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Abstract 

Technical, allocative and economic efficiency measures are deri ved Jor a sample oj 73 Jood 

processing firms in Ethiopia. A switching regression model was used to examine potential 

selectivity bias for private and public owned firms . A three separated Stochastic Production 

Frontier (SPFs) and Cost Junctions corrected Jor selectivity bias were estimated for each 

group. The stochastic [rontier Cobb Douglas production and cost Junction model was used to 

measure the firm-level efficiency differential between private and public owned food 

processing firms alld to predict the firm level technical, economic and allocative efficiencies. 

The predicted technical efficiency and economic efficiency are the basis for estimating 

a/locative efficiency oJprivate and publiciirms under the study. 

The result olthe allalysis indicate that presence oj technical inefficiencv alld cost in~/ficiellcy 

efFects in food processing .firms in general and in the 1)I{biic ./iJOd IJroeessillg finll s in 

particular, lvhich realized by the sigllifical1l estillJated gamllla cae{/Ieiellt .\' alld thl' 

generalized likelihood ratio tes/. The main results indicate that firms 'with private ownership 

show statistically higher average IE than those with public ownership. The estimated mean 

technical and economic efficiencies obtained f rom SPFs and cost Junction were higher for 

private food processing finns than their counterparts. Mareover the results indicate that mean 

technical efficiency levels affirms in the sector difFer profoundly .fiom the 56 percent 28 

percent respectively for private and public firl1l s. This proves the fact that there is a wide 1'00111 

for improvement. More precisely, on the average, output can be expallded by as much as 44 

and 72 percent il appropriate measures are taken to illJProve the technical ~/Jiciency. The 

impact of privatization on TE was analyzed and found positi ve and have significallt eJfect 011 

efficiency. Based on the resuits of the study, in order to promote eificient utilization of input 

resources, the government should speed up the privatization process and transfer the public 

firms in to private hands. 

Vl 
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I. Introduction 

Ethi opia ' s econom y is heavily dependent on agri culture. 11 accounts for abou t half of G DP, 

90% of ex ports, and 85% of total employment. Eth iopia stands third in the worl d and first in 

Sub-Saharan Africa in te rms of the share of GOP that stems from agricu lture (Block, 1999). 

Coffee generates 53% of the export revenues with t 'chat second and oth er ex port commodities 

includes oilseeds, horticultural crops, li vestock, and the ir prod ucts (EEPA, 2002). 

Food manufacturers are finns that transform animal, vegetab le. o r marine materi al into 

intermed iate or edi ble products (Connor and Schiek ,1997) .As the dom inan t manufacturing 

sub-sector, the food processing industry includes 9 industri al groups consisting of 200 

factories (26%) with a total paid-up capital of Birr 2.5 bi llion (44%) and 19,000 employees 

(20%) of the total share of the manufacturin g sector. Comprising onl y 18% of the total number 

of food factories, the public food factories dominate the sub-sector with 83% of total paid-up 

capital, 76% of GYP and 7 1 % of employment. Foreign capital in the sub-sector, on the other 

hand , constitutes only 5.3% (EEA, 2007) . 

The food factories are located in close proximity to major urban centers such as Addi s 

Ababa, Nazareth and Dire Dawa. Product lines include frozen , chill ed and canned meats; 

pasteurized milk, bulter and cheese; canned and fresh fruits and vegetabl e products; crude 

and refi ned edibl e oi l; fl our and bakery products, including spaghett i and macaroni ; animal 

feeds; and sugar and sugar confecti oner. 



The quality of these products are generally satisfactory, although the technology used tends 

to be largely old, with capacity utili zation in the sub-sector averaging 58%. 

Sugar processing; grain mill and bakery products industry; and meat, vegetabl e and fruit 

processing industries are th e largest food industri es, in that order. The sugar industry alone 

generates over 47% of the GYP and 35% of employment of the whole food-processing sub­

sector (UNIDO, 2001). 

Low level of investment, due to negligible domestic saving and limited external resource 

flows, hampered development efforts throughout the economy (UNIDO, 1991 ). 

Consequentl y, the contribution of the manufacturing sector to gross domesti c product is the 

lowest in the world (Befekadu and Berhanu, 1999/200) . 

The concept of efficiency is at the core of economic theory. The theory of producti on 

economics is concerned with optimizati on, and optimi zation implies effici ency (Baum ol, 

1977).The measurement of efficiency' has remained an area of important research both in 

developed and developing countries, especially in developing economies, where resources are 

meager and opportunities for developing and adopting better technologies are dwindling 

(Bedasa and Kri shnamoorthy, 1997). 

Promoting econom ic efficiency at firm level under the ex isting technology is very important to 

enhance the contributions of the sector to national economy. Actuall y, ineffi ciency is costly 

1 Technical, allocative and economic effici ency 
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both to the producing units and to the society at largc . I-/ence, identi fying the ex tent or 

inefficiency and the factors that contribute to it is of a paramount importance. 

Such information is useful for formulating appropriate polic ies and for reducing the level of 

economic inefficiency (Huang and Bagi, 1984). 

An empiri cal stud y pointed out that the industrial sector of Ethi opia has not been generall y 

efficient and effi c iency is a major problem of state owned industri es in general and textile 

industries in particular in Ethiopia (Gezahegn , 1987, Picket 199 1). 

However, despite the critical importance of efficiency to the Ethiopian manufacturing industry 

in general, food processing industry in particular, there are hardly any studies of an analyti cal 

nature whi ch examines the economic differences between private and public food processing 

firms. 

The development of the food processing industry in Ethiopia has to be viewed in the contex t 

of the low level of development of the industri al sector in general and the manufacturing 

components of the sector in particular. In Ethiopia, the share of the industri al secto r to GOP is 

a mere 11.2 %, compared to Ethiopia's subsistence agriculture which domin ates the Ethiopian 

economy wi th a contribution of GOP of 44.8 %. Among industrial sectors ,the manufactu rin g 

sector ,at constant factor cost of 1980/8 1,contributed on ly 6.3 % to GOP including large and 

med ium manufacturing industry (CSA,2001 ).The large and medium scale food process ing 

industry accounted for about 29% of the total gross val ue of production of the large and 

medi um scale manufacturing industry(LMSM),consti tuting the largest share among thi s class 

of manufacturing industry in the country. 
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More significantly ,the rel ati ve contribution the large and medium scale food industry to the 

total value-added of the large and medium scale manufacturing sector IS 

38%(UNIDO,200 I ).The large and medium scale manufacturing industry is the most imp011alll 

group among manufacturing industries ,accounting for more than two-thirds o f the gross value 

of the manufacturing sub- sector (EEA, 1999/2000).These facts indicate that the food 

process ing industry plays an important role in the relati vely under developed industrial andlor 

manufacturing sector of the Ethiopian economy. 

In spite of its potential positi ve contributions to the economy, the Ethiopian food process ing 

industry is not well developed. The growin g demand for processed products is not being 

satisfied with the current production level of domesti c finns .To close the gap between thc 

domestic demand for processed food and supply of processed food products, it is imperative to 

increase domestic production through enhancing effi ciency. 

Domestic production level may be increased by increasing the number of domestic firms or by 

increasing the capacity of the a lready existing finns. However, due to the scarcity of 

resources, which are necessary for establishing new enterpri ses, one should look for 

alternative and more plausible strategies. Improving the economic efficiency of firms is, 

therefore, the first best step to be adopted. 

The contribution of increased level of output can be enhanced if the efficiency of firms can be 

improved with the existing level of input uti li zation and available technology. Avai lable 

ev idence shows that little attention has been given to a systematic analys is of the efficiency of 

resource use in the Ethiopian food processing industry. 
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Therefore , thi s study can be considered as a step fo rward towards bridging thi s gap by using 

switching regress ion model with general objecti ve of analyze the economic e ffi ciency 

diffe rences between pri vate and public food process ing finn s in Eth iopia,. 

The specific objecti ves of the stud y are: 

I. To measure the firm-level effi ciency differential between pri vate and public owned 

food processing firms 

II . To identify important factors causing effi ciency differential s between private finns and 

public firm s in food process ing industry. 

III . To draw policy implications based on effi c iency estimates o f Food processing industry 

in Ethiopia. 

An appropriate research questions specifi c to efficiency diffe rences be tween private ancl 

public food process ing firms in Ethiopian food processing industry are: 

I. There is no systematic significant difference between pu bli c and private operators in 

terms of efficiency 

II. What are the determinants of Economic effi c iency in food processing industry in 

Ethiopia? 

Developing economies can benefit much from efficie ncy studi es that show the poss ibility o r 

increasing producti vity by improving efficiency without increasing the reso urce base or 

developing new technologies . 

Measurements of the extent and determinants of efficiency indicate whi ch aspects of finn 

characteri stics can be addressed by publi c or private investment to improve effi c iency. 
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Such study helps to know whether it is poss ible to rai se producti vity by improving firm 

efficiency or to develop new technologies to rai se producti vi ty. Thus by analyzi ng thc 

efficiency differenti al between private and public firms, it is expected to ge nerate pertinent 

information for different stakeholders and give appropriate poli cy recommendations designed 

to increase effici ency in the indicated industry. 

Though the anal ys is of economic effi ciency of a firm encompasses th e subsequent effect of 

many years data thi s study is limited onl y to six years firm level data, as there is no enough 

data beyond these years .The study limited on secondary data prepared by Central Statistical 

Authority (CS A).The study is also limited to the analysi s of economic effi ciency of the solid 

food processing firms. Other liquid food process ing firms are not included in the estimation of 

efficienc y .Despite these limitations, the study is expected to generate valuable information. 

The rest of the paper is organized as fo llows. Section two deal s with the review of theoreti cal 

and empiri cal literature . Section three presents the methodology used in thi s study. Section 

four presents and discusses the results of the study. Fi nall y section five summarizes, concludes 

the main empiri cal findings and draws appropriate recommendations. 
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II. Literature Review 

2.1. Efficiency 

Effic iency measurement has received considerable attention from both th eoreti cal and app lied 

economists. From a theoretical point of view, there has been a spirited exchange about the 

relative importance of the various components of firm efficiency (Leibenstei n , 1966). From an 

appli ed perspective, measuring efficiency is important because thi s is the first step in a process 

that might lead to substanti al resource savings. These resource savi ngs have important 

impli cations for both policy formulation and firm management. 

The current interest in efficiency measurement finds its origin in a pioneering paper publi shed 

by M. J. Farrell over thirty years ago. The approach proposed by Farrell distinguis hes between 

technical and allocative efficiency where the former refers to the abili ty of prod uci ng a given 

level of output with a minimum quantity of inputs, given technology. /I. firm is technically 

efficient if it produces the maximum obtai nab le level of output from a certain amount of 

inputs, given its technology .A finn is allocative efficient if production inputs are allocated 

according to their relative prices. Economic efficiency (EE) is the degree of ability of a firm to 

produce a given level of output at least cost. Economic or total efficiency is the product of 

technical and allocati ve effi ciency (Farrell, 1957). 

Given the technology, technical efficiency is the ability of a firm to produce on producti on 

fro nti er. Any feasi ble points be low the frontier line are all technicall y inefficient ; however, 

tech nical efficiency accounts for o nl y phys ical inputs and outputs and does not account for 
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price of inputs and outputs, whi ch deals with allocative effi ciency. All ocati vc cffi cicncy (AE) 

is the ability of a fi rm to produce a given level of o utput using cost minimizing input ratios. 

A 

S' 

0
'---------"'---- X,/y 

A' 

Figure I Technical and allocati ve efficiencies 

Source; eoell; et al (1998), Fekadu,(2004) 

Knowledge of a unit isoquant of fully effi cient finns represented by SS ' , in Figure 1, permits 

the meas urement o f efficiency. If a given firm uses qu antiti es of inputs defined by the point P 

to produce a unit of output, the techni cal efficiency of that firm could be represented by the 

di stance QP, whi ch is the amount by which all resources could be proporti onall y redu cecl 

without a reducti on in output. This is usuall y expressed in percentage term by the ratio of 

QP , which represents the percentage by whi ch all inputs need to be redu ced to achievc 
OP 

technically efficient production. 

The technical efficiency is most commonly measured by the ratio 

TE= OQ. 
OP 

(2. 1) Which is equal to one minus QP 
OP 
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If the input price ratio, represented by the isocost line, AA', is also known, allocati vc 

efficiency (AE) of a finn operating at point P cou ld be measured as the ratio 

OR 
AE= - ...... . . . ..... . ...... . (2.2) 

OQ 

Since the distance RQ represents the reduction in production costs that wou ld occur if 

production were to occur at the allocative (and technically) efficient point Q', instead of at the 

technically efficient but allocative inefficient, point Q. The product of the technica l efficiency 

and allocative efficiency provides the measurement of overall economic efficiency, that is, 

EE = TE * AE = OQ 
OP 

'" OR 
OQ 

........ . .. . ...... (2 .3) 

Economic efficiency combines technical and allocative efficiency. It is poss ib le for a firm to 

have either technical or allocative efficiency without having economic effi ciency. Technical 

and allocative efficiency are necessary, and when they occur together, are sufficient conditi ons 

for achieving economic efficiency (Yotopoulos and Nuggent, 1976). 

2.2. Approaches of Efficiency Measurement 

Many empirical studies of efficiency were devoted in analyzing what impact a given mode l 

specification has on the efficiency measurements. Various issues pertaining to model 

specification are still debati ng. The selection of specific frontier model depends upon many 

considerations such as the type of data, cross-sectiona l or panel data, the underlying 

behavioral assumptions of finns, the relevance to consider and extent of noise in the data and 

the objective of the study. 
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2.2.1. Non-parametric frontier models 

One method of analyzing effici ency, which has been used in empiri cal studi es, IS non­

parametric method. Any non-parametric model as opposed to parametric models doesn' t 

require assumption as to the di stributional behavior of the popu lation. The principal and most 

commonly used model in the analys is of efficiency is data envelopment analysis (DEA). Thc 

DEA frontier is non-parametric, non-stochastic s ince it does not impose any a priori 

parametric restrictions on the underlying frontier technology (because doesn't necess itate any 

functional form to be specifi ed for the frontier methodology) and doesn' t require any 

distributional ass umption for the technical ineffic iency term. Therefore, the method avoids the 

imposition of unwarranted structures on both the frontier technology and the inefficiency 

component that might create di stortion in the measurement of e fficiency. The minimum 

assumptions required for th is DEA front ier methodo logy are monotoni city and convexi ty of 

the efficient fro ntier (Banker et aI. , 1984). 

In addition to this, it does not require any distributi onal form to the inefficiency e Ffects; it is 

constructed from the observed input-output ratios using linear programming techniques. 

Farrell's model, which is known as a deterministic nonparametric frontier (Forsund , Lovell 

and Schmidt)attributes any deviation from the frontier to ineffi ciency and imposes no 

functional form on the data, Several ex tensions of Farrell' s determini stic mode l have been 

made by Aigner and Chu, Timmer, Afriat, Richmond, Schmidt (1976) , and Greene, among 

others. A deficiency characterizing all determini sti c fronti er models is their sensiti vity to 

extreme observations. 
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Coelli et al. ( 1998) summari zed the followi ng ad vantages of DEA; It can handle multipl e 

inpu ts and mu ltiple outputs, it doesn' t require an assumption of a fun cti onal form relating 

input to outputs, it doesn ' t req uire a priori assumption with regard to the di stribut ion of in 

efficiency parameter as in the case of parametric frontier model s and it is un it invariant. 

However, there are al so many drawbacks that are re lated to DEA. The main critici sm of DEA 

is that it assumes all deviations from the frontier are due to inefficiency. Due to this, non-

parametric frontier methodology may overstate inefficiencies and hence outliers may have 

profound effect on the magnitude of inefficiency (Llewelyn and Willi ams, 1996). 

The other drawback of DEA is that it is not poss ible to test the hypotheses regardi ng the 

ex istence of inefficiency and the structure of the prod ucti on techno logy th at were poss ible in 

stochastic production frontie r analysis. Moreover, Neff et aI. , ( 1993) noted that man y of th e 

observations in non-parametri c frontier method are self-referencing and hence the method is 

unabl e to form a reference technology that includes other finn s. 

Generally most researchers, among others Coell i et al. ( 1998) , Mohammad and Prcmachandra 

(2003) , Aj ibefun (2002), Parikh and Shan (1996) and others agree that stochastic frontiers arc 

likely to be more appropriate than DEA . 

2.2.2. Parametric Frontier Model 

With regard to fu ncti onal forms, Coe lli et al. (1998) discussed three common functi onal form s 

namely Cobb-Douglas, translog and Zellner-Revankar generali zed production fun cti ons. Each 

functional form has its own strength and shortcomings . Thc Cobb-Douglas fun ctiona l form 

has been commo nl y used in the empiri cal estimation of fron ti er models. Its s implici ty is a very 

attractive feature. 

I I 

~. 
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This simplicity however, is associated with a number of rcstrictive features like constant 

elas tic ties, constant return to sca le for all firms and elas tic ity of substitution are equal to one. 

On the other hand, the trans log functi onal form imposes no restrictions upon returns to scale 

or substituti on possibiliti es and the Zellner-Revankar fo rm removes the return to scale 

restriction. However, these functional forms are suscepti ble to multi co lineari ty and degree of 

freedom problem (Coelli et aI. , 1998). Battese and Broca (1996) po inted out th at Cobb­

Douglas and Translog are the two most common functional forms that have been used in 

empirical studies on production , includi ng frontier analys is. Thi am et al. (200 I ) in thei r meta­

anal ys is of empirical technical effi c iency studies in developing countries fo und th at the Cobb­

Douglas fu ncti onal form yield significantl y lower average technical efficiency indices than 

those relying on the translog specification, which implies that more res tri cted functi onal forms 

lead to lower average estimates. 

In parametri c methods to fronti er estimati on, the fron tier is represented through a functional 

form (e.g. a Cobb- Douglas or a Translog) derived with econometric techniques (G reene, 1993). 

Within the parametri c methods, it is poss ible to di stin gui sh between the determini st ic (A igner 

and Chu , 1968; Gabrie lson, 1975) and stochas tic (A igner, Lovell and Schmidt, 1977) 

approaches to frontier estimation. 

Deterministic techniques do not accommodate for stochasti c shocks to prod uction and cost, 

and therefore dev iati ons from the fronti er are entirely attributed to ineffi c iency. This stron g 

ass umption has induced econometricians to abandon deterministi c fron tie rs as a useful model 

for efficiency measurement in favor of stochastic frontier models. In thi s case, each producer 
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faces a production fro ntier whi ch is random ly placed by the whole coll ecti on of stochastic 

shocks outside hi s/her control 

A more recent approach for measuring effi ciency, whi ch seeks to ameliorate the ex treme 

observation problem, is the stochasti c fronti er model deve loped by Aigner, Lovell , and 

Schmid t, and by Meeusen and van den Broeck. The stochastic fronti er model assumes an error 

term with two additive components -a symmetric component which accounts for pure random 

factors, and a one-sided component which captures the effects of ineffi ciency relative to the 

stochastic frontier. A recent ex tens ion by 10ndrow et al. has so lved the prev ious inability of 

deriving individual firm effi c iency measures from stochastic frontiers. Farrell' s model all ows 

the computation of allocative, techni cal and, hence, of economic effic iency, but thi s 

computation is restri cted to a technology exhibiting constant returns to scale . 

Recent work by Kopp and Diewert, Akridge, Kumbhakar, and Schmidt and Love ll has led to 

alternati ve formulations of parametric models which relax the linear homogeneity restriction 

while enabling the calculation of the various efficiency indexes . The stochastic model 

formulation yields techni cal, allocati ve and economic effi ciency measures that are free from 

distortions, stemming from statistical noi se, inherent in determini sti c models. In additi on, the 

model makes poss ible a comprehensive effi ciency anal ys is re lying only on the econometric 

estimation of a production frontier, which is helpfu l because the firm -level price data required 

to estimate dual (cost or profit) models are often unavailable or inadequate (Qui ggin and Bui­

Lan). 
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III. Research Methodology 

3.1. Description of data and definition of variables. 

This study used secondary data on large and medium scale manufacturing and electricity industries 

coll ected by Central Stati stical Authority (CSA) as a part of an nua l surveys of large and 

medium scale manufacturing and electricity industri es. The data set has its own limitations . 

Enterprises either reported missing values, highly exaggerated figures or at times they could 

even become totally out of sight in the data set .As a result seventy three firms that have 

complete data in the study year were taken. The study used a panel data set for a period of six 

years (2002-2007). 

In thi s study a combination of purposive and random sampling techniques were used to draw 

the sample, accordin gly, a total of six firms out of seven from manufacture Production, 

process ing and preserving of meat, fruit and vegetable, fourteen finns out of twenty eight from 

manufacture of edible oil , two firms out of three fro m manufacture of dairy products, twenty 

firms out of seventy four from manufacture of flour, nineteen out of one hundred firm from 

manufacture of baker, five finns out of eleven from manufacture of sugar and confectionary, 

three out of six firms from manufacture of pasta and macaroni and four out of twelve finn s 

from manufacture of food NEC were selected. 

Variables used in the model defined as foll ow: 

Gross Value of Production: - includes the sales value of all products of the establishment. the net 

change of stocks between the beginning and end of the reference period in the value of fini shed 

goods and the value of semi finished goods, the value of industrial services rendered to others, the 

14 



value of goods bought and reso ld without any transfo rmati on or processing, and other rece ipts. 

The valuation of Gross Value of Production is in terms of producers' values where indirect taxes 

are included in the value of sales of the establishment and the value of subsidi es received is 

excluded. 

Raw Materials: - include all raw and aux iliary materials. parts and containers which are 

consu med during the reference year. The value of local raw material s is the value of loca ll y 

produced raw material s and is the cost at the factory which includes the purchase price, transport 

charges, taxes and other incidental costs. The value of imported raw materia ls is th e value of raw 

materi als produced in other cou ntries and obtained di rectly or from loca l source and is the cost at 

the factory which incl udes the purchase price, transp0l1 charges, taxes a nd other incidental costs. 

Industrial Cost: - Includes the cost of raw material s, fu els, and other supplies consumed, cost of 

industri al services rendered by others, cost of goods bought and resold without any transformati on 

or processing and cost of electricity consumed. 

Fixed Capital Assets : - are those with a producti ve life of one year or more which are intended 

for the use of the establi shment includ ing fi xed assets made by the establi shment 'S own labor force 

for its own use. They are valued in this report at book-value at the end of the reference year that is 

the net book value at the beginning, plus new capital expenditure minus those sold and disposed 

and depreciation during the reference year. 

Wages and Salaries : - includes all payments in cash or in kind made to employees duri ng the 

reference year in connection with the work done for the establishments. 

Paid -up Capita l: - is that part of the issued capital of an establishment that has been paid by the 

shareholders or the indi vidual owner. 
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3.2. Switching regression model 

In broad terms, a switching regress ion model corrects for self-selection bias by introducin g a 

set of self-selectivity variables into the production model (Daniel et ai, 2007). In doing so, the 

first step in thi s model is to determine factors influenci ng firms' in production of output. 

Consistent with Freeman el a/( 1998) the type of ownership can be determined by a criterion 

function, which is postulated to be associated with exogenous firms economic variables as 

follows: Ai = (j 'Zi + Uio """""""""" ,(3, I) where A is ownership type, i den otes firm s, Z is 

a vector of exogenous variable , i5 are the unknown parameters and Uio is the disturbance term, 

Petersen (200 1) indicates that to obtain robust results it is best to classify the dataset into a few 

broad groups, because defining severa l narrow groups may reduce significantl y the variation 

within subgroups tlluS affecting the statistical signifi cance of th e econometric estimates, 

Therefore, whole sample divided into two ownership type - Private and pub li c, 

By di viding the sample in two subgroups, the dependent variable can be redefined as a 

dichotomous variable (i,e, I for privatel y owned firm and 0 for public owned finns) and the 

parameters in Eq uation (3,1) can then be estimated as a Prabit model. The second step in the 

switching regression model is to estimate production functions for the two groups of firm s, 

Y I ; = ~ liX II + UI ;, if A is private"""" " """", (3 ,2) 

Y2; = ~2; X2; + U2; , if A is public"""""""""",(3,3) 

where Y I and Y2 represent output for firm s wi th private and public ownership type, 

respectively, XI and X2 are vectors of exogenous variabl es, B, and B2 are unknown parameters, 
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Maddala( I 983) indicates that estimating the unknown parameters P, and p" using OLS, yie ld, 

inconsistent estimates because the expected values of the error terms, condi ti onal on the 

sample selection criterion, are non-zero. In order to obtain unbiased estimates it is necessary to 

estimate equation (3. 1) - (3 .3) simultaneously using maximum likelihood techniques. 

The estimation of this system of equations using max imum likelihood is feasible but 

complicated. To simplify the estimation , Lee(J978) suggested that two step method where self 

selecti vity is treated as a miss ing variable problem .In thi s model the e rror terms are assumed 

to have ajoint- normal di stributi on with the following covariance matrix: 

0" ' 
, 2 

I 0" 12 0" 10 

Cov ( u, ,u" uo) = 
, , , 

lY 12 6 ; 0- 20 

, 2 , 
0" 10 0" 20 0" -

0 

where 0",' = var(u;) and O",'j = cov(u;, Uj) ,i*j 

Based on these assumptions, the expected values of the truncated error terms are equal to: 

_ I > ' - ¢(Z;o) -A=I ,) - E(u u _ Z 0) - r<" • - r<" W ...... .. ... (3.4) 
I " v 10 <I>(Z,o) v 10 I 

, -¢(Z,o) 
E = (u,1 A=o ,) = E(u ,lu" ~ Z 0) = (5' 0 . 

1- <I>(Z, 0) 
(5 w, .. · .. .... (3.S)where Z 20 _ 

and 8 are, respectively, the vector of exogenous variables and the estimated parameters from 

Equation (3. 1), ¢ and <I> are the probability density and the cumulati ve di stribution fu ncti ons. 
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Thus, consistent with Lee (1978), the revised system of equati ons can be depictcd as : 

Y" = p"X,; + 0"10 W, + 0 1, if A is private .... .. . . . (3 .6 .) 

where Wi and W2 are the self-selecti vity variables derived, res pecti vel y, in Equati ons (3.4) 

and (3 .5). The coeffi cients of these variables provide estimates of the covariance terms 0"10 

and , O",o ,if the co variances are non-zero then the estimation of Equati ons (3.2) and (3.3) 

would be biased due to self-selecti on. 

According to Sriboonchitta and Wiboonpongse (2004) the methodology descri bed above can 

al so be used to modify the stochasti c producti on frontier (SPF) model in order to estimate 

effi c ient parameters in the presence of self- selecti vity bias. 

The stochasti c Frontier production and cost moclels of Cobb-Douglas functional form is 

employed to estimate the finn - level technical. economic and allocativc erfic iencies of food 

processing industry in Eth iopia. As Ogundari (2006) indicated in his paper, the Cobb-Douglas 

Functional form is used because: the functional form has been widely used in firm efficiency 

for the developi ng and devclopcd cou ntries, the functional form meets thc requirement of 

being self-du al, all owing an examinati on of economic effi ciency and the functi onal form has a 

limited effec ts on em piri ca l efficiency measurement (Kopp and Smith , 1980). 
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The Cobb-Douglas production functiona l form which specifies the production technology of 

the Finns is expressed as follo ws: 

Yli = ~ I;X I; + 0"10 WI + VI; - Ji", if A is private ... ... .. ..... (3.8) 

Where Yi, represents the value of output, Xi' represents the quantit y of input used in fh e 

prod uc tion. The Vi'S are assumed to be independent and identicall y distribu ted random errors. 

having normal N (0, O'~ ) d istr ibution and independent of the Ui 's . The Uis arc techni cal 

ineffi c iency effects, which are ass umed to be non-negative trun cation of the half-normal 

distribution N (p, O'~ ) The techn ical effic iency of individ ual firm is defined in terms of the 

ratio of observed o utput to the corresponding frontiers output , conditional on the leve l of inpu t 

used by the firms. Hence the technical efficiency of the firm is ex pressed as 

TE - r;, -
. It - .-r:, 

....... (3 10) 

Where: Yi, is the observed output and r,; is the fronti ers output. 

The TE ranges between 0 and I . 

The correspondi ng cost fro nti er of Cobb- Douglas fun ctional form which is the basis of 

estimating firm level overall economi c efficiency is specifi ed as fol lows: 

C2i = a2i P2i + a 2In Y\, + "'" W + V2i - Ji , ,if A is publi c ........... (3. 12) v 20 2 _I 
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Where C;, represe nts the total input cost of the i'" fa rms In t'h ycar; Y ";, represents adjusted 

output for no ise; P;, represents input pri ces employed by the i'h finn in t'" year in food 

process ing finns and measured in birr ; a is the parameter to be estimated, V;,'s and U;,'s are 

random errors and assumed to be independent and identica ll y distribu ted tru ncations (at zero) 

of the N (fL, O'~ ) distribution. U;, prov ides information on the leve l of a ll ocat i ve e ffi c iency of 

I ·,h fi . th t l e 1 Hm 111 t year. 

The firm specific economic efficiency (EE) is defined in terms of the ratio of the predicted 

minimum cost (C;; ) to observed cost ( C;, ).That is: 

C" 
EE;, =-" = exp (U;,) ................. ............................ (3. 13) 

C;I 

Hence, economic efficiency ranges between zero and one. 

The stochastic fronti er fun cti ons (production and cost) are estimated through maximum 

li ke lihood methods. For thi s study, the computer program FRONTIER version 4 .1 c was used . 

However, it should be noted that thi s computer program estimates the cost effi ciency (CE), 

which is computed originally as the in verse o f equati on (3. 13). Hence, firm - level economic 

effi ciency (EE) was obtained using the relationship: EE = , that is EE is 
cos t efficency( CE) 

the in verse of CE(Ogundari and Ojo,2006). 
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3.3. Method of Data Analysis 

Descri ptive stat isti cs (mean and standard dev iati on) and stochastic fronti cr production and cost 

functi ons were used to an alyze dle economi c charac teri stics, tech ni cal and allocative 

efti ciency of the ti rms respectively. While the fi rm's eco nomic effic iencies estimated as the 

produ ct of TE and AE. 

The production technology of the tirms ass umed to be specifi ed by the Co bb-Douglas fronti er 

produc ti on fun c tion which is defined by: 

InY;t = ~o + ~dnX I;t + P21n X2; t + p, ln X);t + p, ln X4;t + ~5 1MR ; t + V;t - U;t. ..... .. (3.1 4) 

Where Y;t = Gross Value of Production (GVP) of it" firm at t th time pe riod measured in Bi rr. 

XI;t= Industrial cost measured in Birr , X2;t = labor in manday,X, ;, = Fixed cap ital measured in 

Birr and X4;, is quantity of raw material measured in kil ogram and IMR is In verse Mill s Rati o 

generated to treat selectivity bias. 

The Cobb-Douglas cost fro ntier fu ncti on for the food process ing fi rms specified and defined 

as fo ll ows: 

InC, = an + a I In Y\ , + a2InPz;, + a3InP,;, + a, InP4;t + a 5IMR;, + V;, + U;, ... .. (3. 15) 

Where C;, = total cost of production o f i'" firm at t'" time period measured in Birr; y ' ;, IS 

adjusted output for noi se ; P I;' = cost of labor (wage in birr): P';t = cost of capital (deprec iation 

in birr) ; 1'3;, =cost of raw materi als(in birr). 
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The tech nica l and cost ineffi ciency effects flit is defined by: 

/lit = 00 + I) IZ ,it + 02Z2it +0) 0 it + 1)4 I. .... ........ ........ . ........ (3. 16) where; 

fi . f I ·th f· th . . I Zlit represents Hm size o · t 1e I Irm at t tliTIe pen oe , whi ch IS number of permanent 

workers engaged. 

Zlit represents firm age of the it" firm at tth time peri od, whi ch is num ber of years of 

operation of the firm . 

represents pri vati zati on dumm y; where 0 

through pri vati zation and 0 = 0 for public. 

represents time period 

J if the firm transferred to pri vate 

S ize and age entered in the function because they affect TE o f firm in most cases and time is 

entered in the functi on to all ow for poss ible shifts in the fro nti er o ver time and the parameter 

in volving the input variables are assumed to be time- invari ant (Rebka, 2001 ). 

3.4. Log likelihood ratio test 

For thi s study, two different models were esti mated . Modell is the traditi o nal res ponse 

fu nction in which the inetf iciency effects are not present. It is a spec ial case of the stochastic 

fron tier producti on functi on model in whi ch the total vari ati on of output from the frontier 

out put due to techni cal inefficiency is zero, that is, y = O. Model 2 is the gene ral model where 

there is no restric tion and thus y > O. The two models were compared for the presence of 

techni ca l ineffi ciency effects usi ng the generali zed log like lihood rati o test whi ch is based on a 

comparison o f two max imum - likelihood estimators. generated by max imizing the constrained 

and unconstrained like lihood functions. 
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.... . , 
The statIstIcs IS asymptotIcally equal to chI -square (x-). 

X' ",I = -2{ In [L (Ho) - L (I-I,,)]} ....... ...... ........................ (3. 17) 

Ho is the null hypothesis that y = 0, impl yi ng there is no significant inefficiency difference 

among firms and the operation of the industry wou ld be better characterized by OLS . Thc 

alternati ve hypothesis: Ha > 0 is accepted in all three cases (Table 4) whi ch suggests that Tl is 

indeed stochastic. 

It is given as the value of the li keli hood function for the frontier model and 1-1" is the 

alternative hypothesi s that y > 0 for the general frontier model. 
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IV. Results and Discussion 

4.1 Descriptive statistics 

The descri pti ve statist ics of the vari ables for th e frontier estimation is presented in Table I and 

Table 2 .lt includes the sample mean, the standard deviation, and the minimum and maximum 

va lues for each of the variab les in Cobb Doug las production and cost function. Thc 

mean va lue of B irr 36774409.9, 1373 11 82 and 78429475 10, as total valLie production at 

market price was obtained in ALL(pri vate and public), private and pub li c firms respect ive ly. 

From the data analys is with a standard dev iation of Birr 89247689.2, 4038 123 1 and 

12956846 1, the large size of the standard deviation conforms to the fact that most firms 

operate at di fferent ly. 

Anal ys is of cost vari ab les of the firms shows that mean cos t of labor Birr 18 1608 1, 301 233.8 

and 4554460 accounts for All (pri vate and public), private and public finn s respectively. 

which shows that cost o f labor was hi ghest in publ ic firm s . Among cost of inputs used the 

mean cost of raw materia l accounts for 23795649, 13873407and 4 17320 in ALL (private and 

pub lic), pri vate and publi c fi nns respectively cost of raw material was the hi ghest cost than 

cost of labor and cost of capital in the ind icated thrcc mode ls. 

Variable representing the economic characteris tics of the firms employed in the analysis of the 

determinant of techn ica l, a ll ocative and economic efficiency includes; age o f the firm s, size, 

privatization and time. The average age of the 11rms was 30.62, 26.05 ancl 38.88 years in ALL 

(private and public) , pr ivate and pub lic fi nns respectively. T he average number of tota l 

permanent employees (s ize) of the fi nns was 147 .66 , 63.63 and 299.55 in ALL (private and 

public), private and public firms respect ively; meaning that o n average public firms absorbs 

large number of employees than private firms. 
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Table! Descriptive stati stic s result of Cobb Douglas production function 

All (Private and Public) 
Output Industrial Labor Fixed Raw Age Size Privatize Time 

Cost man day Capital material 
Mean 36774409.9 9128218 23744.9 9892249 8464513 30.6 147.7 0.10 3.5 

SD 89247689.2 18703614 44132.8 45544902 76806752 19.3 348.1 0.3 1.7 

Min 52000 8720.004 750 2348 38.2 6 10 0 

Max 622776000 1.45E+08 303000 69 1276608 113+09 78 2542 6 

Private 

Mean 13731182 3517402 11555.9 4865220 2909259 26.1 63.6 0.1 3.5 

SD 4038 1231 6123402 23308.76 12322869 21351495 18.2 166.4 0.4 1.7 

Min 67200 33039.9 750 2348 38.2 6 10 0 

Max 622776000 31892773 226500 112956331 316771782 78 2330 6 

Public 

Mean 78429475 19270847 45778.9 18979571 18506704 38.9 299.6 0 3.5 

SO 129568461 27522579 61215.9 73782864 1.25E+08 18.4 505.3 0 1.71 

Min 52000 8720 750 9201 553 .7 10 10 0 

Max 616046454 144770458 303000 691276608 113+09 78 2542 0 6 

Output, industrial cost and fixed capital are in birr, raw materi al in kg, age and time in year ,privatize is dummy. 
Source: own computation, (2009). Birr is an Ethiopian cun·ency. 
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Table 2 Descriptive statistics result of Cobb Douglas cost function 
All (Private and Public) 

Total Output Cost of Cost of Cost of Age Size Privatize Time 
Cost labor capital Raw Mat 

Mean 9128218.1 36774410 1816081 311 1571 23795649 30.6 147.7 0.2 3.5 

SO 18703613.8 89247689 6549183 27081009 59755040 19.3 348.1 0.4 1.7 

Min 8720.004213 52000 480 52 4968 6 10 0 

Max 144770458.3 622776000 71581959 547168668 950315345 78 2542 6 

Private 

Mean 3517402 13731182 301233.8 1170246 13873407 26.1 63.6 0.14 3.5 

SO 6123402 40381231 570020.1 3324473 59860459 18.2 166.4 0.4 1.7 

Min 33039.86 67200 480 52 11723 6 10 0 

Max 31892773 622776000 3876421 27425739 9503 15345 78 2330 1 6 

Public 

Mean 19270847 78429475 4554460 6620889 41732010 38.9 299.6 0 3.5 

SO 27522579 129568461 10421903 45037468 55388948 18.4 505.3 0 1.7 

Min 8720.004 52000 14880 531 4968 10 10 0 

Max 144770458 616046454 71581 959 547168668 313950464 78 2542 0 6 

Output, industrial cost and fixed capital are in birr, raw material in kg, age and time in year ,privatize is dummy. 
Source: own computation,(2009).Birr is an Ethiopian currency. 
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4.2. Econometric results 

4.2.1. First-stage: Pmbit model 

Table 3 presents the maximum-likelihood estimates of the Probit model. This table di splays 

the estimated coeffi cients along with their respective marginal effects (M Es). The MEs 

measure the change in the probability of ownership due to a one unit change of a specific 

explanatory vari able. The MEs for the dummy vari ables are estimated by taking the diffe rence 

between the value of the predi cti on when the exogenous variabl e equals I and when it equals 

O. By contrast, the MEs for the continuous vari ables are estimated as ME = <jl (0Z) 0, where <jl 

is the probability density functi on, Z is the vector of exogenous vari ables and ° are the 

estimated parameters ( Maddala ,1983). The MEs for both kinds of vari ables are measured at 

the mean value of the regresses. As shown in Table 3, the model correctl y predi cts ownership 

type to produce effi ciently for 82 per cent of the observati ons and the likelihood rati o test 

rejects the null hypothes is that all s lope coeffi cients are equal to zero at least at the 5 per cent 

level. The main result of the Probit model conformed pri vati zati on was pos iti ve anel 

signifi cant parameter. 

Table 3 First stage Probit model. 

Vari able Coeffic ient SE. Z P>IZI 

Constant 0 .61 0 .088 7.68 0.000 

Initial paid -0.00000000 I 0.000000004 -2.39 0.01 7 
up capital 

Pri vati zation 0.83 0.24 3.39 0.00 1 

Size -0.002 0.0003 -5.40 0.000 
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4.2.2. Second-stage: efficiency analysis 

In the second-stage estimates of the switching regression model used in thi s paper, thrcc 

different stochastic production function (SPFs) were estimated to evaluate the effect of 

ownership on efficiency di fferences among private and pub li c firm s. The Private and Public 

models analyze efficiency differenti al among firms, which incorporate the self se lecti vity 

variables (WI) and (W2) generated in the fi st-stage ana lysis as In verse Mill s Ratio both fo r 

private and public fi rms respecti vely. If there is no selecti vity bias then the parameters 

associated with WI and W2 wou ld not be statistically different from zero and direct estimation 

of the production model for each group (private and public) would be adequate (Freeman ef al. 

1998). For compari son, an SPF was also estimated for the entire sample (ALL). 

The null hypothesis: 1-10: y = 0, implying there is no signi ficant ineffi ciency difference among 

firms and the operation of the industry wou ld be better characteri zed by OLS is rejected .The 

alternative hypothes is :1-1" > 0 is accepted in all three cases (Table 4) whi ch suggests that Tl is 

indeed stochastic. 

Table 4 test of hypothesis for the ineffi ciency effect. 

Ho : y= o , 1-1 ,,: y>O 

Functions Models OLS MLE x' ,," X'(6)5% Decision 

Cobb Douglas ALL -892.04 -872.54 38.99 10.64 Rejection 

Production Function Private -558.06 -541.15 33.81 10.64 Rej ection 

Public -344.72 -3 17 .09 55.27 10.64 Rejection 

Cobb Douglas ALL -567.0 -554.76 24.48 10.64 Rejecti on 

Cost Function Private -361.58 -349.77 23.63 10.64 Rejection 

Public -220.75 -209.73 22.05 10.64 Rejection 

Source: Own computation (2009). 
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The va lues fo r cr 2 and yare reported in Tab le 5 and Table 6, the value of y fo r ALL, pri vate and 

public SPFs models are statisti call y signifi cant and ran ge from 0. 8977, 0.8385 to 0.9687 

respecti vely for Cobb Douglas production function and 0.53 , 0.72 and 0.9 12 fo r Cobb Douglas 

cost functi on, which indicates that ineffi ciency is an im portant contributor to the observcd 

output vari ability. The parameters for the self-selecti vity variables W I and W2 are stati sti call y 

signifi cant, which supports the estimation of the SPF using the switching regress ion approach. 

Furthermore, Fuglie and Bosch (1995) suggest that the signs of the parameters for W I and W2 

have important economic interpretations. 

Assuming profit maxi mi zation , these authors conclude that if these parameters display thc 

same sign, as is the case of Cobb Douglas production functi on, privately owned finns produce 

effi ciently than their counterpart. The results show that out of the 38 estimated coefficients in 

the three SPFs models 16, 10 and 2 are signifi cant at least at the 1,5 and 10 per cent level of 

significance. Both in pri vate and public SPF models 7 and 2 parameters are signi ficant at I 

and 5 percent level of significance respecti vely. In addition, 9 out of 38 of the estimated 

coeffi cients in the ALL SPF model 5, 4 are significant at I and 5 per cent level of significance. 

In general, most the estimated production elasti c ti es follow simi lar patterns in the three 

estimated models; however, their magnitudes d iffer. Table 6 shows that, as industria l cost 

increases by one percent the value of production increase by 9 ,8 and 16 percent in ALL, 

private and public SPFs models. The contribution of labor and quantity of raw materi al are 

positi ve and at least significant at 5 percent level in ALL and Private SPFs models but these 

variables contributes negati vely in the public SPF model. 
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In the case of Cobb Douglas cost fu nction only output and cost of raw materia l foll ow similar 

pattern which are positi ve and significance at I percent level of signifi cance, the rest arc 

mi xed both in their sign and significance. Table 4 shows 23 out of 38 estimated coefficients 

are signifi cant at least at 5 percent level of significance in the three SPFs models. Thc 

elasti cites coefficient of output and cost of raw material indicates a one percent increase of the 

value of output and the cost of raw material , the total cost of the firm increased by 0.14,0. 14 

and 0.15,0.26,0.55 and 0.29 percents respectively in ALL, private and public SPFs models. 

The effect of labor and cost of capital on total cost di splays mixed parameters in all estimated 

models. Moreover, the stati stical significance of these parameters vari es, for instance, the 

parameters for cost of labor is positive in ALL and public SPFs models. It is important to 

indicate that the effect of labor on output presents mi xed results in the li teratu re. For examplc, 

Kompas and Che (2006), report positive and signifi cant effects of labor on output among dairy 

producers in Australia. By contrast, no significant effect s are reported by Wadud and White 

(2000) in Bangladesh and Squires and Tabor (1991 ) in Indones ia. 
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Table 5 Cobb Douglas Stochastic Production Function 

All Private Publi c 

Variable Parameter Coef Coef Coef 

General Model 

Value of product 
at market price 

Constant /30 9.23 S. IS 16.36 

' ( 12.22) , (S.93) ' ( 10.2 1) 

Industrial Cost /3, 0.47 0.54 0.6S 

' (699) ' (6.23) ' (5.36) 

Labor (man day) /32 0.24 0. 15 -0. IS 

' (2.61 ) ( 1.36) (-0.92) 

Fixed Capital (birr) /33 0.03 007 -0.04 

(0.75) ( 1.39) ( -0.72) 

Quantity of raw 

Material /34 0.07 0.0 1 -0. 15 

(1.60) (0.26) ' ( 16.57) 

Inverse Mills Ratio /3 5 2. 14 1.69 

' (397) ' (5.0 1) 
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Inefficiency Model 

Constant 00 -25.12 -28.2 1 - I 3.43 

" ( -2.40) ' '(-2.06) "'(- 1 71) 

Age 0, -3.27 -0.39 -2.0 1 

(- 1.48) (-0.77) '''(- 1 88) 

Size 02 4. 19 4.1 2.38 

''(2. I 6) ' (8.88) " (2.49) 

Privatization 0, -6.97 - 1.14 -28.06 

" (- 163) ' ( -2.72) (-0.94) 

T ime o. 1.47 0.85 1.70 

,(3.25) " (2.4) ' (2 .96) 

Variance parameters 

Sigma-square , , , 20.89 12.83 16. I 3 0- = 0- ,+ 0- . 

" (2. 18) ' (2.86) ' (3.23) 

2 

Gamma Y= (7" 0.8977 0.8385 0.9687 
2 2 

(7" + (7" 

' ( 17.98) ' (15.53) ' (67 09) 

Log li kel ihood functio n llf -872.54 -54 1.15 -3 17.09 

Figures in parenthesis are t-ratio 

*. ** and *** Estimates are significant at 1%,5% and 10% level o f signifi cance respecti vely. 
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Table 6 Cobb Douglas Stochastic Cost Function. 

All Private Public 

Variable Parameter Coef Coef Coef 

General Model 

Total Cost 

Constant ao 0.43 0.87 -0.3 

(0.59) (0.8 1 ) ' (-2 .89) 

Va lue of product a, 0.14 0. 14 0.1 5 
at market price(birr) 

,(4.97) ' (3.6) ' (3.28) 

Cost of labor (birr) a2 0.66 -0.04 0.8 

,(14. 18) (- 1.37) ' (13.59) 

Cost of capi tal (birr) a J -0.05 0.30 -0.05 

" (-2 .2 1) ' (648) (- 105) 

Cost of raw material 
(birr) a. 0.26 0.55 0.29 

' (100) '(5.88) ' (7.72) 

Inverse Mills Ratio a5 0.43 -0. 89 

"'( 1 8 1) ' (-3.52) 
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In~fficiency Model 

Constant 00 2.44 1.37 4.23 

, (2.57) (0 .59) , (2.60) 

Age 0, -0.83 -0.87 -4.61 

(-1.16) ( -0.57) " (-2.3 1 ) 

Size 02 -0. 18 -0.2 1 1.55 

(-0 .77) (-0.74) " (2. 19) 

Privatization 03 -0.0044 - 1.12 0.66 

(-0.0 13) ( -0.76) (0.65) 

Time O. 0.18 0.32 -1.40 

(0.84) (0.4 7) **(-20) 

Variance parameters 

Sigma-square , , , 1.16 1.59 6.05 (J' = (J' .+ (J' • 

"'(182) (0.74) " (2 .25) 

2 

Gamma r= (5'" 0.53 0.72 0.9 12 
2 2 

(J ,. + (J'I/ 

'*(1 .99) " ( 1.91 ) '( 19.35) 

Log li kelihood function Il f -554.76 -349.77 -209.73 

Figures in parenthesis are t-ratio 

*, ** and *** Esti mates are significant at 1 %, 5% and 10% level of significance respecti vely 
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4.2.3. Technical efficiency, economic efficiency and a llocative elliciency analysis 

The technical e ffi c iency ana lys is of food process ing firms revealed that techni cal inefficiency 

effects ex isted in ALL, Pri vate and Publi c models as co nfirmed respecti vely by th e gamma 

value o f 0.8977, 0.8385 and 0.9687 which was signifi cant at I percent level (Table 5). 

Hence, 0 .8977, 0.8385 and 0.9687 implies that about 90, 84 and 97 percent vari at ion in the 

output of ALL, pri vate and publi c food processing Finns was du e to di ffe rences in thei r 

technical effi cienc ies. 

Table 5 also presents the inefficiency effects for the three models . Following common 

practi ce, the anal ys is is pe rfo rmed in terms of TE instead of TI whi ch is equi va lent to 

assuming that the inefficiency effects parameters di spl ay the opposite s ign as the one shown in 

Table 5. The parameters es timates fo r determinants of technica l e ffi c iency and cost efficiency 

were reported in the lower part of Table 5 and Table 6. The anal ys is of ineffici ency models 

shows that the signs and significance of the estim ated coeffic ient in the inefficiency model 

have important implication on the techn ical efficiency and cost efficiency of the firm s under 

the study. Based on this, variables in the inefficiency model age and pri vatization have 

negati ve coeffi cients in the public and pri vate model respecti vely, meaning that as the firm 

gets older both technical and cost efficiencies increases, the negati ve coeffi cients o f age was 

not consistent with Rebka(200 I ) and which means that as the finns age increase the TE al so 

increases, thi s is may be due to the fact that the e ffi ciency gain th rough experience. Thc 

negative coeffi cient of pri vati zation conform that transferrin g publ ic firms to private improves 

TE as it allow competition in the sector, thi s is consistent with Rebka(200 I ). 
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The variable size (the total number of permanent employees) has positi ve coeffi cient in the 

inefficiency model as in the lower part of Table 5 and Tab le 6, meaning that as the size of 

firm s increase the TE and CE decreases. The variable time has mi xed coefficient inTI model 

and Cl model, the positi ve coefficients of time in the former prevail that TE decreases throu gh 

the time under the study. 

The empirical resu lts presented in the form of graph (Figure 2) show that the average levels of 

TE are 0.5 1,0.56 and 0.28 for ALL, Private and Public models respect ively. Basecl on paired 

I-tests, the diffe rences among these means are stati sticall y different from zero suggesting that, 

on average, finns which owned privately exhibit hi gher TE than firms owned publicly. 

Figure 2 Mean effi ciency of ALL, Private ancl Public models 
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0.8 

0.6 

0.4 
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Source: Own computation (2009). 
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The economic efficiency anal ysis of food process ing firms revea led that th ere was presence of 

cost inefficiency effects as confi rmed by the signi ficance ga mma va luc 01' 0.53,0. 72 and 0.91 2 

at least at 5 percent level of signifi cance Cfable 5). This implies that about 53, 72 and 9 1 

percent variation in the total production cost is due to differences in their cost effi c iencies. The 

predicted economic efficiencies (EE) estimated as in verse of cost of efficiencies diffe rs 

substantially among the firm s, with a mean EE of 0.48, 0.43 and 0.26 in ALL, private and 

public model s respectively as presented in Figure 2. 

The predi cted allocat ive efficiencies d iffer substantiall y among thc finn s with the mcan AE of 

0.95,0.78 and 0.9 for ALL, private and publi c models respecti vely. 
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V. Summary, Conclusion and Recommendation 

This study has assessed the connection between the ownership of finns and firm s' TE, EE and 

AE by comparing two groups of firm , private and public food processing firms in Ethi opia. 

A switching regress ion approach was used to test for a systematic difference between the two 

groups, thi s approach corrects for the potential self-selectivity problem using a two-stage 

procedure. First, a Probit model is estimated to evaluate the variables affecting the ownership 

among the sampled firms and to derive self-selectivity variables (IMRs). These se lf-selecti vity 

variables are then introduced into two SPFs to compute unbiased estimators. 

The results can be summari zed as follows . First, the Probit model indicated that initi al paid up 

capital and size of fi rm playa negative and signifi cant role in determining ownership . By 

contrast, privatization plays a positi ve and significant effect on ownership, indi cating that 

firms to be owned privately have a hi gher probability th an to be owned publicly. In the second 

step a stochasti c effi c iency decompos ition fronti er analys is estimated to analyze the technical, 

economic and allocati ve efficiencies of food processing finn in Eth iopia. The analysis of 

pri vate firm s reveals an average level of technical, allocati ve and economic effi c iency eq ual to 

56 percent, 43 percent and 78 percent respecti vely and the anal ysis of public firms reveals an 

average level of technical, allocati ve and economic effi ciency equal to 28 percent, 26 percent 

and 90 percent respectively. 

Comparing the relati ve size of TE, AE and EE obtained from the anal ys is, wh ich is a clear 

indication that on average pri vate firms in the sample are technicall y, and economicall y 

effi cient than publi c firms. 
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An important conclusion stemming from the analys is is that overa ll econom ic erri c iency (EE) 

of food processing firm s could be improved substanti all y and that technical ineffi ciency 

constitutes a more serious problem than allocat ive inefficiency. Hence, it is of thi s view worth 

pointing out that despite the ro le hi gher efficiency levels can have o n output, producti vity 

gains stemming from privatization remain of criti cal importance in the Ethi opian food 

process ing sector. Therefore, efforts should be directed to speed up the ongoing process 01" 

pri vati zation of public food processing firms. 
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Appendices 

Appendixl. 

prob owner incpaid_up_captal privatiz size 

lteration 0: log likelihood = -285.2 1655 
Iteration I: log likelihood = -254.30503 
Iteration 2: log likelihood = -249.898 17 
Iteration 3: log likel ihood = -249.00534 
Iteration 4: log likelihood = -248.98262 
Iteration 5: log likelihood = -248.9826 I 

Probit regression Number of obs = 438 
LR chi 2(3) 
Prob > chi 2 

Log likeli hood = -248.98261 Pseudo R2 
owner Coef. Std. Err. z P>lzl 

inCpd_up_ -1.I0e-08 4.6 Ie-09 -2.39 
captal 
privatiz .8274577 .244439 3.39 
size -.0017228 .0003 188 -5.40 
cons .6056883 .0788905 7.68 -

Note: I failure and 0 successes completely determined. 

· predict p i , xb 

· gen phi=( I/sqrt(2* _pi»*exp( -(p 1"2/2» 

· gen capphi =norm(p I ) 

· gen invmills=phi/capphi 

· gen phii=-( I/sqrt(2*_pi» *exp( -(pi "2/2» 

· gen capphii=l-norm(p l) 

· gen invmill sB=phii /capphii 

· rep lace invmill s= 0 if ( owner==O) 
(156 real changes made) 

· replace invmil lsB= 0 if( owner== I) 
(282 real changes made) 

45 

= 72.47 
= 0.0000 
= 0.1270 

[95% ConI'. Interval] 

0.017 -2 .00e-08 - J.98e-09 

0.001 .3483659 1.306549 
0.000 -.0023477 -.00 10979 
0.000 .4510658 .7603109 



Appendix2. 

Output from the program FRONTIER (Version 4. 1 c) 

instruction file = terminal 

data file = ALLI.dta.txt 

Tech. Eff. Effects Frontier (see B&C 1993) 

The model is a production function 

The dependent variable is logged 

the ols estimates are: 

coefficient standard-error t-ratio 

beta 0 0. 11 816283E+02 0.73772359E+00 0. 160 17222E+02 

beta I 0.3121 1 996E+00 0.7061 3990E-OI 0.44200868E+0 1 

beta 2 0. 1 I 248075E+00 0.96947512E-OI 0.1 1602232E+0 1 

beta 3 0.5558 I 955E-02 0.40254435E-OI 0. 13807660E+00 

beta 4 0.73864323E-OI 0.45240015E-OI 0. 163272 1 OE+O I I 

sigma-squared 0.34792897E +0 I 

log likelihood function = -0.89203605E+03 
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the final mle estimates are : 

coeffi cient standard-error 

beta 0 0.923 I 3999E+0 1 0.75546830E+00 

beta I 0.47388540E+00 0.67752 121E-Ol 

beta 2 0.23555525E+00 0.90294146E-OI 

beta 3 0.247784 15E-Ol 0.32967236E-0 1 

beta 4 0.69210322E-Ol 0.43525059E-0 I 

delta 0 -0.25 1200 17E+02 0. 10452602E+02 

delta I -0.32708863E+0 I 0.22 106053E+0 I 

delta 2 0.4 1 865704E+0 1 0.19384703E+0 1 

delta 3 -0.69673202E+0 I 0.43005466E+0 I 

delta 4 0.1 46733 12E+0 1 0.452065 IOE+00 

sigma-squared 0.20888037E+02 0.958 179 1 OE+O I 

gamma 0.89768019E+00 0.49924279E-0 1 

log likelihood fu nction = -0. 87253679E+03 

LR test of the one-sided error = 0.38998533E+02 

with number of restrictions = 6 

[note that thi s statisti c has a mi xed chi -square di stri but ion) 

number of iterations = 30 

(maximum num ber of iterations set at : 100) 

number of cross-secti ons = 73 

number of ti me periods = 6 

total number of observations = 438 
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t- rat io 

0.122 1944 1 E+02 

0.69943995E+0 I 

0.26087544E+0 I 

0.75 160729E+00 

0. 15901258E+OI 

-0.24032309E+0 I 

-0. 14796338E+0 I 

0.2 1597290E+0 I 

-0. 1620 I 0 I I E+O I 

0.32458404E+0 I 

0.2 179972 1 E+O I 

0.17980834E+02 



Appendix3. 

Output from the program FRONTIER (Version 4. l c) 

instruction fi le = terminal 

data fi le = prv I .dta.txt 

Tech. Eff. Effects Frontier (see B&C 1993) 

The model is a production function 

The dependent variable is logged 

the ols estimates are: 

coefficient standard-error 

beta 0 0. 10937647E+02 0.87322237E+00 

beta I 0.42488324E+00 0.837 16947E-0 I 

beta 2 0. 1 I 14 142 1E+00 0.11 39082 1 E+OO 

beta 3 0.20 175335E-0 I 0.48649573E-0 I 

beta 4 0. 13365006E-0 I 0.52454234E-0 I 

beta 5 -0.1640708IE+00 0.45333792E+00 

sigma-squared 0.313 14326E+0 I 

log likelihood fu ncti on = -0.55805846E+03 

the final m1e estimates are: 

beta 0 

beta I 

beta 2 

bela 3 

coefficient 

0.8 I 849827E+0 I 

0.5369 1050E+00 

0.14853500E+00 

0.68046885E-0 I 

standard-error 

O.91622013E+OO 

0.86227275E-OI 

0.1089509 IE+00 

0.4883 I 399E-0 I 
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t-ratio 

0. 125256 15E+02 

0.50752357E+0 I 

0.978 105 12E+00 

0.41470734E+00 

O.25479365E+00 

-0.36 19 I 723E+OO 

t-ralio 

0. 89334237E+0 I 

0.62266899E+0 I 

O. I 3633205E+0 I 

O. I 3935067E+0 I 



beta 4 0.13934890E-0 1 0.53822897E-01 

beta 5 0.2 1361 11 6E+0 I 0.53768532E+00 

delta 0 -0.282 1 4847E+02 0. 13685440E+02 

delta 1 -0.39044550E+00 0.50795537E+00 

delta 2 0.4 1 02 1244E+0 I 0. 16442293E+0 I 

delta 3 -0. I I 437036E+02 0.4 197543 IE+OI 

delta 4 0.85403720E+00 0.35627537E+00 

sigma-squared 0. 128283 12E+02 0.44924993E+0 1 

gamma 0.83854092E+00 0.53995508E-0 1 

log likelihood funct ion = -0.54 1 I 5290E+03 

LR test of the one-sided error = 0.3381 11 I I E+02 

with number of restrictions = 6 

[note that this statistic has a mixed chi-square di stribu ti on] 

number of iterations = 24 

(maximum num ber of iterations set at: 100) 

number of cross-sections = 47 

number of time periods = 6 

total number of observations = 282 
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0.25890264E+00 

0.397279 14E+0 I 

-0.2061 6690E+0 I 

-0.76866 I 02E+00 

0.249486 15E+0 I 

-0.27246978E+0 I 

0.2397 I 267E+0 I 

0.28554957E+0 I 

0. 15529827E+02 



Appendix4. 

Output from the program FRONTIER (Version 4. lc) 

instruction file = term inal 

data file = pub l .dta.txt 

Tech. Erl'. Effects Frontier (see B&C 1993) 

The model is a productio n funct ion 

The dependent variable is logged 

the ols estimates are: 

coefficient 

beta 0 O. 16565499E+02 

beta I 0. 11048202E+00 

beta 2 0.70211474E-01 

beta 3 -0. 1 1 1 39082E+00 

beta 4 0. 12388893E+00 

beta 5 0.35712474E+00 

sigma-squared 0.50574072E+0 I 

standard-error 

0.25 126732E+0 I 

0.14898092E+OO 

0.1849521IE+OO 

0.7870 179 I E-0 I 

0.10949991 E+OO 

0.57 I 6627 1E+00 

log likelihood function = -0.34472 1 80E+03 

the final mle estimates are: 

beta 0 

beta I 

beta 2 

beta 3 

coefficient 

0.16357071 E+02 

0.683 1 3240E+00 

-0. 1 I 774905E+00 

-0.38 I 83078E-0 I 

standard-error 

0. 16013129E+0 1 

0.1274 1529E+00 

0.128 19399E+OO 

0.53 123392E-0 I 
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t-ratio 

0.65927790E+0 I 

O.74 158504E+00 

0.37961975E+00 

-0.1415353 IE+0 1 

0.1 1314067E+0 I 

0.6247 1234E+00 

t-ratio 

0. 102 14787E+02 

0.536 14634E+01 

-O.9 1852238E+00 

-0.7 I 876205E+00 



beta 4 -0. I 5448054E+00 0.93201397E-01 

beta 5 0. 169 12983E+0 1 0.3372722 IE+00 

delta 0 -0. I 3427626E+02 0.78460329E+0 I 

delta I -0 .20077922E+0 I 0.1 0692974E+0 I 

delta 2 0.237639 I 2E+0 I 0.82474582E+00 

delta 3 -0.28058508E+02 0.29964875E+02 

delta 4 0.17037604E+0 I 0.5747 I 377E+00 

sigma-squared 0.1 6 I 32886E+02 0.50002630E+0 I 

gamma 0.96874448E+00 0. 14440343E-0 I 

log like lihood function = -0.3 17087 19E+03 

LR test of the one-sided error = 0.55269225E+02 

with number of restri ctions = 6 

[note that th is stati stic has a mixed chi -square distribution] 

number of iterations = 30 

(max imum number of iterations set at: 100) 

number of cross-sections = 26 

number of time periods = 6 

total number of observations = 156 

5 1 

-0. 16574916E+0 I 

0.50 146388E+0 I 

-0 .17 1 I 3905E+0 I 

-0. I 8776743E+0 I 

0.288 1 3620E+0 I 

-0.93637996E+00 

0.29645372E+0 I 

0 .32264074E+0 I 

0.67085975E+02 



AppendixS. 

Output from the program FRONTIER (Version 4. lc) 

instruction file = terminal 

data fil e = ALL2.dta.txt 

Tech. Eff. Effects Frontier (see B&C 1993) 

The model is a cost function 

The dependent variable is logged 

the ols estimates are : 

coeffi cient 

beta 0 0.181 87976E+0 I 

beta I 0. 13658025E+00 

beta 2 0.595 12055E+00 

beta 3 -0.53398668E-0 I 

beta 4 0.267 I 7992E+00 

sigma-squared 0.7887 1523E+00 

standard-error 

0.39356920E+00 

0.2774 1756E-0 I 

0.2674608 1E-0 1 

0.22838678E-0 1 

0.25890585E-0 I 

log li kelihood functi on = -0.56700 I 05E+03 

the final mle estimates are: 

coefficient standard-error 

beta 0 0.42660491E+00 0.72355591 E+OO 

beta 1 0. 13977076E+00 0.28 1 06325E-0 I 

beta 2 0.6575677 1 E+OO 0.46374406E-O l 

beta 3 -0.5 111 42 18E-01 0.23 139756E-O l 

beta 4 0.26468961 E+OO 0.26466848E-0 1 

52 

t-ratio 

0.46212906E+0 I 

0.49232733E+0 I 

0.22250757E+02 

-0.23380805E+0 I 

0. 10319578E+02 

t-ratio 

0.58959494E+00 

0.49729290E+0 I 

0. 14 179539E+02 

-0.2208935 I E+O I 

0. 10000798E+02 



delta 0 0 .244400 13E+0 I 0.94926920E+00 

delta I -0 .83435546E+00 0.72 13 1502E+00 

de lta 2 -0 .18095329E+00 0.23402084E+00 

delta 3 -0.44308052E -02 0 .34205 I 29E+00 

delta 4 0 .18003780E+00 0.2 I 377345E+00 

s igma-squared 0.11 637647E+0 I 0.63822261 E+OO 

gamma O.53 18 1294E+OO 0 .26760730E+00 

log like lihood function = -0 .55476123E+03 

LR test of the one-sided error = 0.24479640E+02 

with number of restri ctions = 6 

[note that thi s statisti c has a mi xed chi -squ are di stribution] 

number of iterations = 22 

(maximum number of iterations set at : 100) 

number of cross-sections = 73 

number of time periods = 6 

total number o f observations = 438 

53 

0.25746135E+0 I 

-0 . 11 567 144E+0 I 

-0.77323579E+00 

-0. I 2953628E-Ol 

0 .842 1 8972E+00 

0.18234464E+O I 

O. I 9872886E+0 I 



Appendix6. 

Output from the program FRONTIER (Version 4.lc) 

instruction file = terminal 

data file = Prv2.dta.txt 

Tech. Eff. Effects Frontier (see B&C 1993) 

The model is a cost function 

The dependent vari ab le is logged 

the ols estimates are: 

coefficient 

beta 0 0.18167885E+01 

beta I 0.16284598E+00 

beta 2 -0.52622860E-0 I 

beta 3 0.29807079E+00 

beta 4 0.50374 I 08E+00 

beta 5 0.44689654E+00 

sigma-squared 0.77728729E+00 

standard-error 

0.54289035E+00 

0.3781 I 388E-0 I 

0.27633213E-0 I 

0.36962085E-0 I 

0.415367 16E-0 I 

0.2284281IE+00 

log li kelihood function = -0.36158400E+03 

the finalmle estimates are: 

beta 0 

beta I 

beta 2 

beta 3 

coefficient 

0.86996200E+00 

0. 14483454E+00 

-0.384 15034E-0 I 

0.28854067E+00 

standard-error 

0. 1 0774730E+0 I 

0.40 I 36725E-0 I 

0.2803554 1 E-O I 

0.44652076E-0 I 

54 

t-ratio 

0.334651 09E+0 I 

0.4306797 1 E+O I 

-0.19043338E+OI 

0.806423 1 OE+O I 

0. 12 1276 10E+02 

O.l9563991 E+01 

t-ratio 

0.80740958E+00 

0.3608529 1 E+OI 

-0. I 3702262E+OI 

0.64619766E+0 I 



beta 4 0.55267 170E+00 0.93972294E-0 I 

beta 5 0.42687885E+00 0.2355540 I E+OO 

delta 0 O. I 3660552E+0 I 0.22932 13 IE+O I 

della I -0.87255465E+00 O. I 5240296E+0 I 

della 2 -0.20998545E+00 0.28412593E+00 

delta 3 -0. I I 974225E+0 1 0. 158003 I 4E+0 I 

delta 4 0.32 1 48 I 80E+00 0.69 11 65 18E+00 

sigma-squared O. I 5889058E+0 I 0.2 1 567089E+0 I 

gamma 0.7 I 56762 1E+00 0.37425 I 67E+00 

log likelihood function = -0.34977 130E+03 

LR test of the one-sided error = 0.23625405E+02 

with number of restrictions = 6 

[note that thi s statistic has a mi xed chi-square di stribu tion) 

number of iterations = 32 

(max imum number of iterations set at: 100) 

number of cross-sections = 47 

number of time periods = 6 

total number of observations = 282 

55 

0.58812 196E+O I 

O.l8 122334E+0 I 

0.59569484E+OO 

-0.57253 129E+OO 

-0.73905768E+OO 

-0.75784726E+OO 

0.465 I 3020E+00 

0.73672703E+OO 

O. I 9 122860E+0 I 



Appendix7. 

Output from the program FRONTIER (Version 4. lc) 

instruction fi le = terminal 

data fi le = Pub2.dta.txt 

Tech. Eff. Effects Frontier (see B&C 1993) 

The model is a cost fu ncti on 

The dependent variable is logged 

the ols estimates are: 

coefficient 

beta 0 0.70767934E+00 

beta 1 0. 13404746E+00 

beta 2 0.6 1203572E+00 

beta 3 -0.83379754E-02 

beta 4 0.28594589E+00 

beta 5 -0.14076695E+00 

Sigma-squared 0.1 03 I 9894E+0 I 

standard-error 

0.13659476E+0 I 

0.50554332E-0 I 

0.60863736E-0 I 

0.48730 188E-0 I 

0.40522383E-0 I 

0.27952118E+00 

log likelihood function = -0.22075 129E+03 

the fi nal mle estimates are: 

coefficient standard-error 

beta 0 -0.30039319E+0 I 0. 104 101 I7E+0 1 

beta 1 0.15243492E+00 0.465 133 1 OE-O I 

beta 2 0.8004 1 260E+00 0.588655 13E-0 I 

beta 3 -0.49029 I 75E-0 I 0.469 12020E-0 I 

56 

t-rat io 

0.5 I 808673E+00 

0.26515524E+0 I 

0. 10055835E+02 

-0. 17 11 0493E+00 

0.70564924E+O l 

-0.5036003 1 E+OO 

t-rati o 

-0.2885589 1 E+O I 

0.32772323E+Ol 

0. 13597309E+02 

-0. 1 045 I 303E+0 I 



beta 4 0.28872244E+00 0.37421176E-01 

beta 5 -0.88S39334E+00 0.25272 I 64E+00 

delta 0 0.42258490E+0 I 0. 16225749E+0 I 

delta I -0.46067 I 24E+0 I 0. 19980330E+0 I 

delta 2 0. 155 1 0954E+0 I 0.70816 128E+00 

delta 3 0.65998061 E+OO 0. 1 0074635E+0 I 

delta 4 -0. 140 I 4986E+0 I 0.69988427E+00 

sigma-squared 0.60545948E+0 I 0.2695 1142E+0 I 

gamma 0.9 1 I 89507E+00 0.47 1 I 9949E-0 1 

log li kelihood function = -0.20972507E+03 

LR test of the one-sided error = 0.22052438E+02 

with number of restrictions = 6 

[note that this stati stic has a mi xed chi-square di stribution] 

number of iterations = 31 

(maximum number of iterations set at: 100) 

number of cross-sections = 26 

number of ti me periods = 6 

tota l number of observations = 156 

57 

0.77154828E+01 

-0.35 153038E+0 I 

0.26044092E+O I 

-0.23056237E+0 I 

0.2 1903 I 37E+0 I 

0.65509 I 36E+00 

-0 .200247 19E+01 

0.22465077E+0 I 

0.1 9352633E+02 
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