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Abstract

In this study, we use the stochastic frontier production approach to split
the total productivity growth sources into technical progress and tech-
nical efficiency changes of the economic sectors in Tunisia between 1961
and 2014. Based on the sectors’ evolution, the analysis is centred on the
technological progress trend, the technical efficiency change, and the
role of productivity change in the economic growth. The empirical results
show that the production factors have a significant effect on productivity.
The review of the total factor productivity growth sources reveals that the
contribution of technological progress is the main source of this growth.

Keywords: total factor productivity, technical efficiency, technological
progress, stochastic frontier production approach, Tunisian economy
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1. Introduction

The economic production theory has prepared an analytical framework
for most of the research on productivity. This theory is based on the
production function which sets a well-defined relationship between a
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maximum producible outputs vector and another of production factors.
Both parametric and non-parametric historical studies defined the total
factor productivity (TFP) growth as the change of the output level
while controlling inputs (Sickles & Zelenyuk, 2019).

Productivity is a key driver for the generation of wealth and
employment. Economic growth can therefore be considered as the re-
sult of the accumulation of physical and human capital - so more highly
skilled jobs and more investment - and of course a quick productivity
increase. Productivity focuses on the effectiveness with which people
combine resources to produce goods and services.

By definition, the change in efficiency consists in applying ad-
equately the technology in production. As for the concept of TFP, it is
applied on productivity in the same way as the technological progress
(TP) in the literature.

Many observers (Ghali & Rezgui, 2008; Ghali, 2012; Jouini,
2014) agree that the Tunisian economy is down and that the challenges
are complex and numerous. Ahead all of these challenges, improving
the overall productivity is crucial. It is worth stating that the repercus-
sions of the political and economic conditions on productivity, consid-
ered a key factor in the proper functioning of the Tunisian national
economy, are now more than obvious.

This article evaluates the Tunisian economy response to serious
problems, generating its poor performance in creating quality jobs. The
analysis also stresses the fact that the Tunisian economy suffers from
limited structural changes and its performance is specifically led by a
growing public sector. It also hints to the existence of important mis-
representations that led to an under allocation of resources, clearly no-
ticeable through the below potential economic performance.

In this study, we try to decompose the Tunisian total factor
productivity growth into technical progress, technical efficiency chang-
es and scale elasticity effects using a stochastic frontier method cover-
ing the period 1961-2014. Moreover, we give some insights to under-
stand the TFP growth of the Tunisian sub-sector industries.

The rest of this paper is structured as follows: section 2 presents
the literature review on the TFP and its determinants. Section 3 deals
with the TFP decomposition and the functional form of the assessment
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model. Section 4 reveals the results and the debates related to the ap-
proach. Finally, the last section presents our major conclusions.

2. Literature Review

Relying on Farrell’s (1957) contribution to the production analysis,
there has been a substantial, empirical and methodological interest cen-
tred on the concept of the frontier production function which defines
the other frontiers of possible input-output combinations for any set of
observations. Much of Farrell’s study deals with the possibility of fund-
ing measures and explanations of the changes in the TFP of observa-
tions regarding the frontier. Therefore, the technical inefficiency (TIE)
is conventionally defined as the amount by which TFP is measured as
less than the production capacity relying on the best practice.

According to the “Solow residual approach”, the technological
progress (TP) is believed to be the unique TFP growth source. This
growth may be defined as “the output growth residual following the
labour and capital inputs contributions and subtracted from the overall
output growth” (Gordon, 2012). Solow’s approach assumes that along
the production process, the economies work at a full technical efficien-
cy (TE). However, the efficiency frontier concept is used to show inef-
ficiencies.

The stochastic frontier production (SFP) approach is an alterna-
tive method that differs from the Solow residual approach. It presumes
that firms do not make full use of the existing technology as many dif-
ferent factors may lead to an unavoidable TIE in production. Stochastic
frontier helps decompose the TFP into technical efficiency changes
(TEC) and technical progress change (TPC).

Since it was first decomposed into efficiency and technical
changes by Nishimizu and Page (1982), the TFP has been applied to
different datasets to investigate the productivity growth. In 1990, a
Translog cost frontier was estimated by Bauer (1990) who used US
airline industry data to split TFP growth into efficiency, TP and scale
components.

In 2001, an SFP model was used by Kim and Han (2001) to
decompose the TFP growth sources in the Korean manufacturing in-
dustry into TP, TEC, change in allocative efficiency (AE) and scale
effects. Based on 1980-1994 data, the empirical results show that TFP
growth was mainly enhanced by TPC, TEC which has a significant
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positive effect, and AE that has a negative effect. Specific instructions
are therefore required to enhance productivity in each industry.

Liao et al. (2007) used a SFP approach to classify the manufac-
turing industries. They tried to examine the TFP growth for eight East
Asian economies between 1963 and 1998 using both single and cross-
country regressions. Their study is centred on the TP trend and TEC as
well as the productivity change of economic growth. The empirical re-
sults revealed that the TFP accounts for an important rising part of the
output growth in which a developing TEC plays a key role in TFP
growth.

In 2008, Minh et al. (2008) used a non-parametric approach by
dividing the TFP growth sources in three Vietnamese economic sectors
into TP and TEC. On the other hand, Minh et al. (2010; 2012) attempt-
ed to decompose and to bring some insights to understand the TFP
growth in the Vietnamese industries between 2003 and 2007 using a
SFP approach.

In 2011, Mahamat (2011) applied a SFP model in the Canadian
manufacturing industries to investigate the TFP growth sources. This
factor has been the only most significant determinant of a nation’s liv-
ing standard over long periods.

In 2013, Shackleton (2013) examined the general contours of
the TFP growth in the US economy since 1870. He underlined the con-
tribution of the various technological innovations to the development of
the various economic sectors. He also noticed a correlation between
TFP growth and improvements in general health and welfare such as
the increase of life expectancy.

Kumbhakar et al. (2014) applied a broad selection of these
models relying on different heterogeneity, heteroskedasticity and TIE
presumptions to a single dataset from Norwegian farmers for the period
2004-2008. They also created a new model that separates firm effects
from persistent and residual TIE. They revealed that TE results quite
depend on how TIE is modelled and interpreted.

3. Total Factor Productivity Decomposition and Functional Form

3.1. TFP Decomposition

Referring to Kumbhakar et al. (2014) and Helali and Kalai (2015),
we can define the SFP function as the following:
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Vi :a+f(xi,,ﬂ,t).exp(vﬁ—uit) (1)
where y, is the log of output of the ith sector (i =1,...,N) in the 7th
time period (¢ =1,....T); f(x,./.t) is the production technology fron-
tier; x, 1s the vector of input (in log); S is the associated vector of

technology parameters to be estimated; ¢ a time trend index that serves
as a proxy for technical change; v, is the random noise component,

showing the exogenous shocks, that can change the production; and
u,, >0 is the non-negative component of output-oriented TE. Applying

the maximum likelihood (ML) approach, the error terms acquire the
following distribution assumptions:

ui~N(0,az) or ui~N(,u,02) and v, ~N(O,af) )
Taking global differentials f (x,., , B, t) with respect to time:

dinflx.ft) _omnf(epe) s onfef) 4% _pp 5, o0 (3)
dt ot > ox; dt r

where the first and second terms on the right-hand side are the output
elasticity of the frontier output with respect to time, defined as TP. The
second term evaluates the input growth weighted by the output elastici-

ties with respect to input j, £, =0In f//0lnx, . A dot over a variable

indicates its change rate. The derivative logarithm of (1) relating to
time ¢ and using (3) is presented as:

y=TP+) &%, +——— 4)
J

On the basis of equation (4), the TFP growth may be presented as the
sum of TPC and TEC.

3.2. Model Formulation

In this study, a SFP approach was used. The production of the econom-
ic sectors is considered to be the function of both capital and labour.
Hence, the elements of the productivity change can be assessed through
the SFP approach, whereas, the time varying production frontier can be
specified through a Translog form as follows:

Journal of Quantitative Methods Volume 4(2): 2020



Productivity Change Dimensions in Tunisia | 81

1 |
Iny, =a, +Za]..]nxj,, +at.t+EZZﬂf,.mxj,,.mx,,,.+Eﬂ”12 +Zpt/.t.]nxj” +v, —u,
j i j

(5)
where j,/=L,K .In Equation (5), y, designates the observed pro-

duction, ¢ represents the time variable and x are variable inputs, sub-
scripts j and / index factors. The efficiency term, u showing the output
loss caused by unit-specific TIE is always greater than or equal to zero
and assumed to be independent of the random error, v, which is sup-
posed to have the normal properties (iid N (0, o’ )) .

The distribution of TIE impacts, u,, , is supposed to be the non-
negative truncation of the normal distribution, following Battese and
Coelli (1992). It takes the following form:

uit:uixnt:uixexp[—n(t—T) ter(i) 6)

Here, the unknown parameter 77 represents the rate of change
in TIE, and the non-negative random variableu,, is the TIE effect for
the ith firm in the last year of the data set. It should be noted that speci-
fying inefficiency as u, =u, x7, in (6) is an alternative to use the panel
feature of the data without using other firm impacts. Kumbhakar (1991)
evaluated 77, = [1 +exp (bl t+b, 1’ )Tl so that 77, can be monotonically

increasing (decreasing) or concave (convex) depending on the signs
and magnitudes of b; and b.

As the estimates of TE are perceptive to the selection of distri-
bution assumptions, we choose the truncated normal distribution of
general specifications for one-sided error u,,, and half-normal distribu-

tion can be experienced by the Likelihood Ratio (LR) test. Given the
evaluations of the equation (5) coefficients, the sector TE level at time ¢
1s presented as:

TE, =exp(u, ) @)
and TEC is the change in TE, and the rate of TP is defined by,

=a,+p,t+p,.InL, +p,.InK, ®)

where L, and K, represent capital and labour, respectively.
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If the technical change is non-neutral, it may differ for other in-
put vectors. Hence, the used proxy is the geometric mean between ad-
jacent periods,

Tm=U}+@£ﬂﬁiaxﬁ+amf@wJ+Dﬂm_1 )

ot a(r+1)

The output elasticity regarding each factor is formulated as follows:
_Olny
" Olnx,

The above equations show the change rate in output due to a
1% change in production factors. They can be applied to get an evalua-
tion of aggregate returns to scale (RTS). The scale elasticity (SE) is cal-
culated as & =&, +¢&, . If the SE is a unity, then technology shows un-

changed RTS.
4. Empirical Analysis
4.1. Data Issues

The panel data of the Tunisian economic sectors annual time-series
during 1961-2014 are used in estimate production functions. The sec-
tors and their sub-sector classification numbers are listed as following:
In Tunisia, we have five main sectors of the Global Economy (GE) and
five sub-sectors: Agriculture & Fishing (AF), Manufacturing Industries
(MI), Non-Manufacturing Industries (NMI), Market Services (MS) and
Non-Market Services (NMS).

=a,+ B, Lnx, + B, Lnx, +p,t, Vi (10)

The Manufacturing Industries have six sub-sectors: Agricultur-
al & Food Industries (AFI), Building Materials, Ceramics & Glass
(BMCG), Mechanical & Electrical Industries (MEI), Chemical Indus-
tries (CHI), Textiles, Clothing & Leather (TCL) and Various Manufac-
turing Industries (VMI). Moreover, the Non-Manufacturing Industries
field has five sub-sectors: Mines (MIN), Hydrocarbons (HYDR), Wa-
ter (WAT) and Building & Civil Engineering (BCE). Finally, the Mar-
ket Services have four sub-sectors: Transport & Telecommunications
(TT), Hotels, Cafes & Restaurants (HCR), Trade (TRD), and Other
Market Services (OMS).
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Figure 2: Capital Evolution of the Sectors

Production in these sectors is measured by the gross domestic
product (GDP, volume in million Dinars, MD, at constant prices in
1990). Therefore, we can identify the substitution elasticity of labor and
capital. To achieve this estimate, we use the statistical data provided by
the Tunisian Institute of Competitiveness and Quantitative Studies
(TICQS, 2012) for the period 1961-2014. Using this source, we could
have relevant data to the capital stocks (volume in million Dinars, MD,
at constant prices in 1990) and the employed population (in thousands).
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Figures 1 and 2 show the capital and production evolution of
the Tunisian economic sectors. Clear upward trend series with some
phases of breaking in are easily noticed. The descriptive analysis of
Table 1 proves this inference. In fact, we generally observe two differ-
ent phases; the first corresponds to a low growth (1961-1986), especial-
ly, for the NMS and MS sectors, and the second (1987-2014) is charac-
terized by a high growth in its upgrading period. Furthermore, a de-
crease in the capital stock was observed from the mid-90s for AF, MI
and NMI, with the exception of the MS and the NMS which witnessed
an important growth.

4.2. Hypotheses Tests and Model Selection

The parameters estimation in the SFP model given by Equation (5) is
carried out via the ML method, using the STATA software. Two types
of panels are constructed; the Global Economic sector panel used in the
single regression consisting of a global sample and three sub-
manufacturing sectors, and the panel data used in the regression. The
associated parameters with v, and u, are:

o’ =0’ +o. and 7/=0‘j/(0‘5+0‘f) (11)
These are associated with the stochastic term variances in the
production function, v, and the inefficiency term u,. Parameter y
must be between zero and one. If hypothesis y =1 is established, it

means that & is zero and thus the efficiency error term v, is eliminat-

ed from the model leading to estimating the model parameters by the
ordinary least squares (OLS). However, if the value of y is one, we

have the full-frontier model where the stochastic term does not exist in
the model. We achieved a number of LR tests to recognize the suitable
functional form and existence of inefficiency. Different hypotheses
were examined among which the non-presence of TIE impacts are test-
ed via the generalized LR statistics A , obtained by:

A==2[n{L(H, )}~ In{L(H, )] (12)

where L(H o) designates the quantity of the likelihood function of the

frontier model in which the parameter restrictions specified by the null
hypothesis Hy are imposed and L(H,) designates the quantity of the
likelihood function of the general frontier model. If the null hypothesis
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holds, then A has approximately a mixed Chi-Squared distribution
with degrees of freedom that are equal to the gap between the number
of estimated parameters under H; and Hy, respectively.

4.3. Aggregated Samples Hypothesis Tests

Table 2 displays the test results of different null hypotheses on the
total sample. The first null hypothesis suggesting that technology
in the  Tunisian economy is a  Cobb-Douglas,
Hy: B, =P =B =B, =p, =px =0, 1s not accepted for the global
sample and all the aggregated samples. Thus, the Cobb-Douglas
production function is not an adequate specification for the Tunisi-
an economic sectors. Therefore, the Translog production function
is far better in describing its technology.

Table 2: Generalized Likelihood Ratio of Hypotheses for Parameters

Log- Test Critical value
Hypothesis likelihood . 1% 5%  Decision
value statistics

Translog production function (7ime-varying decay model) model under Hi

GE 190.26 - - - -

MI 83.17 - - - -
NMI -93.56 - - - -
MS 136.39 - - - -
Cobb-Douglas production function, Ho: all ,BS and O, are equal to zero (df = 6)
GE 167.40 4572 16.81 12.59 Reject
MI 13.80 138.74 16.81 12.59 Reject
NMI -152.07 117.02  16.81 12.59 Reject
MS 31.28 210.23  16.81 12.59 Reject
No technical change, Ho: &, = p, = py =B, =0 (df=4)

GE 179.05 2243 13.28 9.49 Reject
MI 72.23 21.88  13.28 9.49 Reject
NMI -132.54 7797  13.28 9.49 Reject
MS 24.83 223.13  13.28 9.49 Reject
Neutral technical progress, Ho: p, = p, =0 (df=2)

GE 183.57 13.38 9.21 5.99 Reject
MI 72.66 21.02 9.21 5.99 Reject
NMI -125.66 64.19 9.21 5.99 Reject
MS 100.12 72.55 9.21 5.99 Reject
No technical inefficiency, Ho: t=n=y =0 (df=3)

GE 145.49 89.54 10.501 7.045 Reject
MI -100.24 366.82 10.501  7.045 Reject
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Table 2: Generalized Likelihood Ratio of Hypotheses for Parameters

NMI -111.76 36.39 10.501  7.045 Reject
MS -5.49 283.79 10.501  7.045 Reject
Half-normal distribution of technical inefficiency, Ho: 1 =0 (df=1)

GE 190.25 0.00 6.63 3.84 Accept
MI 82.54 1.25 6.63 3.84 Accept
NMI -99.81 12.50 6.63 3.84 Reject
MS 136.27 0.25 6.63 3.84 Accept
Time invariant technical inefficiency, Ho: 7 =0 (df=1)

GE 189.37 1.79 6.63 3.84 Accept
MI -82.95 332.24 6.63 3.84 Reject
NMI -111.24 35.36 6.63 3.84 Reject
MS 65.90 141.00 6.63 3.84 Reject

Note:The critical value for this test involving y = 0 is obtained from Table 1 of
Kodde and Palm (1986) page 1246

: The second null hypothesis stating that there is no technical
change: H, :a, = p, = px =, =0 is strongly not accepted by the
data in all cases. This involves the existence of a TP given the
specified production model.

The third null hypothesis which suggests that TP is neutral:
H,:p, =p, =0 is also strongly not accepted by the data in all
cases. This implies the presence of non-neutral TP in the data set
of these manufactories.

Taking into account the SFP model specification, a particu-

lar interest surges from testing the hypothesis of the non-presence
of sector-level inefficiency expressed by H,: u=n=y=0.
The fourth null hypothesis is strongly not accepted at 1% signifi-
cance for all the samples, suggesting that the average production
function is an inappropriate description of the aggregated models
for all the cases. Moreover, it underestimates the actual frontier
owing to the existence of TIE effects in all sectors.

The fifth null hypothesis, which specifies that TIE effects
have half-normal distribution, H, : 4 =0, against truncated normal
distribution, is accepted, except for NMI, at 1% significance level
for the total sample and all the sub-samples.

The final null hypothesis suggesting that TIE is time-
invariant H,:77=0 is strongly rejected for all the aggregate sam-
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ples (MI, NMI and MS) at least at 1% significance. The GE is the
only case that accepts the hypothesis.

4.4. Stochastic Production Functions Estimation

Considering the Translog frontier specifications with the time-
invariant model for the GE and with time-varying inefficiency ef-
fects for all sub-sectors, the statistical tests results of the calculated
coefficients and the favourite SFP models were selected and their
parameters estimates are presented in Table 3.

Table 3: Panel Estimation of SFP and TIE Model

Parameters GE MI NMI MS
° 4,989 9.889™ 2.970° 1.070
0 (1.641) (0.637) (1.622) (1.919)
" 0.467" 0.395™ 0321 0.535"
K (0.103) (0.059) (0.121) (0.113)
" 0.755" 0.453" 0.708" 0.815™
L (0.176) (0.053) (0.421) (0.059)
o -0.083" 0.173*** 0.058" -0.142*
t (0.026) (0.025) (0.027) (0.041)
5 -0.088** 0.184™ 0.554"* -0.244*
KK (0.043) (0.044) (0.076) (0.101)
5 -0.199*** 0.057 0.279*** 0.967"
LL (0.076) (0.052) (0.055) (0.165)
5 -0.081 0.236™ 20.150" 0.304*
KL (0.064) (0.027) (0.066) (0.056)
B 20.2¢7 0.9¢* 0.006™* 0.001
t (0.2¢) (0.4¢e7) (0.5¢3) (0.6¢e7)
0.006™** 20.021* 20.033" 0.036™
P (0.002) (0.004) (0.004) (0.004)
0.011** -0.003 -0.004 -0.035*
Pu (0.003) (0.04) (0.004) (0.008)
R 0.546™ 0.094™ 0117 0.0137"
o (0.035) (0.039) 0.011) (0.001)
y 0.979"* 0.685"* 0.3¢7* 0.049"*
(0.013) (0.133) (0.7¢-%) (0.005)
20.002**
yzi 0 0 0.26%) 0
n 0 0.049"* 0.274" 0.088"*
(0.002) (0.043) (0.007)
Log-likelihood 189.364 82.544 -93.559 136.268
function

Note: Standard errors are given in the parenthesis; *, ™, ™" significant at 10%, 5%, 1%.
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The estimates of 7 are positive in all the cases. Almost all

the variables coefficients in all the equations are statistically signif-
icant. A significant y along with a positive and significant 7 des-

ignates the presence of TE that decreases over time.
4.5. Estimation of TE, RTS, TP and TFP

It is worth reminding that one of the objectives of this study is to
analyze the decomposition of TFP in TP, TE and economies of
scale. Table 4 shows the average TE in the Tunisian economy over
the period 1961-2014. The TE estimates vary considerably, both
across sectors and over time. The average TE is 60.5% for the total
sample. The MS have the highest estimate, 97.2%. AF and MI,
which have 65.8% and 64%, rank second and third, respectively.
The NMI have a score of 49.6%, while the NMS have the lowest
estimate, 26.1%.

Table 4: The Average Technical Efficiency for Tunisian Economy

TE TE
Sectors 1961 1970 TE 1980 TE 1990 TE 2000 TE 2014 Average
AF 0.658  0.658 0.658 0.658 0.658 0.658  65.8%
MI 0.640  0.640 0.640 0.640 0.640 0.640  64.0%
AFI 0.899 0934 0.958 0.974 0.984 0.990  96.0%
BMCG 0.030  0.104 0.249 0.425 0.591 0.724  35.5%
MEI 0.077  0.190 0.361 0.534 0.680 0.789  44.6%
CHI 0.016 0.071 0.196 0.367 0.540 0.684  30.9%
TCL 0.264  0.423 0.589 0.722 0.819 0.884  63.2%
VMI 0.061  0.164 0.329 0.505 0.657 0.772 42.1%

NMI 0.496  0.496 0.496 0.496 0.496 0496  49.6%
MIN 0921 0.993 1.000 1.000 1.000 1.000  99.3%
HYDR 0.131  0.840 0.989 0.999 1.000 1.000  89.3%
ELEC 0.732  0.973 0.998 1.000 1.000 1.000  97.6%
WAT 0.653  0.963 0.998 1.000 1.000 1.000  96.8%

BCE 0.237  0.883 0.992 0.999 1.000 1.000  91.5%
MS 0972  0.972 0.972 0.972 0.972 0972 97.2%
TT 0.155 0.430 0.706 0.866 0.942 0976  71.1%

HCR 0.050  0.257 0.570 0.793 0.908 0961  61.6%
TRD 0.930  0.967 0.986 0.994 0.998 0.999  98.3%
OMS 0.180  0.461 0.726 0.876 0.947 0978  72.7%
NMS 0.261 0.261 0.261 0.261 0.261 0.261  26.1%
GE 0.605  0.605 0.605 0.605 0.605 0.605 60.5%

Note: TE represents technical efficiency.
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Moreover, Table 4 presents the details of scores by sector.
In fact, AFI have the highest estimate (96%) of efficiency scores in
the MI. However, the CHI have the lowest estimate, 30.9%. In
NMI, the MIN sector takes the first position, with 99.3%. Finally,
the TRD has the highest score in the MS where the estimated
scores range from 61.6% to 98.3%. The average TE for all the sec-
tors improved throughout the sample period, and this regular ame-
lioration trend is also remarked in almost all the sub-sectors be-
tween 1961 and 2014. Inversely, the unchanging average TE in the
global sectors over time is due to the use of the time-invariant
model.

Table 5 shows RTS for the Tunisian economy and its sub-
sectors between 1961 and 2014. For the whole sample and almost
all the sub-sectors, the estimates of RTS are less than the unity,
except for the MI where an increase of RTS was noticed. RTSs
remain less than the unity. Therefore, the Tunisian economy is
characterised by a decrease of RTS. The NMS have the lowest es-
timate of RTS, 0.535. These low RTS values may explain the low-
est estimate of TE and give a perfect idea of the non-performance
of the Tunisian economy.

As for the economy of scale, the majority of the sectors are
characterized by increasing RTS. However, this evolution, at an
average rate of 81.5%, has been characterized by ups and downs.
This is not surprising when considering the more than proportional
increase in the partial capital elasticity rather than the decrease in
the labor elasticity. From an economic standpoint, the impact of
capital input is significantly higher than that of labor. The compar-
ison displayed in Table 4 is evidence that the mean TE of sectors
and sub-sectors is different from one sector to another all along the
study period. On average, the MS technical efficiency in the total
sample and sub-samples is higher than that of the other markets
although its average RTS does not exceed 69.5%. The average TE
level of the economy in general is only 60.5% due to the low RTS
average, which is 81.5% (see Table 5).

The average annual rate estimates of change in efficiency for
the Tunisian industrial sectors and sub-sectors are displayed in Table 6.
These efficiency changes are calculated using Equation (7).
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Table 5: The Average RTS for Tunisian Economy

RTS RTS RTS RTS RTS RTS

Sectors 1961 1970 1980 1990 2000 2014 Average
AF 055 070  0.89 1.00 1.15 125 93.8%
MI 1.30 .18 097 087 092 1.0l 101.0%
AFI 0936 0821 0.896 0987 0903  1.028 90.5%
BMCG  1.066 0793  1.087 1.079 0950  1.125 99.8%
MEI 1179 0725 0753 0971  0.844 0935 87.0%
CHI 1.160  1.104 0736 0882  1.009 1.162 95.5%
TCL 1.056  0.806 0990 1.118  1.101  1.138 103.3%
VMI 1135 0864 0609 0712  0.829 0980 80.9%
NMI 105 090 079 085 0096 101 89.7%
MIN 1148 0526 0818 0966 1.163  1.113 93.0%

HYDR 1.150 1.075 0.711 1.123 1.041 1.142  102.9%
ELEC 1.120 0.587 0.903 1.135 1.045 1.184  92.2%
WAT 1.161 0.153 1.066 0.924 1.160 1.077  89.1%

BCE 1.170 1.101 1.166 1.106 1.131 1.064 108.3%
MS 0.82 0.77 0.71 0.67 0.64 0.63 69.5%

TT 1.111 0.956 1.184 1.018 0.921 1.100  106.0%
HCR 0.847 0.646 1.142 1.186 1.047 1.022  96.6%
TRD 0.705 1.116 1.127 1.040 0.910 1.165 104.4%
OMS 1.087 1.200 1.065 0.918 1.109 0.493 108.0%
NMS 0.61 0.56 0.50 0.50 0.54 0.59 53.5%
GE 0.865 0.820 0.769 0.779 0.844 0.899 81.5%

Note: RTS represents Returns to Scale. (Source: Author's calculations)

The estimate of the average growth rate of efficiency in the
Tunisian economy and its sectors suggests that the level of effi-
ciency has increased over the whole period, whereas the scores
have fallen progressively over the years. For example, the BMCG
and CHI, have average efficiency growth rates of 6.8% and 8%,
respectively. These are the highest rates followed by HCR (about
6.5%) and MEI (about 4.9%). Moreover, AFI, MIN, and TRD rec-
orded the lowest TEC, about 0.2%, 0.2% and 0.1%, respectively.

The annual TP change estimates for the Tunisian economy and
its sub-sectors are shown in Table 6. In terms of TE evolution, it is
characterized by a decreasing effect and has a positive or null rate of
change along the study period. The empirical analysis provides an av-
erage efficiency of about 60.5%. This can be interpreted by the fact
that, on average, the Tunisian industries can increase their production
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with 39.5% using the same amount of inputs, but in a more optimal
way.

Table 6: TEC in Tunisian Economy, 1961-2014
1961- 1969-  1979- 1989-  1999- 2009- 1961-

Sectors 1962 1970 1980 1990 2000 2014 2014
AF 0.000  0.000 0.000 0.000 0.000 0.000 0.0%
MI 0010 0.081 0049 0030 0021 0011  3.4%
AFI 0.005 0.003 0002 0001 000l 0.000 0.2%
BMCG  0.181  0.119 0072 0044 0027 0016 6.8%
MEI 0130 0.08 0052 0032 0019 0012  4.9%
CHI 0215 0.141 0085 0051 0031 0019  8.0%
TCL 0065 0.044 0027 0016 0010 0.006 2.5%
VMI 0.142  0.094 0057 0035 0021 0013 5.4%
NMI 0245  0.024 0002 0.000 0000 0.000 4.5%
MIN 0019 0.002 0000 0.000 0000 0.000 0.2%

HYDR 0.620  0.056  0.004 0.000 0.000  0.000 4.8%
ELEC 0.074  0.009  0.001 0.000  0.000  0.000 0.7%
WAT 0.103 0.012  0.001 0.000  0.000  0.000 0.9%

BCE 0406  0.040  0.003 0.000  0.000  0.000 3.2%
MS 0.155 0.073 0.029  0.012  0.005 0.002  4.6%
TT 0.171 0.081 0.033 0.013 0.006  0.002  3.9%
HCR 0.289  0.133 0.053 0.022  0.009 0.004 6.5%
TRD 0.006  0.003 0.001 0.001 0.000  0.000  0.1%
OMS 0.156  0.074 0.030 0.012  0.005 0.002  3.6%
NMS 0.000  0.000  0.000 0.000 0.000 0.000 0.0%
GE 0.000 0.000 0.000 0.000 0.000 0.000 0.0%

Note: Source: Author's calculations

Table 7 shows a considerable variation among sectors.
Indeed, AF recorded a negative TPC of 0.8%. In all the sectors of
the MI, the TPC is negative and ranges from -1.5% to 0%. The
same situation is observed in the NMI where the rates vary
between -0.4% and -0.1%. In total, the Tunisian economy showed
a decrease of TP over the study period. It appears from this table
that the TP is an important component in the measurement of the
TFP growth. In terms of the industries’ behavior in respect to TP,
we note that the rate is generally negative and on the decrease.
This indicates that these sectors have lost a TP of 0.8% on average
during the study period.
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Table 7: TPC in Tunisian Economy, 1961-2014

1961- 1969- 1979-  1989- 1999-  2009- 1961-

Sectors 1962 1970 1980 1990 2000 2014 2014

AF 20.002  -0033  0.008 -0011 0.025 -0011 -0.8%
MI 20.023 0038 0012 0023 000l 0003 1.1%
AFI 20.049 0023 -0.009 0009 -0.006 -0.025 -1.3%
BMCG  -0.019 -0.039 -0.019 0011 0013 0006 0.0%
MEI 20.010  -0.006 -0.008 -0.017 -0.022 -0.034 -1.4%
CHI 0.048 0006 -0.014 0006 -0.005 0013 -0.2%
TCL 20.006 -0.040 -0.034 -0.014 -0.007 -0.005 -1.1%
VMI 20.010  -0.009 -0.005 -0.010 -0.015 -0.005 -1.5%
NMI 0032 0017 0036 -0.009 -0.005 0010 1.2%
MIN 0.044 0048 -0.029 0011 0010 0045 -0.2%
HYDR  0.026 -0.039 -0.028 -0.012  0.008  0.005 -0.1%
ELEC 0012  -0.026 0018 -0.022 0025 0.006 -0.3%
WAT 0.034 0006 -0.006 -0.049 0.012 0006 -0.4%
BCE 0.028 -0.007 -0.007 -0.006 0012  0.005 -0.3%
MS 0007 0036 0022 0021 0022 0013 22%
TT 20.035 -0014 0017 0021 0005 0021 1.1%
HCR 20.034 0047 -0.041 -0.005 0.017 0010  0.0%
TRD 20.013 0036 -0.013 0023 0038 0040  0.1%
OMS 0.041  -0017  0.048 0007 0.006 0018  0.6%
NMS 0035 0017 0017 0003 0006 0004 1.5%
GE -0.002 -0.033  0.008 -0.011 0.025 -0.011 -0.8%

Table 8 shows the average annual TFP growth for the Tunisian
sectors and sub-sectors, where TFP growth in the majority of sectors
and sub-sectors is positive, with an average TFP of about 4.5%, 6.8%,
3.6%, 7.8%, 1.4%, 3.8%, 5.7%, 0.0%, 4.7%, 0.3%, 0.5%, 2.9%, 6.8%,
5.0%, 6.5%, 0.2%, 4.2%, and 1.5% for M1, BMCG, MEI, CHI, TCL,
VML, NMI, MIN, HYDR, WAT, BCE, MS, TT, HCR, TRD, OMS
and NMS, respectively. Given the specifications of the Translog SFP
with a time-invariant model for the global sample, the average TFP
growth is negative and so is the TPC.

As already seen, the TFP growth rates of the majority of the
sectors have a positive effect due to the increase of both TEC and TPC
between 1961 and 2014. However, the TFP growth rates of the total
sample, AF and AFI have a negative effect due to the TPC. In general,
the TFP in all the economic sectors decreased continuously throughout
the sample period. As for the sub-sector estimates, they indicate that
their main sectors grew fast during the sample period.
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Table 8: TFP Growth in Tunisian Economy, 1961-2014

1969- 1979- 1989- 1999- 2009- 1961-
Sectors 1961-1962 1979 1980 1990 2000 2014 2014

AF -0.002 -0.033  0.008 -0.011 0.025 -0.011 -0.8%
MI -0.013  0.119  0.061 0.053  0.022 0.014 4.5%
AFI -0.044 -0.020 -0.007  0.010 -0.005 -0.025 -1.1%
BMCG 0.162  0.080 0.053 0.055 0.040 0.022 6.8%
MEI 0.119 0.080 0.044 0.015 -0.003 -0.022 3.6%
CHI 0.167 0.136  0.071  0.057 0.026 0.033 7.8%
TCL 0.059  0.003 -0.007 0.003 0.003 0.001 1.4%
VMI 0.132  0.085 0.052 0.024 0.006 0.008 3.8%
NMI 0.277 0.041 0.038 -0.009 -0.005 0.010 5.7%
MIN -0.025 -0.046 -0.029 -0.011 0.010 0.045 0.0%
HYDR 0.646 0.018 -0.025 -0.012 0.008 0.005 4.7%
ELEC 0.086 -0.017 0.019 -0.022 0.025 0.006 0.3%
WAT 0.069 0.006 -0.005 -0.049 0.012 0.006 0.5%
BCE 0.434 0.033 -0.005 -0.006 0.012 0.005 2.9%
MS 0.162 0.109 0.051 0.033 0.027 0.015 6.8%
TT 0.136  0.067 0.050 0.034 0.011 0.023 5.0%
HCR 0.255 0.180 0.012 0.016 0.026 0.014 6.5%
TRD -0.007  0.039 -0.012 0.024 0.038 0.040 0.2%
OMS 0.115 0.057 0.078 0.020 0.012 0.020 4.2%
NMS 0.035 0.017 0.017 0.003 0.006 0.004 1.5%
GE -0.002 -0.033  0.008 -0.011 0.025 -0.011 -0.8%

Variations in TE at the sectoral level are attributable to prob-
lems of investment planning and utilization, lack of technical experi-
ence, poor management and organisation, particularly in co-ordinating
intermediate input supply, in addition to the general impact of stabilisa-
tion policies. The three sectors (AF, NMI, and NMS), where these
problems were particularly acute, showed rapid decline rates in the lev-
el of TE during the study period. Five manufacturing sectors out of six,
which are characterised by a general improvement level of TE
(BMCG, MEI, CHI, TCL and VMI), reflect, to some extent, the suc-
cess of the explicit political actions undertaken to improve the technical
information diffusion, project implementation, and input supplies co-
ordination.

Table 9 summarizes the results of the relationship estimates
which measure the average elasticity of output factors and the scale for
the different industrial sectors over the 1961-2014 period. In general,
the labor elasticity is lower than that of the capital where we recorded a
considerable decrease in elasticity of about 1.3 between 1961 and 2014.
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In addition, for most sectors, except for NMS, the SE is greater than 1.
This can be explained by the fact that different sectors are capital inten-
sive, stimulating sectors to exploit the productivity gains from the sub-
stitution of labor by capital.

Table 9: The Output Average Elasticity by Industry, 1961-2014

Labour elasticity Capital elasticity Scale elasticity

Sectors
1961 2014 Average 1961 2014 Average 1961 2014 Average

AF 0.61 037 046 091 0.77 082 152 1.13 1.28

MI 079 041 050 1.01 0.79 084 1.80 1.20 1.34
NMI 0.79 0.37 047 1.01 0.77 083 1.80 1.15 1.30
MS 0.65 0.29 043 093 0.73 081 1.58 1.02 1.24

NMS 046 0.14 026 082 0.64 071 128 0.78 0.97

GE 0.66 032 043 092 074 0.80 1.60 1.05 1.23

This observation is further confirmed when analyzing the capi-
tal-labor relationship in terms of partial elasticity. In this case, the im-
pact of the change in the labor share in a given category is variable. In-
deed, the Translog specification allows an evaluation of each sector
given that this effect depends on the different qualification structures.

According to a survey on the various sources of growth in Tu-
nisia over more than a quarter of a century prepared by TICQS (2014),
the relatively moderate rate of growth recorded in the period in certain
countries is attributed mainly to a rate of a productivity growth. Such a
growth remains insufficient, despite its acceleration over the previous
period. The decomposition of labor productivity growth between capi-
tal intensity and TFP shows a deficit in capital intensity resulting in a
lack of capital available per worker due to insufficient capital accumu-
lation. The acceleration in the growth rate of the sectoral labor produc-
tivity requires a rethinking about the investment policy.

At the aggregate level, if we look at the explanation of the de-
composition of productivity of the global economy, it could increase
via two factors. The first is to accelerate the pace of intra-industry
productivity growth, and in this case, we join the above set out recom-
mendations related to an acceleration of investment. The second factor
evaluates the extent of the contribution of the structural change in Tuni-
sia to accelerating the TFP growth of the whole economy over the peri-
od spanning between 1961 and 2014. However, it shows a rigid effect
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whether in terms of reallocation of labor or that of production. The
question that arises here is how to force a structural change?

In summary, the Tunisian economy is affected by a pathetically
low productivity, some distortions and resources misallocation. While
most upper and middle income countries have experienced economic
takeoff during the previous years, Tunisia has been hampered by the
inability to adapt its growth model. An analysis of the GDP growth
breakdown highlights that Tunisia's growth over the past two decades
has been largely facilitated by an accumulation of factors, with only a
little contribution resulting from gains in TFP.

The new model should discard privileges, open up economic
opportunities for all Tunisians and increase prosperity across the coun-
try. This requires abandoning the idea of a welfare state, which helped
give rise to patronage and privilege in favor of the elites. As signaled
by Achy (2011), African Development Bank (2013), World Bank
(2014) and Jouini (2014), it had better move to a system where the state
works to establish and enforce fair rules promoting the individual initia-
tive and providing a targeted and effective support to the most disad-
vantaged.

5. Conclusions

The major results of this study we came up with, clearly show that TFP
decomposition is relevant. Concerning the efficiency estimations, the
average annual TEC in the Tunisian economy is absent because the
null hypothesis, which states that TE is time-invariant, can be accepted.
However, for all the other sectors, the average annual TEC is positive.
The most important assessment is that of the TFP growth which is es-
timated at 0.8%. In addition, TFP recorded the fastest growth in both
service markets and non-manufacturing industries. In the former sector,
it recorded an annual growth of 6.8%, whereas in the latter, it rose to
5.7%. On the other hand, in the MI, TFP growth was estimated at
4.5%. According to the obtained results, we can see that, although
productivity growth was enhanced by TP, it was positively affected by
the TEC.

If we take the case of Tunisia whose economy largely depends
on foreign technology, its failure in using this technology in compli-
ance with the international standards may doom it to be unable to have
a technical progress. For example, the Tunisian manufacturing sector
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showed no clear frontier change along the 1961-2014 period. Further-
more, we can say that the slowdown of the TFP growth is due to both
the decline of a TP rate and the collapse of a TE. Therefore, the magni-
tude of both of them implies that the decline of the TP clearly influ-
ences the TE. Actually, the sudden change in the TP pattern shows that
there is an important change in the production environment during the
study period.
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