the results, which indicate an
amplitude of fluctuations that is rather small israel compared to that of CU indices in other
economies.

Table 2

Domain of fluctuation in capital capacity utilization in selected developed economies
(percentage points)

Israel USA | EU Germany | France| U.K Small open Eu
economies

54 NL IRL B

(2.3)*

6.5** 20.5* | 9.6** 15.5** 13.1** 11.6** 7.4%* 9.9** 10.3**

(3.0)*

* In parentheses we report the cyclical congnt data on the basis of spectral analysis.
** Capacity utilization in manufacturing induists. Sources: The Federal Reserve Board for theAldl&a
and the Business and Consumer Surveyedktitopean Commission for Economic and Financitdirs.

In previous work on the Israeli economy, Bregmaml &harom (1998) used electricity
consumption per unit of capital in manufacturingaagroxy for capacity utilization in the industry.
However its use relies on the rather strong assommf a Leontief production function. Under
production functions other than Leontief, energyhstonption does not constitute an accurate
measure for capital CU because the flow of captivices does not depend only on energy
consumption but also on the relative price of eleity with respect to labor servicedoreover the
electricity consumption data of the business seutamt to a negative structural break at the end of
1997 both at the aggregate business sector ledehamanufacturing, rendering problematic the use
of this variable as a proxy for CH.

In spite of the fact that our proxy variable is k&werized by properties which are in line with
economic theory (similar timing with business cgctaeasured by fluctuations in economic activity
and correlation with the I/K ratio), the range hictuations of the CU index derived on the basis of
this variable is lower than in the EU area andgtmall EU economies and much lower than in the

u.s.

13 Since at optimum capital services are an increasingtion of energy consumption and a negative ionoof its relative price
with respect to labor, then the combination of Ipeensumption in conjunction with the apparentigh@r relative energy prices
after 2003 would tend to imply lower rather thagh@r capital services during the upturn in econaatovity.
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c. The Selection of the Instruments.

To choose the best-suited instruments we estimatg@ssions in which the rate of growth of GDP
per unit of capital served as a dependent variabtethe instruments as a regressor, and chose the
instrumental variables on the basis of the sigaifae of their coefficient? We thereby satisfied the
condition that the rate of change of the instrurmdig correlated with the growth rate of output per
unit of capital.

If the null hypothesis is false and we calculate thange in TFP on the basis of expression

dVY—d?K—a-(d—t—d?K), disregarding changes in capital utilization aadokr productivity when

they have actually occurred, then the measuredvillRoe equal to the RHS of expression (17)
below, the last component in the RHS of this exgpoesreflecting the effect of IRS when the latter

exists. If production is characterized by CR&5=1), then the corresponding factor in expression
(17) vanishes:

dy dK dL dK dA de dcu dL de dK dcu

————a(——)=—+a—+@1l-a) —+(@u-Y)a(—t———-——

Y K L K A e cu L e K cu
dK dcu
+(7—1)'(?+—)
cu

)+

If changes in TFP account for changes in capautilization and labor productivity, then the

measured rate of technoplogical change obtain&lRsvill be equal to expression (18) below:

dyY dK dcu dL de dK dcu, dA dL de dK dcu
e A G ) == (D) A ()
Y K cau L e K cu A L e K cau
(18)
dK dcu

+(7—1)'(?+E)

It is evident from the RHS of the two expressiobs\wee that for our test to detect market power,
changes in the chosen instrument should be pdyitogrelated ex ante with the rate of change of
labor per unit of capital adjusted for changesapacity utilization and labor productivity, so treat

value for ¢ greater than unity will give rise ex-post to aifige correlation between the measured

rate of technological growth and the rate of chaofjéhe instrument. In the absence of a positive

correlation between the rate of growth of labor peit of capital, adjusted for changes in capacity

14 Our definition of capital includes buildings, eprient, vehicles and intangible assets in the hégh-industries as of 1995.
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utilization and in labor productivity, it is impabte to consider a statistically significant coatsbn
between changes in the instrument and the measatedf technological change as emanating from
a false null hypothesis, as it is required forraggection. For this reason we also estimated simila
regressions in which the growth rate of labor pat af capital or of labor only served as dependent
variables and the instruments under considerasaeg@ressors.

Moreover, even though the existence of IRS canmotdétected independently from the
existence of market power it will support the réme of the null hypothesis if the rate of chande o
the instrument is positively correlated with theeraf growth of the capital stock adjusted for ajem
in capacity utilization. It is also evident frometiRHS of expression (17) that if our calculatiorthedf
rate of TFP growth does not account for the growdkes of capacity utilization and labor
productivity, then a positive correlation betwebgr tate of growth of the instrument and the rate of
growth of capacity utilization can lead to the &lgjection of the null hypothesis, as noted earlie
while a negative correlation between the former tedgrowth rate of labor productivity can lead to
the false acceptance of the null hypothesis inespitthe presence of market power. To detect the
existence of these correlations we estimated reigmres in which the rates of growth of capacity
utilization and of labor productivity served as degent variables and the instruments as their
regressors.

We chose our instruments from a list of variablelsose rate of change is positively
correlated with that of the domestic product peit ohcapital but which do not affect and are not
affected by technological changes. The instrumémnthvpassed the test, whose results are reported in
Appendix 1, was the rate of growth of tourist-infilchereaftedtour. The second instrument we used
was the rate of growth of government civilian pasés, hereaftet govcicil. The variable of tourist
inflow is not a completely exogenous variable beseait is affected by both endogenous and
exogenous (e.g., geopolitical) factors. For thasom we should also expect this variable to gise ri
to statistical results which come closer to theatpn of the null hypothesis.

The estimation results on which we based our ehofahe instrumental variables indicated
that the change in the tourist inflow exhibited ipes and very significant coefficients in the

regressions of output growth per unit of capitguatdd for changes in capacity utilization and labo
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productivity, and of the growth rate of the labput per unit of capital adjusted for changes bofa
productivity and capacity utilization multiplied lilge labor shar& The rate of growth off_govcicil
was found to exhibit highly significant coefficiann the regressions of the rate of growth of capac
utilization, but its coefficients were at the balde of significance with respect to the rate of
business sector GDP growth per unit of capital stdgl and unadjusted for changes in capacity
utilization. Based on these results we also credtedstage instruments using the fitted values of
regressions in which we used as regressors thablasidtour and d_govcivil. We calculated two
such instruments. The first was obtained by catmgdahe fitted value of output per unit of capital
without adjusting for changes in labor productivatyd capacity utilization while the second was the
fitted value obtained for the same variable adpidte changes in capacity utilization and labor
productivity. We performed all the tests using botstruments but given the very high correlation
between them, 99.9 percent, and the similar resuksreport below only the results relating to the
latter, hereaftedingtr. The rate of growth of the instrument was foundhéwe a highly significant
coefficient with the rate of GDP growth without asljments, with the rate of growth of capacity
utilization and with the rate of growth of the laboput adjusted for changes in capacity utilizatio
and labor productivity. None of the instruments viasnd to have a significant coefficient with
respect to the rate of growth of labor productiehd the rate of growth of the capital stock.

These results imply that when implementing Ha#'st,t the rate of growth of tourist inflow
and the two-stage instrument are expected to d#tecéxistence of market power in view of their
highly significant coefficients in the regressiafshe growth of the labor input adjusted for chesig
in productivity and capacity utilization. On thehet hand the significant coefficient df govcivil
with respect to the rate of growth of capacityizgition implies that its implementation in Hallésst
will help to detect the existence of IRS even & thte of growth of this instrument was not fouad t
be correlated with the growth rate of the capitatk. Moreover when the test is performed using the
S.R. residual obtained from the business sector GdRth rate without adjusting it to changes in
capacity utilization, the aforementioned significarshould create a bias in favor of the false tigjec

of the null hypothesis according to the RHS of espron (17).

15 Highly significant coefficients were also obtaingten the growth of labor was not multiplied by thior share.
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In total we used three different instrumerdtur, dgovcivil, and the two stage instrument
whose derivation was described in detail above s&hestruments were chosen from a longer list of
variables exogenous to economic activity such asdte of change of the inflow of new immigrants,
of an index of terror attacks, of the lagged vabfi¢ourist inflow, of oil price inflation and of ¢
volume of world trade. These potential instrumentaiables did not give rise to significant results

failing the test of a suitable instrumental varabl

4. The Test Results

We performed Hall's test twice, once when the @eritechnological growth between 1979 and 2006
was not adjusted for changes in labor productiaitgd capacity utilization and then after making the
required adjustments in the labor and capital ses/as in the LHS of expression (18). We did not
however adjust the data to account for changeseitatbor effort. We report the test results in €ebl
below and in a more detailed manner in AppendiX2 number of the regressions estimated for
each calculation of the technological growth isada the number of the instruments.

The test results for the whole sample reportedaibld 3 below do not justify the rejection of
the null hypothesis regardless of whether we adjustdata to changes in capacity utilization and
labor productivity. After adjusting the TFP growtate for these changes, the test results distance
themselves from the rejection domain even morexpscted, and the significance of the instruments’
coefficients falls further relative to its levelrfthe unadjusted S.R. growth rate.

Table 3

The significance of the instrument coefficient
(probabilities in percentage points)

Instrument Non-Adjusted Adjusted*
A(TEP) A(TEP)
dour t=1.00, P=16.5 t=0.79, P=22
dgovcivil t=0.96, P=17 t=0.46, P=32
Dinstr t=1.36, P=9.25 t=0.92, P=18

*The ratitechnological growth has been adjusted for charig labor
prodwdly between 1988 and 2005 and capacity utilizatitime P-values
reportae@ for a one tailed test.

In order to examine the robustness of our resudtestimated two types of rolling regressions
for each of the specifications whose estimationltesare reported in Table 3. In the first type we

allowed for the sample period to contract by onarysach time leaving the end period fixed at 2006.
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In this way in addition to the original regressiore estimated six additional regressions whose
starting points ranged from 1980 to 1985. In theoed type of rolling regression estimation we fixed
a sample period of twenty-one observations, thgalrsample starting in 1980 and ending in 2000,
shifting the whole sample each time by one permthat the last sample covered the period between
1985 and 2006. The estimation results are presegrggghically in Appendix 2 with a 95 percent
confidence interval. The only instrument for whiale obtained a statistically significant positive
coefficient was the rate of growth of governmentl@xpenditures. However, the significance of the
corresponding coefficient fell below the level cstsnt with a 5 percent significance level after we
adjusted the SR for changes in capacity utilizatomd productivity. We therefore attribute the
rejection of the null hypothesis for the unadjus&R to the high correlation between the rate of
change of this instrument and the rate of changeapfcity utilization which, according to our
analysis, may lead to the false rejection of thik mgpothesis if the TFP growth rate obtained as an
SR has not been adjusted for changes in capadigation. Had the rejection reflected a correlatio
with the residual because of factors measuringadievis from the no-market-power and/or CRS
hypotheses, the null hypothesis would have beesctex] also adjusting our SR for changes in

capacity utilization and labor productivit§.

5. Conclusions

We consider our results as providing evidence efakistence of CRS with no market power in the
Israeli economy. Because of the occasional proyiwiithe results to the rejection limit we consider
that additional research is required in the dioecof the accurate measurement of capital services
and effective labor input. Our findings provide pap for the existence of CRS and perfect

competition at the aggregate GDP production lendbkiael, and create some skepticism about the

'8 The test results for the lagged value of the rétehange of tourist inflow gave rise to a signifit@orrelation with the SR.
Given however that this variable failed the instemtal variable test, because it was not found toedyeelated either with the
business sector GDP growth rate or with the ratehahge of the labor input per unit of capital atigd for changes in capacity
utilization and labor productivity, we could notréiute this correlation to a departure from thefgqet competition paradigm.
While thedtour variable is positively correlated with the GDP wgtio rate of the business sector, over the sampledgét was
negatively correlated with the latter during thange1990 and 1991 because the period of econorpansion coincided with the
Gulf War and the tensions leading to it which negdy affected the inflow of tourists. It is poskdb therefore, that the null
hypothesis was falsely accepted because the posibirelation between the rate of growth of thérimeent, under the false null
hypothesis, was mitigated by their negative coti@tabetween 1990 and 1991.The introduction of enimhy variable for this
period in the SR regression did not however justifg hypothesis.
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assumption of monopolistic competition with entrysts among identical firms with CRS and a
constant mark-up of prices over marginal costs segdoon aggregate macroeconomic models of the

Israeli economy.
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Appendix 1

Table A.1.1: The Selection of the Instrumental Vaibles:

The Regression Coefficient of the Instruments 1972006*
(Quarterly @@, Probabilities in percentage points)

The Dependent Variable The Instrumental Variable
dour dGovcivil Dinstr

DY/Y-DK/K t=3.05, P=0.25 t=1.65, P=5.5 t=3.75, P=0.04
DY/Y-DK/K-Dcu/cu t=2.31, P=1.47 t=1.32, P=10 aduw=2.34, P=1.4
tooo=1.41, p=8.5 **
(1-Labor_share)*Dcu/cu t=1.60, P=6.16 t=2.30, 1.5 t=2.7, P=0.6
Labor_share*Dele t=0.26, P=40 t=1.2, P=12.1 t=0.96, P=17.2
Labor_share*(DL/L+De/e- t=2.69, P=0.6 t=1.52, P=7.0 t=3.3, P=0.13

DK/K-Dcu/cu)

*t- values in parentheses. The probability P iofue tailed tests.
** The significance ofitour andd_govcivil in the regression serving to construct the twoestagtrument.

Appendix 2
Definition of the instrumental variables.

d_govcivil: The rate of growth of government civil purchases.

dtour: The rate of growth of tourist inflow.

Dinstr: tted value of the rate of growtti the Business Sector GDP per unit of
capital, adjusted for CU and labor productivitythe regression with the rate of growth of touiglow
and government civil purchases as regressors.
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Appendix 2

The 5 percent confidence interval around the regressiol

coefficients

Diagram Al.1: The d_govcivil coefficient with unadjusted
technological growth rate for changes in CU and labor productivity

Diagram A2.1: The d_govcivil coefficient with unadjusted technological

growth rate for changes in CU and labor productivity

Contracting rolling regression results

Diagram A3.1: The two-stage instrument with unadjusted
technological growth rate for changes in Cu and labor productivity
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Diagram A3.2: The two-stage instrument with unadjusted
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Contracting rolling regression results

Diagram B1.1: The d_govcivil coefficient with adjusted technological
growth rate for changes in CU and labor productivity
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Diagram B3.1: The two-stage instrument with adjusted technological
growth rate for changes in Cu and labor productivity
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