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Abstract 

Tbe inability of fi17JJS to operate at jit/I capacities, tbe low levels of manufactured exports and tbe 
dec/ille of labour and capital productivities for tbe past ten years are some reflectiollS of tecbnical 
imfftciencies among tbe Ethiopian mamgactllring indmnies. In light of this, the level of techllical 
efficiencies and factors that are atf!ibutable to tbe existing level of tecbnical inefficimcies are 
investigated simultalleolls!y using a panel data of 361 fimls which are categOlized under nille 
indusnial groups during the stuc!J period, i.e. 1998-2002. A translog stochastic frontier productioll 
jimction is found to better represent the production tedmology of food processing, beverage, textile, wood 
& filmiture, paper & printillg, rubber & plastics and not/-metallic mimral industries and a Cobb­
Douglas stocbastic frontier jilt/ction is fotmd to be a better representation for leatber and cbemit'CIl 
industlies. A ba!fno17flal distribtttion for tbe inefficiency term is found to be a better aSS1lmption for 
predicting tbe tecbnical efficiency levels for all sub-sectors, except for food processing indmf!'ies wbere 
tbe tmncated normal distribution for tbe inefficiency teml is a better assumption for predicting 
tecbnical efficiencies amollg tbe firms in food processing industries. Tbe !lttll hypothesis tbat all firms 
in eacb sub-sector are fullY tecbnicalIY efficient is rejected for all sub-sectors wbicb proves tbe 
inappropriateness of (average) production jimctiotlS. Most of tbe discrepancy between observed and tbe 
frontier level of output was due to tecbnical inefficiency ratber tban external factors tbat are outside 
firms' control for all sub-sectors. Tbis result indicated tbe existence of tecbnical inefficiency among tbe 
Etbiopian malilgacturing indtlStries and tber? IS a cbat/ce, at least in tbe sbort 1'IIn, to increase tbeir 
production onlY by improving tbeir tee/mical efficimcy. The nulllJ)ipotbesls that the inefficiency effects 
are not fimctions of tbe explanatory variables is also rejected for all sub-sectors. Tbe predicted tecbnical 
efficiencies for eacb sub-sector are estimated wing tbe maximum likelihood estimation tecbnique 
indicating tbat tbel? exzsts tecbnical inefficiency among tbe firms ill eacb sub-sector and tbe mean 
technical efficie1tcies are ranged between 62 alld 80 percent. GenerallY, firm size, ages of a firllJ, type 
of ownersbip, firm's locatioll aroulld Addis Ababa and tbe amOUlIt of incentive paid to workers are 
foulld to be important variables in explailling tbe variation in tee/mical efficimcies among tbe firms. 
Moreover, firm size and age of a firm tetzded to bave a lzo/I-linear relationsbip witb tbe level of 
tecbnical iuefficiency for most sttb-sectors. Tbe result of tbe stuc!J also indicated tbat tbe tecbnical 
efficiency of firms was decreasing during tbe stZlc!J pen'od for most sub-sectol'S, except for textile and 
cbemical indtlStries. Hence, based 011 the results of tbe stuc!J a need arises to support Etbiopian 
mamgacturillg indllStries throZlgb provision of credit, better marketillg strategies, trai/litlg of workers, 
accelemting the slow pace of privatization and designing effective incetztive paymetzt strategies so tbat 
tbe exisn'lIg levels of tecbnical efficiencies could be mballced atld tbe level of production of tbe industries 
could be improved. 

Keywords: Ethiopian manufacturing industries, Technical efficiency, Stochastic frontier production 

functions. 
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1.1 Background 

CHAPTER ONE 

INTRODUCTION 

The low level of economic development in Ethiopia has been reflected by a poor performance of 

industrial activities and the dominance of agriculture over other sectors. Moreover, the fact that 

income elastici ty of demand is generally higher in manufacturing goods than for primary goods 

imply the need for increasing the manufacturing productive efficiency. This does not mean 

neglecting the agricultural sector, rather improvement in the performance o f the productivity of the 

primary sector should be in line with a relatively high level o f industrialization. 

T he contribution of industry, particularly manufacturing industry\ to the overall national income is 

one of lowest in the world. For instance, in 2001 the contribution of manufacturing to the national 

income was about seven times less than the share of agricul ture, which was 52%. It was also less 

than half of the average for sub-Saharan A frica. Moreover, through out the decade its share 

remained, if anything, stagnant or declining. The manufacturing sector is the least developed even by 

African standard. 

T he dwarf manufacturing sector currendy generate a value added (at factor cost) worth less than 300 

billion US dollars annually-the maximum recorded annually being 280 million in 2001. This implies a 

per capita production o f less than five dollars per year, and hence the inevitable dependence on 

imports for even basic manufactured goods. Since the second half of the 90's, growth o f the 

manufacturing sector has been limited on average to 1.8 percent annually. Moreover, being 

dependent o n agriculture and imports for its inputs, growth over the years has been marked by a 

cycle of variation (EEA, 2003/04). 

I In trus study manufacturing industry refers to those large and medium scale manufacturing industries which 

use power driven machinery and employ 10 persons and above, according to Central Statistical Authority 

(CSA) definition. 



Regarding the structural linkages of manufacturing with the rest of the domestic economy, internally 

loose as well as unbalanced forward & backward linkages between economic sectors characterizes it. 

In terms of raw material inputs, manufacturing is more strongly linked to the external economy 

rather than to its own and the rest of the domestic economy. According to EEA (2003/04) the 

degree to which manufacturing satisfies its raw material demand from internal sources is about 55 

percent, depending on the external sector for nearly the remaining half. The problem is more serious 

when we consider the linkage with agriculture in which domestic manufacturing supplies only 1.3% 

of the manufactured goods demand in the agricultural sector. 

Assessing the manufacturing sector in terms of employment creation, the sector employed about 

94,310 Ethiopians in 2001, which was only 2.7 percent of the total employment in, the overall 
~ 

manufacturing (medium and large scale, small scale, cottage and the informal) sector of the country, 

CSA (2001). 

Overall, the Ethiopian manufacturing industry is characterized by its poor performance in terms of 

its employment creation, in terms of its contribution to the overall national income, in terms of the 

type of goods produced, and so on. It is widely believed that one of the major contributing reasons 

for this poor performance is the low level of productive efficiency existing in the sector. 

Conceptually, factors affecting the efficiency of an economic unit of production, such as a firm, can 

be classified in two categories: those within the firm's sphere of direct influence and those outside a 

firm's control. Factors within the firm's sphere of direct control are those referred to as technology. 

These factors can further sub-divided into two groups. One group has to do with the efficiency of 

each input, which can change quite independently of the input'S quantity in production and also 

independently of the amount and efficiency o f any other input combined in production. This group 

includes factors such as tl,e influence of education and training on labour productiviry, new 

technology embodied in machinery, and so on. The other group of factors affect the efficiency of 

different inputs sinmltaneously and tl,e efficiency of interaction among different inputs in a 

production process. It includes management of a fum, layout of physical plants, economies of scale, 

efficiency in tl,e management of product portfolio, and other factors that take advantage of what is 

called economies of scope. On the otl,er hand, factors wh.ich are outside the firm's control include 

high levels of protection, inappropriate industrial policies and so on, EE1\ (2003/04) . 
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In "iew of this, the study will examine the sources of productive inefficiencies in the Ethiopian 

manufacturing industries concentrating on those related to technical inefficiencies by giving a special 

attention to those factors that are under the control of the ftrm. 

1.2 Statement of the Problem 

It is well known that Ethiopia is one of the poorest countries in the world. In order to increase the 

standard of living of the people, the pace of economic development must be accelerated. Although 

the manufacturing industries will playa vital role by creating new jobs and tremendously increasing 

exports and displacing imports in this development process, the contribution of the sector has been 

stagnant in the last two decades due to the low level of efficiency of the manufacturing industries. 

One of the factors that reveal this low level of efficiency is the change in the total nwuber of firms 

after the reform in 1991. According to EEA (2003/04), despite the fact that the total number of 

firms has increased by a certain amount in this period, labour employment has not shown almost 

any change. The likely reason suggested for the poor growth in employment is that firms are not 

operating at their full capacities which is highly related with the inefficiency among the 

manufacturing industries. Currently, tl,e Ethiopian manufacturing industries are producing at half o f 

their capacities which also leads to poor resource utilization and lower level of production. 

The low level of manufactured exports and its little contribution to the country's foreign exchange 

earnings is also a reflection of the inefficiency within the sector. According to EEA (2003/ 04) in 

seven years period, from 1996-2002, the share of the manufactured export to the total exports of the 

country figures only about 10 percent on average. The overwhelming majority o f manufacturing 

firms are producing relatively low quality goods for domestic copsumption which is due to, at least 

partly, the lack competitiveness of the sector in the international markets and hence the low level o f 

efficiency \vithin the firms. 

According to the same report, the productivities of labour and capital have been declining from time 

to time. For instance, between 1996 and 2002, labour productivity has declined from 4580 dollars 

per worker per year to 3460 dollars per worker per year. Over the same year period, it has declined 

on average by 3.6 percent annually. The same is true for capital productivity, that is, \vithin the same 
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period it has declined from 1080 dollars per unit of capital to 540 dollars per unit of capital. It is 

obvious that at least in the case of industries where productivities are not only low but also 

declining, competition even in the domestic market, would be relatively very difficult. This fall in 

productivity also implies increasing unit cost of production and thus induced further deterioration in 

efficiency. 

Therefore, as part of the total (economic) efficiency, measuring the extent of technical efficiency and 

identifying the sources for the technical inefficiency in the Ethiopian manufacturing industries is 

found to be indispensable. 

1.3 Objectives of the study 

The general objective of the'study is to measure the level of technical [In]efficiency in each of the 

industrial groups and to show if there are possibilities to increase output in the sector without 

changing the existing level of inputs and technology environment. In addition to the above general 

objective, the specific objectives of study are the follO\ving: 

• To assess the determinants of technical [In]efficiency in the Ethiopian Manufacturing 

Industties. 

• To assess whether each industrial group improved its technical efficiency overtime and, 

• To draw policy recommendations based on the results of the study. 

1.4 Hypotheses 

The study tried to examine the following hypotheses on the production function and firm specific 

characteristics based on results of pre\~ous empirical studies conducted in the Ethiopian 

manufacturing industries and other countries. 

• The Ethiopian manufacturing industries are characterized by technically inefficient way of 

production so that the conventional (average) production function is not an appropriate 

production function to represent the production technology of each industrial group. 
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• The inefficiency within each of the industrial group is attributable to their ftrm speciftc 

characteristics. 

1.5 Significance of the Study 

In any country, specially in developing countries like Ethiopia where it was found very difficult to 

register a signiftcant economic growth by relying on agriculture, improving the efftciency of the 

manufacturing sector \vith out demanding additional resources will be very crucial in reducing the 

chronic poverty and in achieving a higher economic growth, at least in the short run. Thus, after 

predicting the level technical efficiencies of the manufacturing industries and identifying those 

factors that affect the technical efficiency of each sub-sector, the study could enable policy makers 

to design effective strategies and appropriate industrial policies that will improve the performance of 

manufacturing industries in Ethiopia. 

1.6 Limitations of the Study 

Lack of fum level data for some variables such as educational level of the workers, managerial 

capacities of the industries and so on has been a hindrance to capture the effect of these important 

variables on technical efftciency of Ethiopian manufacturing industries. 

1.7 Organization of the Study 

The introductory part of the study has been discussed in the previous sections. The rest of the paper 

is organized as follows: Chapter two reviews the pro me of the medium and large scale 

manufacturing industries in E thiopia. In chapter three, we present the review of literature part and 

chapter four discusses the data and methodology used for the study. In chapter ftve empirical results 

and discussions about the results are presented and in the last chapter, i.e. chapter six, conclusion 

and policy recommendations are discussed. 
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CHAPTER TWO 

OVERVIEW OF THE ETHIOPIAN MANUFACTURING 

SECTOR 

2.1 History, Policies and Strategies 

Even though Etluopia has had a long tradition in the development of handicrafts and cottage 

manufacturing industries, the introduction of modern manufacruring is only a 20-th century 

Phenomenon. According to MEDaC (1999) the emergence of a strong central government which 

resulted in political stability and the construction of the Ethio-Djibouti railway were notable early 

20-th century events which contributed to the introduction of modern manufacturing in Ethiopia. 

Furthermore, expansion of towns and the settlement of foreigners, which in turn increased the 

demand for imported commodities, was also the basis for industrial development. The domestic 

production of manufactured goods was also necessitated by the increasing problem of transporting 

bulky imported commodities like wood, clay, etc. 

According to the same report, during the early periods of the imperial regime there were around 25 

factories in the major urban centers of the country of which 22 of them were established by private 

entrepreneurs. A number of manufacturing industries also came into existence in the 1940's and 

1950's owing mainly to the strong relations with the then governments of United Kingdom and the 

Uluted States of America. Nevertheless, industrial development gained strong momentum only after 

World War II when the government began to take conscious effort towards the development o f the 

sector. Generous tax incentives, high levels of tariff protection and easy access to credit on favorable 

terms helped to attract inflows of foreign capital to the manufacturing sector. 

During this regime, the role of the government was relatively small with full ownerslup of not more 

than 13 manufacturing establishments in which it had a more than 50 percent share in five of the 

thirteen establishments while it had a less than 50 percent share in the rest of the establishinents. 

The majority of the manufacturing industries, especially the large-scale establishments, were foreign 
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owned and heavily protected from external competition. They were also dependent on imported 

goods for full utilization of their installed capacity (MEDaC, 1999). 

The military regime which came to power in 1974 nationalized all private large and medium scale 

manufacturing establishments. With its strong emphasis on medium and large-scale establishments, 

the regime also saw the set up of a number of government owned manufacturing industries though 

the private sector initiative was severely curtailed. The attempt towards the development of large and 

medium scale manufacturing was through favoring government owned enterprises in allocation of 

resources like foreign exchange, labour and credit. The enterprises were also granted market 

monopoly for their output though they were operating under a highly centralized system of 

management whereby the level, quality of production and prices were determined through central 

planning (MEDaC, 1999). 

The development strategies followed by this regime brought about no significant change with regard 

to the structure of the manufacturing sector in such away that the sector was dominated by light and 

consumer goods producing industries that are concentrated in the major urban centers mainly Addis 

Ababa and the surrounding towns. The sector was also highly capital intensive and dependent on 

imported inputs having poor forward and backward linkages ,vith the rest o f the economy. 

After the establishment of the ruling government in 1991 the government started to rationalize its 

role in the economy through encouraging the active participation of the private sector. Since then, 

the government has begun to take some reform measures that could enhance the poor performance 

of the manufacturing sector in the country. The 'Public Enterprises Reform' which was initiated in 

August 1992 was one of the reform measures. This reform was aimed at enhancing efficiency, 

productivity and competitiveness in public enterprises through the granting of managerial autonomy 

and respo nsibili ty (MEDaC, 1999). Given this autonomy, enterprises were detached from 

government budget subsidy on the one hand, and denied of preferential access to credit, labour, 

foreign exchange and other services on the other hand. 

The other reform measure undertaken by the government was the issuance o f the new Labour 

Code. The code was intended to give management autonomy and adequate flexibility to allocate 

labour resources and economic grounds while ensuring the legitimate rights of employers (MEDaC, 
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1999). The Labour Code also sought for industrial peace and coordination among employers and 

employees with minimum government intervention. The exchange rate reform was also one of the 

major policy reforms undertaken by the government which has a great importance for all economic 

sectors, especially the manufacturing sector because of its relatively higher import intensity. 

Overall, the introduction of manufacturing industries in Ethiopia goes back to early 20-th century 

and the sector has a history of almost a century. Even though the sector has existed for such period 

in the country, its contribution to the overall economy was not significant. The policies and 

strategies followed by the different regimes are among the contributing reasons for this poor 

performance of the sector. In fact, the imperial and the post-military regimes have a relatively better 

policies which were aimed at creating conducive environment for private investment and 

encouraging entrepreneurs to actively participate in the sector while the military regime was 

characterized by its discouraging policies of the private sector and during this regime almost all of 

the enterprises were publicly owned and administered centrally which made the enterprises less 

efficient and less productive. 

2.2 Value Added in the Manufacturing Sector 

According to MEDaC (1999) , value added in Ethiopian manufacturing Industries has been on the 

decline during the early periods of the military regime at an average rate of 2.4 percent per annum. 

This decline in value added was mainly attributed to the continued dependence of the manufacturing 

industries on imported inputs for their producrion. 

After the reform in 1991, value added at current factor cost showed a remarkable growth averaging 

at 38 percent per annum until the mid 1990's and kept on increasing until 2003 although there were 

some fluctuations. Among the manufacturing industries metal, non-metallic mineral and leather 

industries have attained high annual growth rates of value added followed by food processing, wood 

& furniture and chemical industries. It is also known that the reform program allowed private 

industries to operate in the sector so that the share of these industries from the total value added of 

the manufacturing sector increased from 6 percent in 1992 to about 27 percent in 2003. 
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2.3 Distribution of Manufacturing Industries 

During the post-reform period, i.e. after 1991, the number of firms that are operational in the sector 

significantly increased to an average of 629 firms each year as compared to 389 firms in the pre­

reform period, i.e. during the military regime. This was mainly due to the increase in the number of 

private firms following the change of government in 1991 which brought about a new policy 

measure that allows private industries to operate in the manufacturing sector. During tills period, 

there were around 475 privately owned firms on average which is a much larger figure as compared 

to the small number of privately owned firms, i.e. 198 firms on average, during the pre-reform 

period. 

Despite the increase in the number of firms after the post-reform period, the sector is dominated by 

few sub-sectors of the manufacruring industry. For instance, in 1995 food ptocessing and 

beverages, wood and furniture, textile and non-metallic nlineral industries constitute 31, 13, 10 and 

10 percent, respectively. These industries together accounted for 63 percent of the total 

manufacruring industries. The above figure is almost sinlllar in 2003 whereby the industries 

constitute 30, 17, 7, and 11 percent, respectively and accounts for 65 percent of the total 

manufacturing industries. 

Regarding the distribution of firms across regional states, they are distributed unevenly and the 

distribution is highly skewed. For instance, as shown in table 2. 1 below in 2003 Addis Ababa alone 

accounted for 59 percent of the total manufacruring industries in the country followed by the 

Oronliya regional state which accounted for about 14 percent. The two regions combined accounted 

for about 73 percent of tlle total manufacturing industries. 
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Table 2.1 Regional Distribution of Finns in 2003 

Regions Number of Firms Share in Percent 

Tigray 55 5.7 

Afar 6 0.62 

Amhara 78 8.0 

Oromiya 137 14.2 

Somalie 5 0.51 

S.N .N .P 76 7.6 

Gambella 3 0.31 

Harari 16 1.66 

Adclis Ababa 568 58.9 

Dire Dawa 24 2.5 

Total 965 100 

Source: - Report on Large & Mecliwn Scale Industries Survey (CSA, 2003) 

Noles - S.N.N.P refers to the Southern Nations, Nationalities and Peoples 

Regional State. 

- The Benishangul Gurnuz regional state is not included in table 2.1 

due to absence of a single manufacturing industry in the region. 

The Amhara Regional State, the second populous region, accounted only for 8 percent and S.N.N.P 

for only 7.6 percent of the total manufacturing. The reason for the high concentration of firms 

around Adclis Ababa is the lack of clifferent infrastructural facilities like transportation, electricity 

and communication, the lack of adequate financial institutions in other regional states and so forth. 

The other regional states together constitute not more than 20 percent of the total manufacturing 

industries in the COW1try. 
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2.4 Employment in the Sector 

The role of manufacturing in creating employment is very much limited as compared to the 

agriculnual sector which provides employment opportunity for an estimated 85 percent of the total 

population. According to MEDaC (1999) during the pre-reform period employment in the 

manufacturing sector grew by 1.1 percent per annum in the face of about 5 percent growth in urban 

population. The situation does not seem to have improved significantly after the reform program 

although annual growth rates of manufacturing employment averaged 2.2 percent for the period 

1992 to 1997. 

This little growth in the manufacnuing employment is attributed to the emergence of private 

manufacturing establishments following the retrenchment measures and privatization programmes 

in 1994. According to MEDaC (1999), the private manufacturing employment has been growing at 

about 39 percent per annum for the period 1992 to 1997. This figure has shown an increment and 

reached 42 percent in 2001. 

The share of the growing private manufacturing from the overall manufacnuing in terms of 

employment creation has been also improving after the reform program. For instance, during the 

mid 1990's its share was around 22 percent of the total manufacnuing employment and this share 

has increased to 42.8 percent during the early 2000's. On the other hand, the employment in public 

enterprises have been declining at a rate of 1. 8 percent per annum after the reform program due to 

the lower attention given for publicly owned manufacnuing industries. 

2.5 Size and Age Structure of Manufacturing Industries 

2.5.1 Size Structure 

Nowadays, the fierce international competition has put limitations to tlle minimum size of finns to 

attain minimum unit cost of production to be internationally competitive. Given other factors, the 

larger the size the lower the cost of production, and hence the better competitiveness status though 

tlus does not imply small firms are inefficient. Another sigluficant advantage of large firms is tile 

capability to internalize all costs and externalities there by reducing tile dependency and adverse 
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impact of external factors. Therefore, there is a need to acquire an optimal size of firms which 

could allow enough room to be cost effective (EEA, 2003/04). 

When we consider the concept of fIrm size, it is mostly related with the employment capacity of rhe 

fIrm. Therefore, a larger firm employs a larger nwnber of workers and a smaller fum employs a 

smaller number of employees whereby the nwnber of workers for each category is determined 

according to some standard classifIcations. EEA (2003/04) classified firms into seven categories 

based on rheir employment capacities using the mediwn and large scale industries survey data for 

the year 2002. The disaggregation reveals rhat rhose fums which employ less rhan 26 and between 

26 and 50 workers constirute 70 percent of the manufacturing firms. Despite this sheer number of 

fIrms, these employment groups account only for 11 percent of rhe labour force, 5.6 percent of rhe 

total wages and salaries, 6 percent of rhe value added and 9 percent of the capital asset of the 

manufacturing sector. 

On the orher hand, large size firms (i.e., those firms employing between 500 and 1000 and over 1000 

workers each) only account for 5.6 percent of the total fums. However, they have dominant shares 

in many respects such rhat they constirute 54 percent of the employment, 60 percent of the total 

wages and salaries, 60 percent of the value added and 52 percent of rhe capital stock of the sector 

(EEA, 2003/04). The remaining small & mediwn size fums constirute 25 percent of the total 

manufacturing fums and account for 35 to 40 percent of the value added and capital asset of the 

sector. 

2.5.2 Age Structure 

Latest generation machinery and equipment are relatively high-tech oriented, and hence technically 

more effIcient and more productive rhan older ones. Therefore, the age structure of firms reflects 

the degree of hardware complexity and effIciency and, in turn, the technical competitive starus of 

firms in addition the gain in effIciency due to experience. 

To examine this EEA conducted a survey in 2002 and found that the number of newly established 

firms has been increasing in the last 10 years. As shown in table 2.2, 52 percent of the total 

manufacturing fums were in operation for no longer than 10 years, with 21 percent o f them being 
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less than five years 01d.19 percent of the manufacturing industries are aged between 11 and 20, while 

the remaining 29 percent are aged above 20 years. 

Table 2.2 Age Structure of Firms in 2000 

Age structure of Firms No. of Firms Share (percent) 

(yrs) 

<5 181 21 

6-10 267 31 

11 -15 124 14 

16-20 50 5 

21-30 93 11 

>30 142 18 

Source: Report on the Ethiopian Economy, EEA (2003/04) 

Since the progress in technology is continuous and dynamic, it is difficult to draw any boundary on 

the age structure to determine for how long a given technology will remain technically efficient and 

competitive. However according to EEA (2003/04), based on general experience, depreciation of 

plants, particularly in developing countries, lasts for about 10 to 15 years, even though hard wares 

may not remain efficient enough throughout the whole period. In light of this general premise, the 

report indicated that 50 percent of the manufacturing firms might have difficulty to be technically 

productive enough to compete with new generation firms. 

2.6 Manufactured Sales and Export 

Industrial groups like food, beverages, textile and leather which concentrate on consumer goods 

production have been dominating the market for manufactured exports during the post-reform and 

pre-reform periods. Sales performance by the above mentioned industrial groups accounted for 

more than three-fourth of the total annual sales revenue of the manufacturing sector in the early 

1980's and it has declined to about two-third during the mid 1990's (MEOaC,1999). After the 

reform program, the sales revenue of the manufacturing sector has been growing at a relatively faster 
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rate averaging about 28 percent per annum up until 1996/97 due to the surge in the manufacturing 

output and the liberalization of domestic and external trade sectors since the reform program. 

According to EEA (2003 /04), this manufacturing sales revenue has shown an appreciable increase, 

on average, 31 percent annually within the period of 1996-2002 even though there has not been a 

consistent trend. During this period, the firm-level export earning was dominated by a few fIrms 

like the pre-reform period. According to the different annual surveys of CSA between 1996 and 

2002, on average, 28 percent of the total manufacturing industries have been exporting to different 

countries. Of these industries, on average, 95 percent o f the manufacturing export comes only from 

four industries, namely leather tanning, sugar, textiles and spice processing. For instance, within the 

seven years period their total share in the manufacturing exports reached a maximum of 99 percent 

in 2001 and a minimum of 90.9 percent in 1997. This depicts how the manufacturing export is 

dominated by the above-mentioned four industries. In addition, among these industries the leather 

industry which exports most of its products accow1ts for 70 percent o f the total manufactwing 

export alone on average during the same period. Thus export in Ethiopia is, nevertheless, an affair 

of very few industries. 

From 1996 until the early 2000's the total export earnings of the sector was only 48.92 million 

dollars per annum on average. A maximum earning in export is gained in 2002 which was 93.44 

million dollars and a minimum of 13.82 million dollars in 1997. The fIgure is quite very low as 

compared to the total export earning of the country. Its share fIgures only about 10 percent, on 

average, over the same period noted above. In fact, in 2001 & 2002 manufacturing exports 

accounted for relatively larger proportions, 20 and 15 percent, mainly as a result of a steep fall in 

coffee price, the major export-earning commodity of the country. 
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CHAPTER THREE 

LITERATURE REVIEW 

3.1 Theoretical Review of Literature 

3.1.1 Introduction 

The neo-classical theory of production is based on the notion of efficiency, i.e., firms are efficient 

and whatever inefficiency comes in the process of production is due to external shocks or statistical 

noise which is entirely beyond their control. This idea is emphasized in the textbook definition of a 

production function which gives the maximum possible output for given quantities of inputs. One 

problem with the notion of maximum is that nobody can recognize it simply by observing the actual 

level of output unless the observed output assumed to be the maximum. Such an assumption is not 

realistic since different industries do produce different levels of output even if they use the same 

level of every observed input. One way of explaining the difference in observed outputs among 

producers is through differences in productive efficiency. 

In light of this, production efficiency has received a considerable attention in economic literature in 

recent years, although the concept of efficiency is complex and a difficult one. Much of the literature 

on efficiency is based directly or indirectly on the seminal work of Farrell (1957) who argued that 

efficiency could only meaningfully be gauged in a relative sense, as a deviation from the best practice 

of representative group of producers . Therefore, Farrell's consideration led to deviate from 

estimating 'average' production functions to frontier production functions. 

According to the same article tl,e performance of firms is often measured in terms of economic 

efficiency which is decomposed into technical and allocative efficiencies. Although the main 

concern of the study is technical efficiency, the concepts of both types of efficiencies are presented 

in the follO\ving sections. 
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3.1.1.1 Technical Efficiency 

Technical efficiency is defined as the ability of a firm to produce a certain level of output with a 

given level of inputs. A producer is said to be technically inefficient if an increase in any output 

requires a reduction in at least one other output or an increase in at least one input and if a reduction 

in any input requires an increase in at least one other input or a reduction in at least one out put. 

Thus, a technically inefficient industry could produce the same output with less of at least one input, 

or could use the same inputs to produce more of at least one output. Farrell (1957) also noted that if 

economic planning is to concern itself with particular firms, it is important to know how far a given 

firm can be expected to increase output by simply increasing its efficiency, without absorbing further 

resources. Therefore, technical efficiency is considered an important determinant of productivity 

growth and international competitiveness in any economy. It is also considered an important factor 

which contributes to the stability of production. 

Technical efficiency is measured in terms of a relationship between actual output to the frontier 

output. In other words while measuring technical efficiency, one should use the true production 

frontiers instead of average production frontiers. This is because the estimator of the intercept 

which is obtained from the average production function is downward biased, and therefore the 

resulting estimate is not efficient. Suppose producers' use input XE 9\~ to produce scalar out put 

YE 9\+ with technology: 

Y; = J(X ;,a)exp(V; -U) .............................................................. (1) 

Wherea;is a vector of technology parameters to be estimated and i = 1,2, ... ,N producers. The 

random disturbance term V; is intended to capture the effects of statistical noise and is assumed to 

be independently and identically distributed as N (0,0;) . 

The disturbance term U; is assumed to be distributed independently of V; to satisfy U; ~ O. The 

deterministic production frontier is J (X;, a) and the stochastic production frontier, which 
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represents the maximum feasible output, isf(Xi,aJ exp(VJ. The non-negative error component 

U, represents technical inefficiency attributed to firm specific factors that make it operate below the 

maximum level of production. 

Battese and Coelli (1988) identified two ways of measuring the technical efficiency of the i-th firm 

depending on how we define the level of production of each firm in our model. If the frontier 

production function in equation (1) is defined in terms of the original units of production then the 

technical efficiency of the i-th firm will be: 

TEi =(Xia-Vi)(Xia) -1 ........................................................ ....................... .. .................... (2) 

Where X i represents the mean of the input levels for the i-th firm. The corresponding measure of 

(mean) technical efficiency of the firms in the industry, is given by: 

-
Where ¢(.) represents the density function for the standard normal random variable, X is the mean 

of the input levels for the firms in the industry, J1 and S are mean and standard error of the 

inefficiency term, respectively. 

On the other hand, if the frontier production in equation (1) is defined as the logarithm of 

production, then the production for the t-th period will be exp(Yi,). In this case the suggested 

measure of technical efficiency for the i-th firm is given as: 

TEi = exp(-VJ ............. (4) 

This measure of technical efficiency is equivalent to the ratio of the production for the i-th firm in 

any given period t (i.e.,exp(l';,) = exp(Xi,a + V" - V,,)), to the corresponding value if the firm 
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effect U,was zero, (i.e.,exp(X"a+ V,,)). T he technical efficiency measure in equation (4) is not 

dependent on the level of factors inputs for the given firm, which is not the case for the technical 

efficiency measure in equation (2). The mean technical efficiency of firms in the industry that 

corresponds to the measure o f equation (4) is given by: 

TE = {
I ~ ~~= ~~~)l}exp(-jj +~O';) ............................... . .. . ............. (5) 

Where¢(.),jj and 0 is are as defined in equation (3) and 0,; is the variance of the technical 

inefficiency term U,. 

3.1.1.2 Allocative Efficiency 

Although the main concern of this study is measuring technical efficiency of the manufacturing 

sector in E thiopia as stated in the earlier section, it will be very important to review the concept of 

allocative efficiency as it is the other component of the total economic efficiency and for other 

comparison purposes. Allocative efficiency is defined as the ability of a flIm to choose the oprimal 

input proportions given relative prices and output. In other words, it is the ability of a flIm to 

maximize its profit by equating marginal revenue product of inputs to their respective marginal costs 

(the principle of equimarginal principle). T his follows from individual utility maximization only 

under perfect competition. In particular, a perfect market in factors and products must exist and 

each firm must be able to predict with reasonable confidence the out come of each array of 

production, sales decisions, etc at its disposal. 

3.1.1.3 Comparison Between Technical and Allocative Efficiencies 

Assuming that the fro ntier production function is known, though in reality it can only be estimated, 

we can appreciate the concepts of technical and allocative efficiencies even more with the help of a 

diagram. Consider a firm using two inputs X I and X, to produce output Y , and assume that the 

finn's production function is represented by Y = f(X I' X ,). Assuming also constant returns to 
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scale it is possible to graph the frontier as the efficient unit isoquant UU' as shown in figure 

3.1 below: 

Fig. 3.1 Technical and Allocative Efficiencies 

U' 

p 

c A 

~ ___ -,U 

D 

o p' 

Source: Jha, R. and Sahin, B,S. (1993) 

Suppose a firm uses quantities of inputs, defined by point A , to produce a unit of output. The 

technical inefficiency of that firm could be represented by BA, which is the proportional reduction 

in all inputs that could theoretically be achieved without any reduction in level of output produced. 

This is usually expressed in percentage terms by the ratio BA . The technical efficiency (TE) of a 
OA 

finn is then given by: 

TEi 
OB 

OA 

= 1- BA 
OA 
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It will take a value between zero and one, and hence provides an indicator of the degree of technical 

inefficiency of the firm. A value of one indicates the firm is fully technically efficient. For instance, 

at point B the firm is technically efficient because it lies on the efficient isoquant. 

If the input price ratio, represented by the slope of the isocost linePP', in figure 3.1, is known, 

allocative efficiency may also be calculated. The allocative efficiency of a firm operating at point A is 

defined to be the ratio 

AE =OD 
, OB 

Since the distance DB represents the reduction in production costs that would occur at the 

allocatively (a nd technically) efficient point C , instead of at the technically efficient, but allocatively 

inefficient point, B . 

The total economic efficiency (EE) is then represented by the ratio 

EE = OD 
, OA 

................................... ... ...... ........................................................ (8) 

\'V'h.ich is the product of technical efficiency and allocative efficiency, i.e., 

EE, = [~~]=[~~][~~] .................................................................................... (9) 

The total economic inefficiency can also be illustrated as (\- ~~) which suggests the possible 

reduction 111 cost by moving away fro m point A (the observed point) to point C (the cost 

minimizing point). 
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3.1.2 Frontier Approaches for Efficiency Measurement 

Although there are different approaches' for measuring the efficiency of fIrms, frontier approaches 

are the widely applicable methods for efficiency measurement. Moreover, frontier production 

functions have been the subject of considerable econometric research during the last two decades. 

The development o f frontier approach opened a wide range in the area of measure of efficiency 

(Forsund et aI., 1980). The word frontier may meaningfully be applied either to the maximwn 

possible output which can be produced from given quantities of a set of inputs or the minimum 

level of cost at which it is possible to produce some level of out put, given input prices or the 

maximwn profit that can be attained given out put price and input prices. Currently, the frontier 

function is widely utilized to analyze efficiency for a variety of reasons. First, it is consistent with the 

underlying economic theory of optimizing behavior. Second, deviations from a frontier have a 

natural interpretation as a measure of the level of efficiency ,vith economic units pursues their 

technical or behavioral objectives. Third, information about the structure of the frontier and about 

the relative efficiency of economic units has many implications (Bauer, 1990) (Cited in Awoke, 

2001) . 

Frontier approaches are mainly composed of two components: deterministic and stochastic. Further, 

deterministic frontiers are sub-divided into non-parametric, parametric and statistical frontiers. 

3.1.2.1 Deterministic Non-Parametric Frontiers 

According to Forsund et al. (1980) the beginning point for any discussion of frontiers and efficiency 

is the work of Farrell (1957), who provided definitions and a computational framework for technical 

and allocative inefficiencies. Farrell's approach is non-parametric in the sense that he simply 

constructs the free disposal convex hull of the observed input-output ratios by linear programming 

techniques. This is thus supported by a subset of the sample with the rest of the sample points lying 

above it. This procedure is not based on any explicit model of the frontier or the relationship of the 

2 Other approaches include techniques like partial and total productivity, production function and profit 

function for efficiency measurement. 
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observations to the frontier. The technical inefficiency of an observation is then measured relative ro 

this frontier. 

The principal advantage of this model is that no functional form is imposed on the data. However, it 

has two major weaknesses: First, its assumption of constant returns to scale is restrictive, and its 

extension to non-constant returns to scale technologies is cwnbersome. Second, the frontier is 

computed from a supporting subset of observations from the sample, and is therefore particularly 

susceptible to extreme observations and measurement error (Forsund et aI., 1980). 

As a result, his approach is extended, proved and applied by Farrell and Fieldhouse (1962), Seitz 

(1970, 1971), Todd (1971), Afriat (1972), Dugger (1974) and Meller (1976) (cited in Forsund et aI., 

1980). 

3.1.2.2 Deterministic Parametric Frontiers 

Although the first Farrell's non-parametric approach has won few adherents, a second approach 

which is also proposed by him was proved to be more fruitful. H e proposed computing a parametric 

convex hull of the observed input-output ratios to determine a production function that obeys 

constant returns to scale. He recommended the Cobb- D ouglas from for the sake of expressing the 

frontier in a simple mathematical form. Although the mathematical expression o f the Cobb-D ouglas 

from is simple, Farrell was aware of the unnecessary asswnption of constant returns ro scale. 

Unfortunately Farrell did not follow up on his own suggestions, and it was over a decade before 

anyone else did it. 

Aigner and Chu (1968) were the first to follow Farrell's suggestion. They specified a homogenous 

Cobb-D ouglas production function and required all observations to be on or beneath the frontier. 

Their model is written as: 

InY =lnf(x)-U . .. .. . . . .... .. . ...... . ... . . ..... . . .. . .. . . ... ........ . ........ (10) 

" 
InY =ao +LalnXi- U, U ~ O 

i", 1 
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Where Y, is the i -th flJ111 output;J(X) is a suitable functional from (e.g. Cobb-Douglas or translog) 

of inputs vector X; for the i-th observation and of a is a vector unknown parameters, and U;is 

firm specific technical inefficiency which forces Y to be less than or equal to f(X). 

The elements of the parameter vector a = (a., a" a, , ... , a, J' may be estimated either by linear 

programming (minimizing the sum of the absolute values of the residuals, subject to the constraint 

that each residual be non-negative) or by quadratic programming (minimizing the sum of squared 

residuals, subject to the same constraint). Therefore, the technical efficiency of each observation can 

be computed directly from vector of residuals, since U represents technical inefficiency. 

The principal advantages of the parametric approach over the non-parametric approach are the 

ability to characterize frontier technology in a simple mathematical form, and the ability to 

accommodate non-constant returns to scale. TillS does not that mean the parametric approach is 

free from limitations. It imposes a limitation on the number of observations that can be technically 

efficient. For instance, when the linear programming algorithm is used in a homogenous Cobb­

Douglas case, there will in general be only as many technically efficient observations as there are 

parameters to be estimated. The other limitation is, as in the case of non-parametric approach, the 

estimated frontier is supported by a subset of the data and is therefore extremely sensitive to 

outliers. 

The absence of statistical properties of the estimates produced by this approach is also another 

limitation. That is, mathematical programming procedures produce 'estimates' without standard 

errors, t-ratio, etc. This is because no assumptions are made about the regressors or the disturbances 

in (10), and without some statistical assumptions, inferential results cannot be obtained (Forsund et 

aI. , 1980). 

3.1.2.3 Deterministic Statistical Frontiers 

Determilllstic parametric frontiers can be made amenable to statistical analysis by making some 

assumptions. It was Afriat(1972) who first explicitly proposed this model and he developed a 

determilllstic statistical model as follows: 
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Y, = f(X)e- u .................... ............................................................ ....(11) 

In(Y) = In[f(x)J-V 

WhereY,,J(X),X,,and Vi <':Oare as defined in (10). From Vi <':Oit follows O$e-" $l.In this 

model the observations on V are assumed to be independently and identically distributed (iid) 

and X is assumed to be exogenous (independent of V ). It should be stressed that the choice of a 

distribution of V is important because the maximum likelihood estimates (MLE) depend on it in a 

fundamental way, i.e., different assumptions for the distributions lead to different estimates. 

Different people have proposed different distributions for V . For instance, Afriat (1972) proposed 

a two-parameter beta distribution for V and that the model be estimated by the maximum likelihood 

estimation technique. Richmond (1974) and Schmidt (1976) have proposed a gamma distribution 

and an exponential distribution for V, respectively (cited in Forsund et aI., 1980). 

The use of maximum likelihood in the frontier setting is not without limitations. The major 

weakness with this estimation technique is that there do not appear to be good a priori arguments 

for any of the distributions stated above. The other problem related with maximum likelihood is that 

the range of the dependent variable (output) depends on the parameters to be estimated which 

violates one of the regularity conditions invoked to prove the general theorem that maximum 

likelihood estimators are consistent and asymptotically efficient. 

An alternative method of estimation is provided by Richmond (1974) (cited in Forsund et aI., 1980) 

which is based on the ordinary least squares method, called Corrected Ordinary Least Squares 

(COLS). This method provides consistent estimates by shifting the COLS constant parameter 

estimate upward until no residual is positive. The difficulty with COLS technique is that, even after 

correcting the constant term, some of the residuals may still have the 'wrong' sign so that these 

observations end up above the estimated production frontier. This makes the COLS frontier a 

somewhat awkward basis for computing the technical effi ciency of individual observations. Another 

difficulty with the COLS technique is that the correction to the constant term is not independent of 

the distribution asswned for V . 
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In addition to the above mentioned difficulties related with estimation, deterministic statistical 

frontiers assume all firms share a common family of production, cost and profit functio ns, and all 

variations in firm performance is attributed to variations in firm efficiencies relative to the common 

family of frontiers. The notion of a deterministic frontier shared by all firms ignores the very real 

possibility o f that a firm's performance may be affected by factors entirely outside its control (such 

as poor machine performance, input supply breakdowns, and so on), as well as by factors under its 

control (inefficiency). Therefore, to lump the effects of exogenous shocks, both fortunate and 

unfortunate, together with the effects of measurement error and inefficiency in a single one-sided 

error term and to label the mixture 'inefficiency' is somewhat questionable. 

3.1.2.4 Stochastic Frontiers 

The stochastic fro ntier production function which was independently proposed by Aigner, Lovell 

and Schmidt (1977) and Meeusen and Van den Broeck (1977), involves unobservable random 

variable associated with the technical inefficiency o f production of individual firms in addition to the 

random error in deterministic statistical frontiers (Battese and Coelli, 1995). The error term in the 

stochastic fro ntier models is composed of a systematic component which captures the effects o f 

measurement error, o ther statistical 'noise' or randoln 'shocks' outside the control of the production 

unit and a one-sided error component which captures the effects of inefficiency relative to the 'bes t' 

stochastic frontier. The presence of the variable which captures a firm's inefficiency solves the 

bounded-range problem encountered in frontier model and the presence of the statistical noise 

allows the frontier to be stochastic. 

The stochastic model may be written as: 

1', = !(X,a)exp(V - U) ............... .................................... ..... ...... .... .. ............ .......... (12) 

\X1here 1'" X"a, U, ? O,J(X) as defined in (10) and V is the statistical 'noise'. 

In this model the stochastic production function is !(X)exp(V), V having some systematic 

distribution to capture the random effects of measurement error and exogenous shocks which cause 
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the placement of the deterministic partf(X ) to vary across firms . T echnical inefficiency relative to 

the stochastic production frontier is then captured by the one-sided error component 

exp(-V), V > O. The condition V > 0 ensures that all observations lie on or beneath the stochastic 

production fun ction. 

The basic asswnption of the model is that V and V are independent and X is exogenous. Using this 

assumption we can obtain direct estimates of the stochastic production frontier model using either 

maximum likelihood or COLS methods (Forsund et a!., 1980). It is important to note that whether 

the model is estimated by maximum likelihood or by COLS, the distribution of V must be specified. 

Aigner et a!., (1977) and Menusen and Van den Broeck (1977) considered exponential and half­

normal distributions for V and Stevenson (1980) has shown how the half-normal and exponential 

distributions can be generalized to truncated normal and gamma distributions, respectively (cited in 

Forsund et a!., 1980). 

Many empirical studies involving both cross-sectional and time-series data have assumed that the 

fum effects have half-normal distribution (i. e.,j..I = 0 ). If the value ofj..l is zero or negative, then the 

distribution of the firm effects is such that there is highest probability of obtaining firm effects in 

the neighborhood of zero. In this case, the majority of fums would have high technical efficiencies. 

However, if the value of j..I is positive, then a relatively larger number of firms would have firm 

effects which were significant positive values and such firms would have smaller values o f technical 

efficiencies. 

Until the early 1980's the major criticism towards stochastic frontiers was that there was no way of 

determining whether the observed performance of a particular observation compared ,vith the 

detertrun.istic frontier is due to inefficiency or to a rand01TI variation in the frontier. In other words, 

it was not possible to decompose individual residuals into their two components and to estimate 

technical inefficiency by observation. However, after the appearance of the paper by Jondrow, et a!. 

(1982) a solution was suggested for the problem mentioned above. They suggested that the 

conditional distribution of V i given Ei can be used to obtain an estimator o f Vi since Ei contains 

information about V i ' They further suggested that either the mean or the mode of this distributio n 
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can be used as a point estimator on U, and they showed how to derive these estimators given the 

distributions ofU, and V, (Battese et aI., 1989). 

Stochastic fronti er models have been applied to a variety of data sets because of their advantages 

over the deterministic frontiers through incorporating the two error components. Further more, the 

main attraction of the stochastic frontier model is the possibility it offers for a richer specification, 

particularly in the case of panel data. The model also allows for, among other things, a formal 

statistical testing of hypothesis and the construction of confidence intervals. Because of all these 

aspects, this model seems most attractive and the study employed the model using firm' s panel data 

to predict technical efficiency. 

3.1.3 Production Frontiers and Panel Data 

The majority of previous empirical studies which used frontier models have been using cross­

sectional data because of the assumption that error terms are independently disrributed across 

observations. Also, with cross-sectional data it is required to make parametric assumptions about the 

disrribution o f the residual and the inefficiency term in order to separate the residual from 

inefficiency. Schmidt and Sickles (1984) indicated that stochastic frontier models using cross­

sectional data suffer from three serious difficulties. 

First, the technical inefficiency of a particular firm (observation) can be estimated but not 

consistently. We can consistently estimate the (whole) error term for a given observation, but it 

contains statis tical noise as well as technical inefficiency. The variance of the distribution of technical 

inefficiency, conditional on the whole error term, doesn't vanish when the sample size increases. 

Second, the estimation of the model and the separation of technical inefficiency from statistical 

noise require specific assumptions about the distribution of the technical inefficiency term(e.g., half­

normal) and the statistical noise (e.g., normal). It is not clear how robust one's results are to these 

assumptions. Another way to emphasize this point is to note that the evidence of technical 

inefficiency is skewness of the production function error, and not anyone will agree that skewness 

should be regarded as evidence of inefficiency. 
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Third, it may be incorrect to assume that inefficiency is independent of the regressors. If a firm 

knows its level of technical inefficiency, for example, tbis should affect its input prices. 

All the three problems are potentially avoidable if one has panel data3
; say T observations on each 

of N firms. The technical inefficiency of a particular firm can be estimated consistently as T -> =. 

Tbis is because adding more observations on the same firm yields information not attainable by 

adding more firms. The other advantage of panel data is that one need not make such strong 

distributional assumptions as are necessary with a single cross-section. Panel data also permits the 

simultaneous investigation of both technical change and technical efficiency change overtime, given 

that technical change is defined by an appropriate parametric model and the technical inefficiency 

effects in the stochastic frontier model are stochastic and have the specified distribution. As a result, 

more recently attention has been made to apply frontier production functions in the analysis o f 

panel data on firms involved in production. 

Different people have developed various types of panel data models in relation to stochastic frontier 

production functions. Among them, Schmidt and Sickles (1984) specified a model to measure 

stochastic frontier production function using panel data asswrung the inefficiency to be time­

invariant. Their model is written as: 

Yi, = fl + L ,aX..+ \/" 
j 

.......................... ............................ ····················0~ 

/Ji =/JO-Vi 

Where i(i = 1,2, ... , N),t(t = 1,2, ... , T) and j(j = 1,2, ... , K) represents firm, time and input 

respectively; Yi, is log of output, X i, is vector of log o f inputs, Vi' is the wbite noise component and 

Vi is the no n-negative time-invariant technical inefficiency. The assumption of constant efficiency 

3 Baltagi (2001) defines panel data as the pooling of observations on a cross-section of households, countries 

or firms over several time periods which can be achieved by surveying a munber of households or firms 

and following them overtime. 
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overtime presumes that weaknesses that are attributable to firms themselves are inherently in their 

very nature and their impact is invariant with time. The model can be estimated using the within 

estimator treating V i ~ 0 as fixed. A dummy variable for each fum can be introduced to tile model 

or OLS can be applied to the within transformed data. During this, the intercept will be recovered as 

the means of the residuals to each firm. The within estimator allows Vi and X to be correlated. T he 

estimator of flo then can be obtained as the max (fli ). From this, it is apparent that 

Vi (Vi = flo - fl) will be zero at point where flo = fli and the corresponding firm in tile sample is 

fully efficient. 

The within estimator will not provide the estimated values of time-invariant regressor coefficients. 

The generalized least squares (GLS) and maximum likelihood estimator (MLE) methods give the 

estimates assuming the V i' with some specific disrribution, are random and uncorrelated to the 

regressors . 

Cornwell et aI., (1990) extended the generalized Schmidt and Sickles (1984) approach to relax the 

assumption of time-invariant on V i by allowing time-varying efficiency for each fum. The model can 

be written as : 

Y" = fli' + "I fl j X j" + Vi ..................................................................................... . ...... (14) 
j 

Within estimator, GLS or MLE methods can be applied to estimate the model. Firm specific 

effects, /Jil' are regressed on a constant, time and time-squared. Their estimates will be consistent 

as T gets larger. The model allows the fro ntier intercept to vary overtime and the efficiency level to 

vary over firms and over time. 

A more flexible formulation of technical inefficiency model for panel data was proposed by 

Kumbhakar (1990). It is written as: 
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Yit =fl" + IfljX j" + V" - U" .... ........ .. ....................................... ........................... (15) 
j 

Where the fIrm effects are represented as a product of a deterministic part, y(t), which is an 

exponential function of time and a time-invariant random effect, U,. Appropriate distributional 

assumption on the technical ineffIciency component is needed in order to get the required estimates 

using MLE methods. The need for a restrictive distributional assumption on the technical 

ineffIciency component is considered as the main disadvantage o f the model. 

Battese and Coelli (1992) developed a stochastic frontier production function model for panel data 

by expressing fIrm effects as a product of exponential function of time and time- invariant, U" as 

follows: 

Yit = flo + IfljX j" + V" -U" 
j 

.... . (16) 

Where 77 is an unknown parameter to be estimated and U"i = 1,2, ... , N, is independently and 

identically distributed non-negative random variable, obtained by truncation (at zero) o f the normal 

distribution with unknown mean, Ii, and unknown variance 8 2
. 

The advantage of tlus model is that if 77 > 0 , then as t increases U it will decrease monotonically 

wluch mea ns that as the fum proceeds overtime, its ineffIciency level m'onotonically decreases and 

the fum proceeds towards the fro ntier. Similarly, if 77 < 0 , then ineffIciency increases overtime. , ~/ 

Therefore, the testable hypothesis offered by the model is that effIciency monotonically decreases or 

increases overtime. However, the hypothesis of fluctuating effIciency cannot be tested in this model. 

In a similar approach, Battese and Coelli (1995) defIned the technical inefficiency effect,U it , in 

stochastic frontier model as: 
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u" = Z,/i + W" ....... ................ ................. .................. ..... ... ......... .. ..... .... ...... ..... (17) 

\Xfhere Z,' is a (1 X M) vector of explanatory variables associated with technical inefficiency of 

production of firms overtime; ° is an (M X 1) vector of unknown coefficients; and W" are 

unobservable random variables, which are obtained by truncation of the normal distribution with 

mean zero and unknown variance, 0 2
, such that the point of truncation is, - Z"o i. e. , w" :2: -Z"o . 

These assumptions are consistent with V" being a non-negative truncation of the N(Z,,0,0 2). 

This model is used in the study for the simultaneous estimation of the parameters of the stochastic 

frontier and the model for technical inefficiency effects using maximum likelihood estimation 

technique. 
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3.2 Empirical Review of Literature 

3.2.1 General 

A number of empirical studies have been conducted regarding technical efficiency of manufacturing 

industries in different countries and some of the studies arc presented as follows. 

Tyler and Lee (1979) empirically analyzed a two factor stochastic frontier Cobb-Douglas function to 

cross-sections of Colombian small-scale enterprises data for five industries to measure their 

technical efficiencies. The results from the maximum likelihood estimates of stochastic frontier 

production function indicated that the industries have a mean efficiency measure between 0.554 and 

0.987 in which metal processing industries have the highest mean efficiency while apparel industries 

have the lowest. In addition, iteration is performed by Newton's iteration convergence procedure 

with the OLS consistent estimates as the initial estimates. To compare with the maximum likelihood 

estimates the results of OLS inter-firm Cobb-Douglas estimates arc also presented. The results of 

both procedures, while similar, possess some important differences. As expected, on the stochastic 

frontier the intercept term, indicating the level of technical efficiency is greater than in the OLS 

'average' function. 

Page (1980) examined the extent of technical and prIce inefficiency in Ghana's manufacturing 

industries after selecting three industries. All the three industries exhibit relatively high levels of 

average efficiency. Actual output for the representative firm is more than 70% of predicted output 

using linear programming production function and more than 90% of predicted output using the 

residuals of the OLS estimates. According to the study these high levels of efficiency probably 

reflect both the age and structure of the individual industries. 

Pit and Lee (1980) measured technical efficiency and source of technical inefficiency for fifty 

Indonesian weaving industries using log linear Cobb-Douglas stochastic production model for the 

periods 1972, 1973 and 1975. After running regression, it was found that larger firms are more 

efficient than smaller firms, younger firms were more efficient than older firms and domestically 

owned firms were more efficient than foreign owned firm s. 
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Anderson and Frantz (1985) estimated a production frontier using linear prograrruning ro measure 

technical efficiency' and sources of technical inefficiency among Mexican Apparel Assembly Plants. 

The result indicated that the average efficiency ratio is only 0.47, which suggests the existence of X­

inefficiency. Factors such as structural environment work environment, labour-force flows, 

administrative-control facrors, and monetary-payment plans are found to affect significantly the 

technical inefficiency among the different firms. 

Green and Mayes (1991) examined technical inefficiency of the manufacturing industry in the UK 

based on data for 19,023 establishments in 151 industries. T hey fi tted a translog stochastic frontier 

production function by decomposing the residual in two components; one measuring inefficiency 

and the other unobservable random factors . The principal finding was that technical inefficiency is 

found across a wide range of industries. Even the industries that show the greatest international 

competitiveness do not necessarily have below average spreads of inefficiency with them. 

Jaforullah (1996) tried to investigate the technical inefficiencies of some manufacturing industries in 

Bangladesh. A cross-sectional data for 19 four-digit manufacturing industries is used to estimate 

their technical efficiencies. They employed two variants of Cobb-Douglas production function, 

homogenous and constant returns to scale to represent the production frontiers of the industries. 

Three alternative distributions were used to model the random inefficiency term: half normal, 

truncated normal and exponential. It was found that there is a considerable scope for the industries 

to increase their technical efficiencies since their efficiencies range from only 29.2 % to 86.8 %. 

Nasraollah (1997) asked whether there is any difference in technical efficiency between private and 

public firms and the relationship between technical efficiency and size in his study on 250 textile 

companies in Iran, for the period 1992. A non-parametric matl1ematical programming (DEA) 

approach ro frontier production function has been used and he found that most o f the enterprises 

operated at tl,e efficiency level. Public enterprises were found to be inefficient compared to private 

finns and there existed a negative relatio nship between number of employees Oabour) and technical 

efficiency indicating that the smaller firms were more efficient than large firms. 

Lundvall and Battese (1999) did a study on firm size, age and efficiency for Kenyan manufacturing 

firms by applying translog stochastic frontier production function for unbalanced panel of 235 
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Kenyan manufacturing firms in the food, wood, textile and metal sectors separately. They 

investigated whether technical efficiency is related to age and size. It was found that fum size has a 

positive and significant effect in wood and textile sectors and age is significant only in textile sector. 

Karunarante (2001) analyzed empirically the technical efficiency reaped by Australian manufacturing 

industries following the implementation of microeconomic reforms over the past three decades. The 

technical efficiency scores have been estimated for the manufacturing industries using a combined 

stochastic production frontier inefficiency model that is free from simultaneity bias. A maximum 

likelihood technigue is used to estimate the model parameters using panel data set covering a cross­

section of 8 industries spanning a time-series of 26 years (1969-1995). Generalized likelihood ratio 

tests rejected the null hypothesis that trade liberalization and technology transfer had no significant 

impact on effective rate of assistance and technical efficiency and technology proxies such as intra­

industry trade and capital deepening are negatively correlated during the study period. 

Sonderbom & Teal (2002) investigated both technical and allocative inefficiency in Ghana's 

manufacturing industries. The study used panel data collected in face-to-face interview with firm's 

management from 1991 to 1997. They reached a conclusion that technical inefficiency is not lower 

in fums with foreign ownership or older firms and its dispersion across firms is similar to that was 

found in other economies. They also found that firm age does not significantly affect the efficiency 

of finns. In addition, they observed that large firms face far higher relative labor costs than small 

firms. 

Assefa and Matambalya (2002) have examined the level of technical efficiency of small and medium 

enterprises in Tanzania for 148 sampled enterprises. They used a cross sectional data for the period 

1999/ 2000 and tlley estimated a Cobb-Douglas Production function using maximum likelihood 

technique to measure technical efficiency. The findings indicate that high levels of technical 

inefficiency, which reduce their potential output levels significantly, characterize the Tanzanian small 

and medium enterprises. Assisting these finns to improve their technical efficiency through adequate 

supply of inputs, markets and credit facilities and undertaking extensive infrastructural development 

and training are suggested as important measures to alleviate the problem. 
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Njikam (2003) employed a single stochastic production function to estimate the firm-level technical 

effi ciency o f Cameroon's manufacturing industries and he also investigated whether the trade reform 

generates gain to manufacruring firm level technical efficiency. He pooled the pre and post reform 

data and found that average technical efficiency increased in six of the eight sectors following trade 

reform. The post trade reform firm-level technical efficiencies increased on average at annual rate of 

1.39%, while prior to trade reform they decreased on average at the annual rate of 0.76%. Before the 

trade refonn, the restricted trade regime coupled with macroeconomic and political instability 

negatively affected firm-level technical efficiency. Post-trade reform potential determinants of firm's 

technical efficiencies include export share and import penetration rate. 

Ram Mohan and Ray (2003) examined the technical efficiency in public and private sectors in Inclia 

during the post-reform years. The srudy compares the performance of state owned enterprises with 

those of private sector firms in respect of technical efficiency. The comparison is made in clifferent 

sectors over the period 1991-92 to 1998-99 using a balanced panel data. No conclusive evidence of 

superior performance on the part of the private sector is found after employing data envelopment 

analysis to measure the technical efficienc y. 

Roudaut (2003) estimated a stochastic frontier in a panel of manufacturing industries in 

Cote d'Ivoire to investigate the impact of the business environment on technical efficiency levels for 

the years 1994 and 1995. He found that informal firms are less technically efficient but their 

managerial performances are close to those of formal firms. A positive relation between size and 

efficiency is also found. 

Mukherjee and Ray (2004) have also conducted a srudy which analyzes state level data from the 

manufacturing sector in Inclia for the period 1986-87 to 1999-00 to srudy the effi ciency dynamics of 

a 'typical' firm in the pre and post reform years. Using non-parametric method of Data 

Envelopment Analysis they utilize super- efficiency models to rank the states interms of their 

performance and investigate the dynaInics of the efficiency ranking overtime. They found no major 

change in the efficiency of states after the reforms. Nor is there any evidence of convergence in the 

distribution of efficiency in the post-re form period. 
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3.2.2 Empirical Literature from Ethiopia 

To the best of our Knowledge, much studies have not been undertaken regarding the technical 

efficiency of manufacturing industries in Ethiopia. However, there are some studies which are 

conducted by different people in this area and we have tried to review them although it might not be 

exhaustive. 

Alemu (1992) investigated the relationship between efficiency of Ethiopian public manufacturing 

enterprises and the policy environment to which they are subjected for the period 1983 and 1988 by 

using allocative and technical (X)efficiency. It was fowld that there was a divergence between 

economic and financial profitability due to government pricing and trade policy. Two groups that 

discouraged technical efficiency were identified and these are the organizational structure and the 

incentive system. It was concluded that: first, the incentive system should be linked \vith real 

measure of performance, second rehabilitation and restructuring of marginally inefficient enterprise 

is necessary to take them efficient and third avoiding discrimination in terms of policy among public 

enterprises and special treatment to industrial public enterprise like subsidized interest rate. 

Admit (1998) analyzed the trend and extent of total factor productivity the Ethiopian manufacturing 

sector and found that the sector as a whole exhibits negative total factor productivity growth. 

However, it was also realized that there were sub-sector differences: sectors that are light and had 

long production experience recorded positive total factor productivity growth, while others did not. 

The result also indicated that the private sector, in general, appeared to be more efficient in resource 

use than the public ones. 

Rebeka (2001) examined whether there is technical efficiency gain due to privatization by taking a 

panel data for 25 privatized large and medium scale manufacturing industries covering a period of 

seven years (1992/93-1998/99) using stochastic frontier model. The inlpact of privatization on 

technical efficiency is then analyzed and it is found that for food processing sector, there has been a 

positive effect of privatization in inlproving technical efficiency where as for beverage, textile and 

leather industries the effect of privatization is found to be negative on technical efficiency. For non­

metal and wood, printing and chemical industries, it was found that there is no significant inlpact of 

privatization. The results suggest that for sectors with competitive behavior there has been a positive 
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effect of privatization in technical efficiency while for sectors with non-competitive behavior 

privatization is fou nd to have a negative impact on technical efficiency. 

Worku (2003) estimated a stochastic frontier production functions for two groups of firms: 

tanneries and leather processing industries to check whether or not there are technical efficiency 

differences among these industries for the period of 1996-1999. Mean technical efficiency of 

tanneries was about 83 percent. Contrary to the widely held view, exporting tanneries were not more 

efficient except that they employed capital intensive technologies, which might have allowed them to 

produce good quality products. Large scale firms were more efficient perhaps because of higher 

scale economies. Overall, technical efficiency was declining at an increasing rate in tanning industry, 

and shortage of raw materials, use of absolute machineries and failure to effectively utilize the 

prevailing technology are the most prevalent constraints. 

Overall, most of the empirical studies reveal that the manufacturing industries in different countries 

are characterized by technical inefficiencies and these inefficiencies are attributed to different firm 

specific characteristics depending on the production behavior of each manufacturing industries. 
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CHAPTER FOUR 

DATA AND METHODOLOGY 

4.1 Source of Data and Coverage 

The study uses firm level data on large and medium scale industries and the main source of data is 

the annual survey of large and medium scale manufacturing industries conducted by Central 

Statistical Authority (CSA). Both raw data and data from various statistical bulletins published by 

the authority are used in the study. Since the raw data set is in terms of value at current price, it is 

converted to constant price by deflating using appropriate deflators. An implicit sectoral deflator is 

used to deflate gross value of production, wages and salaries and industrial cost, while investment 

deflator is used to deflate capital (or fixed assets). The study covers those large and medium scale 

manufacturing industries at national level during the survey period 1998-2002. 

In tlus study among the manufacturing industries that are categorized under different industrial 

groups, nine industrial groups are considered in the study wluch constitute about 89 percent of the 

total manufacturing industries in country. These industries together employed around 94 percent of 

the workers in the manufacturing sector. In terms of gross value of production, they produce 

around 88 percent of the total production in the sector. Furthermore, 99 percent o f the capital of 

the sector is also employed in these industries (CSA, 2003). The grouping of the industries is based 

on two-digit ISIC (International Standard Industrial Classification) although the survey report of 

CSA follows both the two-digit and four-digit classifications. 

The main criteria employed in delineating divisions and groups (the two-digit and four digit 

categories) include the characteristics of the activities producing Uluts wluch are strategic in 

determining the degree of tl,e units and certain relationships in an economy. The major aspects of 

the activities considered are the character of the goods and services produced, the uses to wluch the 

goods and services are put, the inputs, the process and the technology of production. In delineating 

the divisions of ISIC, attention was also given to the range of kinds of activities frequently carried 

out under the same ownership or capital control and to potential differences in scale and 

organization that exist between enterprises. Additional criteria used in establislung divisions and 

38 



groups were the pattern of categories at various levels of classification in national classifications 

(UN, 1990). 

Based on this Un.ited Nation.s criteria the Ethiopian large and medium manufacturing industries are 

divided into different industrial groups of which 9 of them are included in this study as stated earlier. 

These include food processing, beverages, textile, leather, wood & furniture, paper & printing, 

chemical, rubber & plastics and non-metallic mineral industries. The selection of firms within each 

sub-sector is based on balanced panel data requirement such that those firms with complete 

observation and which are operational in the study period are covered. 

As shown in table 4.1 below among the industrial groups in the study 84 food processing industries 

are included which constitute about 23 percent o f the total manufacturing industries in the study. 58 

wood & furniture manufacturing industries are also included in the study which make 16 percent of 

the total manufacturing in the study. Around 12 percent of the total manufacturing industries are the 

43 non-metallic mineral industries followed by 39 paper & printing industries constitute around 11 

percent of the manufacturing industries. The textile industries included in the study are similar ro 

those of the paper & printing industries whereby 38 industries are included which also make around 

11 percent of the total manufacturing industries in the study. 
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Table 4.1 Number of Firms Covered in the Study within Each Industrial Group 

Industrial Group N. of Firms Percent 

1 Food Processing 84 23.27 

2 Beverages 16 4.43 

3 Textile 38 10.53 

4 Leather 30 8.31 

5 Wood and Furniture 58 16.07 

6 Paper and Printing 39 10.80 

7 Chemicals 32 8.86 

8 Rubber and Plastics 21 5.82 

9 Non-Metallic Minerals 43 11.91 

Total 361 100.00 

Source: Author's Computaaon 

Among the total 361 manufacturing industries 32 of them are chemical industries which accounts 

for 9 percent of the total manufacturing followed by 30 leather industries which constitute around 8 

percent of the total manufacturing industries. The rest of the manufacturing industries that are 

included in study are rubber & plastics and beverage industries. As shown in the table 4.1, these 

industries are relatively small in their number whereby the industries are 37 in total and they together 

constitute only 10 percent of the total manufacturing industries in the study. 

4.2 Descriptive Analysis of the data 

. 
The summary statistics for the variables included in the frontier production function and in the 

inefficiency model are presented in table 4.2 below. 
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Table 4.2 Summary Statistics on the Variables included in the Study for the Panel 

Food Processing 

Variables Minimwn Maximum Mean Std. Deviation 

Gross Value of Production 55,182 310,000,000 11,000,000 31,296,065 

Capital 133 57,000,000 4,547,746 9,267,157 

Labour 2905 19,000,000 687,246.30 2,061,819 

Industrial Cost 25,400 75,000,000 6,11 2,373 11 ,334,532 

Size 10 1910 104 218 

Age 7 61 19 11 

Incentive 0 13,000,000 216,242 1,022,129 

Beverages 

Variables Minimum Maximwn Mean Std. Deviation 

G ross Value of Production 407,902 140,000,000 48,000,000 38,618,735 

Capital 285,626 82,000,000 18,000,000 19,476,716 

Labour 50,320 7,887,528 2,599,615 2,095,736 

Industrial Cost 233,957 46,000,000 14,000,000 12,579,221 

Size 23 752 328 213 

Age 9 26 14 4 

Incentive 0 4,020,354 91 1,507 1,012,275 

Textile 

Variables Minimum MaximulTI Mean Std. Deviation 

Gross Value of Production 101,409 69,000,000 14,000,000 18,545,868 

Capital 1,768 80,000,000 7,951,385 14,656,286 

Labour 33,080 14,000,000 2,305,826 3,135,480 

Industrial Cost 32,129 43,000,000 8,240,607 11 ,294,137 

Size 12 3,226 518 686 

Age 7 48 24 11 

Incentive 0 2,436,049 337,170 495,154 

COl1t'd 
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Table 4.2 Cont'd 

Leather 

Variables Minimwn Maximum Mean Std. Deviation 

Gross Value of Production 198,000 170,000,000 17,000,000 25,846,541 

Capital 199,678 63,000,000 7,302,255 9,401,686 

Labour 18,000 7,483,730 1,086,931 1,662,213 

Industrial Cost 126,584 130,000,000 12,000,000 18,014,927 

Size 10 832 169 221 

Age 7 54 21 12 

Incentive 0 13,000,000 395,133 1,426,076 

Wood and Furniture 

Variables Minimum Maximwn Mean Std. Deviation 

Gross Value of Production 33,539 23,000,000 1,631,235 3,394,425 

Capital 433 9,670 800,934 1,761,355 

Labour 2520 2,Q18,021 265,643 436,352 

Industrial Cost 8189 9,883,091 768,188 1,592,802 

Size 10 206 45 50 

Age 7 87 32 21 

Incentive 0 706,158 40,846 11 5,203 

Paper and Printing 

Variables Minimwn Maximwn Mean Std. Deviation 

Gross Value of Production 138,138 62,000,000 7,026,893 11,389,593 

Capital 18,230 13,000,000 2,193,585 2,676,056 

Labour 39,226 5,718,907 779,451 1,208,438 

Industrial Cost 8,139 25,000,000 3,236,318 4,965,848 

Size 11 585 101 139 

Age 7 52 22 11 

Incentive 0 2,629,000 137,527 325,710 

Cont'd 
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Table 4.2 Cont'd 

Chemical 

Variables Minimum Maximum Mean Std. Deviation 

Gross Value of Production 202,501 77,000,000 12,000,000 13,618,165 

Capital 55,106 79,000,000 1,871,262 14,714,221 

Labour 19,181 3,033,772 598,526 607,761 

Industrial Cost 144,184 44,000,000 7,189,733 8,444,877 

Size 11 414 94 91 

Age 7 48 21 11 

Incentive 0 1,912,059 141,714 231,043 

Rubber and Plastics 

Variables Minimum Maximum Mean Std. Deviation 

Gross Value of Production 270,092 43,000,000 8,676,471 10,931,300 

Capital 194,368 29,000,000 5,577,477 5,637,355 

Labour 27,308 3,237,81 1 558,655 704,405 

Industrial Cost 84,930 24,000,000 4,926,886 6,O~3,688 

Size 12 902 110 152 

Age 7 63 23 15 

Incentive 0 2,263,058 170,322 390,543 

Non-Metallic Minerals 

Variables Minimum Maximum Mean Std. Deviation 

Gross Value of Production 37,524 88,000,000 5,045,890 12,116,667 

Capi~al 4 150,000,000 5,286,642 20,152,652 

Labour 2,400 4,530,382 457,772 859,198 

Industrial Cost 16,541 44,000,000 2,601,031 6,567,620 

Size 10 575 73 11 2 

j\ ge 7 55 19 12 

Incentive 0 3,741,899 145,936 506,841 

Source: Author's Computation 

Note - See section 4.3 for the definition of the variables. 
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It is revealed on table 4.2 that the average gross value of production is the highest in beverage 

industries which was around birr 48 million and the lowest in wood & furniture industries which was 

around birr 1.6 million. The standard deviation for gross value of production is also higher for 

beverage industries which indicates a higher variation in terms of production within the sub-sector. 

On the other hand, wood & furniture industries have the lowest deviation from their mean 

production which implies the relatively small variation among wood and furniture industries in terms 

of gross value of production. 

Since the beverage industry is at the top in terms of average gross value of production, it also 

employed a relatively huge amount of average capital, nearly 18 million, as compared to other 

industrial groups. A smaller amount of capital is employed in wood and furniture industries which is 

expected since their gross value of production is smaller as compared to others. A relatively small 

average labour cost is also observed in wood & furniture industries. Even though some sub-sectors 

like chemical industries have higher gross value of production and employ a huge amount capital, 

they incurred a relatively small amount of average labour cost because of the capital-intensive nature 

of their production technology. 

In terms of size of the industries, the textile industry is characterized by its high employment rate 

which is highly related to the specific nature of the industry. Among the firms in this sub-sector, the 

maximum amount of labour employed is around 3226 persons which is by far larger than any of the 

sub-sectors included in the study. In sub-sectors like food processing, leather and wood & furniture, 

the minimum number of labour employed is around 10 persons which depicts a large variation 

within each sub-sector in terms of the number of persons employed. 

The average amount of industrial cost incurred is the highest in beverage industries and the lowest in 

wood & furniture industries. Even though beverage industries incurred the highest mean industrial 

cost, the variation among the firms is much bigger in leather industries. On the other hand, the 

variation in terms of industrial cost among firms is found to be the lowest in wood and furniture 

industries. 

\Xlhen we see the age of firms in each sub-sector, the average age is found to be between 14 and 32 

years. TIllS depicts that the emergence of manufacturing industries in Ethiopia is a new 

44 



phenomenon. The finns in wood & furniture industries are relatively older wIllie those firms in the 

beverage industty are relatively new. Most of the firms in the textile, leather, paper & pllnting, 

chemical and rubber & plastics sub-sectors are established during the past two decades although 

some of them are established during 1960's. This is highly related with the relatively conducive 

environment created for the establishment of new manufacturing industries after the change of 

government in 1991. 

Table 4. 2 also shows that the amount of incentive paid for workers in the form of commissions, 

bonuses, professional and hardship allowances, etc rliffers significantly within and across the sub­

sectors. In all sub-sectors the minimum amount of incentive paid is zero wIllie the maximum is 

around birr 13rnillion in food processing and leather industries. This high variation is also expressed 

in the average amount of incentive paid in each sub-sector. For instance, the average 31TIOunt of 

incentive paid for the workers in the beverage industry is around birr 911 ,507 whereas in wood and 

furniture industries the average amount is only birr 40,846 annually. 

'----. 
~. -
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4.3 Methodology 

As mentioned in section 3.1.3 of the literature review part, the panel data model developed by 

Battese and Coelli (1995) is used for measuring the technical efficiency of firms using a stochastic 

frontier production function. Provided the inefficiency effects are stochastic, the model also permits 

the estimation of both technical change in the stochastic frontier and time-varying technical 

inefficiencies. Moreover, the parameters of the stochastic frontier and the inefficiency models can be 

estimated simultaneously, given appropriate clistributional assumptions associated with cross­

sectional data on the firms included in the study. 

They formulated the stochastic frontier production model as follows: 

f " =J(X" :(3)+E" ................. .........•.... .. ........ ... ............. (18) 

WhereY" denotes the production at t-th observation (t = 1,2, ... ,5) for the i-th firm 

(i = 1,2, .. , N), X" is (IXK )vector of values of known functions of inputs of production and other 

explanatory variables associated \vith the i-th firm at the t-th observation, (3 is a (KX 1) vector of 

unknown parameters to be estimated, E" is specified as E" = V" - V" where V" is the statistical 

noise and V" is technical inefficiency. 

In the above model J(X" : (3) represents a certain production technology which could be specified 

as Cobb-Douglas (C-D), constant elasticity of substitution (CES), translog, etc. Nowadays, flexible 

functional forms such as the translog form are usually recommended rather than the restrictive 

Cobb-Douglas form. Furthermore, the translog functio n is the only one of the flexible functional 

form which is readily used for clirect estimation of the production function. 
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In fact, this study will not merely focus on the explanation of the pros and cons of the two 

functional forms given above. Rather the likelihood ratio test4 is performed to identify which 

production technology will better represent the technology of each of the industrial group included 

in the study;. Therefore, the empirical models that we used for estimation of technical efficiency of 

manufacturing industries in the study are both C-D and translog frontier production functions 

which are given as follows : 

5 

ln Yit=ao+Ia,l n X ,, +Eit ......................................................................................... (19) 
;=1 

5 

In Yit = a o + La, In X it + I/2LI/3ij In X j' + Eit .......................................... ................... (20) 
1=1 j 

Where 1";, is Gross Value of Production (in Birr) for the i-th firm, (i = 1,2, .. , N), in the 

t-th observation (I = 1,2, ... ,5); X it and X j' are vectors of inputs such as capital (in Birr) , labour in 

terms of ·wages and salaries paid, and industrial cost (in Birr) for the i-th firm in the t-th year of 

observ~tion; a's and f3jj 's are unknown parmneters to be estimated; and E jf is as defined in (18). 

Given C-D and translog frontier production functions and the assumptions of each of the models, 

prediction of the technical efficiency o f i-th firm at the t-th observation is based on the conditional 

expectation of U" which is given by: 

TE" =exp(-UJ ....... . ...... . ............ . ................ . .. . ............................... (21) 

4 The likelihood ratio statistic, A, is defined as follows: 

A = -2In [L(H 0)/ L(H,)] = 2[ln L(H, )- In L(H 0)] 

Where L(H 0 land L(H,) are the maximum values of the likelihood function over the null and alternative 

hypotheses, H 0 and H , respectively. If the null hypothesis that defines the constrained parameter space is 

true, then A is asymptotically distributed as X' or as mixed X' with K degrees of freedom where K is the 
number of restrictions imposed by the null hypothesis. The restrictions imposed by the null hypothesis are 
rejected when A exceeds the critical value (Samad and Patway, 2003). 

See chapter 5 for the test whether C-D or translog production function hetter represents the technology of 
each industrial group in the study. 
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Where V " s are non-negative random variables, which are assumed to be independendy distributed 

with mean Ii" and variance 0 2
• 

To determine why some industries are less efficient than others, the technical inefficiency model for 

each industrial group is specified as follows: 

Ii" = 00 + 01S12" + o, SIZSQR" + 03 AGE" + o.AGESQR" + o,LOCT" + 060WNR" 

071NCT" +osTIM " ................... " ..................................... . . ......... ......... (22) 

\''(Ihere Ii" is as defined above, 0, 's unknown parameters to estimated and the variables 

(SI2 , AGE, ... , TIM )are as defined in section 4.4. 

The med10d of maximum likelihood is used for simultaneous estimation of the parameters of the 

stochastic frontier and the model for the technical inefficiency effects using the computer program, 

FRONTIER 4.1 c, Coelli (1994) . The likelihood function of the model is expressed in terms of the 

variance parameters, 0 2 
= Ov + o~ and y = 2 o~ , . T he parameter, y , measures the discrepancy 

,sv + olj 

between the frontier attributable to technical inefficiency. It has a value between zero and one. The 

value of zero indicates that the non-negative random variable, V" , is absent from the model while 

the value of one shows the absence of statistical noise or exogenous shocks from d,e model and 

hence low level of firm's production compared to the best practice (the maximum output) of the 

other firm that is totally a result o f firm specific technical inefficiency. 
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4.4 Definitions of Variables 

Those variables that are included in equations 19, 20, and 22 are defined as follows: 

Gross Value of Production (GVP): is a combination of sales value of all products of the 

establishment, the net change between the beginning and end of the reference period in the value of 

finished goods and the value of work in progress, the value of industrial services rendered to others, 

the value of goods bought and resold without any transformation or processing and other receipts. 

Fixed Capital (CAP): represents those assets of the establishments with a productive life o f one 

year or more. It shows the net book value at the beginning of the reference year plus new capital 

expenditure minus the value of sold and disposed machineries and equipment and depreciation 

during the reference period. 

Labour (LAB): in the frontier production function labour is proxied by the amount wages and 

salaries paid to the workers in each sub-sector. This is done because the heterogeneity of labour is 

not only in terms of biological make-up of the workers but also in terms different attributes like 

education and work experience. Therefore, wages and salaries are presumed to better consider such 

differences and better represents the extent of labour input use. This variable includes all payments 

in cash or in kind made to the workers during the reference year in connection with the work done 

for the establishments 

Industrial Cost (INCT): includes the cost of raw materials, fuel s, electricity and other supplies 

consumed and cost of industrial services rendered by other firms. 

Size and Size Squared (SIZ and SIZSQR): in equation (22) size of the flIm is proxied by the 

number of workers engaged in the reference year. Size squared is included in the model to allow for 

U-shaped relationship between firm size and technical efficiency in the sense that the marginal 

impact of increased size diminishes overtime. 

Age and Age Squared (AGE and AGESQR): in the inefficiency model, firm age is included to 

capture the effect of experience on the technical efficiency of manufacturing industries. Like size 

squared, age squared is included in the model because of the strong diminishing returns in the 
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learning-by-doing process so that the gains in technical efficiency from experience are eventually 

exhausted (Lundvall and Battese, 1999). 

Location (LOCT): 1 if the firm is located around Addis Ababa, 0 otherwise. This variable is 

included in the inefficiency model to examine whether the location of a firm within each sub-sector 

matters in determining the technical efficiency of firms. 

Ownership (OWNR): 1 if the firm is privately owned totally or partially, 0 if the firm is totally 

owned by the government. An inclusion of this variable will help us to consider if there is any 

difference on the impact of technical inefficiency due to the different types of ownership within 

each sub-sector. 

Incentive (INCT): represents the amount of incentive paid to workers in the form of 

commissions, bonuses, professional and hardship allowances, food, lodging, and medical benefits, 

pension, life and causality insurance schemes, etc. the payment is either in cash or in kind during the 

reference period. 

Time (TIM): Time (1, 2, 3, 4 and 5) is included in the inefficiency model to examine the effect of 

time on technical effi ciency of firms in each sub-sector. 
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CHAPTER FIVE 

EMPRICAL RESULTS AND DISCUSSIONS 

5.1 Tests of Different Hypotheses 

It is worthwhile to discuss some of the tests we carried out before we directly go to the discussion of 

our results. Four types of testS are undertaken and the first one is related to whether the technology 

of each industrial group included in the study is better represented by Cobb-Douglas or translog 

production functions . 

Table 5.1 Hypotllesis Testing on tile Stochastic Frontier Cobb-Douglas and Translog Production 

Functions for each Industrial Group 

Industrial Groups Log-Likelihood Value of A Critical Value· Decision 

Ho =/3" =/312 =.·.=/333 =0 

Food Processing -329.17 39.56 12.59 RejectHo 

Beverages -89.23 102.42 12.59 RejectHo 

Textile -191 .30 63.62 12.59 RejectHo 

Leatiler -1 10.91 8.78 12.59 Accept H o 

Wood & Furniture -146.13 34.42 12.59 RejectHo 

Paper & Printing -192.01 47.44 12.59 RejectHo 

Chemical -100.02 -47.46 12.59 Accept H o 

Rubber & Plastics -80.27 60.94 12.59 RejectHo 

Non-Metallic Minerals -135.48 18.44 12.59 Reject H o 

Source: Author's Computation 

. The critical values correspond to 5 percent level of significance 

As shown in table 5.1, given the specification of Cobb-Douglas or translog stochastic frontier 

production function, the null hypothesis tl,at the Cobb-Douglas production technology is a better 

51 



representation for the firms in each sub-sector is rejected for all sub-sectors, except for leather and 

chemical industries. The log-likelihood ratio tests indicate that the rest seven industrial groups (i.e., 

food processing, beverages, textile, wood & furnirure, paper & printing, rubber & plastics and non­

metallic mineral industries) are better represented by the translog production technology. 

Table 5.2 Hypothesis Testing on the Distribution of V i' 

Industrial Groups Log-Likelihood Value of A Critical Value 
. 

Decision 

Ho :J1.=0 

Food Processing -328.66 38.54 3.84 RejectHo 

Beverages -39.86 3.68 3.84 AcceptHo 

Textile -159.85 0.72 3.84 Accept H o 

Leather -111.35 0.88 3.84 AcceptHo 

Wood & Furnirure -130.07 2.40 3.84 Accept H o 

Paper & Printing -168.28 -0.02 3.84 AcceptHo 

Chemical -101.69 3.34 3.84 Accept H o 

Rubber & Plastics -49.87 0.14 3.84 AcceptHo 

Non-Metallic Minerals -127.99 3.46 3.84 Accept H o 

Source: Author's Computation 

. The critical values correspond to 5 percent level of significance. 

Another test which checks whether the technical efficiency levels for the firms in each sub-sector are 

better estimated using a half normal or a truncated normal distribution of V " is shown in table 5.2. 

The table indicates that only the technical efficiency levels for the firms in food processing industries 

are better estimated with the truncated normal distribution of Vi' wIllie the technical efficiency levels 

for those firms in other sub-sectors are better estimated with half normal distribution of V " . 
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Table 5.3 Hypothesis Testing on Deciding Whether Technical Inefficiency is 

A bsent from the Model or not 

Industrial Groups Log-Likelihood Value of A Critical Value Decision 

H 0 : r = 00 = ... = Os = 0 

Food Processing -361.86 104.94 18.31 RejectHo 

Beverages -82.45 85.18 16.92 RejectH 0 

Textile -190.51 61.32 16.92 RejectH 0 

Leather -150.37 78.04 16.92 RejectHo 

Wood & Furniture -203.60 147.06 16.92 RejectHo 

Paper & Printing -180.98 25.40 16.92 RejectHo 

Chemical -143.41 83.44 16.92 RejectHo 

Rubber & Plastics -59.83 19.92 16.92 Reject Ho 

Non-Metallic Minerals -147.94 39.90 16.92 RejectHo 

Source: Author's Computation 

. The critical values correspond to 5 percent level of significance 

The null hypothesis that technical inefficiency in each sub-sector is absent from the model is also 

tested given either Cobb-Douglas or trans log stochastic production function . The log-likelihood 

ratio tests shown in table 5.3 for each sub-sector indicate that the null hypothesis that technical 

inefficiency is absent is rejected for all the sub-sectors. This result suggests the existence of technical 

inefficiency among the firms in Ethiopian manufacturing sector and thus the inapproptiateness of 

the average production function which assumes all the firms are fully technically efficient. 
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Table 5.4 H ypothesis Testing on the Joint Significance of the Explanatory Variables Included in 

the Inefficiency Model 

Industrial Groups Log-Likelihood Value of Critical Value 
. 

Decision 

H o = 8, = ... =88 = 0 

Food Processing -355.27 91.76 15.51 Reject Ho 

Beverages -64.81 49.90 15.51 RejectHo 

Textile -189.24 29.39 15.51 RejectHo 

Leather -140.26 57.82 15.51 Reject Ho 

Wood & Furniture -155.59 51.04 15.51 Reject Ho 

Paper & Printing -180.76 25.16 15.51 RejectHo 

Chemical -128.80 54.22 15.51 RejectHo 

Rubber & Plastics -59.48 19.22 15.51 Reject H o 

Non-Metallic Minerals -140.99 26.00 15.51 RejectHo 

Source: Author's Computation 

. The critical values correspond to 5 percent level of significance 

Finally, as shown in table 5.4 the null hypothesis that the inefficiency effects are not a functio n of 

the explanatory variables or fac tors which are attributable to the technical inefficiency existing 

among the E thiopian manufacturing industries is rej ected for all sub-sectors confirming that the 

joint effect of these variables on technical inefficiency is found to be statistically significant. 
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5.2 Production Function 

As opposed to other production function models efficiency studies concentrate on the specification 

of the error term for prediction of technical efficiency while the estimation of elasticity as 

characteristics of production process is only secondary interest. Due to this, the maximum likelihood 

estimates of the coefficients of the production function are not of immediate interest to this study 

also. Therefore, we u-ied to give some explanations to the coefficients of the variables for both the 

Cobb-Douglas and translog stochastic production functions. 

For those sub-sectors, i.e. leather and chemical industries, where the production technology is 

represented by Cobb-Douglas production function the relationship between the traditional input 

variables and the level of output turned out to have expected signs. H owever, the parameter 

estimates of all the production inputs are found to be statistically significant at 5 percent significance 

level only for leather industries whereas in chemical industries it was only industrial cost that is 

found to be significandy affecting the level of production. The other two input variables, capital & 

labour, are not statistically significant at the conventional 5 and 10 percent significance levels. On 

the other hand, in those sub-sectors where the production technology is represented by the translog 

stochastic production frontier, most of the parameter estimates are statistically significant at both 5 

and 10 percent significance levels even though some parameter estimates are not found to be 

significant at bodl significance levels. From the parameter estimates that are found to be statistically 

significant, some of the coefficients turned out to have unexpected relationships with the level of 

output. 

For instance, as shown in table 5.5, in beverage industries the inlpact of labour on the level of 

output produced is found to be negative. This could be due to a large amount of labour that is 

employed on a relatively small amount of capital. Capital is also found ro have a negative 

relationship with the level of production in paper & printing industries which could be as a result o f 

old and technologically backward machineries used by the industry. In textile industries, industrial 

cost (or raw material) is observed ro have an inverse relationship widl the level of output produced. 

The possible explanation for this result could be an over commitment of raw materials to the 

production of different types of products in the industry. 
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In flexible functional forms, like translog production function, this kind of unexpected resul ts could 

be observed also due to the multicollinearity problems often associated with such flexibl e functional 

forms. In a production function analysis, correlation between some of the explanatory variables is 

expected. Collinearity among economic variables is an inherent and age-old problem leading to 

problems of multicollinrearity. Some have, therefore, suggested that multicollinearity is not 

necessarily a problem unless it is very high (Gujarati, 1995). In efficiency estimation, since the 

primary interest is to predict the degree of technical efficiency, some degree of multicollineari ty can 

be tolerable. 
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Table 5.5 Maximum likeWlOod Estimates for the Parameter of the Cobb-Douglas or Translog 
Stochastic Frontier Production Functions for the Nine Industrial Groups 

Food Wood and 
V:lriabJe Processing Beverages Textile Leather Furniture 
Frontier Function 
Constant 1.87** -5.95* 11 .07* 0.67 2.60* 

(0.95) (2.18) (1.41) (0.47) (0.47) 
CJ\!' 0.075 2.04* 0.80* 0.176' 0.095 

(0.10) (0.72) (0.14) (0.046) (0.06) 
LII B -0.06 -2.44* 0.925* 0.128* 0.30** 

(0.18) (0.62) (0.344) (0.039) (0.17) 
IN D C 0.74* 2.31 '" -0.645* 0.73* 0.30** 

(0.21) (0.51 ) (0.27) (0.039) (0.16) 
(CliP) '(CliP) 0.072 0.092** 0.0056 0.0066' 

(0.076) (0.056) (0.0088) (0.0019) 
(CliP) 'O_IIB) 0.0018 -0.06 -0.062* 0.0035 

(0.019) (0.058) (0.02) (0. 015) 
(CII P)'(INDC) -0.016 -0.30' -0.075* -0.022** 

(0.018) (0.04) (0.013) (0.012) 
0_1I 13)*(LAB) 0.087* 0.18* 0.002 0.068* 

(0.019) (0.033) (0.024) (0.023) 
O..ilB)'(IN D C) -0.10* 0.0074 0.096* -0.14* 

(0.022) (0.042) (0.029) (0. 049) 
(INDC)*(lNDC) 0.04* 0.062* 0.057* 0.095 

(0.016) (0.025) (0.018) (0.03)' 
Inefficiency Model 
Constant -12.31* 

(1.42) 
SIZ 0.013* 0.033' -0.092' -0.018* -0.041* 

(0.0025) (0.0088) (0.002) (0.0068) (0.011 ) 

SIZSQR -0.00002* -0.00004* 0.0000026' 0.000019* 0.00008' 
(0.000004) (0.000012) (0.0000006) (0.000007) (0.00003) 

AGE 0.57* -1.49* 0.1 2* -0.20* -0.063* 
(0.082) (0.36) (0.047) (0.073) (0.022) 

AGESQR -0.0069* 0.057* -0.055* 0.014* 0.0005* 
(0.001) (0.019) (0.002) (0.0042) (0.00024) 

LOCT -0.026 0.039 -1.26* 1.15 0.69* 
(0.21 ) (0.65) (0.44) (0.80) (0.22) 

OWNR 0.26 -4.29* -0.16 -2.12** -0.25 
(0.25) (1.3 1) (0.48) (1 09) (0. 24) 

INCr -0.57* -2.89** -0.83* -1.04* 0.00019 
(0.08) (146) (0.27) (0.40) (0.00018) 

TIM 0.76* 1.01* -0. 32* 0.57* 0.28' 
(0.093) (0.327) (0.11) (0.23) (0.076) 

Variance Param eters 

8' = 8 2 +82 1.69* 1.59* 1.14* 1.12* 0.52* 
" , (0.156) (0.27) (0.15) (0.26) (0. 078) 

r=8'/C8 2 + 8') 0.92* 0.96* 0.92* 0.87* 0.82* 
II II v (0.012) (0.0094) (0.03) (0.04) (0.04) 

Log-Likelihood -309.39 -39.86 -159.85 -111.35 -130.07 

Mca n TE 0.76 0.76 0.62 0.74 0.80 

Observations 84 16 38 30 58 

Cont'd 
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Table 5.4 Cont'd 
Papcr and Rubber and Non-Metallic 

Varj;/bJe Printing Chemical Plastics Minerals 
Frontier Function 
Constant 9.62* lAO* -1.25 1.02 

(1.72) (0.32) (1.09) (0.76) 
CilP -1.04* 0.038 0.15* 0.067 

(0.30) (0.027) (0.053) (0.093) 
LAB 0.73** 0.052 0.18* 0.15 

(0.45) (0.045) (0. 022) (0. 16) 
IN DC 0.097* 0.87 0.67 0.85* 

(0.026) (0.04) , (0.44) (0.18) 
(CilP) '(CilP) 0.0 18 0.035 0.001 7 

(0.026) (0.022) (0.003) 
(Cil P) '(LilB) 0.052 0.28 0.047* 

(0.043) (0.35) (0.013) 
(CilP)'(INDC) 0.039 0.56 -0.047* 

(0.04 1) (0.86) (0.014) 
(UI B)'(LiI Il) 0.032 0.037 -0.027** 

(0.048) (0.065) (0.015) 
O"ilB)'(INDC) -0.16* -0.12* 0.0014 

(0.044) (0.045) (0.018) 
(INDC)'(IN DC) -0.35 -0.30' 0.Q18 

(0.37) (0.045) (0.014) 
Inefficiency Model 
Consta nt 

SIZ -0.044* -0.069* 0.0042' -0.014* 
(0.019) (0.017) (0.0016) (0.0044) 

SIZSQR 0.000072' 0.00014* -0.000003 0.00003* 
(0.000032) (0.000039) (0.000002) (0.000008) 

AGE -0.097""" 0.29+ 0.05 -0. "17* 
(0.057) (0.094) (0.039) (0.052) 

ilGESQR 0.0052 0.0057 -0.0012** 0.0011 
(0.0038) (0.004) (0.00068) (0.0008) 

LOCI' 0.04 -3.94* -0.47** -0.29 
(0.12) (0.88) (0.25) (0.34) 

OWNR -1.23** -1.55* -0.29 0.34 
(0.69) (0.70) (0.31) (0.31) 

INCT -0.39 -1.24* -0.00017** 0.19* 
(0.38) (0.43) (0.00009) (0.067) 

TIM 0.185** -0,45* 0.11** 0.11 
(0. 115) (0.1 8) (0.063) (0.097) 

Variance Parameters 

8' = 8 ' +8' 0.83' 1.86* 0.20* 0.84* 
» , (0.21) (0.32) (0.06) (0.11) 

Y = 8,; /(8,; + 8,;) 0.72* 0.95* 0.48* 0.87* 
(0.093) (0.014) (0.16) (0.027) 

Log-Likelihood -168.28 -101.69 -49.87 -127.99 

jI.·[ean TE 0.75 0.74 0.80 0.77 

Observat ions 39 32 21 43 

J'loles - Source: Author's Computation 
- Figures in Parentheses are standard errOrs. 
- Significance levels of 5 and 10 percents are indicated by ' and" , respectively. 
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5.3 Prediction of Firm Level Technical Efficiencies 

For all sub-sectors, the results of maximum likelihood estimates as shown in table 5.5 indicate that, 

there are significant inefficiency effects associated with production, which is in line with the test 

presented in table 5.3. This is evident from the estimates of the discrepancy parameter y which are 

0.92,0.96,0.92,0.87,0.82,0.72,0.95,0.48 and 0.87 for food processing, beverages, textile, leather, 

wood & furniture, paper & printing, chemical, rubber & plastics and non-metallic mineral industries. 

This means that around 92, 96, 92, 87, 82, 72, 95, 48, and 87 percent of the discrepancies between 

the observed output and the frontier output levels are due to technical inefficiency. This implies that 

Ethiopian manufacturing industries are characterized by inefficient way of production. Moreover, 

the very high value of y indicates that much of the shortfall of observed output from the frontier 

output is due to technical inefficiency, i.e. due to those factors within the control of the firm rather 

than statistical 'noise' or external 'shocks'. Furthermore, the significance of y in the inefficiency 

model justifies the use of stochastic frontier model and the associated method of maximum 

likelihood estimation. 

Once it is proved that there exists a significant level of technical inefficiency among Ethiopian 

manufacturing industries, prediction of the level of technical efficiency for the firms in each sub­

sector is found to be very important. Constructing an index of technical efficiency provides a good 

picture of the extent of variation in its level among finns which will have important implications for 

the industrial policy formulation in the country. Based on tillS, the frequency distribution of the 

predicted technical efficiencies for each industrial group or sub-sector is discussed with ti,e help of 

tables 5.6 to 5.14. 

As shown in table 5.13 below the predicted technical efficiency values for food processing industries 

vary from 14 to 94, 51 to 95, 6 to 95, 2 to 88 and 2 to 87 percent in 1998, 1999, 2000, 2001 and 

2002, respectively. This indicates the existence of high variation in technical efficiency of firms in 

the sub-sector. It is also observed that ti,e variation is increasing during the study period (see also 

Appendix I). 

S9 



During the early periods of the study, some firms were able to operate at an efficiency level of 90 

percent and above while at the end of the study period any of the firms in the industry fail to score 

this efficiency level. The number of firms which were operating at efficiency level of 40 percent and 

below have been increasing during the study period. This shows the increase in technical 

inefficiency of firms under the existing level of inputs and technology environment. 

Table 5.6 Frequency Distribution of Technical Efficiencies in Food Processing Industries 

Percent of Firms (%) 

Efficiency Levels 1998 1999 2000 2001 2002 

~0.40 1.20 0.0 7.10 3.60 9.50 

0.40-0.50 1.20 0.0 0.0 2.40 3.60 

0.51-0.60 120 2.40 3.6 3.60 2.40 

0.61-0.70 1.20 1.2 3.6 10.70 11.90 

0.71-0.80 36.90 32.10 44.0 52.4 64.30 

0.81-0.90 56.00 60.70 38.1 27.4 8.30 

:2: 0.91 2.40 3.60 3.60 00 0.0 

Mean 0.80 0.81 0.74 0.74 0.68 

Maximum 0.94 0.95 0.95 0.88 0.87 

Minimum 0.14 0.51 0.06 0.02 0.02 

Std. Deviation 0.10 0.06 0.16 0.14 0.18 

Number of Finns 84 84 84 84 84 

Source: Author's Computation 

The sample averages of technical efficiencies for firms in food processing industries are found to be 

80,81,74,74 and 68 percent in 1998, 1999,2000,2001 and 2002, respectively. These figures also 

indicate that average technical efficiency of firms relative to the frontier level has been decreasing 

during the study period. A panel mean technical efficiency of 76 percent for food processing 

industries indicates that there exists a 24 percent difference between the observed level of output 

and the frontier output level that could have been obtained using the existing level of inputs and 

technology. 
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The predicted technical efficiency values for beverage industries vary from 40 to 76, 49 to 93, 5 to 

89, 1 to 92 and 48 to 95 percent in 1998, 1999, 2000, 2001 and 2002, respectively. Table 5.7 shows a 

higher variation is observed in 2001 and low variation is observed in 1999 (see also Appendix I). In 

1999 and 2002 there was no firm which was operating at an efficiency level of 40 percent and below 

while 6.3 percent of the firms in both years were operating at an efficiency level of 91 percent and 

above. The converse is true in 1998 and 2000 where no firm has scored over 90 percent level of 

efficiency while 6.3 percent of the firms in beverage indusu,), scored 40 percent and below in both 

years. 

Table 5.7 Frequency Distribution of Technical Efficiencies in Beverage Industries 

Percent of Firms (%) 

Efficiency Levels 1998 1999 2000 2001 2002 

:5 0.40 6.3 0.0 6.3 6.3 0.0 

0.41-0.50 6.3 6.3 6.3 6.3 6.3 

0.51-0.60 6.3 12.5 6.3 0.0 0.0 

0.61-0.70 12.5 6.3 6.3 12.5 12.5 

0.71-0.80 12.5 25.0 25.0 18.8 31.3 

0.81-0.90 56.3 43.8 50.0 50.0 43.8 

~ 0.91 0.0 6.3 0.0 6.3 6.3 

Mean 0.76 0.77 0.74 0.74 0.78 

Maximum 0.89 0.93 0.89 0.92 0.95 

Minimum 0.40 0.49 0.05 om 0.48 

Std. Deviation 0.15 0.14 0.22 0.22 0.11 

Number of Firms 16 16 16 16 16 

Source: Author's Computation 

The sample average technical efficiencies for beverage industries are found to be 76, 77, 74, 74 and 

78 percent in 1998, 1999, 2000, 2001 and 2002, respectively. This shows that their average technical 

efficiencies were decreasing during the early years of the study period while it was increasing at the 

end of the study period. The industry was relatively highly efficient in 2002 and less efficient in 2000 

and 2001. Like the food processing industries, the panel mean technical efficiency is found to be 76 

percent which implies that with the existing level of production inputs and technology, those firms 
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in the beverage industry could have improved their technical efficiency by 24 percent so that they 

could be able to produce at the frontier level of production. 

For firms in the textile industry the variation in terms of predicted efficiencies is higher as compared 

to the food processing and beverage industries. For instance, the minimum variation during the 

study period is observed in 2002 which was around 25 percent while in both sub-sectors that are 

discussed earlier the maximum variation observed is lower than tlus figure. It was in 2000 that a 

maximum of 29 percent variation is observed whereby a firm with minimum efficiency score was 

only 2 percent while the maximum was as high as 91 percent. The variation among the firms during 

each year is presented in Appendix I. 

The distribution of efficiency score for textile industries is also skewed towards the two extreme 

efficiency levels whereby 23.7, 26.3, 26.3, 31.6 and 18.4 percent efficiency levels are observed in 

1998,1999,2000,2001 and 2002, respectively in the range of 40 percent and below while 39.5, 26.3, 

28.9, 34.2 and 36.8 percent efficiency levels in those years considered earlier are observed in the 

range between 81 and 90 percent. 
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Table 5.8 Frequency Distribution of Technical Efficiencies in Textile Industries 

Percent of Firms (%) 

Efficiency Levels 1998 1999 2000 2001 2002 

~ OAO 23.7 26.3 26.3 31.6 18.4 

OA1-0.50 2.6 15.3 13.2 0.0 7.9 

0.51-0.60 2.6 5.3 5.3 2.6 0.0 

0.61-0.70 7.9 0.0 2.6 13.2 7.9 

0.71-0.80 23.7 23.7 21.1 15.8 23.7 

0.81-0.90 39.5 26.3 28.9 34.2 36.8 

~ 0.91 0.0 2.6 2.6 2.6 5.3 

Mean 0.64 0.60 0.58 0.62 0.68 

Maximum 0.90 0.91 0.91 0.92 0.96 

Minimum 0.03 0.07 0.02 om 0.03 

Std. D eviation 0.27 0.26 0.29 0.27 0.25 

Number of Firms 38 38 38 38 38 

Source: Author's Computation 

As shown in table 5.8, in terms of average technical efficiency of firms in textile industries, the 

values as compared to food processing and beverage industries are found to be lower in such away 

that the average technical efficiencies scores are only 64, 60, 58, 62 and 68 percent in 1998, 1999, 

2000, 2001 and 2002, respectively. In 2002 where the mean technical efficiency is relatively the 

highest, the variation in technical efficiencies among firms is found to be the lowest. A 62 percent 

mean technical efficiency for the panel indicates that those firms in the textile industry are far below 

from the frontier output level by an amount of 38 percent which could have been improved with 

proper utilization of the available resources and the existing technology. 

The estimates of predicted technical efficiency for firms in the leather industry vary from 67 to 95, 

55 to 91, 11 to 94, 2 to 92 and 3 to 84 percent in 1998, 1999, 2000, 2001 and 2002, respectively. As 

shown in table 5.9 the highest variation is observed in 2001 which was around 21 percent while the 

lowest is observed in 1998 which was around 6 percent (see also Appendix I). Even though there 

was less variation in 1998, no firm was able to operate at an efficiency level of above 90 percent 

where as in the rest of the years few firms were able to operate at this efficiency level. 
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Table 5.9 Frequency Distribution of Technical Efficiencies in Leather Industries 

Percent of Firms (%) 

Efficiency Levels 1998 1999 2000 2001 2002 

$ 0.40 23.7 26.3 26.3 31.6 18.4 

0.41-0.50 2.6 15.8 13.2 0.0 7.9 

0.51-0.60 2.6 5.3 5.3 2.6 0.0 

0.61-0.70 7.9 0.0 2.6 13.2 7.9 

0.71-0.80 23.7 23.7 21.1 15.8 23.7 

0.81-0.90 39.5 26.3 28.9 34.2 36.8 

~ 0.91 0.0 2.6 2.6 2.6 5.3 

Mean 0.84 0.78 0.72 0.67 0.70 

Maximum 0.95 0.91 0.94 0.92 0.84 

Minimum 0.67 0.55 0.11 0.02 0.D3 

Std. D eviation 0.06 0.08 0.17 0.21 0.16 

Number of Firms 30 30 30 30 30 

Source: Author's Computation 

For firms in the leather industry the mean technical efficiency levels relative to the frontier level are 

found to be 84, 78, 72, 67 and 70 percent in 1998, 1999, 2000, 2001 and 2002, respectively. This 

implies that the acrual level of output on average is 16, 22, 28, 33 and 30 percent less than the 

frontier output level during the production year in that order. The panel mean technical efficiency is 

obtained to be 74 percent which indicates that 26 percent of the differences between the actual level 

of output and the frontier output level is resulted due to technical inefficiencies. 

In wood and furn.irure industries tile variation in terms of predicted efficiencies is lower as 

compared to other sub-sectors discussed earlier. The maximum amount of variation observed was 

around 15 percent in 2002 while a minimum amount of 8 percent variation is observed in 2002 (see 

also Appendix I for the variation among each of the firms). In this sub-sector, most fums were 

operating at an efficiency level of 70 percent and above while only a few number of firms operate at 

an efficiency level of 50 percent and below during the srudy period. At tile beginning of the study 

period, non of the firms were operating at an efficiency level of 50 percent and below where as few 

firms were operating at dus efficiency level at the end of the study period. 

64 



Table 5.10 Frequency Distribution of Technical Efficiencies ill Wood and Furniture 

Industries 

Percent of Firms (%) 

Efficiency Levels 1998 1999 2000 2001 2002 

::; 0.40 0.0 1.7 1.7 3.4 1.7 

0.41-0.50 0.0 0.0 1.7 1.7 3.4 

0.51-0.60 3.4 3.4 5.2 5.2 5.2 

0.61-0.70 1.7 6.9 5.2 10.3 8.6 

0.71-0.80 20.7 25.9 20.7 24. 1 36.2 

0.81-0.90 46.6 44.8 46.6 36.2 29.3 

;::: 0.91 27.6 17.2 19.0 19.0 15.5 

Mean 0.84 0.81 0.81 0.78 0.77 

Maximum 0.95 0.93 0.94 0.95 0.95 

Minimum 0.56 0.37 0.40 0.38 0.03 

Std. Deviation 0.08 0.1 1 0.11 0.13 0.15 

Number of Firms 58 58 58 58 58 

Source: Author's Computation 

Table 5.10 shows there is a consistent decline in mean technical efficiency of wood and furniture 

industries whereby it declines from 84 to 81 percent in 1999, 81 to 78 percent in 2001 and 78 to 77 

percent in 2002 though it remained constant between 1999 and 2000. In1 998, where the mean 

technical efficiency of firms in wood & furniture industries was the highest, the varia tion in terms o f 

efficiency scores among the fums is found to be the lowest. The converse is true in 2002 where the 

mean technical efficiency of fums is the lowest while the variation is found to be the highest. In this 

sub-sector, the panel mean technical efficiency is around 80 percent which implies that firms in 

wood and furniture industries could have increased their output levels by 20 percent with the 

available resources and without changing the existing technology. 

The estimates of predicted technical efficiency values for paper and printing industries vary from 43 

to 94, 8 to 91, 31 to 92, 23 to 91 and 7 to 90 in 1998, 1999, 2000, 2001 and 2002, respectively. As 

shown in table 5. 11 , the variation among firms with respect to efficiency scores ranged from 13 to 

18 percent which shows that the variation across the study period is some how similar and not 
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fluctuating over time (see also Appendix I). In 1998, where we observed the lowest variation, no 

firm was operating at an efficiency level of 40 percent and below where as in 2002, where the 

variation reaches at a relatively higher level, no fum could attain an efficiency level of above90 

percent. 

Table 5.11 Freguency Distribution of Technical E ffi ciencies in Paper and Printing 

Industries 

Percent of Firms (%) 

E fficiency Levels 1998 1999 2000 2001 2002 

~ 0.40 0.0 2.6 5.1 10.3 5.1 

0.41 -0.50 5.1 2.6 5.1 2.6 10.3 

0.5 1-0.60 2.6 5.1 5.1 10.3 7.7 

0.61-0.70 17.9 17.9 10.3 12.8 7.7 

0.71-0.80 15.4 10.3 17.9 7.7 17.9 

0.81-0.90 51.3 59.0 53.8 53.8 51.3 

~ 0.91 7.7 2.6 2.6 2.6 0.0 

Mean 0.79 0.77 0.75 0.73 0.73 

Maximum 0.94 0.91 0.92 0.91 0.90 

Minimum 0.43 0.08 0.31 0.23 0.07 

Std. Deviation 0.13 0. 16 0. 16 0.18 0.18 

N umber of Firms 39 39 39 39 39 

Source: Author's Computation 

During those years considered in the study, a consistent decline in mean technical efficiency is also 

observed in this sub-sector like wood and furniture industries. The decline was from 79 to 77 

percent 1999, 77 to 75 percent in 2000 and 75 to 73 percent in 2002 though it remained constant 

between 2001 and 2002. In 1998, where the variation is found to be the minimum, the amount of 

mean technical effi ciency scored is found to be the maximum. On the other hand, in 2001 and 2002 

where the variation is relatively higher, the amount of mean technical efficiency scored is found to 

be the lowest. For paper and printing industries the panel mean technical efficiency is found to be 75 

percent which implies there exists a 25 percent difference between the observed level of output and 
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the frontier output level that could have been obtained using the existing level of inputs and 

technology. 

In chemical industries, the level of predicted technical efficiency vary from 45 to 91, 3 to 91, 3 to 91, 

3 to 95 and 46 to 91 percent during the production years of 1998, 1999,2000,2001 and 2002. The 

variation in terms of predicted technical efficiencies is found to be the highest in 2000 and 2001 

while it is the lowest in 1998. Only about 3.1, 6.2,12.5,9.4, and 3.1 percent of the firms operated at 

a technical efficiency level of 50 percent & below in those years considered earlier, where as about 

40.6, 40.6, 40.7, 46.9 and 50 percent of the firms operated at a technical efficiency level of above 80 

percent during the production years in that order. The variation in technical efficiency at firm level is 

reported in Appendix I. 

Table 5.12 Frequency Distribution of Technical Efficiencies in Chemical Industries 

Percent of Firms (%) 

Efficiency Levels 1998 1999 2000 2001 2002 

$ 0.40 0.0 3.1 12.5 6.3 0.0 

0.41-0.50 3.1 3.1 0.0 3.1 3.1 

0.51-0.60 3.1 0.0 3.1 6.3 0.0 

0.61-0.70 25.0 25.0 21.9 9.4 15.6 

0.71-0.80 28.1 28.1 21.9 28.1 31.3 

0.81-0.90 37.5 37.5 34.4 37.5 46.9 

~0.91 3.1 3.1 6.3 9.4 3.1 

Mean 0.76 0.74 0.71 0.73 0.78 

Maximum 0.91 0.91 0.91 0.95 0.91 

Minimum 0.45 0.03 0.03 0.03 0.46 

Std. Deviation 0.1 1 0.16 0.20 0.20 0.10 

Number of Firms 32 32 32 32 32 

Source: A uthor's Computation 

Table 5.12 shows the mean technical efficiency levels for firms in chemical industries are found to 

be 76, 74, 71, 73 and 78 percent in 1998, 1999, 2000, 2001 and 2002, respectively while the mean 

panel mean technical efficiency is found to be 74 percent. This shows that about 24, 26, 29, 27 and 
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22 percent differences between the observed and the frontier levels of output is due to technical 

inefficiency during the study period. Compared to other years of production, chemical industries 

performed less in 2000 where high variation among fIrms in technical efficiencies was also observed. 

Predicted technical effIci ency scores in rubber & plastics industries ranged from 48 to 96 percent in 

1998, 59 to 96 percent in 1999 and 54 to 95 percent, 26 to 96 percent and 42 to 92 percent in 2000, 

2001 and 2002, respectively. In this sub-sector, a relatively high variation in technical effIciency 

scores is observed in 2001 and a relatively low variation is observed in 1999(see also Appendix I) . 

Table 5.13 shows during those periods where minimum variation is observed, i.e. 1999 and 2000, no 

fum was operating at an effIciency level of 50 percent and below where as during the period where 

the variation is relatively higher, i.e. 2001, few fIrms were operating at the efficiency level considered 

earlier. During the early periods of the study, the number of fIrms which were operating at an 

efficiency level of above 80 percent were around 77 percent and this number has been declining 

during those 5 years considered in the study and reached around 14 percent at the end of the study 

period. 
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Table 5.13 Frequency Distribution of Technical Efficiencies in Rubber and Plastics 

Industries 

Percent of Firms (%) 

Efficiency Levels 1998 1999 2000 2001 2002 

$ 0.40 0.0 0.0 0.0 4.8 0.0 

0.41 -0.50 9.5 0.0 0.0 4.8 9.5 

0.51 -0.60 0.0 14.3 14.3 4.8 19.0 

0.61 -0.70 4.8 4.8 23.8 23.8 28.6 

0.71 -0.80 19.0 38.1 28.6 33.3 28.6 

0.81-0.90 42.9 38.1 28.6 23.8 9.5 

~ 0.91 23.8 4.8 4.8 4.8 4.8 

Mean 0.81 0.77 0.73 0.71 0.67 

Maximum 0.96 0.96 0.95 0.96 0.92 

Minimum 0.48 0.59 0.54 0.26 0.42 

Std. Deviation 0.13 0.10 0.11 0.16 0.13 

Number of Firms 21 21 21 21 21 

Source: Author's Computation 

Similarly, the mean technical efficiencies of rubber & plastics industries has been declining during 

the study period whereby it was around 81 percent in 1998 and reached 77 percent in 1999 and then 

declined to 73 percent in 2000. The decline continued and reached 71 in percent in 2001 and finally it 

became 67 percent in 2002. This shows that during those five years considered in the study, firms in 

rubber industries couldn't keep their efficiency level as it was and they were losing it overtime. An 80 

percent of panel mean technical efficiency score also indicates that there is a chance for rubber 

industries to improve their output levels by 20 percent using the available resources and technology 

environment. 

Technical efficiency predictions in non-metallic mineral industries vary from 20 to 90, 51 to 94, 49 

to 89, 56 to 95 and 3 to 92 percent in 1998, 1999,2000,2001 and 2002, respectively. The variation 

in terms of predicted technical efficiency ranged from 9 percent in 2001 to 16 percent in 2002 

during the study period. During the period of minimum variation, i.e. 2001, all firms were operating 

above 50 percent efficiency level whereas during the period a relatively higher variation, i.e. 2002, 
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around 4.7 percent of the firms were operating even at an efficiency level of 40 percent and below 

(see also Appendix I) . Overall, during those periods considered in the study, most firms in non­

metallic mineral industries have been operating above 70 percent technical efficiency levels. 

Table 5.14 Frequency Distribution of Technical Efficiencies in Non-Metallic Mineral 

Industries 

Percent of Firms (%) 

Efficiency Levels 1998 1999 2000 2001 2002 

$040 2.3 0.0 0.0 0.0 4.7 

041-0.50 2.3 0.0 2.3 0.0 0.0 

0.51-0.60 2.3 9.3 11.6 2.3 4.7 

0.61-0.70 9.3 16.3 20.9 7.0 9.3 

0.71-0.80 27.9 27.9 37.2 30.2 25 .6 

0.81 -0.90 55.8 44.2 27.9 48.8 51.2 

~ 0.91 0 2.3 0.0 11.6 4.7 

Mean 0.78 0.77 0.74 0.81 0.77 

Maximum 0.90 0.94 0.89 0.95 0.92 

Minimwn 0.20 0.51 049 0.56 0.03 

Std. Deviation 0.13 0.11 0.10 0.09 0.16 

Number_of Firms 43 43 43 43 43 

Source: Author's Computation 

Looking into the mean technical efficiency scores of non-metallic mineral industries during each 

production year, there would have been a production gain of 22, 23, 26, 19 & 23 percent in 1998, 

1999, 2000, 2001 and 2002, respectively if the firms could have produced at the 'best' practice 

output level. A panel mean technical efficiency of 77 percent also implies that there exists a 23 

percent difference between the observed level o f output and the frontier output level that could 

have been increased using the existing level of inputs with out changing the production technology. 

Generally, the existence of technical inefficiency among the firms in those sub-sectors included in 

the study and the inability of most of the firms to score an efficiency level of more than 90 percent 

level implies that a lot can be done to expand the production level at the existing level of inputs and 
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technology through identifying and correcting those factors which are attributable to the existing 

inefficiency levels. 

5.4 Factors Mfecting Technical Inefficiency 

In section 5.3, the technical effi ciency level of those manufacturing industries considered in the 

study is discussed based on the maximum likelihood estimation results. H owever, technical 

efficiency scores have a very limited utility for policy and management purposes if empirical studies 

don't investigate the sources of technical inefficiency. Therefore, it will be very important to identify 

those factors which are attributable to the technical inefficiencies among the firms in each sub­

sector. 

Even though, variations in technical efficiency arise from different practices or techniques, it was 

found difficult to incorporate all factors which are expected to affect the technical inefficienc y o f 

each sub-sector due to problems related with data. In this study, a total of eight variables (size and 

size squared, age and age squared, location of a firm, type of ownership, amount of incentive paid to 

workers and the year of observations involved) are included, which are assumed to influence the 

technical efficiency level of those finns in each of the sub-sectors. 

Based on the estima tion results given in table 5.5 the size of a finn is found to have a positive and 

significant relationship with technical efficiency for most sub-sectors, except for food processing, 

beverages and rubber & plastics industries. This result is supported by the most widely argued 

relationship between firm size and technical efficiency which states that a firm growth leads to a 

more efficient way of production. Lundvall and Battese (1999) explained this as a selection process 

in which efficient firms grow and survive, while inefficient firms stagnate or exit the industry. The 

other argument towards tlus positive relationship is that there is positive gain in efficiency due to 

economies of scale. A positive relationship between firm size and technical efficiency is also 

reported by Taye (1996) , Pitt and Lee (1981) and Lundvall and Battese (1999). 

Even though most arguments support tI,at there is a positive relationslup between firm size and 

technical efficiency, the negative relationship found in food processing, beverage and rubber & 

plastics industries is not sometlung unrealistic. This could be due to the fact that technical efficiency 
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of small firms may be higher as a result of their being exposed to more competition than larger 

firms. 

In our inefficiency model the square of firm size is also included and the result indicates that there is 

a significant negative relationship between size squared and technical efficiency for those sub-sectors 

where the relationship between firm size and technical efficiency is found to be positive. On the 

other hand, for food processing, beverage and rubber & plastics industries where firm size and 

technical efficiency are negatively related, the relationship between size squared and technical 

efficiency is positive for the three sectors and the relationship is also found to be significant, except 

for rubber and plastics industries . TIllS result shows that those firms in textile, leather, wood & 

furniture, paper & printing, chenUcal and non-metallic nUneral industries do not continue to benefit 

from increasing their fum size in terms of improving their technical efficiency. In other words, this 

means that as the size of a firm increases the technical efficiency of that specific firm increases only 

up to a certain point and it ,ViIJ start to decline marginally. However, the magnitude of the decline in 

technical efficiency is found to be close to zero for all industries. 

For food processing and beverage industries, the positive relationship between size squared and 

technical efficiency indicates that growth of a firm ,ViIJ reduce the level of technical efficiency up to a 

certain point and it ,ViIJ start to have a positive impact on technical efficiency of a firm after a certain 

level of firm growth. However, like the other sub-sectors this effect is also found to be insignificant 

(close to zero) in terms of its magnitude for food processing and beverage industries. 

[t is evident from table 5.5 that firm age is positively related to technical efficiency and also 

statistically significant in beverage, leather, wood & furniture, paper & printing and non-metallic 

nUneral industries. TIllS implies that older firms are more technically efficient than those firms that 

are new. TIllS is probably due to the learning-by-doing process which occurs through production 

experience. It is also argued that new firms are unaware of their abilities and require more time to 

decide on their optimal level of production. According to Assefa and Metambalya (2002), the least 

efficient firm will exit the industry overtime and the technically more efficient ones will remain. So, 

firms become more efficient as a result of grO\ving stock of experience in the production process. 

Taye (1996) also reported a similar result for firms up to 5-8 years of age in Etlllopian manufacturing 

industries. 
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On the other hand, a negative relationship between firm age and technical efficiency is observed for 

food processing, textile, chemical and rubber & plastics industries and the relationship is found to be 

statistically significant, except for rubber & plastics industries. Perhaps, this relation could be due to 

the fact that when an innovation is introduced younger firms in these sub-sectors generally easily 

adopt it, while older firms may have to delay their adoption as it may become too expensive and 

costly to scrap the old technology. Thus, implying that efficiency may decrease with age because 

older firms tend to employ capital of an earlier vintage leading to inefficient production routines and 

practices. Pitt and Lee (1981) also found a negative relationship between firm age and technical 

efficiency in Indonesian weaving industries. The srudy which was nndertaken by Hill and Kalirajan 

(1993) (cited in Lundvall and Battese, 1999) also reported a similar result. 

Like size squared, age squared is also included in the inefficiency model to see the effect of an 

indefinite increase of fum age on technical efficiency. For those sub-sectors where the relation 

between firm age and technical efficiency is found to be positive, the statistically significant negative 

coefficients of age squared suggest that technical efficiency does not necessati1y increase indefinitely 

as tl,e age of a firm increase. Learning-by-doing may provide better opporruni ty for firms to 

improve their technical efficiency but the gains in technical efficiency from experience become 

smaller and smaller overtime and may be evenrually entirely exhausted. 

In food processing, textile and rubber & plastics industries, a positive and significant relationship 

between age squared and technical efficiency is observed. This inlplies that those firms in these sub­

sectors could gain in efficiency due to an increase in age of the firm after sometime. The 

relationship is negative for chemical industries but it is found to be statistically insignificant. 

The inlpact of location of a firm on inlproving technical efficiency is also assessed and firms in 

textile, chemical and rubber & plastics industries which are located around Addis Ababa tend to be 

more technically efficient than those firms outside Addis Ababa. This may be due to the fact that 

proximity of a firm to the capital city will enable the firm to have a better access to the necessary raw 

materials for production, a relatively abundant skilled manpower, easy access to information and 

export market which could enhance the technical efficiency of that specific firm. However, it is 

observed that firms in wood and furnirure industries tend to be less technically efficient when they 

are located around Addis Ababa. Perhaps, this could be for the reason that most of the firms in tllis 
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sub-sector are relatively small producers of furniture products whereby the main sources of timber 

for furniture production are the rural areas of the country which are very far from Addis Ababa. 

Therefore, a firm's location around Addis Ababa could adversely affect the technical efficiency of 

wood & furniture industries. 

For food processing, beverage, leather, paper & printing and non-metallic mineral industries the 

impact o f location of a fum on technical efficiency is fowld to be statistically insignificant. In other 

words, based on the maximum likelihood estimates firms in these sub-sectors don't benefit in terms 

of improving their technical efficiencies by locating their industries around Addis Ababa. 

It is evident from the result (tables 5.5) that privately owned firms are found to be more technically 

efficient than those firms that are owned by the government in beverage, leather, paper & printing 

and chemical industries. For these sub-sectors it can be said that when fums are privately owned 

there will be a gain in efficiency due to the competition that occurs among the firms which makes 

them to properly utilize the available resources. This in turn leads to an inlprovement in technical 

efficiency. For food processing, textile, wood & furniture, rubber & plastics and non-metallic 

mineral industries type of ownership and technical efficiency don't have any statistically significant 

relationship. 

Workers are expected to be motivated by the amount of incentive paid in the form of bonuses, 

commissions, professional and hardship allowances, etc and thereby increase the technical efficiency 

of fums. This is true for food processing, beverage, textile, leather, chemical and rubber & plastics 

industries. A statistically insignificant relationship between the amount incentive paid and technical 

effi ciency is observed for wood & furniture and paper & printing industties . The amount of 

incentive paid to workers is found to bring about an adverse effect on the level o f technical 

efficiency for firms in non-metallic mineral industries. 

Finally, the effect of time on technical efficiency during the study period is investigated and the 

result indicates that it is only for textile and chemical industries that the technical efficiency has been 

increasing over the srudy period. For the rest of the industries, except for non-metallic mineral 

industries, the result shows that the deterioration in technical efficiency over the study period is 

significant. In other words, these industries couldn't keep their technical efficiency level and their 
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capacity of utilizing the available resource has been declining overtime. For non-metallic mineral 

industries, the relationship between technical efficiency and time is found to be statistically 

insignificant. 
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CHAPTER SIX 

CONCLUSION AND POLICY RECOMMENDATIONS 

6.1 Conclusion 

In any production process improving internal efficiency is one of the most important avenues for 

increasing the level of output. Given current global developments and liberalized market conditions, 

the survival of less efficient firms is highly questionable if they become less competitive. In light of 

this, the study has examined the technical efficiency levels of Ethiopian manufacturing industries 

and tried to iden tify those factors which contribute to the different inefficiency levels existing among 

the sub-sectors considered in the study. 

A total o f 361 firms are categorized under nine industrial groups based on ISIC classification and d,e 

industrial groups include food processing, beverage, textile, leather, wood & furniture, paper & 

printing, chemical, rubber & plastics and non-metallic mineral industries. A Cobb~Douglas or 

translog stochastic frontier production function involving the traditional production inputs of 

capital, labour and industrial cost (or raw material) was specified and the panel data model developed 

by Battese and Coelli (1995) was employed for the purpose of predicting the level of technical 

efficiency and identifying those factors which are attributable to the technical inefficiency that 

existed among the firms simultaneously. 

After performing the likelihood ratio test, it was observed that the Cobb-Douglas production 

function is a good representation for the production technology of leather and chemical industries 

only and the translog production function is found to be a good representation for the rest of the 

industries. Moreover, it is observed that d,e technical effici ency levels for each of the firms in all 

sub-sectors are better estimated using a half normal distribution for V i' rather than a truncated 

normal distribution, except for food processing industries. The likelihood ratio test was also 

performed to identify whed1er the technical inefficiency is absent from the model in each sub-sector 

and the result indicates that the null hypothesis that technical inefficiency is absent from the model 

76 



is strongly rejected for all sub-sectors. The null hypothesis that the inefficiency effects are not a 

function of the explanatory variables is also rejected for all sub-sectors. 

The technical efficiency level for firms in each sub-sector was predicted and the result shows that 

there exists technical inefficiency in all sub-sectors with a relatively higher variation among the firms. 

T his result is also supported by the rejection of the null hypothesis that the discrepancy between the 

observed and the frontier output levels is due external factors outside firms ' control for all sub­

sectors. For most of the sub-sectors the discrepancy parameter, y, is found to be above 80 percent 

which shows that most of the discrepancy between the observed and fronti er level of outputs is due 

to technical inefficiency rather than external factors. 

Mean technical efficiency levels were also predicted in line with the esnmanon of technical 

efficiencies and textile industries performed less in terms of mean technical efficiency while wood & 

furniture and rubber & plastics industries have performed well, relatively. The mean technical 

efficiency of the other industries falls between 62 and 80 percent. 

The study also tried to identify those factors which contribute to the existing level of technical 

inefficiency and a total of 8 variables were investigated for this purpose. Among these variables, size 

of a firm tended to have a positive and significant relationship with technical efficiency for textile, 

leather, wood & furniture, paper & printing, chemical and non-metallic mineral industries. Based on 

the result, it was also observed these industries would not continue to benefit in terms of technical 

efficiency through increasing their firm size indefinitely. For food processing, beverage and rubber 

& plastics industries, the relationship between firm size and technical efficiency is found to be 

negative and statistically significant. However, the decline in technical efficiency due to firm growth 

in food processing and beverage industries will be reverted after some time and it will start to show a 

positive impact in improving technical efficiency. The relationship between size squared and 

technical efficiency in rubber & plastics industries is found to be statistically insignificant. 

The effect of firm age on technical efficiency of firms was also examined and it was found that for 

beverage, leadler, wood & furniture, paper & printing and non-metallic mineral industries operation 

of a firm for a relatively longer period brought about a positive impact on technical efficiency. On 

the other hand, an opposite relationship is observed for food processing, textile, chemical and 
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rubber & plastics indusrties though the relationship is statistically insignificant for rubber & plastics 

industries. Since it is difficult to expect experience of a firm will increase techn.ical efficiency 

indefimtely, age squared was also included to capture this non-linear relationsh.ip. The coefficients of 

age squared also showed that there is a non-linear relationship between firm age and techmcal 

efficiency for all sub-sectors, expect in chemical industries. 

Prox.imity of a firm to Addis Ababa is found to be an important factor in terms of improving 

techmcal efficiency o nly for textile, chemical and rubber & plastics industries. Firms in wood & 

furmture indusrties, on the other hand, seems to be less efficient because of their location around 

Addis Ababa due to reasons related to supply of raw materials. In other sub-sectors, prox.im.ity of 

firm to Addis Ababa is not crucial in determimng tech meal efficiency of firms. The other outcome 

of the study indicates that private ownership o nly helped beverage, leather, paper & printing and 

chemical industries to improve their techmcal efficiency. f\ statistically insign.ificant relationship 

between type of ownership and techmcal efficiency was observed for the rest of the industries . 

The amount of incentive pa.id to workers tended to have a sign.ificant impact on increasing teehmeal 

efficiency of fums in most sub-sectors, i.e., food processing, beverage, textile, leather, chemical and 

rubber & plastics industries. However, for wood & furmture and paper & printing industries the 

relationship rurned out to be insign.ificant. With regard to the effect of time on teehn.ical efficiency, 

the resul t indicates that the techmcal efficiency of fums over the study period was increasing only 

for textile and chemical industries. In other indusrties teehmcal effi ciency tended to decline over the 

study period, except in non-metallic indusrties on which the relationship is found to be statistically 

insigmficant. 
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6.2 Policy Recommendations 

Based on the results of the study discussed in the preceding section, it is possible to forward some 

policy recommendations to enhance the efficiency of the manufacturing sector of Ethiopia and 

thereby to increase the contribution of the sector to the overall economy though the 

recommendations tnay not be conclusive. 

To improve technical efficiency growth of a firm is found to be an important factor in most sub­

sectors. Since firm growth is highly related with economies of scale, the government has to playa 

supportive role through provision of credit, implementing appropriate policies to enhance their 

competitiveness in the international market so that they can export their products, constructing the 

necessary infrastructure for smooth marketing system and looking for effective strategies for 

capacity building. However, caution should be taken not to increase growth of firms beyond the 

optimal level. For those sub-sectors where experience (proxied by age) has a positive impact towards 

improving technical efficiency, the policy should be geared towards assisting those firms which are 

relatively new through providing relevant trainings and other technical supports so that they can 

cope up with the experienced firms. On the other hand, for those sub-sectors where experience 

brought about a negative impact, the assistance should be rowards introducing new technology and 

encouraging firms to replace their old technology \vith the new one. 

Only a few sub-sectors are benefited due to location of their firms around Addis Ababa in terms of 

improving their technical efficiency. The gain in technical efficiency due to firm's location around 

Addis Ababa is significant only for a few sub-sectors. T ills could possibly indicate that there is no 

difference in technical effici ency of firms because firms are located around the capital city for most 

sub-sectors. However, for those sub-sectors where the location of a firm around Addis Ababa is 

important in deternllning technical efficiency, regional governments has to close the gap through 

infrastructure development like road transport and telecommunications, facilitating marketing 

channels and implementing appropriate industrial policies willch makes the industries more efficient. 

The slow pace of privatization has to be accelerated for those sub-sectors where the gain in technical 

efficiency is positive when a firm is owned privately because of the competitive environment created 

among the ftrms. T ills in turn will help the firms utilize their resources efficiently and thereby 
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mcrease their technical efficiency. For most of the industries the amount of incentive paid to 

workers either in cash or in kind brought about a positive contribution in improving technical 

efficiency. Therefore, the industries have to design effective incentive payment strategies to motivate 

their workers and improve the level of technical efficiency. 
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0.8737 

OA493 

0.8 145 

0.8581 

0.8551 

0.9564 

0.9043 

0.8567 

0.8867 

0.9011 

0.8748 

0.8761 

0.0280 

0.9398 

0.2697 

0.2109 

0.1703 

0.8727 

0.6958 

0.8726 

0.7757 

0.4067 

0.7239 

0.6113 

0.7198 

0.8382 

0.7575 

0.4748 

0.7562 



Appendix I (cont'd) 

Firm 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

1998 

0.7298 

0.8386 

0.7528 

0.8887 

0.8%5 

0.9076 

0.9284 

0.9195 

0.5752 

0.7 190 

0.8208 

0.5599 

0.8368 

0.7690 

0.8188 

0.7962 

0.8776 

0.7939 

0.8458 

0.8910 

0.7748 

0.7547 

0.6889 

0.8524 

0.9100 

0.8547 

0.8872 

0.7970 

0.8354 

0.8007 

0.7081 

0.8285 

0.8374 

0.8759 

0.92\0 

0.9 130 

0.8398 

0.8377 

0.9068 

0.8304 

0.8251 

0.8282 

0.885 \ 

0.9169 

0.8396 

0.9485 

1999 

0.7 140 

0.7 132 

0.6042 

0.9290 

0.8249 

0.9096 

0.8944 

0.9079 

0.8925 

0.8587 

0.8032 

0.3669 

0.877 1 

0.8147 

0.6729 

0.7922 

0.80\0 

0.5999 

0.7650 

0.9018 

0.7649 

0.6219 

0.8006 

0.8815 

0.8541 

0.7799 

0.85 15 

0.8180 

0.8649 

0.85 \9 

0.7476 

0.8879 

0.7578 

0.8986 

0.7270 

0.8420 

0.8375 

0.7688 

0.9066 

0 .8620 

0.8443 

0 .6756 

0.7583 

0.9096 

0.8664 

0.85 15 

Yea r 

2000 

0.5974 

0.7455 

0.7200 

0.9372 

0.9\04 

0.9412 

0.8965 

0.9136 

0.3978 

0.8254 

0.6096 

0.6050 

0.8579 

0.7950 

0.8722 

0.7646 

0.7874 

0.7023 

0.8154 

0.8775 

0.7835 

0.4816 

0.S246 

0.8321 

0.7954 

0.8164 

0.8497 

0.7245 

0.8491 

0.8045 

0.5975 

0.833 1 

0.8575 

0.8226 

0.8267 

0.8884 

0.8176 

0 .8030 

0.9 155 

0.8563 

0.8 166 

0 .5903 

0.8637 

0.9037 

0.S125 

0.8520 

Technical Efficiency of Finns in Wood & Furniture 

2001 

0.4573 

0.591\ 

0.7827 

0.9333 

0.8507 

0.9264 

0.9454 

0.9 196 

0.7602 

0.7977 

0.S543 

0.3805 

0.8557 

0.7356 

0.5458 

0.7373 

0.7805 

0.6700 

0.9060 

0.8334 

0.75 13 

0.3992 

0.8489 

0.7938 

0.8461 

0.7738 

0.8903 

0.8291 

0.7 153 

0.7093 

0.6832 

0.8566 

0.7237 

0.8486 

0.6122 

0.8494 

0.8053 

0.8329 

0.6708 

0.8524 

0.8305 

0.8559 

0.7335 

0.8969 

0.7862 

0.8131 

2002 

0.0314 

0.5954 

0.7179 

0.7965 

0.8729 

0.9274 

0.8640 

0.9 150 

0.7583 

0.7683 

0.8533 

0.9469 

0.7928 

0.7759 

0.7565 

0.8352 

0.8075 

0.5490 

0.6854 

0.836 1 

0.6708 

0.7909 

0.7818 

0.7767 

0.7810 

0.6485 

0.8458 

0.5383 

0.7580 

0.7 188 

0.4724 

0.7062 

0.7558 

0.7808 

0.8002 

0.811 1 

0.69 14 

0.7396 

0.8397 

0.8979 

0.7498 

0.9057 

0.6783 

0.7664 

0.8154 

0.7569 

88 

F irm 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

1998 

0.9073 

0.7552 

0.8409 

0.9129 

0.8803 

0.8175 

0.S969 

0.9093 

0 .9292 

0.9153 

0.9189 

0 .9298 

1999 

0.9085 

0.83 14 

0.7782 

0.8351 

0.9 180 

0.6087 

0.8924 

0.9007 

0.9164 

0.9024 

0.9089 

0.9274 

Year 

2000 

0.839\ 

0.7930 

0.8717 

0.8910 

0.925 1 

0.7617 

0.8844 

0.917 \ 

0.9 135 

0.9261 

0.9 162 

0.9 146 

2001 

0.5273 

0.8283 

0.8155 

0.6278 

0.9282 

0.6810 

0.8457 

0.9272 

0.9246 

0.9075 

0.9 116 

0.9 156 

Technical Efficiency of Firms in Leathe r rndustries 

Year 

Finn 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

II. 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

1998 

0.8803 

0.8771 

0.8970 

0.87 14 

0.8803 

0.8603 

0.1:1485 

0.9041 

0.9458 

0.8663 

0.8469 

0.7498 

0.8378 

0.8199 

0.8595 

0.6666 

0.875 1 

0 .7903 

0.7867 

0.8613 

0.7698 

0 .7805 

0.8444 

0.833 1 

0.8746 

0.8 141 

0.8 101 

0.880(, 

0.8929 

0.9029 

1999 

0.8425 

0 .7819 

0.8701 

0.8 157 

O.R260 

0.8381 

0.8303 

0.6712 

0.5453 

0.8235 

0.8110 

0.7548 

0.7360 

0.7283 

0.S003 

0.5798 

0.7682 

0.7727 

0.7960 

0.7008 

0.9071 

0.7595 

0.7969 

0.7927 

0.8322 

0.7834 

0.7996 

0.8248 

0.8576 

0.8788 

2000 

0.821 9 

0.9383 

0.826 1 

0.8560 

O.R 149 

0.8304 

0.8396 

0.8609 

0.6808 

0.7738 

0.583 1 

0.3510 

0.7044 

0.6284 

0.8538 

0.6661 

0.7660 

0.7625 

0.721\ 

0.7996 

0. 1128 

0.7465 

0.7902 

0.7561 

0.7739 

0 .8695 

0.6882 

0.63(1) 

0.7306 

0.359 1 

2001 

0.8146 

0.4184 

0.7917 

0.8984 

0.8185 

0.6465 

0.8234 

0.9225 

0.6789 

0.565 1 

0.0562 

0.0249 

0.6163 

0.5170 

0.8230 

0.5806 

0.7835 

0.6 \ 56 

0.6997 

0.7731 

0.7406 

0.7276 

0.7173 

0.7933 

0.6550 

0.7263 

0.7706 

0.4002 

0.7650 

0.8023 

2002 

0.4288 

0.8603 

0.9328 

0.8232 

0.9 19 1 

0.8215 

0.R460 

0.9285 

0.9139 

0.8922 

0.8924 

0.9182 

2002 

0.7448 

0.5224 

0.7712 

0.843\ 

0.82 13 

0.7811 

0.8262 

0.6679 

0.8387 

0.4034 

0.8024 

0.0254 

0.556 \ 

0.6 \11 

0.8035 

0.7 169 

0.681S 

0.6358 

0.7525 

0.8105 

0.6481 

0 .7065 

0.65% 

0.7554 

0.6M7 

0.7246 

0.7635 

0.7662 

0.7523 

0.8083 



Appendix I (cont'd) 

Technical Efficiency of Finns in Paper & P rinting Ind ustries 

Yea r 

Finn 1998 

0.8879 

2 0.8512 

3 0.8954 

4 0.8790 

5 0.8503 

6 0.4260 

7 0.6935 

8 0.6332 

9 0.6765 

to 0.7572 

11 0.6565 

12 0.4790 

13 0.6803 

14 0.7353 

15 0.5260 

\6 0.7415 

17 0.8499 

18 0.6801 

19 0.8469 

20 0.911 1 

21 0.6849 

22 0.8179 

23 0.8398 

24 0.7551 

25 0.9046 

26 0.8975 

27 0.7263 

28 0.7895 

29 0.8367 

30 0.9 134 

31 0.8728 

32 0.8748 

33 0.9044 

34 0.8820 

35 0.8717 

36 0.9356 

37 0.9040 

1999 

0.8647 

0.8634 

a.8bS6 

0.9068 

0.7072 

0.075 1 

0.8958 

0.8040 

0.6840 

0.8514 

0.5846 

0.4134 

0.6675 

a.us(J') 
0.5626 

0.7002 

0.6685 

O.M6R 

0.8559 

0.8657 

0.6717 

0.8202 

0.8259 

0.7223 

0.8804 

0.892\ 

0.8981 

0 .7749 

0.8101 

0.8909 

0.8495 

0.87B8 

0.8797 

0.8694 

0.8668 

0.862 1 

a.H8SI 

2000 

0.763 1 

0.8624 

0.8666 

0.7 160 

0.44 10 

0.3 125 

0.8963 

0.7463 

0.9190 

0.8268 

0.8300 

0.3766 

0.6105 

0.5934 

0.5259 

0.6M4 

0.6420 

0.4473 

0.8591 

0.7334 

Oll609 

0.7729 

0.82U4 

0.7205 

0.8725 

0.8578 

0.8280 

0.7287 

0.8082 

0.8892 

0.8398 

0.S873 

0.S5% 

0.8753 

0.S604 

0.871 1 

0.S744 

2001 

0.7 11 S 

0.8807 

0.S637 

0.9010 

0.2283 

0.2703 

0.8997 

0.7082 

0.8410 

0.8566 

0.5521 

0.3907 

0.6178 

0.5383 

0.5029 

0.6227 

0.6035 

0.5909 

0.8277 

0.8171 

0.6431 

0.6187 

U.8HlI 

0.6837 

0.8761 

0.8464 

0.8471 

0.7497 

0.8189 

0.8834 

0.8274 

0.8789 

0.8557 

0.8887 

0.8687 

0.9074 

0.8748 

2002 

0.7617 

0.8562 

0.8605 

0.7 197 

0.4609 

0.8995 

0.8940 

0.0744 

0.7350 

0.8356 

0.5643 

0.4009 

0.7376 

0.4465 

0.4843 

0.5851 

0.6752 

0.5295 

0.8362 

0.8252 

0.700 1 

0.7445 

0.8139 

0.6410 

0.8765 

0.8633 

0.8398 

0.7323 

0.8319 

0.8830 

0.7963 

0.8746 

0.8433 

0.8698 

O.B721 

0.8358 

0.8839 

38 0.8897 O.BUIB 0.84 14 0.8524 0.8694 

39 0.8794 0.8343 0.8176 0.3904 0.4788 

89 

T echnical Efficie ncy of Firms in Chemical Industries 

Year 

Firm 

2 

3 

4 

5 

" 7 

8 

9 

10 

11 

12 

13 

I. 
15 

16 

17 

18 

19 

20 

21 

22 

23 

2. 

25 

26 

27 

2. 

29 

30 

3 1 

32 

1998 

0.6606 

0.87% 

0.8223 

0.8862 

0.8084 

0.6192 

0.6949 

0.8638 

0.7732 

0.8359 

0.S654 

0.7760 

0,45 18 

0.8461 

0.5659 

0.7190 

0.6117 

0.6604 

0.6588 

0.9069 

0.8304 

0.7749 

0.6713 

0.7842 

0.8597 

0.8158 

0.81B6 

0.7006 

0.7556 

0.7569 

0.7730 

0.7522 

1999 

0.7804 

0.9 142 

0.8303 

0.9047 

0.0252 

0.6428 

0.7000 

0.8773 

0.7778 

0.8356 

0.8577 

0.8287 

0.7548 

0.8499 

0.6756 

0.6245 

0.7969 

0.6597 

0.6540 

0.4967 

0.8213 

0.7375 

0.6887 

0.8133 

0.8706 

0.81SO 

0.8189 

0.6635 

0.7137 

0 .7780 

0.7990 

0.B0 15 

2000 

0.6775 

0.8668 

0.8MI 

0.9115 

0.0307 

0.6396 

0.3628 

0.8791 

0.8244 

0.8511 

0.8526 

0.6308 

0.7976 

0.8189 

0.5517 

0.7766 

0.6928 

0.6789 

0.798(; 

0.4015 

0.8029 

0.8170 

0.7112 

0.8278 

0.8956 

O.S069 

0.2553 

0.6912 

0.6216 

0.7840 

0.7552 

0.9115 

2001 

0.755 1 

0.8134 

0.8558 

0.9 167 

0.7056 

0.4975 

0.7281 

0 .8.\46 

0.S093 

0.7880 

0.844 1 

0.6780 

0.5485 

0.9549 

0.033 1 

0.78 16 

0.6677 

0.7 11 6 

0.6833 

0.545 5 

0.8257 

0.8779 

0.7507 

0.8396 

0.8554 

0.7714 

0.8079 

0. 1429 

0.8642 

0.7366 

0.9432 

0 .8340 

2002 

0.7684 

0.8660 

0.8622 

0.9077 

0.7504 

0.6 129 

0.7150 

0.8823 

0.8123 

0.8413 

0.8712 

0.9047 

0.7683 

0.8893 

0.8212 

0.6202 

0.7104 

0.7182 

0.7287 

0.4622 

0.8295 

0.8372 

0.8111 

0.8230 

0.8832 

0.6990 

0.8640 

0.6843 

0.7251 

0.7661 

0.6948 

0.7807 



Appendix I (cont'd) 

Tec hnical Effi c iency of Firms in Rubbe r & Plas tics Industries 

Year 

Finn 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

1998 

0.4778 

0.8362 

0.8417 

0.7512 

0.9552 

0.4761 

0.7277 

0.8693 

0.9094 

0.7975 

0.8520 

0.8632 

0.8972 

0.8380 

0.8972 

0.9081 

0.6724 

0.9368 

0.8643 

0.7207 

0.9369 

1999 

0 .7094 

0.7484 

0.7575 

0.7760 

0.9587 

0.6049 

0.7326 

0.8227 

0.7949 

0.8283 

0.8130 

0.7777 

0.8572 

0.8249 

0586 1 

0.8928 

05 862 

0.8069 

0.7944 

0.651 5 

0.8380 

2000 

0.7596 

0.8056 

0.7538 

0.7221 

0.9495 

05569 

0.65 10 

0.6613 

0.811 6 

0.6424 

0.7944 

0.6506 

0.8221 

0.8080 

0.5842 

0.8746 

0.5364 

0.7139 

0.7247 

0.8173 

0.6778 

2001 

0.6876 

0.7800 

0.7023 

0.7356 

0.9634 

0.5202 

0.6168 

0.8336 

0.7842 

0.7998 

0.8533 

0.6080 

0.7478 

0.8169 

0. 2628 

0.8684 

0.41 70 

0.7532 

0.8289 

0.6447 

0.7797 

2002 

0.5101 

0.7517 

0.6419 

0.7718 

0.9198 

0.4965 

0.5390 

0.733 1 

0.6867 

0.7974 

0.72 13 

0.6 11 7 

0.7046 

0.5995 

0.5058 

0.8595 

0.4207 

0.6377 

0.6399 

0.8208 

0.7979 

90 

Technical Efficiency of Finns in Non-Metallic Mineral Indus tries 

Year 

F inn 

I 

2 
3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 
35 

36 

37 

38 

39 

40 

41 

42 

43 

43 

1998 

0.8877 

0.8928 

0.8173 

0.8575 

0.1955 

0.7028 

0.8642 

0.7413 

0.8230 

0.7847 

0.7845 

0.7405 

0.7242 

0.8628 

0.7744 

0.4733 

0.775 1 

0.8327 

0.8105 

0.8975 

0.8096 

0.7785 

0.8600 

0.8295 

0.7656 

0.7506 

0.7478 

0.82UI 

0.6586 

0.7578 

0.8749 

0.685 1 

0.8308 

0.8607 

0.8888 

0.8579 

0.8428 

0.85 12 

0.88m 

0.6971 

0.8335 

0.5713 

0.8590 

0.8590 

1999 

0.8677 

0.8917 

0.8057 

0.936 1 

0.7 159 

0.7702 

0.8601 

0.755 1 

0.8699 

0.7726 

0.7872 

0.8564 

0.6389 

0.7 11 4 

0.8508 

0.6344 

0 .6696 

0.8402 

0.7265 

0 .7287 

0.7405 

0.7736 

0 .8224 

0.7663 

0.5380 

0.7 104 

0.5826 

0.8221 

0.5135 

0 .6790 

0 .6699 

0.6870 

0.8560 

0.8677 

0.8234 

0.8726 

0.8253 

0 .8830 

0 .8542 

0.6896 

0.8527 

0.5103 

0 .8748 

0 .8748 

2000 

0.8634 

0.7428 

0.7961 

0.8639 

0.7 164 

0.7662 

0.8860 

0.5648 

0.8163 

0.7500 

0.8703 

0.8039 

0.6866 

0.54 11 

0.6844 

0.6547 

0.6954 

0.7027 

0.7261 

0.6019 

0.7152 

0.6782 

0.6664 

0.7474 

0.7677 

0.7449 

0.7207 

0.4909 

0.7588 

0.7604 

0.6893 

0.6333 

0.8067 

0.8542 

0.8646 

0.5486 

0.7982 

0.8490 

0.8223 

0 .8276 

0.7839 

0.5523 

0.8404 

0.8404 

2001 

0.8689 

0.7967 

0.7659 

0.9258 

0.9028 

0.7741 

0.9178 

0.8554 

0.8946 

0.7835 

0.8482 

0.6524 

0.7 168 

0.7974 

0.7243 

0.5620 

0.7299 

0.7994 

0.8357 

0.7188 

0.81 90 

0.7398 

0.8221 

0.8357 

0.7575 

0.8387 

0.8832 

0.9453 

0.6293 

0.82 11 

0.8091 

0.7405 

0.860 1 

0.8835 

0.8639 

0.93 18 

0.8349 

0.8624 

0.8370 

0.8105 

0.8822 

0.64 14 

0.9096 

0.9096 

2002 

0.8800 ' 

0.0324 

0.855 1 

0.8519 

0.86 12 

0.8159 

0.9173 

0.8068 

0.8799 

0.7844 

0.8674 

0.8423 

0.5600 

0.813 1 

0.7 160 

0.6723 

0.8045 

0.8065 

0.6430 

0.8448 

0.8429 

0.73 18 

0.8023 

0.8141 

0.8783 

0.7916 

0.6644 

0.7838 

0.7937 

0.7422 

0.8416 

0.6720 

0.7789 

0.9060 

0.85W 

0.8883 

O.B I(I} 

0.8699 

0.7933 

0.5928 

0.8 11 2 

0.3528 

0.8311 

0.8311 
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