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Abstract  This study investigates the determinant factors of efficiency or inefficiency in Cote d’Ivoire. A stochastic 
analysis of production resulted in technical and allocative efficiency in economic efficiency levels. The findings of an 
investigation about 5,000 firms observed from 2000 to 2010 reveal that the Ivorian economy is not economically efficient as 
a consequence of the ensuing: socio-political instabilities; outside debt burden; unemployment rate; and weakness in savings 
on organizational productivity. Therefore, this study recommends a permanent mechanism of supervision for economic 
efficiency indicators; promotion of a factual and evocative employment policy for the youth; and the enforcement of granting 
financial aid to enterprises to assist them in having high added value to improve organizational productivity. 
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1. Introduction 
In this study, we intend to think about economic efficiency 

in Côte d’Ivoire. The notion of efficiency can be defined by 
dissociating what comes from technical origin from what is 
due to a bad choice, in terms of inputs combination, 
compared to the price of the inputs. According to Farrell 
(1957) the technical efficiency measure the way that a firm 
chooses the quantity of inputs that is used in the production 
process when the factors’ use propositions are given. The 
technical efficiency which evaluates the way the firm 
chooses the ratio of the different inputs compared to the 
market price that is supposed competitive. The economic 
efficiency is determined by the combination of the technical 
efficiency with the allocative efficiency. It refers to the 
concepts of productivity, performance, quality and profit on 
the one hand, and of the reduction of the total strength 
employed and of the costs on the other hand. The concept of 
economic efficiency will be associated to the criterion of 
value. Thus, any change inclined to increase the value is 
considered as an effective change and inefficient in the 
contrary. 

The objective of this article is to identify the explanatory 
factors of the economic efficiency or inefficiency in Côte 
d’Ivoire. In a specific way, we wish to analyze the 
production organization, to determine the contribution of the 
form of organization to the productivity, to study the impact 
of the institutional environment on the productivity and to 
identify the level of sectors performance. The answer to 
these questions will lead to the identification of sources and  
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determinants of Ivorian economy efficiency or inefficiency. 
Since some years, the socio-political instability has 

brought about a disorganization of the production machinery 
and an irrational use of the production factors. Furthermore, 
this instability has brought about the loss of qualified 
manpower which immigrated towards others countries. So, 
we postulate in favor of the main hypothesis according to 
which this situation has got negative effects on the efficiency 
of the Ivorian economy. This study whose results can be used 
by the authorities to act on the sources of the inefficiency is a 
contribution to the improvement of the global efficiency of 
the economy. 

To evaluate this efficiency, we use the frontier production 
approach. We dispose an unbalanced panel data related to 
5,000 observed enterprises from 2000 to 2010 and shared out 
in 15 activity sectors of the Ivorian economy production. As 
the estimation of the efficiency depends on the nature of the 
frontier (deterministic or stochastic), it seems important to 
test it. In the stochastic frontier, the individual efficiency is 
estimated by the conditional mathematical expectation 
because the individual efficiency is not directly identifiable. 

In consideration of previous works of Lesueur and Plane 
(1995, 1998) who analyzed the Ivorian firms technical 
efficiency, this study is, for us, the first application of the 
economic efficiency in Côte d’Ivoire, in the context of 
likelihood frontier estimation method. 

This article is presented as follow: the first section shows 
the methodological aspects and efficiency concepts and the 
second one shows the frontier model and the Ivorian relative 
data. As for the third one, it indicates the results of the 
analysis. 

2. Concepts and Efficiency Evaluation 
Methods 
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In this section, an outline of efficiency concepts in 
connection with the economic literature is presented. Then, 
efficiency estimation methods are recalled and an account 
related to the determinants of the efficiency is done. 

2.1. Concepts of Efficiency 

The measure of the efficiency appeared in Koopmans’s 
(1951) who was interested in the production analysis and in 
Debreu (1951) who introduced resources utilization 
coefficient. In 1957, Farrell argued that the firm’s efficiency 
can be calculated empirically and he proposed, for the first 
time, an innovation method of efficiency frontier estimation 
from real situations of production observations. 

Following N’Gbo (1991) et Atkinson et Cornwell (1994) 
studies, we can consider that a production unit is effective 
technically if, from the inputs it possesses, it produces the 
maximum of possible outputs or if, to produce an outputs 
given quantity, it uses the smallest possible quantities of 
outputs. Briec, Comes and Kersten (2006) keep on by 
explaining that the technical efficiency degree measure of a 
production unit permits to surround if this last one can 
increase its production without consuming, at the same time, 
more resources, or reduce the use of at least one input by 
conserving at the same time, the same level of production. 

A definition of the allocative efficiency is in the article of 
Rodriguez-Alves, Tovar and Trujillo (2007). They consider 
that the allocative efficiency puts in relation the inputs 
utilizations by the enterprise according to the current prices 
on the market. The allocative efficiency is necessary if the 
firm maximizes its profits or minimizes its costs at a given 
level of production. These two hypotheses of behavior 
permit to define an optimum inputs combination and the 
allocative efficiency measure is got by comparing the 
minimum cost of outputs quantity production at the cost 
incurred effectively by the firm. 

The economic efficiency is measured by the global 
economic performance of the firm, that is, by its ability to 
make its operations profitable. Farrell (1951) defined the 
economic efficiency by the product of technical efficiency 
and the allocative efficiency. According to his example, it 
appears that a firm cannot be 100% efficient economically if 
it is not 100% efficient technically and at the same time  
100% efficient allocativelly. The economic efficieny can be 
separated into two distinct criteria and is therefore only the 
resultat of those two measures. As it is shown by Coelli and 
al (1998), Amara and Robert (2000) or again Ajibefun et 
Daramola (2003), this definition seems to be accepted 
universally. 

2.2. Efficiency Estimation Methods 

The frontier estimation methods can be classified 
according to the frontier planned form, according to the 
estimation technique used to get it and according to the 
nature and the supposed properties of the gap between the 
observed production and the optimal production. The 

classification according to the frontier form permits to 
distinguish between the parametric approaches and the 
nonparametric approaches. The parametric approach 
presents a function including explicit parameters 
(Cobb-Douglass, CES, Translog, etc.). Nuama (2006) 
indicates that the parametric approach is the one which 
presents a function including explicit parameters. In the case 
of a parametric function, many econometrical techniques and 
non econometrical ones permit to estimate the production or 
the cost frontiers parameters: the least squares method or the 
maximum likelihood method. The nonparametric frontiers 
have the particularity not to impose any pre-established form 
to the frontier (Murillo-Zamorano, 2004). The 
nonparametric approach is then used when the production 
process cannot be identified by a functional form. The 
convexity of the production is the only differentiation 
element of the non parametric approaches. It makes it 
possible to distinguish the convex nonparametric approach 
from that non convex. The former was used by Farrell in 
1957 for the first time. The production frontier proposed by 
Farrell is linear and it imposes some constant outputs at the 
scale. Two methods (Data Envelopment Analysis and Free 
Disposal Hull) help to estimate the parametric approach of 
the production frontier. The first method consists in 
estimating a convex envelop while the second one permits to 
arrange the firms in a growing order, so as to estimate a 
frontier in the form of stairs. An application of the first 
method with some data related to the Ivoirian written press 
can be observed in Nuama (2002) study. The mathematical 
program planning helps to estimate the nonparametric 
approach frontiers. It is about some descriptive methods 
which use as support the linear program planning or the 
quadratic program planning (Leleu, 2006). The nature of the 
gaps between the observed production and the maximum 
production distinguishes the stochastic frontiers from the 
deterministic frontiers. In fact, if we suppose that the gaps 
are only explained by the inefficiency of the producer, we 
qualify the frontier of having a deterministic nature. If, on the 
contrary, we estimate that the gaps are explained at the same 
time by the inefficiency of the producer and by some random 
elements which do not depend on the producer, we say that 
the frontier has a stochastic nature (Kumbakar et Lovell, 
2000). 

In short, a firm or sector efficiency can be measured 
through some parametric and nonparametric approaches 
which differ primarily by the assumptions concerning the 
residues. A production or a cost frontier will be parametric if 
we impose a deterministic functional form (Cobb-Douglass, 
Translog, etc.) of we suppose that any gap between the 
estimated function and the observations is considered as 
coming from the producer’s inefficiency, and stochastic if, 
the gaps are explained by both the producer’s inefficiency 
and some random elements which are not under the owner’s 
control. The parametric approaches impose a functional form 
that presuppose the frontier form, whereas the nonparametric 
approaches impose less structure to the frontier but they 
suppose the absence of random errors. 
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2.3. Efficiency Determinants 

The economic efficiency measure permits to identify the 
potential gains of profit in the studied sector. The resulting 
inefficiency can be explained by some factors such as the 
size of the exploitation, the age and the instruction level of 
the head of the exploitation, etc. From a political point of 
view, it is interesting to search the sources of the inefficiency 
and to identify the determinants. The authorities can act on 
the determinants thus identified to improve the global 
efficiency. The first habitual question asked is how to 
explain the differential of efficiency observed between the 
exploitations and/or between the sectors? For this purpose, 
many methods are used. There is the method in only one 
stage called production frontier with composed errors and 
with incorporated effects of inefficiency proposed by Battese 
and Coelli (1992). Another method also used to explain the 
inefficiencies has got two stages: first of all the inefficiencies 
are estimated from a parametric or nonparametric frontier 
then a regression of the scores of efficiency is done on the 
variable determinants. In general, this supposes that the 
variables explaining the efficiency are the ones related to the 
characteristics of the owners and the exploitations; they are 
different from the production factors. This hypothesis is 
introduced to avoid the bias included in the first stage, 
according to which the efficiency level is independent of 
those variables while in the second stage, they are considered 
as dependent. According to Murillo-Zamorano (2004), the 
methods give equivalent results. The advantage of this 
method is that in case of specification error in the second 
stage, the bias affects only the determinants estimated 
coefficients and not the frontiers coefficients. As Lovell 
(2000) asserts, this method can be used for the non 
parametric approach and for the parametric approach as well. 
The regression done in the second stage is possible thanks to 
the OLS method or a Tobit model to take into account the 
truncated characteristic (between 0 and 1) of the dependent 
variable (efficiency). 

3. Frontier Model and Ivorian Firms 
Data 

This section concerns the presentation of the kept frontier 
model and the analysis of the scores of the economic 
efficiency. It ends with an analysis of the Ivorian firms data 
and some variables. 

3.1. The Frontier Model 

We keep, in this study, the parametric approach of the 
stochastic production frontier. Actually, we suppose that the 
gaps are not only explained by the producer inefficiency. 
They are the result of both producer’s inefficiency and 
random elements which do not dependent on the producer. 

Following Meeusen and Van den Broeck (1977) and 
Lovell and Schmidt (1977) who proposed independently 
stochastic production frontier models, and N’Gbo (1994) 
who worked from data of unbalanced panel, we consider the 

following production frontier: 

[ ]ln ln ( , )it it it iy f x uβ ν= + −           (1) 

t = 1, 2, …, Ti and i = 1, 2, …, N 
where yit: is the production of the ith firm at the tth period; 

xit: is a vector (lxk) of the inputs of the ith firm at the tth 
period; β : est a vector (kxl) of the unknown technological 
parameters of the frontier; Ti: represents the number of 
observations of the ith firm; N: represents the numbers of 
firms; itν : is the habitual symmetrical error term. It 
represents the gap due to the risks which influence the 
production and which are not directly under the control of the 
manager and iu : is a term of non negative error representing 
the inefficiency and supposed unvarying within the time. 
The frontier (1) is stochastic in the sense where it combines 
the two terms of error iu  et itν . In the deterministic frontier, 
the term itν  does not appear explicitly. This type of frontier 
doesn’t take into account the classical error term and ay gap 
compared to the production frontier is considered as due to 
the inefficiency. 
The relation (1) can also be written under the form: 

0ln it j it ity xβ β ψ= + +∑           (2) 

With it it iuψ ν= −  
The vector of input xit can be disintegrated in several 

explanatory variables such as the proper capitals (CP), the 
capital productivity (PC), the employment level (NE), the 
work productivity (PT), the inputs volume (VI), the 
investments in the in-service training (FC) and the 
equipments and other infrastructures (EI). 

Thus, equation (2) becomes: 
0 1 2 3 4

5 6 7

ln it it it it it

it it it

y CP PC NE PT
VI FC EI

β β β β β
β β β ψ

= + + + +
+ + + +

     (3) 

The production frontier (3) can be estimated by the OLS 
method or by the maximum likelihood method if we specify 
the distributions of the terms of error  iu  et itν . 

If we consider the maximum likelihood method, following 
Aigner, Lovell et Schmidt (1977) and Balk (2003), we take a 
normal distribution for ν , that is to say that 2(0, )N νν σ→  
and a truncated central normal distribution on the left in zero 
for iµ , that is to say 2( , )N O µµ σ→ . The joined density for v 
and u knowing that the two distributions are independent is 
the written like this: 

2 2 2 21( , ) exp ( / 2 ) ( / 2 )u v
u v

f v u vµ σ σ
πσ σ

 = − −       (4) 

If we replace v in terms of u, we obtain : 
2 2 2 2 21( , ) exp ( / 2 ) ( 2 ) / 2u v

u v

f u u uµ ψ σ ψ ψ σ
πσ σ

 = − − + +   (5) 

Now let’s calculate the density of ψ  by integrating 
equation (5) compared to u. We have : 

[ ]( ) (2 / ) * ( / ) 1 * ( / )f f Fψ σ ψ σ ψλ σ= −       (6) 

With ψ−∞ ≤ ≤ +∞ , 2 2 2
u vσ σ σ= +  et /u vλ σ σ= . 
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F* (.) indicates the function of sharing out a reduced 
centered normal distribution and f* (.) its density. Let’s 
signal out that the parameterization of /u vλ σ σ=  is 
interesting; this parameter is considered as a measure of the 
relative variability of two sources of inefficiency. 2 0λ →  
implies that 2

vσ → +∞  and/or that 2 0uσ → , which means 
that the random shocks dominate in the explanation of the 
inefficiency. In the same way, when 2 0vσ →  then the gaps 
to the frontier are essentially due to the technical 
inefficiency. 

If we consider the least squares method, model (2) can be 
written:  

0ln ( ( ))it j it it iy x v uβ β µ= − + − −∑        (7) 

We can parameterize it again as follows: 

0ln ' 'it j it it
y xβ β ψ= − +∑             (8) 

With 0 0' ( )β β µ= − ; 
' ( ( )) ( )i it iv u E u v uψ µ ψ µ= − − = − − = + . The estimation 

procedure of (8) can be done in two stages. On the one hand, 
as distribution of 'itψ  is symmetrical, we estimate (8) by 
ordinary least squares; all the jβ  will be unbiased. On the 
other hand, we completely identify the frontier by estimating 

0β  and so µ . To do so, a particular distribution for each the 
terms of error must be specified. Thus, we can estimate µ  
by the moments method and then 0β . 

We determine the economic efficiency from the 
estimation of a system of equations composed of a 
production function and of the first order conditions of the 
production cost minimization. This method developed by 
Schmidt et Lovell (1979) is applied by Ferriera et Steel 
(2007). 

3.2. The Economic Efficiency Scores  

The economic efficiency scores are not obtained by the 
product between the technical efficiency scores and those of 
allocative efficiency. 

In terms of profit, a firm efficiency can be estimated from 
the models of frontier used to measure the technical 
efficiency of the firms (Ali et Flinn, 1989). For a model in 
the logarithm form, the technical efficiency (ET) of the firm i 
is given by:  

ˆexp( ) / exp( )ij ij
i it itij ijET x x uβ βµ = Π Π = −  

      (9) 

With * *ˆ ˆˆ max ( )i j i iµ δ δ= −          (10) 
Following Schmidt et Sickles (1984) and Goaïed and Ben 

Ayed-Mouelhi (2000), we consider that the estimation of the 
technical efficiency rests on the use of the predictor ( *

iµ ) 
which is BLUP (Best linear unbiased predictor). After the 
estimation of the frontier (3), we obtain: 

2 *
0

* 1
2 2

ˆ ˆ

ˆ
ˆ ˆ

T

it it
t

i
i v

Y X

T

µ

µ

σ β β
µ

σ σ
=

− − −

=
+

∑
        (11) 

While using the parametric approach for the determination 

of the technical efficiency scores, we will estimate a 
stochastic production frontier from the Cobb-Douglas type 
with the help of the frontier 4.1 program1 (Coelli, 1996). The 
software of frontier 4.1 provides by iteration the elasticity of 
the production frontier, the scores of technical efficiency and 
the determinants coefficient. The parameters of the 
stochastic production frontier will be estimated by the 
likelihood maximum method. After the function 
initialization by ordinary least squares method, the program 
initiates some iterations. 

Thereby, by choosing its production program, the firm 
must take account of their relative prices on the market, in 
addition to the technical parameters. So the allocative 
efficiency consists in choosing the best inputs productive 
combination on account of their prices in order to optimize 
the profit or minimize the costs at a given production level. 
Thus, for a vector of the factor’s prices, the production 
equation is given by the following equation: 

7

1
i iC P X=∑               (12) 

Xi represents the quantities of the production factors and i 
varying from 1 to 7 and corresponds to the different variables 
of the frontier (3). With the hypothesis that all the factors are 
variable and have some prices on the market, we associate 
some prices (Pi) to the inputs. Then, the firms try to 
minimize their production cost. 

The minimization of the cost in the sectors of activity 
mentioned above will be considered as a problem of 
optimization under constraint: 

Min 7

1
i iC P X=∑  s/c 

( , , , , , , )Y f CP PC NE PT VI FC EI=      (13) 
The resolution of this optimization problem by the 

Lagrange formula permits to obtain the following equation 
of inputs requirement:  

/i i iX Y Pλ β=              (14) 
In order to eliminate the variables λ  and Y, let’s consider 
the ratios of the required quantity of input : 1/jX X , with j 
varying from 2 to 7. After the resolution of these ratios, we 
can deduce the equations X2,…,X7 and substitute them in 
the frontier. Thus we obtain X1 as the level of production 
function Y, Cobb-Douglas production frontier and prices 
parameters. So we come to a dual cost function that 
equals to: 
 
 

3 5 6 71 2 4/ / / // / /*1/
1 2 3 4 5 6 7= r r r rr r rr

ztC KY P P P P P P Pβ β β ββ β β  (15) 

                                                             
1 The computer program, Frontier 4.1, can be used to obtain the maximum 
likelihood estimations of a subassembly of functions of the stochastic production 
frontier or the costs frontier. This program is compatible with the panel data, the 
time series, the cost and production functions, the truncated normal distribution 
or not etc. It is not compatible with the gamma and exponential distributions. The 
application of Frontier 4.1 is done with the five following files: Frontier 4.1 Exe 
(executive file), Front 41,000 (stating file), Fata file (file of data basis), 
Instruction file (command file) and output file (results display file). It’s important 
to specify that the data are listed through observations in a test file.  
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7

1
o r i

i
ù et Kβ

=

= ∑
 

3 5 6 71 2 4
1/

1 2 3 4 5 6 7* * * * * * * *
r

r A β β β ββ β ββ β β β β β β
−

 =    
With corresponding to the scale profit, *

zt zt ztY Y v= −  which 

is defined as the observed production of the sector z (with z 
varying from 1 to 15 to take into account the 15 sectors of 
activity2) during the year t, adjusted by the random term of 
error. Under its linear form, the dual cost frontier becomes: 

*
1 2

3 4

5 6 7

1 / ( ) ( 1 ) ( 2 )
( 3 ) ( 4 )
( 5 ) ( 6 ) ( 7)

zt zt zt zt

zt zt

zt zt

LnC K rLn Y Ln P Ln P
Ln P Ln P
Ln P Ln P Ln P

α α
α α
α α α

= + + +

+ +

+ + +

   (16) 

With i
i r

βα = . The different Pi are characteristics of the 

production factors prices. The coefficients of K, 1 7,...,α α  
are parameters obtained analytically and minimizing the 
function of cost under the constraint of the reached 
production level. For a given level of production, the 
economic efficiency is by definition the relation between the 
minimum cost and the observed cost. Following Albouchi, 
Bachta et Jacquet (2005), we note that the economic 
efficiency is : 

7 7

1 1
* / *iezt izt izt izt

i i
EE X P X P

= =
= ∑ ∑         (17) 

The acronym EE indicates the economic efficiency and 
Xiezt is the quantity of efficient economic factor. 

3.3. Analysis of Ivoirian Firms Data and the Variables 

We have at our disposal a data basis provided by Banque 
des Données Financières (BDF), an agency of Institut 
National de la Statistique (INS). The sample o the study 
concerns a total of 5,000 firms shared out in the 15 sectors of 
activity in the Ivorian economy in accordance with the 
Nomenclature of activities of states members of AFRISAT. 
These firms represent themselves alone about 63% of the 
national added value and 72% of the employment. The 
collected data concern the technical capital, the productivity 
of the capital, the level of employment, the productivity of 
work, the volume of inputs, the investments in the in-service 
training and the equipments and other infrastructures. They 
are observed on the period going from 2000 to 2010. It was 
difficult for us to get the recent data because they are not 
purged yet by the competent structure of INS. 

The table below indicates the covered sector 
representation of the variables of the frontier panel. The 
added value is implicitly taken into account in the calculation 
of the capital productivity and the work productivity. 

The total size of the used panel is 55,000 observations 
because 5,000 enterprises are observed over four years from 
2000 to 2010. With regard to table n°1, a good 
                                                             
2 In the previous works of Lesueur et Plane (1998), the different sectors of 
activity are grouped into four. These are the sector of the agro-food industry, the 
sector of consumer goods, the sector of equipment goods and the sector of 
intermediary goods. This new classification that we adopt is in conformity with 
international standards of the nomenclature of the activities of the states members 
of AFRISAT settled down since the year 2000. 

representatively of sector « trade, vehicles and domestic 
articles repairing » is remarkable. It is the sector of activity 
that includes the greater number of firms. Then come, by 
order of representively, the sectors like « estate services, 
hires and services to enterprises » and « manufacturing 
activities ». The activity sectors where we can find fewer 
firms are the sector « household activities as employers of 
the domestic personnel » and the sector « extraterritorial 
organizations activities ». These sectors remain 
under-represented because of the non availability of the data. 
Yet, this example of sample has no incidence on the 
empirical results insofar as the estimations of the stochastic 
production frontier are carried out by sector. With the study 
of contributions percentages in terms of added values, we 
can observe that the most represented sectors are « trade, 
vehicles and domestic articles repairing », « financial 
activities », « estate services, hires and services to 
enterprises » and « manufacturing activities ». It seems that 
there is a high correlation between the number of firms in a 
given sector and its contribution in terms of added value. 

Seven (7) variables have been identified in the production 
frontier. The availability of the variables such as the 
employment level (which include senior executives, senior 
experts and junior executives, technicians, skilled workers, 
employees, unskilled workers and apprentice), inputs 
volume, the amount of the investments in the in-service 
training and the equipments and other infrastructures volume 
has relatively been easy. The availability of the variables 
related to the capital productivity and the work productivity 
was not obvious. 

The different productivities of capital and works have 
been calculated from the rough added value deflated by the 
general consumption price index. The work productivity 
takes account of the salary. The relative salary of the 
personnel has been measured by bringing near the average 
salary of each enterprise to the average salary of their activity 
branch to which they belong respectively. In order to take 
account of the effect of the structure of qualification, the 
average salary has been, on the one hand, regressed on the 
counseling rate (report of the executives to the global 
employment). The residue of the relative salary originated 
from that regression has been kept as a measure to incite the 
salary of the personnel. As Lesueur et Plane (1998) indicated 
it, we maintain that the evaluation of the capital stock from 
the BDF data is delicate. The book-keeping rule generally 
forces the enterprises to record their investments at the active 
for the acquisition value of the goods. Then, the equipments 
are amortized taking account of their probable length of life 
according to a digressive or linear mode. The rough value of 
the immobilization, closer to the active of the balance sheet 
so much as the goods is not relegated to a lower position, 
whereas the net accountable value decreases on account of 
the supposed law of mortality. To evaluate the rough capital 
stock of each period correctly, complementary information 
(not available in the basis of data) such as the delivery age of 
the equipments and their replacement value are necessary; 
Moreover, the data do not allow us to take account of 
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possible operations of legal re-evaluation of the balance 
sheets which were able to appear concerning some 
enterprises. For all these reasons, we preferred to evaluate 
the stock of the fixed capital from the net investments put 
together. In order words, we suppose that the value of the 
available capital is better evaluated when we take account of 
the legal modalities of amortization rather than when we 
disregard its usury. A price index for the rough formation of 
the fixed capital of the Ivoirian productive sector basis 100 in 
1995, has been kept as a deflator of the net investments put 
together. We give an idea of the statistics concerning the 
used different variables in the production frontier. 

As it is possible to observe it through the last column of 
the table n°2, the gaps between the sectors of activity for a 
common variable are very important. They can possibly 
introduce some bias in the estimations. That’s why the resort 
to the logarithm is recommended. This mathematical 

procedure of variables transformation in time series has the 
advantages to standardize them and to stabilize them (Greene, 
2005). 

4. Results Presentation 
The results will be presented in three phases. First, it will 

be about to indicate the production frontier estimation results, 
then to present the technical, allocative and economic 
efficiency scores and finally to bring out the determinants of 
Ivoirian enterprises efficiency. To obtain the estimation 
results of the production frontier, we resorted to the 
maximum likelihood method applied by the program 
Frontier 4.1. The production frontier estimation results 
specified in equation (3) are presented in table 3. 

Table n 1.  The average representatively of the firms panel covered sector 

The different sectors of activity Number of 
firms 

Added 
Value 

  (%) 
Agriculture and hunting 87 7 
Fishing and aquaculture 13 4 
Extractive activities 42 6 
Manufacturing activities 616 5 
Production and distribution of electricity, gas and water 43 5 
Construction and public works 165 6 
Trade, vehicles and domestic articles repairing 1984 13 
Hotels and restaurants 99 7 
Transports, activities of transport and communications helpers 457 8 
Financial activities 325 11 
Estate services, hires and services to enterprises 865 9 
Public administration activities 43 5 
Education 103 7 
Health and welfare activities 73 5 
Individual or group activities 85 4 
Household activities as employers of the domestic personnel 0 0 
Extraterritorial organizations activities 0 0 
TOTAL 5 000 100% 

Source: Financial Data Basis, INS (2011), Côte d’Ivoire. 

Table n 2.  Descriptive statistics of the variables of the production frontier 

Variables of the frontier Mean Minimum Maximum Std. Dev. 

Technical capital 6.38 e+09 254 980 1.55 e+11 6.45 e+09 

Capital productivity 51.32 135 68 626.05 974.81 

Employment level 62.56 5 11 457 338.64 

Work productivity 50.97 204 38 032.50 611.59 

Inputs volume 1.22 e+08 143 675 7.18 e+10 1.28 e+09 

In-service training 4.86 e+08 508 411 8.18 e+10 3.86 e+09 

Equipments and other infrastructures 1.71 e+08 198 236 8.47 e+10 1.50 e+09 

Source: Estimation from the statistics of the Financial Data Basis , INS (2011), Côte d’Ivoire. 
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Table n 3.  Parameters estimation of the stochastic production frontier 

Independent variables  Coefficients Values t-test 
    

Constant 0β  0.159 0.728 

Technical capital 1β  0.527* 0.407 

Capital productivity 2β  0.131*** 1.869 

Employment level 3β  0.054 0.517 

Work productivity 4β  0.242** 2.941 

Inputs volume 5β  0.503* 5.236 

In-service training 0β  0.177*** 1.642 

Equipments and other infrastructures 0β  0.321** 2.032 

Sigma squared 2σ  0.032*** 1.429 

Gamma γ  0.574** 2.516 

Eta   η  0.020 0.435 

Source : Estimation from the statistics of the Financial Data Basis, INS (2011), Côte d’Ivoire. 
(*) Significant at 1%, (**) Significant at 5%,  (***) Significant at 10% 

Table n 4.  The comparison of efficiency scores by sector  

The different sectors of activity Technical Allocative Economic 
 efficiency efficiency Efficiency 

    
Agriculture and hunting  0.981 0.635 0.623 
Fishing and aquaculture 0.829 0.522 0.433 
Extractive activities 0.912 0.835 0.762 
Manufacturing activities 0.853 0.651 0.555 
Production and distribution of electricity, gas and water 0.922 0.818 0.754 
Construction and public works 0.816 0.745 0.608 
Trade, vehicles and domestic articles repairing 0.632 0.633 0.400 
Hotels and restaurants 0.841 0.674 0.567 
Transports, activities of transport and communication helpers 0.870 0.496 0.432 
Financial activities 0.864 0.767 0.663 
Estate services, hires and services to enterprises 0.755 0.589 0.445 
Public administration activities 0.791 0.545 0.431 
Education 0.621 0.614 0.381 
Health and welfare activities 0.585 0.657 0.384 
Individual or group activities 0.578 0.672 0.388 
Household activities as employers of the domestic personnel 0 0 0 
Activities of extraterritorial organizations 0 0 0 
Maximum 0.981 0.835 0.761 
Minimum 0.578 0.496 0.381 
Mean 0.790 0.656 0.522 

Source : Estimation from the statistics of the Financial Data Basis, INS (2011), Côte d’Ivoire. 

Table n 5.  The estimation of the determinants of efficiency scores 

 Technical efficiency Allocative efficiency Economic efficiency 
Determinants coefficients t-test coefficients t-test coefficients t-test 
Constant 1.866* 7.542 0.338 1.602 4.876* 6.867 
TE 0.081* -3.444 0.352 1.432 0.155* 5.054 
EVI -0.637* -3.452 0.729** 2.453 0.632** 1.993 
FO 0.460* -4.098 -0.544 1.270 0.442*** 1.481 
VA -0.777* -3.763 0.864* 5.082 -0.717* 5.162 
AI -0.682* -3.644 -0.721 -1.408 -0.633* 4.352 
EN -0.983* -4.128 0.776* -4.633 0.857** 1.972 
DF -0.911* 3.902 0.809 -0.762 -0.892* 4.388 
TC 0.412 10-05** -1.568 -0.642 10-08** 1.274 0.543 10-09** -8.054 
R2 0.925 - 0.893 - 0.913 - 
Log likelihood 177 - 131 - 146 - 

Source : Estimation from the statistics of the Financial Data Basis, INS (2011), Côte d’Ivoire. 
(*) Significant at 1%, (**) Significant at 5%,  (***) Significant at 10% 

For a deeper analysis, we now consider the cost frontier as 
it was identified in equation (16). The dual cost frontier is 
derived from the frontier of stochastic production 
analytically. It permitted to estimate and to decompose the 
economic efficiency into two parts: technical and allocative 
efficiency. The results are presented per sector of activity in 

table 4. 
The cost frontier (16) estimation results inspire the 

following comments: none of the sectors of activity is 100% 
efficient. The scores of efficiency obtained permit to 
conclude that the sector « extractive activities » is the most 
efficient on the technical level and on the economical level as 



44  Wautabouna Ouattara:  Economic Efficiency Analysis in Côte d’Ivoire 
  

well. So, this sector valorizes more its productive resources 
than the others. Then, the sectors « production and 
distribution of electricity, gas and water », « construction 
and public works » and « financial activities » come by order 
of economic efficiency. Yet, the sectors which are less 
efficient are the sectors « fishing, pisciculture, aquaculture », 
« health activities and welfare » and « transports, activities 
of transport and communication helpers ». Globally over the 
period 2000 to 2010 with a panel of 5,000 enterprises, we can 
consider that the Ivorian economy is not efficient 
economically. The average score of the economic efficiency 
is 0.522. These results indicate that the scientific knowledge 
and the innovation that occurred locally are used to produce 
goods with some employments and some combinations of 
less efficient available inputs. The environment of 
sociopolitical instability has therefore disorganized the 
productive equipment and has got negative effects on the 
economic efficiency in Côte d’Ivoire. 

The results from Tobit model concerning technical, 
allocative and economic efficieny levels of the 15 sectors of 
activity are represented in table 5. We resort to Tobit model 
to take account of the truncated aspect (between 0 and 1) of 
the score of efficiency. We suppose, in this study, that the 
factors which affect the level of technical, allocative and 
economic efficiency are the following: the enterprise’s size 
measured by the personnel, the institutional environment, the 
organization’s form, the added value, the immobilized assets, 
the national saving, the financial debt and the annual 
unemployment rate. The institutional environment variable 
is a mute variable. It takes the value 0 between 2000 and 
2004 and the value 1 in 2005 and 2010. The figure 0 means 
that the sociopolitical environment is not stable and the 
figure 1 indicates that it is serene. These different values are 
in harmony with the variations of the risk-country index. The 
variable « organization form » related to the juridical 
structure of the enterprises will be considered as a mute 
variable too. It will take the value 1 for public companies and 
0 for the other forms of organization. 

Those factors effects on the efficiency level are estimated 
by the Tobit method regression with the software Shazam. It 
presents two advantages: its easiness of manipulation and the 
act that the truncated aspect of the score of efficiency which 
takes values included between 0 and 1 are taken into account. 
The model is: 

( , , , , , , , )it it it it it it it it itEFF f TE EVI FO VA AI EN DF TC=    (18) 

With t = 2000 to 2010, i = ET, EA, EE and 
ET representing the technical efficiency, EA indicating the 
allocative efficiency and EE being the economic efficiency. 
The results are indicated as follows: 

With regard to these results, we can affirm that the effects 
of the enterprise’s size, the institutional environment, the 
organization’s form, the national saving, the financial debts 
and the unemployment rate are statistically significant. A 
firm with a bigger size improves its technical, allocative and 
economic efficiency. It is the example of the great companies 
settled down in Côte d’Ivoire such as Unilever, Filtisac or 

Nestlé which are very well quoted at the Region Stock 
Exchange (BRVM). In the same way, an institutional 
environment more and more stable and credible favors the 
allocative and economic efficiency. This assertion is in 
conformity with the conclusion of Girod (2006). The results 
also show that the organization’s form is a factor that 
improves the technical and economical efficiency. The 
mobilization of the national saving constitutes a vector 
which improves the allocative and economic efficiency. This 
contribution of the saving to the global productivity has been 
analysed by many authors such as Alesina et al (3002) or 
DeMello et al (2004). 

The relationship between efficiency level and financial 
debt shows that the enterprises which are more in debt are 
technically and economically the less efficient ones. This 
explains itself by the fact that the weight of the contracted 
with some suppliers annihilates the efforts of strategic 
organization and of productive investments. An enterprise 
with the capacity to finance and another one which needs 
finances do not have the same strategic general policies. 
These questions of external debt efficiency have been 
recently dealt with by Loxley and Sackey (2008). The results 
they come to are identical to ours. Concerning the added 
value, it was a negative effect and is statistically significant 
on the level of technical and economic efficiency. This result 
indicates that an important volume of turnover or of the 
added value is not necessary the expression of a technical or 
economic efficiency. 

The relationship between the immobilized assets and the 
efficiency level is negative. Economically, this can be 
explained by the specific nature of the immobilized assets 
and the distortions of the price of these assets on the market 
where the price do not reflect the economic reality. 

The effect of the unemployment rate on the levels of 
efficiency is significant. So it is possible to argue that the 
structure of the employment is an essential determinant of 
the technical, allocative and economic efficiency levels. 
These results are in conformity with the analyses of Gabriel 
and Lebon (2004) dealing with the links between the 
unemployment level and the work market efficiency. In fact, 
while using a model of matching with differentiation of the 
qualifications, they show that the introduction of the 
minimum salary improves the workers appropriateness with 
the employments making the “bad” associations impossible 
and consequently improves the work market efficiency. 

On the whole, we can note that the Ivorian productive 
system has been disorganized by the sociopolitical crisis 
which intervened in September 2002. It partly justifies the 
economic inefficiency observed empirically. This 
inefficiency is essentially determined by the size of the 
enterprises, the institutional environment, the form of 
organization, the national saving, the financial debts and the 
level of employment. Some propositions for a better use of 
the resources can be made. 

5. Conclusions and Recommendations 
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Our analysis tried to understand and explain the 
determinants of the economic efficiency or economic 
inefficiency in Côte d’Ivoire. This study has its justification 
in the presence of sociopolitical crisis which established a 
sociopolitical instability and disorganized the production 
system. The additional effect of the use of the production 
factors which are not really rational and of the qualified 
manpower which immigrated towards other countries have 
probably had an influence on the economic efficiency. 
Therefore, some questions are to be put: is it possible to 
argue that the Ivorian enterprises are efficient economically? 
These are the questionable points. 

To answer them, we have used the data from the bank of 
financial data of INS. These data are related to 5,000 firms 
observe over the period from 2000 to 2010. The estimation 
of stochastic production frontier and the analysis of scores of 
efficiency have permitted to show that the production system 
is not efficient economically. Thus, the economic analysis 
has permitted to confirm the main research hypothesis. The 
results indicate that the gap between the observed production 
and the potential production is 20%. This important gap 
between the degrees of efficiency of the 15 sectors of activity 
shows that there are enormous possibilities to increase their 
efficiency. The estimation of a Tobit model has then 
permitted to identify the explanatory factors of the economic 
inefficiency. They are the size of enterprises, the institutional 
environment, the form of the organization, the national 
saving, the financial debts and the level of employment. 

On the bias of these results, some recommendations in 
terms of economic policies can be made. The lack of 
information about the movements of the populations linked 
to the sociopolitical instability does not permit us to argue 
that the qualified manpower which immigrated towards other 
countries has disorganized the productive system. 
Nevertheless, as the size of the enterprises is an explanatory 
factor of the economic inefficiency, we suggest that people 
who decide and managers give proof of a better mastery of 
the size of their personnel. That leads to a deep analysis of 
the recruitment policy and more adapted ergonomics. The 
results also indicate that the institutional environment has got 
some negative effects on the economic efficiency in Côte 
d’Ivoire. So the sociopolitical crisis has made the 
foundations of the economy fragile and has led to a non 
optimal combination of available inputs. At this stage, it 
seems appropriate to invite the political actors to keep on 
instauring a peaceful and stable climate in order to improve 
the efficiency of the enterprises settled down in Côte d’Ivoire. 
According to the results obtained, the national saving is a 
factor of economic inefficiency. So, we estimate that the 
government should continue to sensitise the populations 
about the validity of the mobilization of saving for a greater 
assistance to the enterprises. The efforts to grant financial aid 
are necessary in order to help the firms which hav a strong 
added value and which are job suppliers so as to improve the 
organization of their productive system. We remain 
convinced that the application of all these proposals will 
contribute to a better use of the resources. 

 

REFERENCES 
[1] Aigner D.J., Lovell C.A.K. and P. Schmidt (1977), 

« Formulation and estimation of stochasticfrontier function 
models », Journal of econometrics, 6(1): 21 – 37 

[2] Ajibefun L.A. and A.G. Daramola (2003), « Determinants of 
technical and allocativeefficiency of micro-entreprises: 
firm-level evidence from Nigeria », African development 
review, 15(2-3): 33 – 395 

[3] Albouchi L., Bachta M.S. and F. Jacquet (2005), « Estimation 
et décomposition de l’efficacitééconomique des zones 
irriguées pour mieux gérer les inefficacités existantes », In 
Bachta M.S. (éds.) « Les instruments économiques et la 
modernisation des périmètres irrigués », Actes du séminaire 
Euro Méditerranéen, pp. 1 – 19 

[4] Alesina A.S., Ardagna S., Perotti R. and F. Schiantarelli 
(2002), « Fiscal policy, profits andinvestment », American 
economic review, 92(3): 571 – 589 

[5] Ali M and J.C. Flinn (1989), « Profit efficiency among 
basmati rice producers in Pakistan Punjab. American journal 
of agricultural economics, 71(2): 303 – 310 

[6] Amara N. and R. Robert (2000), « Mesure de l’efficacité 
technique : revue de la littérature»,Centre de recherche en 
économie agro-alimentaire (CREA), Série recherche 00.07, 
32 p 

[7] Atkinson E.S. and C. Cornwell (1994), « Estimation of output 
and input technical efficiency using a flexible functional form 
and panel data », International economic review, 35(1): 245 – 
255 

[8] Balk B.M. (2003), « The residual: on monitoring and 
benchmarking firms, industrial andeconomies with respect to 
productivity », Journal of productivity analysis, 20(1): 5 – 47 

[9] Battese G.E. and T.J. Coelli (1992), « Frontier production 
functions, technical efficiency and panel data: with 
application to Paddy farmers in India », Journal of 
productivity analysis, 3(1-2): 153 – 169 

[10] Briec W, Comes C. and K. Kerstens (2006), « Temporal 
technical and profit efficiency measurement : definitions, 
duality and aggregation results », International journal of 
production economics, 103(1): 48 – 63 

[11] Coelli T.J. (1996), « A guide to frontier version 4.1: a 
computer program for frontier function estimation. Centre for 
efficiency and productivity analysis, Working paper 96/07, 
Department of econometrics, University of New England, 
Armidale 

[12] Coelli T., Prasada R. and G.E. Battese (1998), « An 
introduction to efficiency and productivity analysis », Kluwer 
academic publishers, Boston 

[13] De Mello L., Kongrud P.M. and R.W.R. Price (2004), « 
Saving behavior and effectiveness of fiscal policy », OECD 
working papers, n° 397, p. 39 

[14] Debreu G. (1951), « The coefficient of resource utilization », 
Econometrica, 19(3): 273 – 292 

[15] Farrell M.J. (1957), « The measurement of productive 



46  Wautabouna Ouattara:  Economic Efficiency Analysis in Côte d’Ivoire 
  

efficiency », Journal of the royal statiscal society, Série A, 
120(3): 253 – 290 

[16] Ferriera J.T.A. and M.F.J. Steel (2007), « Model comparison 
of coordinate free multivariate skewed distribution with an 
application to stochastic frontiers », Journal of econometrics, 
137(2): 641 – 673 

[17] Girod J. (2006), « Les modes d’organisation de l’industrie 
électrique et nouveaux arrangements contractuels », Liaison 
énergie francophonie, 73 : 15 – 18 

[18] Goaïed M. and R. Ben Ayed-Mouelhi (2000), « Efficiency 
measurement with unbalanced Panel data : evidence from 
Tunisian textile, clothing and leather industries », Journal of 
productivity analysis, 13(3): 249 – 262 

[19] Gavrel F. and I. Lebon (2008), « Salaire minimum, 
allocations chômage et efficacité du Marché du travail », 
Recherches économiques de Louvain, 74(1) : 53 – 75 

[20] Greene W.H. (2005), « Econométrie », 5ème édition, Pearson 
Education, Paris. Koopmans T.C. (1951), « Activity analysis 
of production and allocation », New York, John Wiley and 
Sons, Inc 

[21] Kumbhakar S.C. and C.A.K. Lovell (2000), « Stochastic 
frontier analysis: an econometric approach », Cambridge 
university press, Cambridge 

[22] Leleu H. (2006), « A linear programming framework for free 
disposal hull technologies and cost functions : primal and 
dual models », European journal of operational research, 
168(2): 340 – 344 

[23] Lesueur J.Y and P. Patrick (1998), « Efficience technique et 
incitations managériales dans l’industrie ivoirienne: 
estimation de frontières de production sur données de panel », 
Revue économique, 49(2): 469 – 485 

[24] Lesueur J.Y. and P. Patrick (1995), « Efficience technique du 
secteur manufacturier ivoirien: estimation d’une frontière de 
production stochastique sur données de panel », Région et 
développement, 2: 1 – 21 

[25] Lovell C.A.K. (2000), « Measurement efficiency in the public 
sector », in : J.L.T. Blank (ed) « Public provision and 

performance: contribution from efficiency and productivity 
measurement », Amsterdam, Elsevier, pp. 23 – 53 

[26] Loxley J. and H.A. Sackey (2008), « Aid effectiveness in 
Africa », African development review, 20(2): 163 – 199 

[27] Meeusen W. and J. Van den Broeck (1977), « Efficiency 
estimation from Cobb-Douglas production functions with 
composed error », International economic review, 18(2): 435 
– 444 

[28] Murillo Zamorano L.R. (2004), « Economic efficiency and 
frontier techniques », Journal of economic surveys, 18(1): 33 
– 77 

[29] N’Gbo A.G.M. (1994), « L’efficacité productive des scop 
françaises: estimation et simulation à partir d’une frontière de 
production stochastique. », Revue économique, 45(1): 115 – 
128 

[30] N’Gbo A.G.M. (1991), « On frontier choice in technical 
efficiency analysis », Cahier 91/01 CIRIEC, Université de 
Liège, Belgique 

[31] Nuama E. (2006), « Mesure de l’efficacité technique des 
agriculteurs de cultures de vivrières en Côte d’Ivoire », Revue 
ivoirienne des sciences économiques et de gestion, 296 
(nov-dec) : 39 – 53 

[32] Nuama (2002), «  Efficacité technique dans la presse écrite 
en Côte d’Ivoire: mesure par la méthode DEA », Revue 
ivoirienne des sciences économiques et de gestion, 8(1): 65 – 
79 

[33] Rodriguez-Alvarez A., Tovar B. and L. Trujillo (2007), « 
Firm and time varying technical And allocative efficiency: an 
application to port handling firms », International journal of  
production economics, 109(1-2): 149 – 161 

[34] Schmidt P. and C.A.K. Lovell (1979), « Estimating technical 
and allocative inefficiency retative to stochastic production 
and cost frontiers », Journal of econometrics, 19(3): 343 – 
366 

[35] Schmidt P and R.C. Sickles (1984), « Production frontiers and 
panel data », Journal of Business and economic statistics, 2(4): 
367 – 374 

 


	1. Introduction
	2. Concepts and Efficiency Evaluation Methods
	2.1. Concepts of Efficiency
	2.2. Efficiency Estimation Methods
	2.3. Efficiency Determinants

	3. Frontier Model and Ivorian Firms Data
	3.1. The Frontier Model
	3.2. The Economic Efficiency Scores
	3.3. Analysis of Ivoirian Firms Data and the Variables

	4. Results Presentation
	5. Conclusions and Recommendations

