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ABSTRACT

Labour-Use Efficiency in Tunisian Manufacturing Industries

This paper investigates the process of adjustment in employment. A dynamic model is
applied to a panel of six Tunisian manufacturing industries observed over the period 1971—
96. The adjustment process is industry and time specific. The adjustment parameter is
specified in terms of factors affecting the speed of adjustment. Industries are assumed to
adjust their labour inputs towards a desired level of labour-use. A translog labour requirement
function is specified in terms of observable variables and is used to model the desired level of
labour-use. The labour requirement is specified to be function of wages, output, quasi-fixed
capital stock and technology. The empirical results show that in the long run, employment
demand responds greatest to value-added, followed by capital stock changes, and least by
wages. The speed of adjustment in employment and the degree of labour-use efficiency
show large variations among the sectors and over time.
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1. Introduction

Understanding the way policy changes affect labour demand over time requires a mode
that incorporates the dynamic adjusment process of employment. Modes that include
dynamic adjusments are certainly not new in the literature. But, it is a role rather than
an exception that the speed of adjustment is moddled as a congtant parameter assuming
the same speed across industries and over time. This is the case even with pand data
modds where other varidbles vary with time and units of anadysis. In this paper, it is
based on a modd of employment demand that incorporates a speed of adjusment which
is time and indudry variant, i.e a flexible adjusment modd. The modd is gpplied to a
pane of sx Tunisan manufecturing indudtries observed during 1971-96. The Tunisan
manufacturing sector makes a good case study since it has evolved through periods of
labour market regulations as well as trade liberdization.

The Tunisan manufecturing sector has been a subject to various shocks and policy
rdated changes During the import subgitution period (1971-85) the manufacturing
evolved through a highly regulated economic environment. These controls had a direct
or indirect bearing on how the manufacturing sector used resources. In the labour
market, for example, the government introduced minimum wages. Employers were
prohibited to dismiss workers Dismissd of workers should only teke place following
adminigrative gpprovd by the government employment authorities. Reductions in the
labour force proved to be a cumbersome and a costly process. Other than labour market
controls, there were practices of price, foreign currency and investment controls as

wdl.l

Padld to the dructurd adjusment program of 1986, its accesson to the Generd
Agreement on Tems of TradeWorld Trade Organization (GATT/WTO) and its
membership in the Maghreb Cugtoms Union, on 17 July 1995, Tunisa become the firg
country in the Middle East and North Africa to sgn a freetrade agreement with the
European Union. One of the man ams of this liberdization programme was to
encourage growth and efficiency in the manufacturing sector. In the labour market
wages and employment conditions were determined through collective bargaining. At
the outsat of the program employers took the opportunity to adjust ther employment
levls in regponse to, inter alia, changing cods Beween 1986 and 1996 the
manufacturing indudries as a whole increased ther labour force from 413050 to

553000 — a33 per cent growth.2

It is agang the background of policy changes outlined above that a sudy of the
adjusment process of factor input utilization a different manufacturing  industries
becomes essentid. Indudtries undertake adjusments with the objective to improve on
the usage of resources and profitebility. Labour is one essentid resource in the
production process and the speed of adjusment of employment in manufacturing
indudries is crucid for ther peformance and survival. Thus, labour-use efficiency is an
important integrd part of the adjustment process worth consdering. Here, by labour-use
efficiency we refer to the minimum amount of labour that is technicaly necessary to

1 For a sdection of previous studies of the Tunisan manufacturing industry and its evolution over time
see Nabli (1981), Morrison (1987), Abdennadher et d. (1994), Sekkat (1996) and Boughzala (1997).

2 The growth a industry levels were as follows, food (32 per cent), textiles, clothing and footwear
(26 per cent), chemicas (28 per cent), condruction material and ceramics (38 per cent), mechanica
eectric (51 per cent), and other manufacturing (45 per cent).
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produce a given levd of output. Labour-use inefficiency therefore implies that more
labour is used than is technically necessary.3

The literature on dynamic labour demand is extensve. Detaled summaries are found in
Hazledine (1981 and Hamermesh (1993). Similarly, literature on dynamic adjustment
in pand data framework is extendve (eg. Arrdano and Bond 1991, Bdtagi and Griffin
1997, Judon and Owen 1999, and Nerlove 2000). However, incorporating a flexible
adjusment parameter (as opposed to a redricted congant one) and integrating this with
labour-use efficiency is a recent development. Kumbhakar et d. (2002) used a dmilar
modd to andyze labour-use efficiency in the Swedish banking industry and Ncube and
Heshmati (1998) to andyze the adjusment in employment in the Zimbabwe's
manufacturing indugtries. In this paper we specify a dynamic labour demand nodd with
a flexible speed of adjustment parameter. As labour done is assumed to be flexible, this
boils down to a labour requirement function (see Pindyck and Rotemberg 1997,
Kumbhekar and Hjdmarsson 1995). Shifts in the labour requirement function are
dlowed in the modd to cgpture non-neutrd shifts referring to shifts other than those
related to technologica change.

This sudy is important regarding policy formulaion and evduation. A knowledge of
the adjugment process is essntid when evduaing polices tha ae desgned to
enhance the flexibility of labour markets and indudrid peformance. Hexible labour
makels ae an essntid dement of policy reforms and subsequent generation of
employment and profitability. A generd modd that dlows the adjustment parameter to
be industry and time variant is therefore more informative. The main features of the
modd ae as follows. Fird, the observed levd of employment is not necessaily the
optima levd. Second, it sheds lights on the naure of the dynamic adjusment in
employment by manufacturing indudtries. Third, the adjusment parameter is specified
in teems of determinants of optima employment and factors that affect the speed of
adjugment. The modd accommodates the possbility of nontoptimdity of employment
a any point in time and that firms differ in ther speed of adjusment towards the
optima leve. Fourth, the optima leve as a response to market conditions may change
over time for the same industry.

The application of this mehodology and the empiricd findings show that it is a
ggnificant contribution to labour demend literature in generd  and  Tunisan's
manufacturing in paticular. In addition, the method can eesly be generdized to other
forms of dynamic adjusment modds within a pand data framework. An example of
such cases is gpplications to dynamic adjusment in capitd sructure of firms (Heshméti
2002).

The rest of the paper is organized as follows. Our basc methodologica approach and
modd is summarized in Section 2. The issues of specification and edimation are
discussed in Section 3. In Section 4, we decribe the data and variables used in the
andyss This is followed in Section 5, by the discusson of the results. Section 6 is the
summary and conclusion.

3 This approach is different from the stochadtic frontier gpproach of messuring efficiency in the sense
that industries performances are compared to the desired level of labour-use which is both firm and
time-specific and no distributional assumptions are imposed on the overuse of labour input. For a
comprehensive survey on the frontier functions to estimate productive efficiency, see Kumbhakar and
Lovell (2000).



2. The model

Suppose the economy operates with some firmsfindustries usng more labour than what
is technicdly necessary to produce a given vector of output Yo. This is possble a any
point in time due to the exigence of vaidions in demand for goods produced,
peformance of firms ther degrees of capacity utilization and the duggish labour
market conditions. But firms in generd operate with the objective of minimizing the
amount of labour used to produce Yo. In other words, there is a labour requirement
frontier which is the target of every firm. Denote this target level or labour requirement
fronier by L~ and the actud labour used by L. We assume that labour is the only
vaiable input used in the production of output Y. If L>L" it means there is an overuse
of labour or employment inefficiency, i.e the amount of the variable labour input is
more than the minimum reguired. On the other hand if L =L then employers are using
labour efficiently or they are on the labour requirement frontier. Assuming pand data
exits, the [abour requirement frontier is defined as

@) LTt = f(Vvit’Yit’Zit't)

where as it has been noted above, L;, is the minimum amount of labour required to
produce a given level of output; W and Y;; are red wages and output, respectively; Zi
congsds of variables that characterizes the nature of the technology and production
environment.

In andyzing labour-use in an indugtry such as manufacturing, a good candidete to enter
Z is capitd stock Kit which captures the characterigtics and structure of the industry. The
judtification for the indudon of K is tha when manufacturing industries move towards
the target, the structure of capitd stock is important4 In addition to the ques-fixed
cgpitd  input, production environmenta characteristics, economic policy, time and
indugtry specific variables may dso enter vector of Z variables. The indexes i and t,
respectively represent indudtries { = 1, 2, ....., N) and time periods ¢ = 1, 2, ..., T).
Given W and Z vaiddles, indudry i a time t may not be able to achieve the labour
requirement frontier when producing Yit.This implies that the indusry is found to be
inefficient as more labour is used than necessary.

Kumbhakar and Hjamarsson (1998) have modeled the reaionship between the actud
labour used at time t by industry i and the labour requirement function as

@ L=l

where uit® O for " i ad t The ui is interpreted as technicd inefficiency. A uit=0
implies that the employer uses labour eficently. Modd in Equation 2 can be rearranged
to show that labour-use inefficiency can be defined as (L, /L)% 1 for " i and t.
Smilaly labour-use efidency is (L,/L,)£1 for " i and t. However, the modd in
Equation 2 does not take into account for any adjustment process. In this paper
indudtries adjust towards the labour requirement frontier. There is a catching up process,
where indusiries adjust to caich up with the frontier.

Under ided conditions, the obsarved employment (L) should equd the optimd
employment (L;,) . In a dynamic setting, this implies that changes in employment from

4 Here the capitd input is considered to be quas-fixed in longrun. In a factor requirement model
(Diewert 1974) only one single factor input is alowed to be varidble, i.e. Iabour in the current case
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previous to current period should equd the changes required for the indudry to be a
optimd a time t,ie L, -L,,=L,-L,,. However, if adjusment is costly or suggish,
the labour market does not dlow for full adjusment and patid adjusment will be
undertaken. This non-full adjustment can be represented as

*

, it
_ L. O

it ~

L

it

3 =
9 (Y Licig

where d;; is the adjusment parameter, which varies both over time and across indudtries.
Taking into account the adjustment process which is industry and time variant, an
inefficient indugtry follows an adjusment process best described by the above partid
adjusment moded where L adjusts to its desred level L, a a flexible rate d;. The size
of dy determines the degree of adjustment. It can be viewed as the speed of adjustment,
a higher dt denoting a higher speed of adjusment. If dt¢ =1, then the entire adjusment is
made within one sngle period. Since the optimd employment itsdf may shift over time,
a any intermediagie time a vadue of 1 does not have any implications for future
optimdity. If d;<1, the adugment is only patid and findly if di=0, there is no
adjusment and the indudtry is a the optima leve of employment.

An interesting feature of this modd is the fact that each industry follows its own
adjusment path in catching up with the labour requirement function. The peth taken by
each industry depends on circumstances that may be peculiar to each employer or palicy
or technologicd conditions that affect dl employers smilaly. Changes in the
determinants of the target may cause the target to shift as well. Allowing the speed of
adjusment to vary with i, t is judified in thet in redity different industries are found to
adjust their labour -use differently over time (Kumbhakar et d. 2002).

Contragt this with a gandard dynamic adjustment modd where d; is the same for dl i
and t and L, is congant. In a standard partid adjustmert mode there is some rigidity in

the convergence process, i.e. the movement from Litto L. Lit? L, when t? 8 and
0<d<l An ineffident industry may take long to atan L,t unless d is dose to unity.

Convergence of Lj; to L’;t is thus asymptotic. In our case, this inherent rigidity is thus
rdaxed by dlowing d to vay over time and industry. An inefficient industry may
reduce its ineffidency faster by adjusting some of the factors that cause this
inefficiency. So an inefficient indudry may adjust fagter to diminate its inefficiency. In
the present paper convergence is not necessaily asymptotic. Industries control their
seed of adjusment to attain the target levd, I_It Indudtries can adjust some of the

varigbles affecting d. The speed of adjustment is therefore expressed as
(@) di = 9(Z.t:9)

where g is a vector of the fixed coefficient associated with the determinants of

adjugment, the Z varidbles. Time (t) is an important dement in the function and
captures neutra shifts in the speed of adjusment over time. Note tha g is fixed in this

case but d variesover i and t.

In logarithms, and appending a stochadtic twoway error component term, the mode in
(3) can berewritten as

©) InLi; =(@-d)InL,+diIn Ly +e;



(6) € =M+ +v,
where dl variables are as defined above, m are indudtry-specific effects, |, are time
specific effects and v, is the datidica random error term assumed to be identically and

independently  distributed  with meen zero and congtant vaiance (s 2). Important
features of modd (5) worth emphasizing are tha it is dynamic and d, the adjustment
parameter is both time and industry specific. L, is dso dlowed to vary over time and

across indudries. By dlowing d to vary over time we capture the effects of technical
change in the production process and the employment decisons of firms.

3. Empirical model and estimation
For estimation purposes a trandog functional form is used to approximate L, asshown:

InL, =a,+a, InY, +a, InK, +a,InW, +1/2[a, (InK;,)?
+a,, (NW,)2+a,, (N Y,)2 +a,, InK InW,
) +ay InY, InK; +a,InY, InW, +a , InW,t
+a,InYit+a, InKit+3d mbD;+3,l D +n;
where InW, InY and InK ae log of wages, output and capitd variables, respectively, D
ae dummy variables representing unobsarveble indusry- and timeeffects and v is
random eror term with mean zero and congtant variance.® Another dternative is to
replace the dummy varigble which represents time with a unique tempord tendency (t),
thus modd (7) can be written as.
InL, =a,+a,InY, +a, nK, +a ,InW, +a,t+1/2a, (n K,)?
2, (INW )2 +ayy (N Y, )2 +a,t7]
® +a , INK W, +ay, In Y, In K +ay, InY, InW,
+a,, nWit+a InYt+a, InKt+§ mD +n
In turn, the speed of adjustment, i.e. modd (4) can be expressed as
©) dit:d0+éidiDi +é-tdtDt+é-mdmZmit

where D; and D; ae dummies representing unobservable industry- and time-specific
effects, and Z is a vector of production environmenta factors determining the individud
industries speed of adjusment towards the optima levd of employment, respectively.
Since we ae modly interested in the behaviour of d over time, we have pecified it as a
flexible function of time by reating it to time and indusry dummies, as wdl as the
absolute difference between actud and desired leve of employment.

The dadticities of optima employment with respect to W, Y and K are computed from
Equation (8) as

(10A) E,

finL,/YInW, =a, +a,,InW, +a, InK;, +a,,InY, +a,t

(10B) E, finL, /TInK, =a, +a, INK, +a, InW, +a, InY, +a,t

5 In order to avoid over-parametrization of the model, for the interaction terms atime trend (f) is used.
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(10C) E,= TInL,/TInY, =a,+a, Y, +a, InW, +ay InK; +a .t

The expected sgns of E, and E, are negative and postive, repectively. Ey is postive
only if labour and capitd are complements and negative when they are subdtitutes. In
the present mode, the labour reguirement function (8) is dlowed to shift over time
This, as has been noted, captures the effect of technicd change on the levd of
employment. Thus, the exogenous rate of technica change is defined in terms of a shift
in the labour requirement function (Kumbhekar and Hjamarsson 1995, Kumbhakar
etd. 2002). From modd (7) and (8) technica change (TC) isthus derived as

(11A) TC= qInL,/ft=a,+a,t+a, InW, +a, InY,+a,InK,
(11B) TC= MInL,/Tt=(,-1.,) +a,InW,+a,InY, +a,InK,

The pure component (a; + aqt) in the former is function of trend and changing smoothly,
while in the later it is flexible and captures fluctuations from podtive to negative and
back to podtive growth rates. If the rate of TC is podtive, it implies technica regress
(ldbaur usng technology is employed) and when negaive it is technicd progress
(labour saving). Labour-use efficiency is achieved when the actud levd of employment
is on the labour requirement frontier, i.e L, =L,. Labour-use efficiency (EFF) is
measured by the ratio of the two variables as

(12 EFF,= (L/Ly)
Efficiency change (caiching up effect) can be obtained from the change in the efficiency
ratio (12) expressed as

EFFw= YEFF/ft= (L, /t- 1L, /t) or %=EFFn+TC”

which decomposes productivity gronth, defined as decline in the rate of labour-use into
technicd change and efficiency change components. Efficiency can be shown to be
related to d By using (3) and (12) efficiency can be expressed as

1
14 EFF, = (L /L.)"
where it is clear that labour-use efficiency is determined by di; and the ratio (if/Lit).
EFF;; and d; ae pogtivey reated provided (ii/Lita) <1 If d; isdoseto one or L is
cdose to Lig, then efficiency would be close to 100 per cent. Thus, the time path of
efficiency (convergence or divergence) is determined by the behaviour of di as well as
the intra-periodica changes in employment.

The labour-use mode is dynamic in nature. The pand data hes the advantages that it
dlows to better underganding of the dynamics of labour-use adjustment. These
dynamic relationships are charecterized by the presence of a lagged dependent variable
among the regressors. Edtimation of error component modd in (5) and (6) is developed
in two directions. Firdt, the fixed effects (FE) model, where m and |, are assumed to be
fixed and corrdated with the explanatory variables. Second, random effects (RE) modd,
where m ad |, ae assumed to be random and uncorrelated with the explanatory
vaiables. Efficiency, unbiasedness and consstency are properties affecting the choice
of modd (see Hdao 1985 and Bdtagi 2001). In this study we assume the effects being



fixed. The random error component n, is assumed to be independent and identicaly
distributed with mean zero and congtant variance, s 2.

4. The data

The data used in this study has been assembled usng a diversty of sources (nationd
accounts from of the Tunisan Nationd Satigtic Inditute (INS) and datistics coming
from the Quantitative Economy Inditute (IEQ). We did so in order to dlow the
condruction of an integrated database of indudrid, labour market and trade datistics
feesble. Thus we have a pand on Sx menufecturing indudries from 1971 to 1996.
These dx indudries are incuded in the freetrade agreement of 1995 between Tunisa
and the European Union. Remaining five non-manufacturing industries not included in
agreement are left out. The indudtries incdluded are food indudry, textiles, clothing and
legther indudtry, chemicd indudtry, condruction materid, ceramic and glass indudtry,
mechanicd dectric industry, and other manufecturing indusry (including paper and
pulp, pladtics, &c.).

The daa contans information on inputs output (vaue-added), industry characteritics,
and a number of economic policy variables. The dependent variable is measured as totd
employment in each indugry (L). The independent variables in the labour demend part
of the model are average wages W), capitd stock K), and vaue-added (Y). Wages are
defined as average annud wage per worker. It is obtained by dividing totd wages in
eech industry by the totd number of employees in that industry. Thus, the wege variadle
is indusry specific. The vaue-added is messured as vdue of production less materid
and energy expenses. The average wages are then transferred to fixed 1971 prices usng
the producer price index. Capitd Sock is assumed to be quasHfixed in short-run
following an invetment decison. It is measured as vaue of capitd equipment. Wages,
vadue-added and capitd sock are given in Tunisan dinars and are trandferred to fixed
1971 prices usng the producer price index.

In the edtimation, three economic regimes are controlled for, i.e. pretrade liberdization
(1971-85), trade liberdization (1986-94), and pod-liberdization (1994-96) periods.
The podt-liberdization period refers to the dgning of the free-trade agreement with
European Union. We capture these periods separately because they represent three
different economic regimes.

A vector of T-1 time dummies are used to represent the exogenous rate of technica
change and a time trend () is used to capture possble shifts in the labour equirement
function over time as wdl. In addition, N-1 industry dummies are used to capture
industry speific effects. The summary Stetistics are reported in Table 1.

The average employment is 62,000 per indudry. Textile industry employee most part of
employment forces in manufacturing. Annua rea wage per worker is 555 dinars with a
dandard devigion of 261 dinars It vaies in the intervd 126 and 1,083 dinars Capitd
sock dso shows large variaion in cgpitd intendty among indudtries. The same patterns
found concarning vaue-added.

Looking & Pearson corrdation coefficients among the varisbles we found corrdation
condgent with expected ones. Labour is negatively corrdaied with wages (—0.62),
postively with capitd stock (0.13) and with vaue-added (0.74). There is postive trend

6  Thecorrdation matrix is not reported here to conserve space.
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in labour use, cepitd Sock formetion, vaue-added production over time. Capitd and
vaue-added are corrdated (0.539) indicating presence of some degree of collinearity in
the deta

A corrdation matrix based on changes in labour, wages, capitd, and vaue-added shows
postive and dgnificat associdion among the dependent variable messured as |abour -
ue, and independent varidbles of sock of capitd and vaue-added, but insgnificant
with wages. Vdue-added shows high respondveness to changes in capitd and wages.
All variables, with the exception of labour where the changes are podtive, show mgor
fluctuations across indudtries and over time indluding both positive and negative changes.

5. Empirical results

The dynamic modd is edimated assuming a flexible adjustment parameter which is
both industry and time-variant. The variation is fadlitaled by making the adjustment
parange a function of the disgance from optima levd of employment, trend, squared
trend and industry dummies for comparison; a redricted dynamic mode where the
adjusment parameter is a condant, as it is in traditiond dynamic modds and a time
trend gdatic modd. The three modes are edtimated using fixed effects modd. The
dynamic ones are nortlinear and require iteration procedure.

The labour requirement frontier L was goproximated by a trandog function. The
advantage of this formulaion is that it is flexible The labour requirement frontier is a
function of weges vdue-added, quas-fixed capitd dock and time dummies. The
trandog specification was tested usng F-tet agang dternative Cobb-Douglas and
gengdized trandog functiond forms with no interaction tems The test resllts
indicted trandog as prefared functiond form. The trandog modds had smdler
dandard errors, higher frequency of ddidicad dgnificant coefficients and dadticities
conggent with economic theory. The parameter estimates of the modds (both static and
dynamic) are reported in Table 2.

The datic modd has 60 per cent of the parameters being datidticdly significant a any
conventional significant levels. In the dynamic case, 62 per cent of the parameers are
datidicaly sgnificant & least 10 per cent level. A doser look a the coefficients of the
datic and dynamic models shows that the parameters associated with industry and time
dummies (for both modds) and with the adjusment function, di; ae dHatidicdly
donificat @ convetiond levds of dgnificance’ Test results indicate that the
unredtricted dynamic modd is preferred to the restricted one where the adjustment

parameter is condant across firms and over time. The andyss of the results will
subsequently be based on the gtatic and unrestricted dynamic modd specifications.

The parameters of the trandog mode cannot be interpreted directly. The eadicities
with respect to wages, output and capitd sock were therefore computed as per
Equation 10 and technical change as in Equation 11. All eadticities evduaed a the
mean vaues for each year, for each economic regime, by industry and at the sample
mean are reported in Table 3 for the staic modd and in Table 4 and 5 for the dynamic

7 In addition to the firm and time dummies in modelling the speed of adjustment we aso tried a model
specification that included a number of indicators determining the speed of adjustment. The factors
consdered were the sdes, exports, money supply, government expenditure and interest rate. The
presence of these varidbles were fourd to be either irrdevant or resulted in a highly non-lineer model
with severe problem of convergence. Thus, they were subsequently excluded from the specification.
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long-run and short-run versons, respectively. Also caculated and reported in Table 4
arethe inefficiency ratios and the speed of adjustment (dt) parameter.

5.1 Elasticities and the exogenous rate of technical change

In this sub section we discuss the dadticities with respect to wages, capitd and vaue
added, reported in Table 3 for the daic modd and in Table 4 for the unrestricted
dynamic case. The short-run dadicities (Table 5) are smply the long-run multiplied by
the speed of adjusment coefficient. Our subsequent discusson will be based on the
long-run dadticities.

The dgns of the average dadticities are as expected; wages (Ew) ae negative, vaue-
added (Ey) ae modly podtive and cagpitd (Ex) ae postive and negative. The
easticities with respect to wages have a sample mean vaue of —0.383 (0.083) for the
datic modd and —0.007 (0.333) in unrestricced dynamic modd. In numbers in
parentheses are the standard deviations.8 Employment responds greatest to wages in the
textile, clothing and leather (0.380), food (—0.277), chemicd (0.240) indudtries It is
leest responsve in the other manufacturing industry (0.069) and condruction meaterid
and ceramic indugtry (0.127). Over time, dthough a time trend was used for the
interaction between wages and time varidble, we observe no systematic pattern in the
eadicities with respect to the wages. There is more indudry variation in the dadicities
than overtime. Turning to the eadicities by period, there is evidence that employment
was more responsive to wages during 197185 and 1986-94.

During these two economic phases the eadticities with respect to wages were negdive
and postive, regpectively and the average vdue is 0.015. A lower responsveness in the
phae 1994-96 was expected because of the job security regulations in force during this
period. Employers could not eesly fire workers, even if there were increases in wage
costs.

The value-added dadicity in the static model has a mean vadue of 0.016 and a sandard
devidion of (0.162). The long-run dadticity is 0.131 but with a dightly large standard
devigion of 0250. It exhibits more ovetime variaion than across indudries.
Employment responsveness to vaue-added is more pronounced in the textile, dothing
and leather and food industries — with dadticities of 0.463 and 0.217, respectively.
These two indudtries are followed by chemicd, and the others manufacturing industries.
The output dadicity for chemicd unlike other indudries is negative. Lesst
responsveness is found in the condruction maerid and ceramic, and mechanicad and
electricindudtries.

Over time, there are smdl surprises in the vaue-added eadticities. Between 1992 and
1996 the dadticities are negative, contrary to expectations. This negaive asodation is
caued by an improvement in labour productivity. Between 1975 and 1981 the vaue
added dadicities increased.  After 1982 the vaue-added dadticities decrease
continuoudy. The vaue-added eadicities by period ae rddivdy smdl during the
1986-94 period, i.e 0.031. Compare this with 0.232 and 0.127 during the following two
phases, respectively. With sanctions dominating the 1986-94 period, it is not surprisng

8 It has to be noted that these are standard deviations and they measure the dispersion of the eladticities
across indudries or over time. These are not standard errors that capture the sgnificance of the
eladticities.



that output growth generated so little employment response. This result dso indicates
thet in aliberdized environment output growth generates alarger employment response.

The sample mean longrun cepitd stock eadticity is —0.057 with a andard deviation of
0443. The corresponding figures for the oaic mode ae 0.037 and 0.184. The
eadicities over time are negdive between 198096 in the dynamic modd and between
1988-96 in the daic modd, pogtive in the other years an indication that production
process are cgpitd intensve. Across indudries the vaue-added eadticties are negdive
only in the condruction materid and ceramic, textile, dothing and lesther, and other
manufacturing industries. A 1 per cent increase in capitdl gives decrease to the response
rae (—04 per cent) in the textile dothing and leather, and (-0.2 per cent) in the
congruction materid and ceramic indudtries. This is followed by food, mechanicad and
dectric, and other manufacturing indudtries with between —0.002 per cent and 0.177 per
cent. The least response rate is found in the mechanicd and dectric, and other
meanufacturing industries (less than 0.10 per cent).

These results are important in the formulation and targeting of policies, as it gives an
indication a to which indudries more jobs will be crested from more capitd
accumulation. Over time, there is a generd decline in the cepitd dadticities. The period
eadicities indicate thet, in the two period (1971-85 and 1986—94) the production
process is capitd intendve. This result is no surprise The import  subdtitution
indudrializetion drategy which characterized devdopment in 1971-86  period
unprecedented devdopment and diverdfication in the manufacturing sector. The
government asssed this sector (more than any other sector) through subsdies tax
incentives and infrastructural development.

Findly, we turn to exogenous rate of technica change. The long-run sample mean vaue
presented in Table 4 is vey smdl (14 per cent) with a rdativedy large standard
deviation (5.3 per cent). The pure component of technica change is found to be postive
(134 per cent) while the nonneutrd component is negdive and rdativdy smadler
(0.031). The scde augmenting component of technicd change is podtive but cose to
zero. This is interpreted as the tota factor productivity (TFP) growth in Tunisan
manufacturing is dominated by exogenous rate of technicd change. The annud mean
exogenous rate of technica change ranges in the intervd —8.8 per cent to 6.7 per cent
(see dso Figure 1). The results show that in the chemicd industry there was technical
regress (increesng use of labour for given output, wages and capitd sock). In the
remaining five indudries there was technical progress (decreasing labour use for given
output) technologicd change. Over time, there was technica progress during the pre
liberdization period of 1971-85. In the remaining years there was technica regress. The
speed of adjugment (0.29) and degree of labour use efficiency (0.25) are pogtive and
sgnificantly corrdated with the exogenous rate of technicd change. The numbers in
parenthesis are correlation coefficients. Technica progress or reduction in labour use is
enhancing efficiency in production.

To summarize, the long-run eadticity vaues show that employment is more responsve
to value-added, followed by capitad sock and leest by wage. The sample mean vdue of
technicd change shows some technicd progress (labour saving). During 1971-85
period employment growth was due mosly from vaue-added growth than from capitd
accumulation. In the other two periods employment growth was mainly from output
growth than to dtered capitd.
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5.2 Labour-useinefficiency

Labour-use inefficiency is the ratio of actud (i) to optimd (L) employment. A ratio
gregter than one means over wse of labour for a given levd of vaue-added produced
usng indudries own optima production technology. The inefficiency resllts ae
reported in Table 4. The sample mean labour-use inefficiency is 1458 with a standard
deviaion of 0.185. This vaue indicates that indugtries closer to the mean are on average
over usng labour by 458 per cent compared to an indudry with the best practice
technology in the sample Among the indudries labour-use inefficiency ranges between
9.7 per cent to 638 per cent. The mog inefficient indudtries are chemicd, textile,
clothing and legther, condruction materid and ceramic, other manufacturing, and food
industries dl which over use labour by about 40 per cent. On the lower end of the
spectrum are mechanicd and €ectric industry, which for a given levd of vaue-added,
could be better off by reducing employment by 9.8 per cent.

In generd, there is an increese over time in labour-use inefficiency rates. It is
continuoudy increesing before 1986 (see Fgure 1). The highest inefficiency levels were
recorded in the 1986-94 period — with labour over use of 50 per cent on average. There
is no surprise found on the inefficiency by period result. Our expectations were that the
ratio could be higher during the two latest periods. Such an expectation was motivated
by the tight labour maket regulaions in place (i.e the firms indbility to adjust
employment by firing excess labour force) during the 1986-96 that may have forced
employers to retain excess labour. The results show that this was not entirdy the case.
Indead, indudries were more efficient during this period of 4iff controls. The
explanation for this is not that obvious but probably this was due to the fact that the
private sector offered more incentives to get reed of excess labour.

5.3 Speed of adjustment

The results of the speed of adjustment parameter are reported in Table 4. The sample
mean eed of adjusment is 0.071 with a rdaively lage dandard deviaion (0.074)
indicating presence of lage industrid heterogendty in the speed of adjusment in
labour-use. Industries close to the meen adjust 7.1 per cent of their deviations off the
equilibrium (observed employment equas the optimd) in every year.

There ae gmilaities in the time behaviour of the adjusment parameter among
indudtries. At the same time there is a wider variaion in the speed of adjusment across
indudtries. Employment adjustment is fastest in the chemica industry (23 per cent). The
dowest adjusters are mechanicd and eectric, food, other manufacturing, congdruction
materid and ceramic, and textile, dothing and lesther indudtries.

Over time there is a generd increase in the speed of adjustment but & a decreasng rate.
As expected adjusment was fadter during the liberdization 1986-9%4 and pod-
liberdization 1994-96 periods (7.5 per cent). It was dower (6.8 per cent) during the
preliberdization 1971-85 phase — most likdy reflecting the tight labour market

regulations in exigence. What this implies is that during reforms labour markets have
become more flexible as the higher speed of adjustment indicates (see Figure 1).

From Equation 14 one would expect some rdationship between the adjusment rate
parameter and the efficiency rate. Indudries less efficient would be expected to adjust
faster than (as they try to diminate ther inefficiency fagter) those mogt efficient. In
other words, indudtries closer to the labour requirement frontier would be expected to
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have a lower speed of adjustment than industries farther away fom it. Results indicate
convergence towards eguilibrium level of labour-use and caiching up process in the
effective use of labour. In dl industries we found systematic reationship between
efficiency and adjusment rates indicating a process of convergence and catching up in
the Tunisan manufacturing industry.

6. Conclusion

This dudy was concerned with two important issues. Frd, moddling dynamic
employment demand with a flexible adjusment parameter. Second, consdering labour-
use efficiency. Thee are important issues in the understanding of how labour markets
function and as a guide to policy formulation and evauation. A labour requirement
function was used to represent employment demand. Employment demand was
moddled a a function of wages value-added and capitd stock. The adjustment
paranger was dlowed to increase over time and industries dlowing for a flexible speed
of adjusment. Thus, employers choose their own individud adjusment paths ‘to catch
up with the labour requirement frontier. The labour requirement frontier was compared
with the actua amount of labour employed to messure labour-use inefficency or to
derive the amount of labour used in excess of that which is technicad necessxry to
produce agiven leve of vaue-added.

The discusson of the results was mainly based on the longrun estimates obtained from
the unredricted dynamic labour-use adjusment modd. The long-run sample mean
eadicities indicates that employment demand responds grestest to vaue-added,
followed by cepitd and then least by wage. The sample mean rate of technical change
was cdose to zero. Over time it varies in the interval —8.8 per cent to 6.7 per cent per
annum. Labour-use inefficiency ranges across indudries from 9.7 per cent to 64 per
cent. The sample mean is 46 per cent, implying that indudtries close to the mean had
they use best practice technology could reduce the labour force by 46 per cent for given
output. The inefficiency raio was highest during the 1994-96 period (50.1 per cent),
followed by 42 per cent during 197185 period.

Indugtries were least efficient during the fird decade after independence. The
overprotection and subsidies might have contributed to higher inefficiencies in the
1971-85 era However, we would have expected higher rates during the 1986—96 period
since there were regulations that prevented necessary reductions in the excess labour
force. The speed of adjusment is raively dow — with a sample mean vaue of 7 per
cent. It ranges from 3 per cent (i.e. food industry) to 23 per cent (i.e. chemica indudtry).
The speed of adjustment was greatest during 1986-94 (7.5 per cent) compared to the
1971-85 (6.8 per cent).

The rexults in aove support the concdusion that under liberdization period labour
markets have become more flexible, i.e. employers are able to adjust faster. As such the
whole discussion is pat of a broader debate about labour market flexibility. This study
iS subject to some cavests worth mentioning, especidly on the gpplication. Frd, we
assumed a homogenous labour force. If data permits a better dternative would be
decomposng the data into interesting groups, eg. <killed vs ungilled ec. The
adjusment process of labour market groups is known to be different. Second, but
related, this sudy uses aggregated menufacturing data The assumption is that the
production structures are the same.



Agan data permitting, an gpplication to micro data would be an added advantage as this
would capture differences in the production functions In spite of these shortcomings,
the framework developed here is important as it could be used for policy purposes to
identify those indudries that are inefficient and dow to adjust. The sudy dso sends a
methodologicad message that when modedling the adjustment process in a pand data
framework, the speed of adjugment must be made flexiblee Moddling the speed of
adjusment in this fashion offers an added opportunity, if need be of esimding the
determinants of the speed of adjusment. In concluson, this modd has the added
advantage that it can be adapted easily to other forms of dynamics.
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Table 1. Summary statistics of the Tunisian manufacturing data

Vaidde definition Mean Sd dev. Maximum Minimum
L Employment in 1000 61.77 64.02 264.00 8.02
W Annua wage/worker in dinars 554.84 261.09 1083.03 125.73
K Capital Stock in million dinars 213.95 124.31 468.80 30.74
Y Vdue-added in million dinars 50.57 36.76 214.64 5.80
N Number of industries 6
T Number of periods 26

No. of obs 156

Data sources: INS, Nationa accounts and |EQ statistics.
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Table 2. Parameter estimates, dependent variableis labour

Static modd Redtricted dynamic modd Unregtricted dynamic model
Vaidle Edtimate Sd error Estimate Stderror Egtimate Sd error
A. Employment function
b, 108482 2.6892 -20.281 15.545 8.3071° 4.0042
by -0.1841 0.6282 55478C 3.2491 11441 0.8834
by -0.0965 0.6220 -4.3562 29159 -0.0487 0.7309
b, 0.1566 0.7534 9.8580P 46195 0.1638 1.0140
b, 01331P 0.0537 00327 0.2169 0.0039 0.0847
[ -0.0081 0.0497 07387P 0.3306 028462 0.0598
bYY -0.1074b 0.0434 057980 0.3032 0.16828 0.0466
[ -0.1216 0.0976 04288 04367 0.58228 0.1415
byr 0.0048 0.0069 0.0018 0.0278 -0.0052 0.0090
by -0.0468 0.0672 0.1448 0.2763 0.1132 0.0828
b - 002728 0.0076 -0.0825C 0.0501 -0.04832 0.0123
b 003722 0.0071 0.0248 0.0363 0.0122 0.0152
Mucy 02479 0.0423 06189 0.3565 -0.7780 0.6858
My -0.62682 0.0499% -0.2840 0.2343 -2.397(R 0.6760
M 128202 0.0737 04536 0.4198 0.4338 0.6037
Mo -0.0979 0.0750 -04139 0.3195 -0.1316 0.8321
B. Speed of adjustment
do 00685° 00231 02740 0.0544
doir 009552 0.0287
d, 0.0149% 0.0030
d 0.0001
W -0.000FR
dycy 0.1153¢ 0.0697
de -0.3694 01359
d on 0. 35623 0.1063
dex 0.1555° 0.06%
duo 0.0510 0.0993
R adjusted 0.9945 0.999%6 0.9998
RMSE 0.0637 00174 0.0123

Note: Significant at less than 1% (a); 5% (b), and 510% (c) levels of significance. The subscripts W, K, Yand T
represent wages, capitd stock, value-added and trend variables. The subscripts MCV, IME, CH, TEX and IMD
represent construction material, mechanical eectric, chemical, textile and other manufacturing industries.

Source Authors' calculation.
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Table 3. Mean dadticities cd culated from the static model parameter estimates

Characterigtics Wage (Ew) Output (Ey) Capitd (Ex) TC
A. Mean by industry

Food 0.347 0.026 0,015 0.058
Congtruction materid & ceramics 0.447 0.051 0.113 0.031
Mechanical dectric industry 0410 0.073 0.026 0.043
Chemica 0482 0.236 0.001 0.031
Textile, clothing & lesther 0.295 0.216 0111 0.059
Other manufacturing 0.323 0.020 0,012 0.061
B. Mean by year

1972 0423 0.030 0.226 0.084
1973 0423 0.030 0.222 0.079
1974 0401 0.064 0.202 0.080
1975 0426 0.033 0214 0.070
1976 0423 0.046 0212 0.066
1977 0418 0.043 0.190 0.064
1978 0415 0.055 0.189 0.060
1979 0405 0.071 0179 0.058
1980 0.391 0.080 0.158 0.057
1981 0.391 0.075 0.148 0.053
1982 0408 0.027 0.129 0.047
1983 0413 0.004 0.097 0.043
1984 -0.406 0.002 0.087 0.040
1985 0404 0014 0.067 0.037
1986 0.398 0.029 0.039 0.035
1987 0.383 0.032 0014 0.034
1988 0.373 0.037 0.022 0.034
1989 0.367 0054 0.055 0.033
1990 0.357 0.062 0.087 0.032
1991 0.350 0.077 0.119 0.030
1992 0344 0.102 0.156 0.029
1993 0.335 0.116 0.192 0.028
1994 0.320 0.124 0232 0.028
1995 0314 0.145 0.268 0.027
199% 0.305 0.170 0313 0.027
C. Mean by period

Pre-liberdization period 1972-85 0411 0.038 0.166 0.060
Liberaization period 1986-9%4 0.359 0.070 0.090 0.031
Post-liberdization period 1994-96 0.309 0.158 0.290 0.027
D. Overdl mean and sd deviations

Mean -0.384 0.016 0.037 0.047
Sd dev. 0.083 0.162 0.184 0.024

Note: TC isthe overal rate of technical change.
Source: Authors' calculation.
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Table4. Mean longrun eadticities, inefficiency and speed of adjustment calculated using unrestricted
dynamic modd parameter estimates

Cheracteridtics Wage Ew) Output Ey) Capitd (Ex) Retio d TC Rate Pure TC
A. Mean by Industry

Food -0.277 0.217 0.177 1417 0.031 -0.037 0134
Const mat. & ceramic 0.127 0.096 0.274 1526 0.061 -0.004 0134
Mech. Electr. industry -0.101 0.054 0.032 1.097 0.011 -0.009 0134
Chemical -0.240 -0.187 0.204 1.638 0.226 0.015 0134
Text., cloth & leather 0.380 0.463 0478 1.593 0.061 -0.038 0134
Other manufacturing 0.069 0.144 0.002 1477 0.037 -0.013 0134
B. Mean by year

1972 -0.439 0.217 0677 1.366 0.040 -0.088 0023
1973 -0.357 0.215 0.566 1.376 0.048 -0.080 0032
1974 -0.360 0.271 0524 1.380 0.058 -0.084 0041
1975 -0.254 0.224 0.376 1.388 0.068 -0.070 0051
1976 -0.188 0.247 0.265 1.393 0.075 -0.066 0.060
1977 -0.202 0.247 0.242 1.409 0.073 -0.063 0.069
1978 -0.121 0.264 0122 1418 0.075 -0.058 0079
1979 -0.061 0.286 0.031 1430 0.077 -0.054 0088
1980 -0.030 0.297 0.020 1.443 0.074 -0.050 0.097
1981 0.035 0.286 0.107 1453 0.075 -0.042 0.106
1982 0.046 0.213 0.135 1.462 0.073 -0.029 0116
1983 0.007 0.169 0.118 1.469 0.074 -0.022 0125
1984 0.078 0.173 0210 1477 0.073 -0.016 0134
1985 0.126 0.142 0.266 1.483 0.075 -0.006 0144
1986 0.143 0.115 0.288 1.488 0.074 0.002 0153
1987 0.178 0.102 0.328 1.495 0.073 0.008 0.162
1983 0.170 0.090 0324 1.500 0.073 0.013 0172
1989 0.162 0.061 0322 1.502 0.074 0.020 0181
1990 0.164 0.044 0332 1.502 0.076 0.026 0190
1991 0.167 0.016 0339 1.505 0.074 0.033 0.200
1992 0.145 -0.025 0319 1.503 0.076 0041 0209
1993 0.136 -0.052 0312 1.503 0.076 0.047 0.218
194 0.112 -0.069 0290 1504 0.076 0.052 0228
1995 0.103 -0.106 0279 1504 0.075 0.060 0.237
199%6 0.062 -0.148 0.235 1499 0.074 0.067 0.246
C. Mean by period

Preliberd. 1972-8&% -0.123 0.232 0.139 1425 0.068 -0.052 0033
Liberdiz. 1986-94 0.153 0.031 0.317 1.500 0.075 0.027 0190
Pogt-liberdl. 1994-96 0.083 -0.127 0.257 1501 0.075 0.063 0242
D. Samplemeans

Mean -0.007 0.131 0.057 1.458 0.071 -0.014 0134
Sd dev. 0.333 0.250 0.443 0.185 0.074 0.053 0.067

Source: Authors' calculation.
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Table 5. Mean short -run eagticities and technica change caculated using the unrestricted dynamic model

parameter estimates

Characteristics Wage (E,) Output (E) Capitd (§) Rateof TC  Pure TC
A. Mean by industry

Food -0.010 0.008 0.007 -0.002 0.004
Construction material and ceramic 0.007 0.006 -0.017 -0.000 0.008
Mechanical electricindustry -0.002 0.001 0.001 -0.000 0.001
Chemical -0.046 -0.005 0.033 0.005 0.032
Textile, clothing and leather 0.023 0.027 -0.030 -0.002 0.009
Other manufacturing 0.003 0.005 -0.000 -0.000 0.005
B. Mean by period

Pre-liberalization period 1972-85 -0.012 0.008 0.013 -0.003 0.006
Liberalization period 1986-94 -0.009 -0.008 -0.021 0.003 0.014
Post-liberalization period 1994-96 -0.002 -0.17 -0.010 0.005 0.018
C. Overal mean and std deviations

Mean -0.004 0.000 -0.001 0.000 0.010
Sd dev. 0.031 0.029 0.040 0.006 0.013

Source: Authors' caculation.
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