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ABSTRACT 

/n the /980 's and /990 's instead of government controlled centralized planning, there has been 

a renewed emphasis on market oriented strategy. Privatization is one of the parts of this 

strategy. One of the objectives of privatization is to increase efficiency through ownership 

change. /n the theOlY of privatization it is believed that ownership matters i. e. the tramler of 

property right from the public to the private sector will give incentive to increase efficiency. In 

1950 's and /960 's private ownership was dominant in Ethiopia, then in /9 70 's and /980 's 

large and medium scale manufacturing industries were nationalized. In / 990 's Ethiopia 

undertook a reform program, privatizdtion being one of the parts of this program. Studying the 

impact of privatization is important for policy makers in analyzing post-privatization 

consequences and derive policy infuture privatization process. In this study a panel data for 25 

privatized large and medium scale manufacturing industries covering a period of seven years 

(/992/93-/998/99) is taken and a test whether there is technical efficiency (TE) gain due to 

privatization is examined by using stochastic frontier model. The analysis is made in five 

sectors and first a test whether there exist some kind of inefficiency among firms is made. The 

result showed that there exist inefficiency among all firms. The second test is made to identifY 

the appropriate model. The impact of privatization on TE is then analyzed and it is fo und that 

for food processing sector, there has been a positive effect of privatization in improving TE 

where as for beverage and textile and leather sectors there has been a negative effect of 

privatization in improving TE. For non-metal and wood and printing and chemical sectors it is 

found that there is no significant impact of privatization in TE improvement. The results suggest 

tha!for sectors with competitive behavior there has been a positive effect of privatization in TE 

while for sectors with semi-monopolistic behavior there has been a negative effect of 

privatization on TE improvement. It is also found that sectors that under took new capital 

investment due to new capital investment criteria set by Ethiopian Privatization Agency(EPA) 

showed a negative effect of privatization on TE . This suggests that there is a need to establish 

anti-trust laws, adjust some policy -related constraints that could discourage new entrants and 

address post-privatization issues in the future privatization process. 

i i 



CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND 

Ownership is a core and controversial e lement in all soc ieties. Some nations give more emphasis 

to state ownership while others give more emphasis to private ownership. During the 1960s and 

1970s state ownership and the expansion of public sector in size and scope has been significant in 

many LDCs. Hov"ever during the 1980s and 1990s instead of govenm1ent contro lled centralized 

planni!'g, market oriented strategy became a new strategy. 

In developing economies policies of substantial liberalization, privatization and market orientation 

have been strongly recommended by organizations like IMF and World Bank. These proponents 

of privatization argue that the financia l record of public enterprises World-wide is in itself 

ev idence for the necessi ty of privatization. 

In the case of Sub-Saharan African countries, the contribution of state owned enterprises (SOEs) 

to total out put is on average 17.3 percent in 1991 ( World Bank policy research report , 1995 : 

268). Public enterprises' financial losses as a percentage of GDP for some African countries are 



more than five (5) percent (Osma, 1997:65). These losses are due to constraints imposed by their 

governments on pricing deci sion, investment policies, and other factors like employment policies. 

Privatization po licy is mainly introduced as a measure of achieving effi ciency based on the 

assumption that state-owned enterpri ses do not operate in a cost-minimizing manner. UNDP in 

1993 estimated the losses of public enterprises in a number of countries and regions and showed 

that the argument for privatization of state ownecl enterprises li es on two points ( Osma,1997). 

The first point IS the belief in private sector technical and a llocative efficiency superiority 

irrespective of institutional factors. The second point IS the social opportunity cost of public 

enterprises losses i.e. if the amount oflosses by public enterprises does not occur, the money used 

by the government to cover the losses could have been spent on other sectors such as health and 

education. 

Successful development of the industrial sector plays a key role in the long run economic and 

soc ial progress of a given country. Ethiopia is known for long tradition in the development of 

handicraft and cottage industries. The introduction of modern large and medium scale 

manufacturing is a 20th -century phenomenon. In 1925, there were 25 factories in major urban 

centers and 22 of them were establi shed by private owners. A number of manufacturing industries 

came into existence between 1941 and 1955 (MEDaC, 1999). 

Import substituting manufacturing establishments were largely owned by foreigners and their 

number was 273 prior to the 1974 revolution. The role of the government at that time was 

relati vely small with full ownership of only 13 manufacturing estabEshments. The majority of 
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manufacturing plants, especially large and medil:m scale establi shments, were owned by 

foreigners and heavily protected from external competi tion. 

The mili tary regime, wh ich came to power in 1974, nationalized' all private large and medium 

sca le manufacturing establi shments in 1975. At thac time ~he mi:itary gover:lInent emphasized on 

the development of large and medium scale manufactl:ring through favoring government owned 

enterprises in allocation of resources like foreign exchange, labor and credit. 

Public enterprises were also granted market monopoly for ',heir output and the quality and level of 

production and price were determined by central planning. This eliminated ')Usiness incentive and 

mechanism to improve the mix and quality of production. The radical change in the structure of 

ownership severely curtailed private initiative ir. large and medium scale manufacturing. Policies 

at that time limited the ceiling on private sector investment capital to Birr 500,000 

(MEDaC. 1999) 

After the fall of the military government in 1991, Transitional Government of Ethiopia took 

decisive reform me<,sures which encourage the active pai·ticipation of the private sector and the 

government took privatization as a means to achieve this objecti~e 

During the time of privatization there were 121 public manufacturing enterprises. Out of these, 

106 were planned to be privatized. From i 995 to 1998 out of the planned 45 manufacturing 

public enterprises, 24 were privatized, The total amount of revenue generated out of the sale of 

this enterprises is 872. 1 million Birr, wh:ch is 31 % or the iotal revenue generated through over all 

privatizari'Jn in the country until 1 ~)98 (MEL>~C, L(00 ), 
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Pri va ti zat ion in Ethiopia is a recent phenomenon. After the economic reform that took place in 

199 1/92 , the participation of the private sector in large and medium scale manufacturing 

production has increased. One of the factors that has increased the contribution of the private 

sector was privati zation policy. The main arguments of pr ivat izing large and meciium sca le 

manufacturing industries are efficiency gain due to awnership change and revenue generation 

objecti ve that could be achieved through sale of state owned enterprises and by co llecting tax. 

The revenue generation objective of privatization can be easil y seen from the amount money 

co llected by sale of enterprises. A study that looks into the impact of economic reform of public 

enterprises has been done by Taye (1994). However the comparison was made in major industrial 

group and the impact of the reform period on efficiency gain of these enterprises was not made. 

Even though the period over which privatization policy has been implemented is not so long, 

there is a need to examine whether privatization of large and medium scale manufacturing has 

achieved its objective of fac ilitating economic development through technical effic iency gain. 

The purpose of this study is to analyze the impact of privatization of large and medium scale 

manufacturing industries on technical efficiency. 

The paper is organized as follows, chapter two is an overview of Ethi?pian economy, large and 

medium scale manufacturing industry and privatization in Ethiopia. Chapter three is literature 

review where both theoretical and empirical literatures are reviewed. In chapter four, 

methodology and data sources are di scussed. Chapter five covers estimation and analysis of 

results. Finally, under chapter six, conclusion and policy recommendation are made. 
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1.2 OBJECTIVES OF THE STUDY 

The general objective of the study is to examine whether privatization of large and medium scale 

manufacturing enterpri ses has brought some gain in technical efficiency or not. 

Specific objectives of the study are: 

- To measure technical efficiency of privatized large and medium scale manufacturing 

firms. 

- To measure technical efficiency of public large and medium scale manufacturing firms 

before privatization. 

- To examine whether ownership change has significant effect on technical effic iency 

and whether there is a technical efficiency gain due to privatization. 

1.3 HYPOTHESES OF THE STUDY 

Based on the specific objectives of the study, the hypotheses oftr:e study are set as follows: 

- There is a significant difference in technical efficiency between private and public large 

and medium scale manufacturing firms. 

- Privatization has a significantly positive effect on technical efficiency gain in Ethiopia. 
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1.4 SIGNIFICANCE AND SCOPE OF THE STUDY 

Thi s study will be useful for pol icy makers to examine the impact of pri vatization on economic 

deve lopment and to check whether economic deve lopment goa l of privatizat ion is achieved or 

not. By doing so it helps policy makers to conce ive appropriate policy in the future privati zati on 

process. In this study, large and medium sca le manufacturing industri es that have been privati zed 

during 1992/93 to 1998/99 will be covered and technical effi ciency of each finn during the period 

will be estimated. 

1.5 LIMIT A TION OF THE STUDY 

Since privatization is a recent phenomenon, the anal ysis will be limited to a short period of time. 

The number of establishments available for thc analysis is not very large . 

6 



CHAPTER TWO 

LARGE AND MEDIUM SCALE MANUFACTURING AND 

PRIVATIZATION IN ETHIOPIA 

Before we go to the details of large and medium scale manufacturing and privatization 10 

Ethiopia, it is necessary to look at an overview of the Ethiopian economy which is presented in 

the fo llowing section. 

2.1 AN OVERVIEW OF THE ETHIOPIAN ECONOMY 

Ethiopia, with a population of about 54 million in 1994, is the second most populous 

country in Sub-Saharan Africa. Population growth was about 2 per cent in 1950 and it has 

increased to 2.9 percent per annum in 1984. The average population growth rate is expected 

to be 2.46 percent per annum between the period 1995-2030 (CSA, 1996). 

The Ethiopian economy is largely based on agriculture, which on average accounted for 50 

percent of gross domestic product (GOP), 85 percent of total employment, 90 percent of 

export earnings and 70 per cent raw material supply for agro-based large and medium scale 

industries. Crop production contributes 60 per cent of value added, where as li vestock and 

forestry and other sub-sectors contribute 27 and 13 per cent respectively (MEOAC, 2000). 

Ethiopia IS well endowed with natural resources like go ld , platinum, marble, tantalite, 
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copper, potash, soda ash, zinc, nickel and iron. Large amount of gas reserve ex ist in the 

eastern region. Despi te the promising vast reserves, the development of mining industry has 

been slow. 

Average \'z ' ~le added growth rate for mining and quarryi ng was 6.4 per cen t per an num 

during 1980/8 1 to 1989/90 and it has increased to 25. 1 per cent per annum for the period 

1990/9 1 to 199811999 (MEDAC, 2000). 

Although Ethiopia has huge hydropower potentia l, on ly I per cent of the ex isting potential 

is being utilized and Less than 5 per cent of the total population gets electricity service. The 

total installed capacity s ince 1988 is 418.8 MW. Out of thi s, 10 percent has not been 

reali zed because the equi pment is out dated and there was maintenance problem . 

Electricity generation has increased on average by about 6.7 per cent per annum during 

1991 /92 to 1997/98 (MEDAC, 1999). 

The Ethiopian domestic water suppl y coverage is very low compared to Sub-Saharan Afri ca 

countries. Out of the total population onl y 26 per cent gets domestic water supply where as 

onl y 7 per cent get sanitation service. Average value added growth rate for electri city and 

water was 4.7 per cent per annum during 1980/8 1 to 1989/90 and it has decreased 3.4 per 

cent per annum for the period 1990/9 1 to 1998/1999 (MEDAC, 1999). 

Health sector indicators of Ethiopia are low compared to Sub-Saharan African countries. In 

1993, in fant mortality was 103 per 1000 li ve birth and maternal mortality rate was estimated 
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to be 5 to 6 per 1000 live births in 1995 (MEDAC, 1999). 

Average va lue added growth rate for health sector was 4.1 per cent per annum cluring 

1980/8 1 to 1989/90 and it has increased to 8.1 per cent per an num for the period 1990/91 to 

199811999. 

The Ethiopian education system has changed three times. During the imperial regime the 

school structure was 4 years of elementary, 4 years of jounior secondary and 4 years of 

senior secondary and during Derg regime it became 6 years of elementary 2 years of jounior 

secondary and 4 years of senior secondary. Currently the education system is 8 years of 

primary, 2 years of general secondary and 2 years of preparatory senior secondary school. 

Average value added growth rate for education sector was 2.8 per cent per annum during 

1980/8 I to 1989/90 and it has increased to 3.7 per cent per annum for the period 1990/9 1 to 

1998/ 1999 (MEDAC,1999). 

Despite the rapidl y growing and predominantly young population of Ethiopia, the available 

job opporttmity is very low. According to 1999 labor force survey conducted by C.S.A, 

unemployment rate at national level stood to 8.06 per cent per annum, and for urban and 

rural area unemployment rate was estimated to be 25.7 and 5.14 per cent per annum 

respectively. 

Historically , Ethiopia has been a low inflation country. This is partly explained by its 

prudent fi scal policy, income and price policy, the degree of monetization of the economy 
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1980/8 1 to 1989/90 and it has increased to 8. 1 per cent per annu m for the peri od 1990/9 1 to 

199811999. 

T he Eth iopian education system has changed three times. During the imperia l regime the 

school structure was 4 years of elementary, 4 years of jounior secondary and 4 years of 

sen ior secondary and during Derg regime it became 6 years of elementary 2 years of jounior 

secondary and 4 years of senior secondary. Currently the education sys tem is 8 years of 

primary, 2 years of general secondary and 2 years of preparatory senior secondary school. 

Average value added growth rate for education sector was 2.8 per cent per annum during 

1980/81 to 1989/90 and it has increased to 3.7 per cent per annum for the period 1990/9 1 to 

1998/ 1999 (MEDAC, 1999). 

Despite the rapidly growing and predominantly young population of Ethiop ia, the available 

job opportunity is very low. According to 1999 labor force survey conducted by C.S.A, 

unemployment rate at national leve l stood to 8.06 per cent per annum, and for urban and 

rural area unemployment rate was estimated to be 25.7 and 5.1 4 per cent per annum 

respective ly. 

Histo ri call y, Ethiopia has been a low inflation country. This is partly explained by its 

prudent fi scal policy, income and price policy, the degree of moneti zation of the economy 
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and low leve l of economic development. In 1980' s the maximum inflat ion rate was 18.5 per 

cent during dro ught year of 1984/85 .In the first two fi scal year of the 1990 's inflation was 

2 1 per cent because of soc ial and economic crises that resulted from civi l war. The in flation 

rate then decl ined and it became 2.3 percent in I 997/98(MEDAC, 1999). 

The externa l sector in Ethiopia in the 1980's has been weak a:1d during this period export 

earning averaged about 40{l mi llion USD per annum which is on average only 6 per cent of 

GDP. The largest share of export earning of Ethiopia comes from ag ri cultura l product. 

Imports on the other hand grew at an average rate of 7 per cent per annum and its share of 

GDP was about 15- 12 per cent. 

Export earning has increased from 154.2 million usn in 199 1/92 to 600 million USD in 

1996/97. ( The ccmparison is made between peak 1r:d slack pe~iods) The share of export 

earning of the private secior has also increased from 1 is per :ent ir, 1990/9 1 to 80 per cent in 

1997/98 ( MEDaC,1999). 

Import has also shown significant increase. Merchandise import was 875.8 million USD in 

1991 /92 and it has increased to 1.45 billio!"! USD in 1997/98. 

The reserve position has been 3 weeks of import in 1991192 and it has improved to 33.1 

weeks of import in 1995/96, 22.6 weeks of import in 1996/97 , and 15 weeks of import in 

I 997/98(MEDAC, 1999). This fluctuation of reserve position is because its dependency on 

external resource. 

During 1980/8 1 to 1989/90 there was a significant Increase both 111 total 

government 
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revenue and expenditure. The annual growth in expenditure was 8 per cent on average 

where as the annual growth in revenue was 6.4 per cent on average and thi s made worsening 

budget deficit during that period. By 1989/90 total gove rnment expenditure stood at 5369.2 

million Birr and revenue at 3 142.8 million Birr. 

Domestic reve nue annual average growth rate has been 22 per cent during 1991 /92 to 

1997/98 and abso lute terms it has increased from Birr 2.2 billion in 1991 /92 to 84 billion in 

1997/98. Fisca l deficit exclud ing grant has declined from II per cent in 1991 /92 to 5 per 

cent of GDP in 1996/97. Government borrowing from domestic bank source decline and 

large amount of deficit is financed from external source since 1995/96 (MEDAC, 1999 ). 

During 1980/8 1 to 1989/90, large size of deficit financing was the major source of monetary 

expansion and growth of money suppl y has been faster than the nominal value of goods and 

services in the economy. The average growth rate of broad money (M2) during this period 

has been estimated to be 11.6 per cent per annum. During 199 1/92 to 1997/98, average 

growth rate of broad money (M2) has been estimated to be 12 per cent per annum( MEDAC, 

1999 ). 

S ince the declaration of new economic policy in 1991 , a number of macro and mIcro 

economic reforms have been implemented. These includes: 

The fore ign exchange regimes were rationalized by devaluation of Birr and the privilege 

given to SOEs in the allocation of foreign exchange have been abo li shed. 

A new investment law has been set to encourage the participation of both domestic and 
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foreign investors. 

State corporations which were responsible for managi ng pub li c enterpri ses have been 

di sso lved and public enterprises were reconstituted as autonomous entities with legal 

entiti es with lega l personalities. They have been managed by board directors. The 

management of each public enterprises is fi·ee to set prices, producti on plan and 

marketing ; lrategy. 

The in terest rate has been rev ised to reflect the va lue of investmen t and uniform interest 

rate has been set for both public and private. 

Taxation system has been improved to harmonize the difference between the private and 

public sectors. 

2.2 LARGE AND MEDIUM SCALE MANUFACTURING 

2.2.1 INTRODUCTION 

Manufacturing is defined according to International Standard Industrial Classification (ISIC) as 

the physical or chemical transformation of material or components into new products, whether 

the work is performed by power driven machine, or by hand, whether it is done in a factory or in 

workers home and whether the products are sold at whole sale or retail. The assembly of the 

component part of manufactured product is also considered as manufacturing activity. 

Large and medium scale manufacturing in this study is confined to those establislullents which 

engage 10 persons and above and use power-driven machines . According to the 1998/99 survey 
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of large and medium scale manufacturing conducted by CSA , the total number of large and 

med ium sca le manufacturing industries at national leve l was 779 , 

The Ethiopian large and medium scale manufacturing industry is mainly characteri zed by high 

concentration of food and beverage mar.ufactu.ing !ildustri a l group , Out o f the 779 

ma nufacturing industries those that manufacture food and beverage constitute the largest 

number which is 29,27 percent of the total. The second is manufacture of furniture which is 

15,53 pe rcent of the total and the third is manufacture of other non-metallic minerals wh ich is 

11 ,3 percent of the total number. 

2.2.2 DISTRIBUTION OF LARGE AND MEDIUM SCALE MANUFACTURING INDUSTRIES 

(LMS) AMONG REGIONS. 

The distribution of large and medium scale manufacturing industries among regional states 

shows some skewness for the period 1992/93 to 1998/99, Among the regions of the country 

region 14 contributed 63,67 percent of the total establi shments, The second region is Oromiya 

while the third is S,N.N,P (CSA, 2000 I) , The average distribution of LMS among regions for 

the period 1992/93 to 98/99 is presented in the following table, 
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Table 2.1 : Reg ional distribution of LMS in Ethiopia. 

REGION NUMBER OF 

ESTABLISHMENTS 

T IGRAY 19 

AFAR 4 

AMAHARA 52 

OROMYIA 105 

SOMALE -

S.N.N.!' 57 

GAMBELLA 2 

ADDIS ABABA 496 

DIR E DAWA 24 · 

HARARI 10 · 

TOTAL 779 

Source: own computatIOn 

2.2.3 EMPLOYMENT IN LARGE AND MEDIUM SCALE MANUFACTURING 

large and medium scale manufacturing sector covers 4.49 per cent of the total employment in 

the economy ( CSA 1999). Employment in LMS has been concentrated in textile, food , 

beverage and chemical industrial group which accounted for 78 percent of the total 

employment in LMS for 1980/81 and 70 percent for 1995/96 and 1996/97 . Out of the 70 percent 

, tex til e consti tuted 35 percent. 
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T he growth of employment in LMS fo r the period 1980/81 to 1990/91 was 1. 1 pe rcel1l per 

annum and it has increased to 2.2 percent per annum for the period 1991 /92 to 1996/97. 

Employment in LMS for the period 1991 /92 to 1996/97 is presented in the followin g tabl e. 
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Table 2.2: Number of Employees in the Large and Medium Scale Ma nufactu r ing Industries by Industrial Group 1991192 -
1996/97 (1984 - 1989 EFY) 

Fisca l Years J 
Nil. InlluSlr ial 1991/92 1992/93 1993/94 199-'/95 1995/')6 I 

Group Private Public TO lal Priva te I'ublic Tota! P r ivate Pu bl ic Tola l Pri vlllC Publ ic Total ,' "iva Pu bl ic Total 
Ie 

I Food 1126 13552 14678 1106 13929 15035 1749 14768 16517 1793 13709 15502 2451 13297 );748 
2 Beverage 140 7593 7733 154 7259 7413 121 7260 7381 136 7915 8051 183 7267 7450 
3 Tobacco 938 928 . 984 984 . 993 993 987 987 982 982 
4 Textile 340 33707 34047 350 33147 33494 805 33644 34449 1023 33880 34903 997 31444 32441 
5 Leather & Shoe 530 5748 6278 494 5773 6267 1336 5853 7189 109 1 5944 7035 1824 5924 7748 
6 Wood & Furniture 532 4106 4638 559 3712 4271 1345 3478 4823 1436 3359 4795 1987 2783 4770 
7 Paper-printing 373 4026 4399 367 4062 4429 437 4163 4600 788 4210 4998 1024 4526 5550 
8 Chemical 186 3328 35 14 190 3407 3597 713 3380 4093 1016 3669 4685 1155 3889 5044 
9 Non-metal 207 29 14 3121 214 3033 3236 537 4069 4606 641 4691 5332 1259 4779 6038 
10 Metal 560 2748 3308 558 2795 3353 855 2736 3591 1008 2917 3925 1490 27778 4268 

Tol:11 3994 78650 82644 3992 78090 82082 7898 80344 88242 8932 81281 902 13 12370 77669 90039 
~ ~~------

.. cont. Table 2 

1996/97 Annual Average* 

No. Private Public Total Growth Rates (%) 

I. 3510 12725 16235 2.0 
2. 2552 5043 7595 -0.4 
3. - 953 953 0.3 
4. 1858 29939 31797 -I .4 
5. 2128 60 16 8144 5.3 
6. 3513 1945 5458 3.3 
7. 1303 3800 5103 3.0 
8. 2259 3840 6099 11.6 
9. 2009 4645 6654 16.3 
10. 858 2751 4327 5.5 

Tota l 20708 71657 92365 2.2 
-

Source: Survey of Ethiopian economy, MEDaC, 1999. 
Growth rate is calculated by using compounding fo rmula 



2.2.4 GROSS VALUE OF OUTPUT (GVO) 

Food, beverage, textile, leather and shoe and chemicals industrial groups are the major 

contributors to GV0
1 

in large and medium scale manufacturing. In 1980 food, beverage, textile 

and chemicals contributed 78 percent of gross value of production. However, in 1990 the 

contribution of these groups declined to 70 percent and in 1995/96 it became 60 percent only. 

The percentage share ofOVO of the private sector has increased since reform period. In 1991 /92 , 

the contribution to GVO of privately owned manufacturing establishment was only 5.6 percent 

per annum which increased to 6 percent in 1992/93 and 9 percent in 1993/94. In 1994/95 and 

1995/96 GVO contribution of privately owned manufacturing establishments to OVO in LMS 

was 13 percent and it has increased to 2 1 percent in 1996/97 ( CSA , 1997: ). 

GVO was declining by 1.6 percent per annum for the period 1980/8 1 to 1990/91. Out of this 1.3 

percent belonged to textile and 24 percent to chemical producing industrial group. This decline in 

GVO began to be reversed after the launching of economic reform program in 1991 /92. 

For the period 1991192 to 1996/97 GVO has increased on average by 27.7 percent per annum. 

During the same period chemical , metal and non-metal production expanded by 42 and 45 percent 

respectively where as food, beverage, textile and printing and paper increased by 20 to 27 percent 

respectively. The least growth was seen in the manufacture of tobacco group which was about 10 

percent. 



This fast change in the percentage growth of GVO after reform program is because of the 

incentive given to each public manufacturi ng enterprises by giving managerial autonomy and 

financia l responsibi lities that has created profit maximizing incentive . The expansion of privatel y 

owned LMS and the increase in agricu ltural output that made supply of raw material avail able has 

also contribu ted for the increase in GVO of LMS. 

2.2.5 VALUE ADDED 

Value added at national account concept is calcu lated as the difference between GVO and 

intermediate input that include both industrial and non-industrial cost. Value added at factor cost 

is value added minus net ind irect tax ( indirect tax less subsidies). 

Value added for LMS has been declining at 2.4 percent per annum for the period 1980/81 to 

1990/91. This may be due to inefficiency of resource utilization in the public owned 

manufacturing enterprises. However for the period 1991/92 to 1996/97 value added at current 

factor cost has increased on average by 38 percent per annum. 

Among industrial groups metal, non-metal, and leather and shoe value added has increased at 67, 

62 and 54 percent respectively , where as value added in the food, wood and furniture, and 

chemical groups increased at 47, 34 and 40 percent per annum respecti vely. Value added of textile 

and tobacco groups increased onl y by 22 and II percent respectively (MEDAC, 1999). 

Value added growth rate slowed down for the period 1945/95 to 1996/97 for some industrial 

I GVO is quant ity or goods produced mult ip lied by thei r respect ive price. 
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grou ps. This includes leather and shoe group where its growth rate became only 15 percent, metal 

group whose growth rate became 2 percent and texti le group whe re its growth rate showed 7 

percent annual decline. 

If we compare annual growth rate of va lue added of public and private LM S, annual inc rease of 

pri vate LMS was higher than public LMS. The percentage share of va lue added contri bution of 

private LMS increased from 6 percent in 1991 /92 to 19 percent in 1996/97. 

I f we look at value added contribution of each industrial group; about 60 percent of the value 

added was generated by food , beverage, leather and shoe, and texti le groups in 1996-97, where as 

non-metal and chemical industrial groups contributed II and 9 percent fo r the same period 

respec tively. 

Value added per person had been declining at 3.4 percent in the period 1980/8 1 to 1990/9 1 . This 

decline in labor productivity was due to redundancy of labor. Labor productivity grew on average 

by 35 percent for the period 1991/92 to 1996/97. 

Public LM S va lue added per person has increased faster than private LMS , th is may be because 

public LMS had underuti lized capacity than private LMS. Value added per person in absolute 

terms has increased fro m Birr 4 thousand in 1991/92 to Birr 19 thousand in 1996/97 in public 

sector and increased from Birr 5 thousand in 1991 /92 to Birr 15.7 thousand in private sector (CSA 

, 200 1). 
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groups. This includes leather and shoe group where its growth rate became on ly 15 percent , metal 

grou p whose growth rate became 2 percent and textil e group where its growth rate showed 7 

percent annual decli ne. 

I f we compare an nual growth rate of value added of public and private LMS, annual inc rease of 

pri vate LMS was higher than publi c LMS. The percentage share of value added contribution of 

pri va te LMS increased from 6 percent in 199 1/92 to 19 percent in 1996/97. 

If we look at value added contribution of each industrial group; about 60 percent of the value 

added was generated by food , beverage, leather and shoe, and textile groups in 1996-97, where as 

non-metal and chemical industrial groups contributed II and 9 percent for the same period 

respective ly. 

Value added per person had been decli ning at 3.4 percent in the period 1980/8 1 to 1990/9 1 . This 

decline in labor productivity was due to redundancy ofl abor. Labor productivity grew on average 

by 35 percent for the period 199 1/92 to 1996/97. 

Public LMS va lue added per person has increased faster than private LMS, this may be because 

public LMS had underutilized capacity th:'!n private LMS. Value added per person in abso lute 

terms has increased from Birr 4 thousand in 1991 /92 to Birr 19 thousand in 1996/97 in public 

sector and increased from Birr 5 thousand in 1991 /92 to Birr 15.7 thousand in private secto r (CSA 

, 2001). 
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2.2.6 MANUFACTURING EXPORT 

The contribution of LMS export in terms of foreign exchange earnings is about 15 percent. The 

export structure of LMS is such that food and leather and shoe products contribute about 90 

percent of the total manufacturing export. 

2.3 PRIV A TIZA TION IN ETHIOPIA 

2.3.1 INTRODUCTION 

Privati zation policy has been implemented in Eth iopia since 1995. Accordingly privatization, is 

defined as the transfer, through sale of enterpri se or its unit or asset or government share holdings 

in a share company to private ownership and thi s includes: 

a) The making of an enterprise a government contribution to a share company to be 

formed with the participation of private investors. 

b) Privatization of the management of an enterprise.( Negarit 1998). 

The objectives of this privatization policy were:-

I. To promote the economic development of the country through encouraging the 

expansion of the private sector. 
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2. To generate revenue required for financing development activit ies undertaken by 

the government. 

3. To change the role and participation of the Government in the economy to enab le it 

exert more effo rt on activities requiring its attention. 

Privatization agency planned to privati ze 275 enterpri ses for the period 1992/93 to 199811999. 

Out of these 181 were privatized, for 4 enterpri ses the agreement was cancelled, 12 enterpri ses 

were closed, and 17 enterprises were transferred to their owners. 

Hotel and res t~urant ,household and office furniture and retail trade corporation were the first 

group to be privatized . In order to reduce the number of people that would become unemployed 

during this process, workers of the respective enterprises were given a share-holding chance and 

1454 workers had become share holder. The deve lopment of privatization for the period 1992/93 

to 199811999 is presented in the following table ( MEDAC, 2000). 
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Table 2.3: The development of privatization during 1992/93-1998/99 

PlIBLl C ENTE lt PRI SI-.:S ENTEHI'Jt lS T IL\NSFFEHED CLOSE!> TIIAT 

SECroR ENTr.;n.PR ISES I'UT FOn. ESSOLO TO THEIR WILL 

AUCTION OWi\EHS. STAY 

PUBLI C 

Retail trade 170 149 129 16 10 

HOlel and 6~ 48 15 I 2 

tourism 

Industry 121 43 25 . 15 

Agriculwre 53 27 9 - I 5 

Construct ion 22 7 3 - I 

Tran sport 12 - 5 

M ining 8 4 I - 3 

Banki ng & 4 4 
-

insurance ) - - -

Other 4 - -

Tota l 456 275 181 17 12 36 

Soulce: Pllvatc Scc tOI Econom y Perf 01 manee Evaluat Ion, MEDaC (2000). 

2.3.3 SECTORAL PERFORMANCE OF PRIVATIZATION 

WHOLESALE AND RETAIL TRADE 

The total number of wholesa le and retail trade enterprises under public ownership was 160 . Out 

of these 136 were privatized for the period 1992/93 to 199811999 and gross revenue generated 

amounted to 198.6 million Birr; which is 7 percent of the total revenue generated by privatization( 

MEDAC, 2000). 
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HOTEL RESTAURANT AND TOURISM 

Privatizat ion of hotel and restaurant was limited to small sca le hotels and restaurants since there 

was no one to buy large sca le hotel and restaurants (like Ethiopia hotel, Gion hote l and 

Wabiseble hotel) even though they were put for auction. For the period 1992/93 to 1998/99 15 

small sca le hotel and restaura nts we re pri vatized and the total revenue generated amounted 24.5 

million Birr which is 7 percent of the total revenue generated by privatization(MEDAC, 2000). 

INDUSTRY 

The tota l number of publicly owned industri es was 12 1 and out of thi s 106 industries were 

pl O'llned tv be privatized by privatization agency. For the period 1992/93 to 199811999, 45 

industries were put for auction and 25 of them were privatized. Their p.umber was small because 

some auction were canceled, some of the industries are very far from Addis and investors were 

afraid of market inconvenience, and for some other industries like text il e the available technology 

was outdated (MEDAC, 2000). 

AGRICULTURE 

The total number of publicly owned agricultural enterprises (agriculturai enterprises include agro­

industry , farm and li vestock sub sector) was 53 out of which 48 were planned to be privatized. 

Twenty seven enterpri ses were put for auction and 9 of them were privatized . Revenue generated 

amounted to 45.4 million Birr, which is 14 .8 percent of the total revenue generated by 
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privatization (MEDAC, 2000). 

CONSTRUCTION 

The tota l number of publ icly owned construction enterpri se was 22 and 21 of them we re planned 

to be pri vati zed. Out of thi s 7 enterpri ses were put for aucti on for the period 1992/93 to 

199811999 a nd 3 enterpri ses we re so ld . The total revenue ge nerated amounted to 53 .7 million Birr 

(MEDAC, 2000) . 

MINING 

The tota l number of public ly owned min ing enterprises was 8 out of which 4 enterpri ses were 

planned to be privatized. Only one enterprise was privati zed and the revenue generated was 172 

million U.S dollar, wh ich is 44 percent of the total revenue generated by privatization. 

Fo r the period 1995 to 1999 the total revenue generated by privatizing public enterprises 

amounted to 2. 82 billion Birr . Out of this 2.08 billion Birr, which is 74 percent was co llected. 

Total revenue generated by the industrial sector is presented in the following table( MEDAC, 

2000: ) . 
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Table 2.4 : Total revenue generated by industrial sector 

SECTO R NUMBER REVENUE 

COLLECTED 

RETAIL TRADE 129 200 143880.9 

HOTEL & RESTURANT 15 2 1322170.28 

INDUSTRY 25 865855059. 1 

AGRO- INDUSTRY 6 74667910.28 

AGRICULTURE 0 90283229.6 .) 

CONSTRI 'eTION 0 -16729856.8 .) 

M INING 1 786002050 

Source: own computatIOn 
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CHAPTER THREE 

LITERATURE REVIEW 

3.1 THEORETICAL REVIEW 

3.1.1 TECHNICAL EFFICIENCY 

3.1.1.1 DEFINITION 

Technical effic iency [TEl is the ability of a firm to produce maximum output from a given level 

of input. Technical efficiency is an important issue in the world of scarcity. In the introduction of 

hi s seminal paper, Farrell (1957) noted that' if economic planning is to concern itself with 

particul ar industries, it is important to know how far a given industry can be expected to increase 

its output by simply increasing its efficiency, without absorbing further resources.' 

At a given production teclmology, a firm is said to be technically efficient if it produces on its 

oute r bond production function in order to obtain the maximum possible output. In other words a 

firm is technically efficient if it operates at the point on the iso-quant rather than interior to the 

iso-quam. Technical efficiency of a firm can be calculated as the ratio of actual output to 

maximum obtainable output. 
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3.1.1.2 THE IMPORANCE OF TECHNICAL EFFICIENCY 

Improv ing the level of output without using add it ional inputs or adopting better and new 

technology is an important issue for deve loping countri es li ke Ethiopia, where resources are 

scarce and improving the avai lab le technology is difficult .The importance of measuring and 

ana lyzing the level of efficiency is expressed by Farrel (1957) as: 

" The problem of measuring productive effi ciency of an industry is important to both th e economic 

theorists and econom ic poli cy makers. If the th eo retica l arguments as to the relati ve effi ciency of 

diffe rent economic systems are to be subjected to empi rica l testing, it is essentia l to be ab le to make 

some act ual measurements of effi ciency. Equall y if econom ic planning is to concern itself with 

particul ar industri es, it is im portant to know how far a eiven industry can be expected to increase its 

output by simply increas ing its effi ciency without absorb ing further resources" 

Efficiency is one of the most important issues in a developing economy since resources are 

scarce and improving the avai lable technology is difficult for a deve loping economy. 

Increas ing efficiency has policy implications both at macro and micro level . At the micro 

level if a certai n firm increases its efficiency, it tI1Cleitses its productivity and profitability. 

At the macro level , increasing efficiency is one of the 1110st important sources of growth. 

Productive or technical efficiency analysis wi ll help policy makers to formulate and 

eva luate po li cies like privatization policy, pricing policy, credit and raw materi al 

di stribution policy. 

.' 
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Generally, there are four methodologies that can be used to examine production efficiency. 

These are linea r programming method , average factor productivity method. profit functi on 

method and production fu nction method. Out of these methods , production functi on 

approach is most widel y used because, average productivity method is a method that does 

not take into account o ther factors which affect average or marginal producti vit y o f finn s 

and cons iders only one input at a time. 

Li near progralllming approach uses a linea r programming technique whic h does not use 

any a lgebraic form for the fronti er. Profit function approach is a method that assume profit 

maximizing behavior. 

Under Production fu nction approach, there are two poss ible methods of estimating 

production fu nction. These are production fro ntier model and average production model. 

Average production model is est imated by least square estimates and it assumes that the 

error term is randoml y di stributed with zero mean . This implies that information on 

efficiency can not be obtained s ince the model attribute the difference between the 

estimated and the actual function to symmetric random disturbance . 

Due to thi s fact attempts to measure efficiency have been made by different scholars and 

frontier production model is found to be consistent with the definition of production 

function and for measuring production efficiency. 

Attempts to estimate fro ntier production function began with the works of Farrel ( 1957). 

Subsequent:y , Aigner and Chu ( 1968) and Richmond ( 1974) estimated frontier production 
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function by us ing linear and quadra ti c programming technique (Mark 1980) . However thi s 

model does no t a llo w fo r rando m shock outside the control of the Il rm and it cons iders any 

deviati on from the fro nti er as techn ical ineffi c iency. In order to e liminate th is problem , 

Timmer ( 197 1) , separated the random shock from the ineffi c iency e ffects. Battese and 

Ceo lli ( 1992) deve loped a stochastic frontie r model. 

The ad vantage of fronti e, production function approach is that it ;3 conceptually cl ose to the 

definiti on of production func ti on w hich re lates the maximum output a lla inable from a given 

level of inputs . 

. ! .; 1"" I) Y l ll -: l{ !\I ' I' I{ () .-\ C II T o iYlEAS U I{ I NC TEC I-I :'>' IC A I. E!·T l t ·II ·: .'\ (\ 

Different scholars have estimated fro ntier production function and the method used for its 

estimation is a combination of the fo llowing: 

I . The way fro ntier is specifi ed : The fro ntier can be spec ified as parametri c o r non-parametric. 

Parametri c fronti e r method is w ide ly used and it assumes an explic it 

fo r a g iven technology and frontier is expressed in mathematical form . 

functi onal fo rm 

The advantage of parametri c frontie r approach is that it characteri zes frontie r producti on 

functi on in mathemati ca l fo rm and a lso it accommodates non constant return to sca le 

Non parametric fro nti e r model are those that do not express frontier in mathemati cal form 
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and effi ciency is estimated from the sample observation. It assu mes no functi onal form to 

the data and no assumption about inefficiency is made and no standard error is estimated; 

and thi s makes it advantageous. The di sad va ntage of non parametric fronti er method is that 

the estimated production fronti er do not ha ve any stati stical propert ies that would make it 

sens iti ve to measurement error and outl ier. 

2) T he way fronti er is computed: The front ier can be computed by programming technique or by 

us ing exp li cit stati sti cal procedure . 

I f frontie r is computed by programming technique , it is not possible to make assumption about 

regresso rs or the disturbance term and the model will not have any statistical properties. Where as 

if it follows stati stica l procedure, the model wi ll have statistical properties. 

3) The way the deviation from frontier are interpreted: The deviation fro m the fronti er may be 

s imply considered as inefficiency ( the model is deterministic) or it could be considered as a 

mixture of inefficiency and statistical noi se ( the model is stochastic). In stochastic model error 

due to stati sti ca l noise is not considered as inefficie licy and this makes it advantageous over 

determin ist ic mode!. 

By combining the above points, three dominant frontier approaches in measunng technical 

efficiency are identified. These are non-parametric data envelopment analysis (DEA), 

determini sti c parametric frontier analys is (DFA) and stochastic fronti er analysis (SF A) and they 

are presented in the following section. 
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3. 1.1.4 Data Enve lopment Analys is (DEA) 

DEA is a li near programming approach which does not use any al gebraic form for the fronti er 

( i. e . it is non-parametric) and it al so does no t aSSllme an ineffi c iency di stributi on ( i. e. it is 

dete rmini s ti c) I-ijaimarsson et.al. In DEA th e e ffi c iency of a micro unit, m is measured re lati ve 

to the effi ciency of all the othe r micro uni ts subject to the res tri ction that all-micro units 

(1 = I ,2, .. . . m) are on or below the fronti e r. Effi c iency measure is achie ved by restricting the 

reference point o n the unknown fronti e r and using the same amount of input (s) as observed for 

the unit m . 

The efficiency scores are obta ined by sol v ing the follo wing linear programming (LP) problem for 

each unit i, w ith s ingle output Y; and input X; (X;= X 11 •••• • •• Xn;) under variable return to sca le 

(VRS), 

Max 8 ... . . . .. .... .. .. ........ . ....... .. ... .. ..... (1) 

A,8 

subj ect to 

o S; ),,8 

Where, X is an n by N input matrix with columns X ;; 

Y is an m by N output matrix with columns Y ;; 

A is an N by one vector of weights to be at tached to the sample firm s for construction of an 
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efficient firm; 

k denotes the decision-making unit (DMU) under investigation; 

1= 1, ........ N indexes DMUs; 

N is the number of outputs; and 

8 represents the output-oriented measure of technical erticiency. 

Solving ( I) amounts to maximizing the efficiency of the unit k subject to the effic iencies of all 

units in the set having an upper bound of one. By introducing restrictions on the sum of intensity 

weights (A.,), DEA can accommodate different variet ies of returns to scale. 

3.1.1.5 DETERMINISTIC PARAMETRIC FRONTIER (DPF) 

The basic concept of deterministic parametric frontier approach is that the parameters of the 

chosen funct ion are such that the frontier of the estimated function lies on or above the 

observation (Hjalmarsson et.al) and it does not take into account random external shock, 

measurement error, omitted variable and noise in the data separatel y and it considers them as 

inefficiency. 

Aigner and Chu (1986) constructed a homogeneous Cobb-Douglas production function and 

applied a quad ratic programming technique to estimate deterministi c parametric front ier 

product ion function. The model is given as : 
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Y; = f(X;;Bj)exp(-u) i= I,2 ... n 

Y; = Poss ible output level for il
" firm. 

X; = A vector of input for il
" firm. 

U; = Inefficiency effects for il
" finn ( 0 ~ ui). 

Bj= A parameter to be estimated. 

F(X;;Bj) = A functional form. 

exp(-u) lies between zero and one and this brings the relat.ion Y; ~ f(Xi;Bj) wh ich implies that the 

possible output is bounded from above by deterministic frontier production function. Bjs are 

estimated by linear quadratic programming technique and this does not assume any statistical 

distribution for efficiency and therefore the statistical property of the resulting estimate are 

unknown. 

Deterministic frontier is extremely sensitive to outliners. [n order to avoid this problem Aigner 

and Chu (1986) developed probabilistic frontier production function. The method under 

probabi li stic frontier production function allows a small proportion of the observation to exceed 

the fro ntier and these outliner observations are discarded from the analysis. Thi s method has 

problem of selection of proportion of observations and also it contradicts with the concept of 

front ier as maximum possible output. 

3.1.1.6 Stochastic Frontier Analysis , SFA 
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Under SFA the deviation from the front ier is divided into two sources, stati sti cal error and 

deviation due to technical ineffi ciency. There are three categori es of SFA, these are, SFA I, 

SFA2 and SFA3 . 

Modell (SFAI ) 

SFA I is a regular panel data model with time varying teclmical inefficiency suggested by Battese 

and Coell i (1992). The stochastic production frontier model is specified as : 

YH = f(X;,; P) + e;t 

Where Y;t = Output of the firm I (i= l ,2, ....... N) at time t(t= 1,2, ..... . .. N) 

f(.) = The production technology. 

XH = A vector of n inputs. 

P = Vector of unknown parameters to be estimated. 

The error term is specified as e;t = V;t - U;t where V;t is statistical noise and U; t is technical 

ineffic iency. 

The production technology is represented by the function 

Y;t = Po + ~PXj; t+ Pt: + e;t 

Where YH and Xj (j= 1, ..... . n) are the respective output and inputs nn :"ured in logarithms. 

The time trend, t, captures exogenous technical change, which can be viewed as a shi ft in the 
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production frontier overtime . Technical change (E t ) is calculated from : 

Et =3y13t =~, + ~((t + I~j,xj 

In this model technical efficiency is specified as ( Battese and Coelli 1992 ) 

Ui' = exp[-ll (t-Ti )] Ui = lli,ui 

Where '1 is a single unknown parameter and Ui is assumed to be normaily distributed N( f.l,02u ) 

truncated at zero from below. The noise component, v, is assumed to be i.i.d. N(O, 02
, ). 

Model 2 (SFA 2) 

This model is an extension of the above model with the inclusion of some firm and production 

cb:ncteristic, z, us a contro l variable in the production function. Technical inefficiency IS 

assumed to be independent of these z variables. The estimation parameters and prediction of 

technical efficiency are the same as SF A!. 

Model 3 (SFA 3) 

This model is an extension of SF A 1 model with the inclusion of some firm and production 

characteristics, z as determinant of technical efficiency (Battese and Coelli 1995). 

Technical efficiency model is specified as ; 
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Follow ing l3a ltese and Coe lli e ( 1995), W;I i.i.d N ( 0, 82,,) truncated at -E Iiz;1 from be low 

The cho ice between different approaches of measuring technica l eflic iency depends on the 

purpose of the stud y, type of data availab le, techno logy characteri sti cs etc. 

3 .1.1.7 TECHINICAL AND ALLOCATIVE EFFICIECNY: COM PARISION 

.. \llocat ive e fticiency [AE] is delined as th e ab ility of a linn to maximize protit by equati ng 

margina l revenue product of inputs to their respective marginal costs. The combination of 

allocat ive efti ciency and techn ical effic iency gives economic effic iency. Even though the study 

looks into technical eflic iency , there is a need to note the difte renc~ betwee n a ll ocative and 

techn ica l efficiency. In his classic artic le M.l Farre ll d istinguishes between two measures of 

producti on effi ciency - technical and a ll ocative (price) efficiency. 

Fig . 1. '\ l!o c~t iy c and Tcchnic31 Efficiency in tile C:15(: of Olle Output 31H.l T", ' Inp uts 

.r I I: 

Source: Sadoultc and Janny, 1995, p . 243 

Let x I and X2 be quant ity of two variab le inputs and y be total output ; max imum effi ciency in 

production is achieved when the produce r i, on the best ;J,oduction function (II ). 
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Point A shows the most efficient production point b~cause it is the intersection point of the 

isoquant curve I! (mQst efficient input utilization curve per unit of output) and the tota l va ri able 

cost curve TCI( min imum cost leve l ). Line OP represents equal factor proportions i. e. a ll points 

along this ray have equal factor proportion. 

If a certain firm is producing at point 0, its inefficiency can be decomposed into TE and AE by 

using A as a reference point. TE of the finn at pint 0 in the factor space is the ratio of the lower 

total variable cost TCl and the observed variable cost TC4. This is the same as the ratio of line OF 

to 00. AE of the firm at point 0 can be seen either without assuming TE or by presupposing TE. 

If we do not assume TE i.e. if we assume latest teclmology, point C represents the best 

allocatively efficient point because 12 is tangent to the total variab le cost line TC2, thus a firm that 

operate at point 0 is allocatively inefficient by TC4-TC,. If we assume TE i.e. if we assume latest 

technology, the firm operating at point 0 is allocatively inefficient by TCl-TC I. 

A firm is economically efficient if it operates at point A where it is both teclmically and 

allocatively efficient. Based on Farre ll ' s approach, Sadoulet and de Janvary (1995) sllmmarized 

the technical and allocative efficiency of point D as follows : 

I. TE ~ TClITC4 = OF/OO 

2. AE= 

a) Based on latest teclmology (AE I) = TC2/TC4 =00/00 

b) IfTE is presupposed (AE2 ) = TCI /TCl =OH/OF 
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3. Economic efficiency 

3.1.2 PRIVATIZATION 

3.1.2.1 DEFINITION 

Different definitions of privatization have been given by different scholars. Rammand Ham 

( 1989) classified three groups of privatization measure( Osma 1997) . The first group relates 

privatization to ownership and includes total denationalization (management buy-out , co­

operatives and special share), joint venture and liquidation. The second group relates privatization 

to organizational changes to holding company structures and a uniform change of structures like 

leasing competition. The third and the final group relates privatization to investment criteria, 

pricing principles, resor:ing to the capital market, the rationa li zation of goverrunent contro l and 

incentive rewards. 

Prager (1992) , one of the researchers 111 the fi eld of privatization , identified five possible 

definitions of privatization as follows ; 

1. Privatization can be defined as the partial sale of state asset which does not imply attenuation 

of state control. 

2. Privatization can be defined as change in ownership and control . 

3. Privati zation can be defined as private ownership ( like leasing state owned enterprises) 

without any constriants on entry to the industry. 

:; 8 



4. Privatization can be defined as changes only in patterns of control rather than ownership 

5. Privatization as the transfer of production ( like management contracts and con tracting) In 

private hand whi le ownership and key decision making remain in the hands of the state. 

Bos (1991) defined privat ization narrowly as the sale of public sector assets and issues such as 

contracting out, debureaucratization and promotion of competition by market forces are excluded 

from the defi nition. 

For the purpose of this study we define privatization as the transfer, through sale of enterprises or 

its unit or asset or government share holdings in a share company to private ownership of public 

enterprises. In general privatization !!1Voives the foHowing three stages: 

• The first stage is preparation, this includes analyzing and valuing of enterprises, determining 

the appropriate privatization modality, and doing any necessary enterprise restructuring. 

• The second stage is implementation, here agreed modality is implemented. 

• The third stage is post-privatization, this includes evaluation of the impact of privatization, 

monitoring investors obligation and enforcing if obligation is not satisfied. 
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3.1.2.2 FUNDAMENTALS OF PRIVATIZATION 

Conventional privatization theory has three basic fundamental theories
2 

These are: 

Public choice theory 

Property ri ghts theory 

Princi pal·agent theory 

PUBLIC CHOICE THEORY 

The idea under public choice theory IS that government bureaucrats are self-interested 

individuals , interested in maximizing their own welfare than that of society. This means that 

government staff aim to maximize their own welfare rater than maximize some notion of social 

welfare. With this regard as the government has more monopoly power, the more likely that the 

government overspend. 

Publ ic choice theory goes beyond the boundaries of enterprises into political structure. 

Politicians wi ll monitor loosely so that they could feve r their voters in the re-election process. 

Within public choice framework there is the concept of rent-seeking which is the source of 

inefficiency associated with the public sector. That is due to underground action resulted from 

rent-seeking behavior, distortions and inefficiencies emerge. 

The advantage of privatization is therefore, it reduces the extent of USlllg enterprise for 

individual or political purpose. This means privatization shifts this individual profit maximizing 

1 Source: Kate Bayliss (2000) Publ ic Enterprise Reform and Privatization, a tra in ing manua l . 
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behavior to productivity . 

PROPERTY RIGHT THEORY 

Property ri ght theory rests on the idea that a private owner with profit maximizing motive will 

exerci se greater effort in monitori ng than the {:ublic sector. This is due to the fac t that in the 

public sector there is nc specific body with direct ri ght to monitor. According to Coase, direct 

ownership of property which is tradable will improve monitoring of its performance. 

In state ownership, ownership is not transferable and no-one has a well-defined claim if 

government out put increases. No official is rewarded if he/she perform efficiently or punished if 

he/she waste resources . Privatization has the tendency to define property right and reduce 

inefficiency associated with monitoring probiem. 

PRINCIPAL-AGENT THEORY 

The idea under principal - agent theory ba.ses on the incentive problem due to informat ion 

asymmetry. The agent is enterprise manager.who performs a service to the principal ( public or 

private ). Under this theory it is assumed that both the principal and the agent maximize their own 

wealth. 
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Under state ownership the principal is the govemment a..'ld the agent is the state employee. 

Si nce both the principal and the agent has different objectives, there is a strong incentive and 

monitoring system to make sure that the agent performs what the principal expects to perform. 

Under state ownership it is difficu lt to set such monitoring mechanism since the objective of the 

state is not onl y profit maximization. 

Under private ownership the principal agent problem also exists but it is 110t as seri ous as the 

public ownership .The objective of the private owner is profit maximization and it is possible to 

set up strong incentive mechanism to guarantee efficiency. Privatization therefore has the 

;;() tential to reduce ihis principal agent problem and thus increase efficiency. 

According to the above three fundamentals of privatization theories, there is a problem under 

state ownership due to self interested bureaucrats and multiple objectives of running state owned 

enterpri ses. 

If enterprises are privatized, multiple objectives of an enterprise is replaced with single profit 

maximizing objective and as a result monitoring will be tightened, accountability wi ll be stepped 

up and poor performance can be penalized. 

3.1.2.3 OBJECTIVE OF PRIVATIZATION 

T:.erc are di [f~ren! objectives of privatization policy, These include the reduction of government 
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participation and publi c sector borrowing, the desire for creation of share owning democracy, to 

reduce the monopol y power of public sector trade unions and to increase effici ency and 

innovation. 

In order to achieve the above objectives of privati zation, increasing competition and ri valry is a 

necessa ry condit ion; if this is not satisfied the above objecti ves will not be compatible each other. 

For exampl e reducing the size of public sector and max imizing ireasury income from selling 

public asset will not be compatible with the efficiency objectives if the reduction of public sector 

size involves transferring moncpoly power from the public to the private sector without increasing 

competition and rivalry . In general conditions for successful implementation of privatization 

program include the following points: 

I . Governments should strengthen the ro le of the private sector in the national economy. The 

program requires high political commitment. 

2. There should be etfective and well functioning legal framework including property right, 

hankruptcy and priv"tization laws. 

3. The existence of well developed financial sector and capital market IS also necessity for 

successful privatization. 

4. There is also a need to have competition and enabling environment for private sector 

investment. 

5. The process and procedures in which privatization transaction are under taken should be 

transparent to the public and there should be a clearly established rules and regulations. 
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Building blocks of successful privatization is presented in the above diagram. 

SUCESS FUL PRIV A TIZA TON 

I I I I 
CLEA R A CLEARLY SU FFI CIENT TH E RIGHT LEGA L, 
SUPPORT DEFINED & IMPLEMENTA INSTITUTIONAL & 

TRANSPARENT TION FINANCIAL 
METHO D CAPACITY FRAM EWORK 

I j j I 
WELL DEFINED STRA TEGY 

I 
A CLEAR SET OF POLICY OBJECTIVE 

POLITICAL COMM ITMENT 

So urce: Ethiopian privatization program executive summery, Price Waterhouse (1998). 

The actual extent and shape of privat ization wi ll be determined by the preference of agents in 

politics. In democracies, these include bureaucracies aiming to maximize their budget and from 

interest groups so that they protect their position ( like income and job tenure) and government 

seeking votes. Although privatization is implemented for one or more of the above objectives, the 

most part of the debate about privati zation focus on enterprise performance or efficiency. 
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3.1.2.4 PRIV ATIZATION AND MARKET STRUCTURE 

The success of privatization program IS al so depends on market structure of the economy. 

Economic performance or TE not onl y depends on ownership change but a lso on market structure. 

In most developing as well as in some developed countries, there are restri ct ion on the 

effectiveness of privati zation due to lack of competitiveness; According to Suleiman and Water 

bury, these are : 

1. Small size of the middle income group who can acquire share 

2. The thin spread or non-existence of capital market 

With regard to economic and market structure , the follo wing hypothesis on enterpri se 

performa!~ce can be fo~:nu l ated ; 

Market 

Monopoly Competitive 

Ownership Public A C 

Private B 0 

Source: Privatiza tion and development , Osama J.A.R, 1997 

• 0 is superior to C re flecting the standard economic view which favors competition. 

• B is superior to A, reflecting the role of competition. 
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• D is superior to A, where D represent private ownership and a competitive market. 

3.2 EMPIRICAL EVIDENCE 

Advocates of privatization argue that private ownershi p restores incentives, which promote 

eftic iency. Some studies that have relation to teclmical efficiency and privatization wi ll be 

brought under thi s section. 

Nosraro llah (1997) investigated whether there is any difference in teclmical efficiency between 

pri vate and public firms and the relationshi p between teclmical efficiency and size for two 

hundred fifty textil e companies in Iran for the period 1992. A non-parametric mathematica l 

programming approach to frontier production fu nction (DEA) has been used. He found that most 

of the enterpri ses operated at the efficiency leve l. Public firms were found to be inefficient 

compared to private firms and there existed a negative relationshi p between number of employees 

(labor) and technica l efficiency indicating that smaller finns were more efficient than larger firms. 

linjhai e t. a l (1997) investigated the effect of ownership structure on technical effic iency for seven 

three digit industries in China for the period 1986-1990 by using Data Envelopment Analysis 

(DEA) . The vari ables were taken at current price and it was found that state owned enterprises 

are less effic ient compared to town village and collective enterpri ses. The scale of production was 

al so pos itively correlated with technical efficiency. 

Ephraim (2000) examined the impact of structural adjustment program on technical efficiency in 

Malawian manufacturing sector. He found that TE decline over time in the food processing, tea 
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processing and clothing and foo t wear sub-sector whi le it increases for pharmaceuticals and soap 

sub-sector over time. He also fo und that IE signifi cantl y declines with firm size domest ic 

monopoly power and tari ff, while it is a positive function of factor intensity and skill s of workers. 

Kate et. al (1998) i~1Ves ti gated the impact of privatization on enterprise perfo rmance in Ghana 

.They took one year data for before privatization and one year after privati zation to 29 enterprises 

and made analysis by using different perfo rmance indicators. The result showed that there has 

been some success and some fai lure of privati zation on perfo rmance. The fa ilure of the program 

has been in encouraging domestic entrepreneurs and in elimination, reducing or regulating 

monopolistic enterprises. 

Adam et al (1992) carried out case-study reviews of privatization in seven developing countries 

and concluded that privatization alone would have little effect unless there is a reform in market 

structures 

Wiess ( 1995) studied the effect of ownershi p on performance for 500 largest industrial enterprises 

in Mexico. He took sa les, sales per worker, and sales per total asset as performance indicator for 

the peri od 185-90 and the cross sectional regress ion result showed that there was no significant 

relation between efficiency and ownership. The empirical study concluded that there was no 

support for the view that state ownership by itself implies a poor performance and factors such as 

economies of scale, market structure and industry trends may be more important in explaining a 

firm's performance than ownership type. 
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Christopher ( 1993) investigated whether there is efficiency gain due to privatizing the electric 

supply industry in England for one hu.ndred eighty four observation by using stochastic trans-log 

average cost front Ier for the period 1938 and 1985. Based 011 the likelihood ratio test for 

efficiency estimates, it was concluded that decentrali zed structure due to privatization was 

feas ible and promoted efficiency. 

Ravi ( 1997) ana lyzed the impact of privatizat ion of Argent ine railroads on its performance for the 

period 1965 to 1990. After doing the analysis, it has been concluded that large, unprofi table firm s 

in developing countries faced with market failures can be privatized, but the gains from doing so 

depends on how the state enterprise was performing badly and the potential for introducing 

competition in the market. 

Howard (1 993) examines the current state and prospects for efficient development of the large­

sca le industrial sector in sub-Saharan Africa. It is explained that enhancing productivity, 

improving national environment and sectoral s trateg ie~ are necessary in order for liberalization of 

t~:lde bring successful development in sub-Saharan Afri ca. 

Mohamed ( 1992) measured the average growth in productivity in public versus private 31 

industries in Malaysia. He found that only in four industries private sector was fou nd to be more 

effi cient and 12 public industri es were more efficient than private industri es . He rejected the 

hypothesis that private industries are more effi cient than public industries and concluded that the 

structure of the market is more important for eff.ciency. 
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Millward (1987) studied the comparative performance of public and private enterprises in less 

developed countries (LDCs) in terms of productivity and cost effecti veness over the period 1976-

1986 . There was no stati stically significant evidence that private enterprises in LDCs functioning 

at the same scale of operation as their counterparts in the public sector are technically more 

e fficient (Osama 1997). 

Rafael La Porta et.al (1999) investigated whether the increased profitabi lity of privatized 

companies is at the expense of society or not by using data on 97 nonfinancial firms privatized in 

Mexico during the period 1983- 199 1. They used price increase and lower wages and layoff as 

social losses and found that after privatization there was a 24 percentage-point increase in the 

mean ratio of operating income to sales. Out of this higher product price explain 5 percent of this 

increase, transfers from laid-off workers contribute 31 percent of that increase and the remaining 

64 percent is contributed by gain in productivity. 

Balassa ( 1987) one of the strongest advocator of privatization, reviewed eight previous studies, 

which had compared the relative efficiency of public and private enterprises in developing 

countries and concluded that private enterprises are more effic ient than public enterprises and 

privatization wi ll enhance efficiency. 

Hacheite and biders (1988) took a large sample of public and private enterpri ses in Chile during 

the period 1980-87 and they concluded that 111 five out of six large privatized enterpri ses, 

effic iency has increased due to privatization. 
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Cakmak and Zaim (1992) studied the effic iency of 17 public, 18 private and 6 mixed enterpri ses 

in 1990 of Turk ish cement industry and compared their efficiency. They found that difference in 

ownership has no significant effect on economic efficiency of the different plants. They rather 

found that market structure or competition was the driving force behind improvements in the 

productive efficiency of these industries. 

I10kwu (I 99 1) carried out a comparative analysi s o f 24 enterprises in Nigeria (12 publ ic and 12 

private enterprises) across four industri es over the period 1980-1989 and reached the conclusion 

that public enterprises produced a lower performance and were less efficient. 

AI Bavon (1998) examined the impact of ownership change on performance of firms in Ghana for 

the period 1986 to 1995 for 32 enterprises. After doing pooled time series analysis, he concluded 

that privaiizalion of public enterprises and policies designed to increase competition has led to 

improvement in enterprises performance. 

Baltese and Lundavall (1999) did a study on firm Size, age and efficiency for Kenyan 

manufacturing firms by applying trans-log stochastic fromier production function for unbalanced 

panel of 235 Kenyan manufacturing firms in the food, wood, texti le and metal sectors separately. 

They investigated whether technical efficiency is related to age and size. It was found that firm 

size has positive and significant effect in wood and textile sectors and age is sign ificant only in 

textile sector. 

Taye (1996) did a study on the impact of finn age and size on teclmical efficiency by uSll1g 

stochastic frontier production method for 220 large and medium scale manufacturing firms and 
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found that firm s ize and age has a significantly positive effect on technical efficiency. 

Coll ier et.al (2000) used a firm level panel data for manufacturing sector in four African countri es 

( Cameron, Ghana, Kenya and Zi mbabwe) to es~i mate the effect of exporting on efficiency. They 

used Cobb-Douglas stochastic front ier produ<:t ion model for the period 1992-1995 .It was fou nd 

th2! tbe r'e was large efficiency gains from exporting in terms of levels and growth and evidence of 

a learning-by-exporting effect and self se lection of the moist efficient finns into exporting. The 

effect of export on efficiency was found to be large to African sample than in comparable studies 

of other regions and Africa has more to gain by molding its manufacturing sector towards 

exporting than other regions. 

Pitt and Lee (1980) measured technical efficiency and source of inefficiency for fifty Indones ian 

weaving industry by using log linear Cobb-Douglas stochastic production model for the period 

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 firl1l~ and domestically owned 

firm s were more efficient than fore ign owned firms. 

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

enterprises and the po:i~y environment to which they were subjected for the period 1983 and 1988 

by using allocative and technical(X) efficiency. It was also found that there was a divergence 

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

groups that di scouraged 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 with real measure of performance such as productivity, second rehabilitation and 
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restructuring of marginally inefficient enterpri se is necessary to make them efficient and third 

avo iding discrimination in terms of policy among public firms and special treatment to industrial 

public enterprise like subsid ized interest rate should be avoided. 

Ar'11ando (! 994) ~xal11ined about the fiscal impact of privatization in Brazil in the 1990s. It has 

been found that due to the fai lure of the government's stabilization attempts the fi scal benefits of 

privatization has been reduced. As a result of this, goverrunent's capacity to impose limitation on 

buyers has been reduced and this has created the concentration of market power through 

acquisition of state-owned enterpri ses in a few individuals. It has been concluded that there is a 

need to establi sh a regulatory structure and a competition policy. 

Page (1984) investigated the relation between relative tecbnical efficiency and firm size in four 

Indian manufacturing sectors by using deterministic front ier translog production function for the 

period 1979-1981. After analyzing the data it was found that enterprise characteristics such as 

labor force stability, level of technology, age and capacity utilization were found as factors 

affecting technical efficiency. After controlling these firm characteristics, the relation between 

s ize and technica l efficiency was investigated and there was no evidence of a systematic 

relationship between firm size and re lative efficiency. 

From the above review of literature in most cases privatization has i!nproved TE of enterprises 

and market structure is also found to have greater contribution to this improvement. 
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CHAPTER FOUR 

DATA AND EMPRICAL MODEL 

4.1 DATA SOURCE AND COVERAGE 

In order to start the analysis, finn level data on large and medium scale manufacturing is required. 

The main data source for thi s study is annual survey of large and medium scale manufacturing 

industri es conducted by Central Statistical Authority (CSA) during 1992/93 to 199811 999. The 

survey covers all large and medium scale manufacturing industries at national level. 

The data was collected by trained enumerators and the supervi sion has been done by professionals 

in industrial statistics department. A number of quality control steps were taken to ensure the 

quality of data. The data were entered and verified by using Integrated Micro Computer 

Process ing System (IMPS). Other data required for the study is taken from Ministry of Economic 

Development and Co-operation ( MEDaC). 

This study covers data on large and medium sca le manufacturing industries (establishments that 

use power driven machine and engage more than 10 persons) that have been privatized with in the 

period 1992/93 to 199811 999 is taken. The number of firms each year is 25 and the total number 

of observations being 175. Out of these 70 observation are from manufacture of food , 35 from 

beverage, 21 from textile and leather, 21 fro:11 chemical and printing, and 28 from wood and 

non metal sectors. 
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Since pri vati zation is a time taking process, all finns w',; re not privati zed at the same peri od of 

time. Due to thi s fact , the change in ownership structure of each firm did not take place at the 

same time. The percentage d istri ·outicr. of public and private firms during the study period is 

presented in table 4. 1. 

Tab le 4.1: Perce ntage dist ribut io n of Ow nersh ip c hange for firm s under the study. 

Public enterprises in '-Private enterprises 

Year percent in percent 

1992/93 100 0 

1993/94 100 0 

1994/95 100 0 

1995/96 84 16 

1996/97 48, 52 

1997/98 20 80 

1998/99 0 100 

So urce: own computat ion . 

As can be seen from the above table, 36 per cent of firms were public fo r 4 years and become 

private for 3 years where as 16 per cent of firms were public for 3 years and become private for 

four years. 

4.1.1 DEFINITION OF DATA VARIABLES 
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Defin ition of data va riables is presented as follows3: 

An Establishment is defined as the whole of the premises under the same ownership or 

management at a particular address . 

Public sector LInder thi s sector all estab li shments owned by the state i.e., those which we re fully 

as well as partially ( with 5 1 percent share and above) owned by the government are included. 

Private secto r includes establishments such as individual ownership, partnership, private limited 

company, share company, co-operatives, ane others. 

NumbF employed includes all persons on the payroll whether seas('l!la: or temporary workers . 

The number of seasonal and temporary workers has been adjusted to give equivalent of full-time 

workers. 

Number engaged includes paid employees and working proprietors, active partners, an unpaid 

fami ly workers. 

Wage and salaries includes all payments in cash or in kind made to employee during the 

reference year in connection with work done for the establishments. 

Revenue from sale represents the total sales value of all products during the reference year 

valued at market price. 

These defin itions are aiso used by CSA in the annual large & m'.:'dium scale manufacturing survey. 
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Industrial cost includes the cost of raw materials, fuel, and other suppl ies consumed and cost of 

industrial services rendered by others. 

Fixed Capital Asset are those with a productive li fe of one year or more which are intended for 

the use of the establi shment and they are valued at book-value of the reference year ( i.e net book 

value plus capital expenditure minus those disposed and sold and depreciation. 

4.1.2 DESCRPTIVE ANALYSIS OF THE DATA 

The data is grouped into food processmg sector, beverage sector, textile and leather sector, 

chemical and printing sector, and non-metal and wood sector. Since the raw data is value at 

current price, it is converted to constant price by deflating wi th the appropriate deflator. Implicit 

sectoral deflator is used to deflate gross value of output and intermediate input, wage index is 

used to deflate wage and salaries and investment deflator is used to deflate fixed asset. 

The data shows some variation across all variables in all sectors and the descriptive stati stics for 

the variables are presented in table 4.2 below. From the nature of the data in food processing 

sector, we see that 50 percent of the firms are meat processing industries , 20 percent are oil 

producing industries, 20 percent are flour producing firms and 10 percent of the firms are pasta 

and macaroni producing industries . The minimum gross value of out put is 337 thousand Birr 

where as the maximum is 324 million Birr. CO'll pared :0 beverage and textile sectors, firms under 

food processing sector are relatively small (;ompared to b~verage and textile sectors .The smallest 

plant in the food pmcessing sector employs 37 workers where as the largest employs 747 workers . 
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In the beverage sector, 75 percent of the finns are soft drink producing finns and 25 percent of the 

firms is beer manufacturing firm . Under this sector, the standard deviation is larger than the mean 

for gross va lue of out put, industrial cost and capital and it is smaller than the mean for labor, size 

and age. The minimum gross value of output is 2.29 million Birr where as the maximum va lue is 

1.1 billion Birr. The smallest plant in the beverage sector employs 172 workers where as the 

largest employs 1512 workers and the variation in employment is relatively sma ll compared to 

food processing sector. 

In the non-metal and wood sector, 33.3 percent of each firms produce cement, wood and mineral. 

The maximum gross value of out put is 104 million Birr and the minimum gross value of out put 

is 20.3 thousand Birr which is an indication of large vari ation in gross va lue of production. For 

the variables like labor, size and age the standard deviation is smaller than the mean and it is 

larger ihan the mean for gross value of out put, industrial cost and capital. The smallest 

establ ishment employees 44 workers where as t!1e largest employees 797 workers. 

In the textile and leather sector, 66.67 percent of firms produce leather and 33.3 percent of the 

firms produce textile. Under this sector, the standard deviation is larger than the mean for 

industrial cost and capital where as it is smaller than the mean for gross value of out put, labor, 

size and age. The minimum gross value of out put is 31 1 thousand Birr ~ !1d the maximum is 208 .9 

million Birr which shows a wide variation in gross value of output. The smallest firm employees 

306 workers while the largest employ 884 workers . The variation in size is not large as compared 

to food, beverage, and non-metal and wood sectors. 
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In the printing and chemical sector, 33 .3 percent cf each firm produce ink, soap and plastic. Under 

this sec tor, the standard deviation is larger than the mean for gross value of output, industrial cost 

and capital and it is smaller than the mean for labor size and age. The minimum gross va lue of 

output is 871.3 thousand while the maximum is 137.3 million and this shows a large variation in 

gross "ullie of production .The largest finn employees 247 wo rkers and the small est firm employ 

26 workers and compared to other sectors, the vari ati on is smaller. 
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fab le 4.2: Descriptive Statistics for the variab les under the study 

FOOD GVP IND. COST LABOR CAPITAL SIZE AGE 

Mean 31378.8 3429.4 IU 18.3 527 1.5 320 35 
Standard Dev iation 67000.5 8457 .8 643.4 9670.7 323 12 
Minimum 337.0 28.8 88.2 183 .1 37 21 
Maximum 324486.8 64860.9 2697.3 495 13.5 747 63 

BEVERAGE GVP IND. COST LABOR CAPITAL SIZE AGE 

Mean 138005.3 11051.5 3546.8 12535 .7 569 34 
Standard Dev iation 2 19556.7 17225.3 2202.7 15928.4 350 2 1 
Minimum 2298.472 28 1.5 658.5 871.4 172 8 
Maximum 1132570 80821.6 8866.2 62317.7 1512 74 

WOOD& NON-METAL GVP IND. COST LABOR CAPITAL SIZE AGE 

Mean 16716.4 1921.5 14G!.0 7047.8 34 1 34 
Standard Dev iation 24 174.5 2502.9 844.6 7203.2 17 1 8 
Minimum 20.3 2.6 2.1 6. 1 44 ?' _J 

Maximum 104820.0 9136.2 26 17.6 23388.5 797 47 

TEXTILE & LEATHER GVP IND. COST LABOR CAPITAL SIZE AGE 

Mean 62 153.9 3930.089 3034.411 10940.08 508 22 
Standard Deviation 60630 .33 7096.981 2507.7 11 18456.97 229 8 
Minimum 3 11.0644 21.977 459.436 507.755 306 9 
Maximum 208981.3 29143.87 8866.186 69563.83 884 34 

PRINTING & CHEMICAL GVP IND. COST LABOR CAPITAL SIZE AGE 

Mean 27593.4 5268.138 754.20 I 4109.987 126 26 
Standard Deviation 373 11.9J 103 13.i 9 400.979 6335.0 18 62 7 
Min imui11 871.311 12.553 126.469 249.63:; 26 14 
MaximLlIll 137310.5 38948.67 1495.177 20537.34 247 36 

Va lu e is in OOO'S except s ize and age. 
Source: Ow n co mputat ion 
GVP = Gross value of p rod uctio n 
IND.COST = I n dus tria l cost 
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a. 
4.2 EMPRICAL MODEL 

4.2.1 MODEL SPECIFICATION 

In order to measure the impact of privatization on technical efficiency, stochastic frontier model 

[Battese and Coel li , 1993 ,1995] is applied for large and medium scale manufacturing firms. 

Technica l inefficiency effects are specified as function of other variables and the parameters of 

front ier production are estimated simultaneously. 

The stochastic frontier production model defined by Battese and Coelli (1995) follows, 

Y;, = f(X,, ; B) + eH ............. . ... ....... ................... (1) 

Whpre Y ;I = Qtapu: of the firm I (I= 1,2, ... .... N) at time t (t= 1,2, ........ N) 

F(.) = The production technology. 

X= A vector of n inputs. 

B = Vector of unknown parameter to be estimated. 

The error term e" is specified as eH = VH - UH where '.';1 is statistical noise and UH is technical 

inefficiency. The error term ,eit will take care of the deviation of the actual output from the 

frontier. The deviation of the actual production level from frontier is due to two factors; these are 

factors out of the reach of the decision-maker and/or due to human error. 

From the above : e;, = V;, - U;, 
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Wl lere V it is symmetric component which measures exogenous shock and stati st ical error and Ui[ 

is one sided component ( Uit ~ 0 ) which captures the divergence of the actual from the best 

practice or technica l inefficiency relati ve to the stochastic frontier. 

Therefore in thi s model technical ineffi ciency is specified as 

Uit= L OZit + Wit, Ui[ ~ 0 .. .. ........... .... .... .................... . ... .... (2) 

Where Zit is faclor affe~ting TE of firms; 

o is a parameter cofficient to be estimated. 

This is obtained by following original Farrell ( 1957) concept as follows 

TE = e llit = a (Xijt)Bj e Uit + Vii la (Xijt)Bj evit 

= Actual outputl Potential output .... : ....... .. ................ . (3) 

TE is one for fully efficient firms, in the interval between zero and one for firms with some 

degree of technical inefficiency with production and zero for firms with no technical efficiency. 

Firm level technical efficiency wi ll be obtained by calculating the mean conditional efficiency of 

Ui given the total error. 

E(W (U i +V i ) = OU 8vlo [~O/I-~O - (Ui+ Vi)1 0 ( y/ l _y)"2) ........ (4) 

Where y =0,,2/8, 82= 8/ + 8/ ,<D,~ are standard normal density and cumulative distribution 

function evaluated at [ (u + V)I 0)[( yl(l- y ) )1 /2 
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Based on the above theoretical concept of measuring lechnical efficiency the model (Bttese and 

Lundvall , 1999) is given as : 

/1 1/ U 

In Y it = ( bo + LbjXj;, + L L bjk XjH Xkit ) + Vit - Uit .. . ........... (5) 
;=1 j$k =l j$k =l 

Where the subscripts, i and t are the observation for the i-th firms 

( 1= 1,2, ..... N) and year (t= 1,2,3, .... ) respectively. 

In Yil ~ The natural logarithm of output; 

X I I = The natural logarithm of industrial cost; at time t. 

X2 I = The natural logarithm of wages; at time t 

XJ I = The natural logarithm of capital ; at time t 

Viis are random error is assumed to be independently and identically distributed with mean zero 

and variance 02 
v ; and 

the Uils are non-negative random variables and are assumed to be independently and identically 

distributed with truncation (at zero) of the normal distribution with mean , J..Iil and variance ou2 
. 

Where J..Iil is defined by 

+ ZlXZ3 + 89z2xZ3 ...... .. .......... ........ .. (6) 
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Where, 

ZI represents firm size, which is number of workers engaged; 

Zz represents finn age ,which is the number of years of operation of the firm; 

2 
ZI represents firm size squared; 

Z2
2 represents firm age squared; 

Z I XZz represents firm size m:.:ltiplied by firm age. 

D;, represents ownership dummy; where 0 = 1 for private and 0 = 0 for public. 

represents time period. 

Size and age are entered in the function because they affect TE of firms in most cases and 

time is entered in the function to allow for possible shifts in the frontier over time and the 

parameters involving the input variables are assurr:cd to be time-invariant. The squares and 

;;-:tcraction between age and size are included to allow for joint relationships between the two 

variables and the technical inefficiency effects. 
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CHAPTER FIVE 

EMPRICAL RESULTS 

5.1 INTRODUCTIOIN 

The maximum likelihood estimation is made in five sectors separately. Firms are classified into 

their respective sectors so that similar, .l"!rms with respect to technology, output production 

property a~(! ~omF~ed. This will make comparing TE of each firm appropriate . The five sectors 

are; food, beverage; textile and leather, chemical and printing, and non-metal and wood. For each 

sector, a test is made to identify whether Cobb-Douglas or translog production function is the 

appropriate model. Generalized likelihood ratio test for different null hypothesis is presented in 

table 5.1 and as can be seen from the table, for food, textik and leather, and printing and chemical 

sectors the null hypothesis which says Cobb-Douglas production function is the appropriate 

model is rejected at five percel~t. This :neans that the cofficents of the interaction variable is 

different from zero and the appropriate model for these sectors is found to be translog stochastic 

frontier model. For beverage and non-metal and wood sectors the null hypothesis which says 

Cobb-Douglas technology is not rejected and there fore Cobb-Douglas production function is 

found to be the appropriate model. As we have seen the type of model differ for two groups of 

sector and 
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this shows that pooling of the data into one group is not appropriate . 

T:lb lc 5.1: Gcncra li zcll likelihood - ratio test of null hypothesis for par:lI11c lcrs in the stocha stic frontier production 

fu •• ~tion.t~ 

Nu ll Hypothesis, Ho Food Beverage Chemical & No ne Meta l Text ile & Critica l 

printing and Wood Leat her va luew 

Pu - 0 . i, j - 1,2,3 , ... 6 19.32 0.26 · 29 .45 3.62' 24.62 12.59 

(Cobb-Douglas fun ction) 

y = 0 55.4 27.94 37.67 14.94 37.6 3.84 

(No ineffic iency effect) 

15.8 7.88 1.54' 7.8 20.52 3.84 

( Half nonn al distr ibution) 

w - The crit ica l va lue at 5 percent is given and Values that do not exceed critical va lue at 5% are marked by 

an as terisk (*). 

Source: own computation 

After testing the co rrel ation among the variables and dropping some of the variables with highest 

correlation ( here variables with correlation 0.99 -are dropped) see appendix 14-1 8. Final model 

for food , textile and leather and printing and chemical sectors is given by: -

X3it • • •••••.•..••••...•••••••••• •• ••••••• • •••••••• •••• •••• • •••••••••••••••••••••••••••••. (1) 

flit = 00+ 0, Zt + O,Z2 + 03t + 04Dl it . ....... .. .......... . . ...... (2) 

The model for beverage and non-metal and wood sectors the model is given as 

In V iI = b o + blXlit + b 2X2it + b 3X3it ............ .. . .................. ........ ... (I) 

~lit = 00+ 0, Zj + O,Z2 + 0)1 + 04Dtit ... . .. ... . . .•.. . ... . ..... ... (2) 

~ Th is test is also made after variables with multicollinearity are dropped and the resu hs are found to be the same for 
log like lihood function see appendix 1,2,3. 
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The above two equations are estimated simultaneously for each group by using a computer soft 

ware program Frontier 4.1 (Collie 1994). A test whether ave rage production function or stochast ic 

lrontier best describe the data is made by using the generali zed likelihood ratio test. As can be 

seen from table 5.1 , the null hypothes is which says gamma equals to zero is rejected at 5% for all 

sectors and this shows that there exist some inefficiency among firms. Therefore using the 

average production (normal OLS) means assuming efficiency which is not correct according to 

the above test and therefore stochastic frontier model is fo nd to be the appropriate model. 

A generali zed likelihood ratio test whether half-normal or truncated normal assumption best 

describes the data has also been made. As can be seeil from table 5.1 , the null hypothesis of half 

normal distribution ( fli t =0 ) is not rejected at 5% only for chemical and printing sectors. 

For food , beverage, textile & leather and chemical & pringing sectors, the assumption of truncated 

normal distribution is not rejected and the di scussion of the results is based on this assumption. 

For chemical and printing sector the di scussion of the results will be based on half-normal 

distribution of the asymmetric error term ( flit ). 

In a frontier production model it is more appropriate to rely on a generalized likelihood ratio test 

than the calculated t-stati stics (Battes & Lundival 1999) and therefore in order to see the 

significance of facto rs affecting teclmical efficiency, a generali zed likelihood ratio test is made 
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and summarized under table 5.3. 

5.2 ANALYSIS AND INTERPRETATION OF THE RESULT 

The analysis of the results will be made according to the five sectors estimated. The maximum 

likelihood estimation result of the chosen model for each sector is presented in table 5.2. Even 

though the chosen model is presented in table 5.2, the maximum likelihood result for average 

production function, stochastic frontier production function with the assumption of half normal 

distribution, and for stochastic frontier production function with the assumption of truncated 

normal distribution , and the maximum likelihood result including all variables with 

muliticollinearity is estimated for each sector attached in the appendices. 

In most sim ilar studies the analysis and interpretation of the result focuses on the second 

inefficiency model. This study also focuses on the second model since the main target of the study 

is on measuring TE and analyzing what factors affect TE of firms. The result with multicollinear 

variables and without those variables is shown in the appendices and as can bee seen there is no 

difference in the sign of the variables in the inefficiency model . However the difference exist in 

the first model i. e. if multicollinear variables are included , most of the variables become 

insignificant in the first model. 
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Table 5.2 : Maximum likelihood result of stochastic fronti er production function with the assllmption of 
truncated norma l & half normal distribution. 

Variab les Food Beverage Print ing & No ne Metal and Texti le & 
chemical Wood leather 

SFTN SFTN Sf'HN SFTN Sf'TN 
CONSTANT 2.05 6.29 -36.6 0.39 -30.5 

(2.37) (I. 92) (-37 .8) (0.0 19) ( -20.86) 
INDUSTR IAL 0.38 0.53 -0 .84 0.64 0.62 
COST ( IC) (0.83) (4 A) (-5.35) (6.72) ( 1.25) 
LABO R 1.93 0.08 7.60 OA2 8.0 1 

(5. 16) (0.22) (34.8) (2.53 ) ( 13.75) 

CAPITAL -0.64 0.056 5.25 0.0034 0.87 
( 1.65) (0.52) (32.6) (0.026) (I A5) 

(lC)(LABOR) -0.16 -0.08 -0.51 
( -2.57) (-2.14) (5.34) 

(l C)(CAPITAL) 0.16 0.24 OA6 
(3.83) (6.39) (6.62) 

(LABOR)(CA PIT -0 .047 -0.90 -OA8 
AL) (-0 .69) (-34 .2) (-7.7 1) 
INEFFICIENCY 
MODEL 
CONSTANT 1.83 4.24 4.38 7.97 

(7.8) (4.16) (0.012) (3.95) 

SIZE 0.0004 -0.0 14 0.09 -0.0 17 0.007 
( I A3) (- 1.61) (2.69) (-2 .85) (1. 15) 

AGE 0.025 -0.03 -0.14 -0.045 -O A2 
(5.3) (3.08) (-8.9 1) (-2.95) (-3.01) 

TIME -0.13 -0.53 -0003 -0.028 -1.8 
(-1.98) (-3.84) (-0.0 12) (-0.34) (-3.03) 

OWNERSI-IIP -1.68 0.34 3. 16 0.004 2.32 
DUMMY (-4.03 ) (0 .60) (4A7) (-0. 11 ) (1. 15) 
VARIANCE 
PARAMETER 

8
2 ~ 82 

v + 82
" 0.52 0.29 0.67 0.21 2.23 

Y ~ 82,,/82 0 .99 0.23 0.99 0.26 0.99 

Log-likelihood -62.7 -26.5 -0.73 - 18. -lOA 

Function 
MEANTE 0.26 0.59 0.67 0.13 0.63 

Sou rce: own computation 
SFTN = Stochastic front ier with th l'! assumption of truncated norma l distribution. 
SFHN ~ Stoc hastic front ie r with the ossumption of half norma l distribution . 
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Table 5.3: Gentr::lized !!kelihood - ratio test of null hypothesis for parameters in the 

inefficiency model. 

Nui ll ;yporilesis, Ho 
, 

Food Bevernge Chemica l & None Meta l Textile & C ritical 

IHinting and Wood Leather V<l lu coo 

8, - 0 2.62* 1.96* 3.88 6.88 7.S2 3.S4 

( no size effect) 

0, ~ 0 ILl S 3.26* " .S 7.3 12.56 3.S4 

( no age effect ) 

84~ 0 0.92* 9.92 2.38* 0.02* 19.02 3.84 

( no time effect) '. , 

8,~ 0 19.02 12.06 2. 12* 0.64* 17.2 3.84 

( h~ ownership effect) 

.. . . 
(0 = The critical value at 5 percent IS gIven . Values that do not exceed critical values at 5% arc marked by an 

asterisk (*). 

Table 5.4: Descriptive statistics for TE in each sector 

TECHNICAL FOOD BEVERAGE PRlNTlNG& NON-METAL TEXTILE & 

EFFICIECNY CHEM ICAL & WOOD LEATHER 

Mean 0.26 0.59 0.67 0.68 0.63 

Standard Dev iation 0.28 0.32 0.26 0.32 0.29 

Minimum O. " 0. 15 0.10 O. " 0.2 1 

Maximum 0.99 0.97 0.99 0.99 0.95 
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5.2.1 FOOD PROCESSING 

As explained in section 5. 1, the appropriate model chosen for food processing sector is a translog 

stochasti c frontier mode l with the assumption of truncated normal di stribution . A generali zed 

likelihood ratio test for the factors affecting technical efficiency is made and summari zed in table 

5.3. 

From table 5.3 , the null hypothesis which says no size (al = 0) and no time (a4 = 0 ) effect is not 

rejected at 5% which means s ize and age are insignificant. The null hypothes is of no age (a 2 = 0) 

and no ownership (a5 = 0) effect is rejected at 5% which implies that age and ownership dummy 

are sign ificant. Not rejecting the null hypothes is of no size effect implies that a small size firm can 

be as productive as large size firm in the food processing sector. In other words, the finn 

employing 37 workers (the smallest size firm) and the firm employing 747 workers ( the largest 

size firm ) could have the same level of efficiency if other factors affecting efficiency remain 

constant. 

Time in this model captures the movement of TE of firms during the study period .As the result 

indicated time is insignificant in food processing sector. 

The sign of age is positive and sign ificant which means that as the factory ' s age increases, 

efficiency decl ines. This may be due to the fact that machine depreciation and out dated 

technology out weighted the efficiency that could have been gained due to experience through 

time. If we look at the impact of change in ownership on technical efficiency from table 5.2, the 
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sign of ownership dummy in the inefficiency model is negative which means that there was 

improvement in technical efficiency due to privatizRtion (since D = 0 for public & D = I for 

private) and thi s result fits with our expectation in the hypothesis. One of the explanations for this 

may be the nature of structure of ownership of firm s allows competition under the sector. Fifty 

percent of firms were bought by different owners whi le the remai ning 50 percent (in which all are 

meat process ing industries) are owned by a single owner. If we look at the scale of industries 

under this sector their size is relatively small compared to other sectors like beverage and textile 

and leather sectors. As the firm size is small , its sale value is relatively small and thi s wi ll make 

domestic investors (individual) participate in the buying process. This could be one of the reasons 

why different domestic investors participated in the privatization of food processing sector. 

The other reason may be the improvement in out put with decreasing new capital investment. 

According to EPA privatization criteria, there has not been any capital expansion criteria set in the 

food processing sector. If we look at figure 2 below, out put has been increasing while new 

capital investment was declining specially after period 5 where most of the firms have been 

privatized and change their ownership from public to private. This implies that the available 

capital has been utilized to produce more out put than increasing capital investment after 

privatization and this could be one of the reasons for the improvement in TE after ownership 

change. 
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Figure 2: Output & investment for food processing sector. 

!f we look at the descriptive statistics of TE from table 5.4, mean TE of food processing sector is 

found to be 0.26 and this shows that firms in food processing sector can increase the level of their 

output on average by 0.74 percent without absorbing further resources. The minimum TE level is 

found to be 0.01 and the maximum is 0.99 and this shows there has been a wide range of 

difference in TE of firms during the study period. The line graph under figure 3 below shows that 

for most of the firms an increase in TE is seen after period 5.For other periods, however there 

have been ups and downs in TE of most of the firms. 
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Figure 3 :TE of firms in food processing sector for st~dy period 

From figure 4 below, the distribution of TE seems negatively skewed and thi s implies that firms 

have been operating below 0.3 TE level. 
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Figure t!.: Freq uency distribution of TE of firm s in food process ing sec tor 

5.2.2 DEVERAGE 

As explained under section 5.1, the appropriate model chosen for beverage sector is a Cobb-

Douglas stochastic frontier model with the assumption of truncated normal distribution. A 

generali zed likel!hoo.cI ratio test for tile factors affecting technical effi ciency is made and 

summarized unce~~able 5.3. The result shows that the null hypothesis of no size and age effect is 

not rejected at 5% which means that the variables are not significant. The null hypothesis of no 

time and no ownership effect is rejected at 5% which means that the variables are significant. 

Like food processmg sector, size does not affect TE in beverage sector. Age is found to be 

insignificant in thi ; sector and thi s may be due to the fact that the gain in TE due to experience 

lhrough time is balanced with the loss in TE due to depreciation of machinery. 
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The sign of ownership dummy from table 5.2 in the ineffi ciency model is found to be pos itive 

which means technical efficiency of firms in the beverage sector has decreased because of change 

in ownership from public to private. One of the explanations for this may be the nature of 

structure of ownership of finns does not allow fo r com):etl!i:m. 

Seventy fi ve percent of soft drink produ~: ng firms are owned by single owner .One of the reasons 

tor thi s could be the size of firms under thi s sector was relatively large compared to other sectors 

and thi s made them unaffordable to individual domestic investors to participate in the 

privati zation process. As a result, there has been some what semi-monopolistic market structure 

under the sector. 

According to EPA pri vatization criteria for the beverage sector, the buyer is requi red to make 

some capital exp:lsic'". If we look at figure 4 below, output and investment show some what 

similar trend for most of the periods except investment decreased while out put increased for 

period 4 and investment increased while output decreased for period 7. Ownership change occurs 

after period 4 and as we can see from the figure 5, the general trend shows an increasing 

investment and a decreasing output after this period. Investment growth rate has al so increased 

much fas ter than output growth rate. This could some what shows that instead of producing more 

out put with the available cap::al, fir:ns l~a"e been producing less out put with more capital after 

ownership has changed from public to private. 
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Figure 5: Output & investment in beverage sector, 

The minimum TE during the study period is 0,07 where as the maximum is 0,97 and we can say 

that there is a wide difference in the level of TE of firms through time, However as we can see 

from the line graph under figure 6, the increment in TE has been smooth during the study period 

and there is a tendency of most of firms to converge at the same TE level as time goes by , From 

table 5,2, the sign of time variable in the inefficiency model is negative and thi s means there has 

been an increasing trend in TE through time this may be due to other factors including policy 

changes like public reform program that gave public autonomy to each firms; under taken during 

the study period. This result is consistent with the smooth increment in TE through time under the 

graph be low. 
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Figure 6: TE o[ firms [or beverage sector in the study period 

From table 5.4, mean TE of beverage sector during the study period is found to be 0.59 and this 

shows that there has been a possibility fer privatized firms in beverage sector to increase the level 

of their output on average by 0.41 percent without absorbing further resources. The histogram 

under figure 7 shows some positive skewness and relatively large number of firms operate above 

0.53 TE level. 
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Figure 7: Freq uency distribution of TE of firms in beverage sector 

5.2.3 CHEMICAL AND PRINTING 

The appropriate model' chosen for chemical and printing sector is a trans log stochastic frontier 

mode! Wilh the assumption of half normal distribution. A generaiized likelihood ratio test for the 

factors affecting technical efficiency is made and summarized under table 5.3. The null hypothesis 

of no time and no ownership effect is not rejected at 5% which means the variables are not 

significant .The null hypothesis of no age and no size effect is rejected at 5% which means the 

variables are significant. 

From ta l., I", 5.2, size ;5 found to have positive sign in the inefficiency model and this means that as 

the size of a firm increases, its TE decreases. From section 4.2.1, size has been measured by 

number of persons engaged and therefore negati ve significant effect of size on TE could 

indirect ly show that there has been a redundancy oflabor . 
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Time in this model shows movement of TE of firms through time in the study period. As the 

resu lt indicated time does not have any sign ificant contribution to the change in TE in chemical 

and printing sector. 

The sign of age is negative and si;;nificant ·",hich :~, e<:ns that as the factory 's age increases, 

eff!:;:ency increases. Trlis may be due to the fact that the efficiency ga in due to experience 

through time is out weighted by the efficiency loose due to machine depreciation and out dated 

techno logy i. e. firms learn from there past experience and become more efficient than being 

inefficient due depreciation and out dated technology. 

Ifwe look at the impact of change in ownership on technical efficiency from table 5.2, it is found 

to be insignificant. This shows the level of technical efficiency does not show a significant change 

due to ownership change. The line graph under figure 8 below also shows that there has been no 

particular (e ither increasing or decreasing) trend on TE of firms. 
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Figure 8: TE of firms in chem ica ' & prinling seclo r during Ihe sludy period. 
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If we look figure 9 below, investment has not shown a spec ific pattern while output has shown a 

slight increasing trend . This could indirectly show that, rather than utilizing the ex isting capital 

and maximizing output, firms have been utilizi ng extra resource because output was not 

increasing large!y il: response :0 large increase ir, investment. This does occur in both ownershi p 

structures and thi s cou ld indicate that one of the reasons for the ex istence of ineffi ciency in the 

sector could be output was not responsive to largely increased investment rather than change in 

ownership . The regression result also supports that change in ownership does not significantly 

affect TE of finns in the sector. 
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Figu re 9: Output & ;nvestment in chem;cal & printing sector. 

From table 5.4, mean TE in chemical and printing sector is 0.67 which shows that privatized firms 

in the sector can increase the actual level of output on average by 0.33 percent with out absorbing 

further resources. The minimum TE level during the period is 0. 1 where as the maximum is 0.99 

and this shows a wide variation in firms TE levei through time. The hi stogram under figure 10 

shows some po~: ti 'Je skewness and large number of firms operate above 0.5 3 TE leve l. 

80 



~ 
u 
c 
• , 
~ 

~ 
~ 

3.5 

3 

2.5 

2 

1.5 

0 .5 

o . ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~. ~ ~ ~ ~ ~. ~ ~ 

Efficiency range 
I 

__ J 
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5.2.4 NON-METAL AND WOOD 

The appropriate model chosen for non-metal and wood sector is Cobb-Douglas stochastic frontier 

model with the assumption of truncated normal distribution. From a generalized likel ihood ratio 

test for the factors affecting technical efficiency on table 5.3, the null hypothesis of no time and 

no ownership efiect is not rej ected at 5% which means the variables are not significant .The null 

hypothesis of no age and no size effect is rejected at 5% which means the variables are 

significant. 

As explained above, time shows the movement ofTS of firms during the study period. The result 

has shown that tir.oo- is insignificant in TE i!l non-metal and wood sector. 
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If we look at the iUlpact of change in ownership on technica l effi ciency from table 5.2, it is found 

to be insignificant. This shows that the level of technical efficiency does not show a sign ificant 

change due to ownership change. The li ne graph under figure II below shows that there has been 

!~2 pu;-ticular (either incieasing cr desreas,ng) t,end Oil TE of firms during the period and this 

supports the result which says time is insignificant. 
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Figure 11 : TE of firms in non-metal & wood sector for the study pedod . 

From !able 5.2, size is found to have negative sign in the inefficiency model and thi s means that 

as the size of a firm increases, its TE also increases. Since size has been measured by number of 

persons engaged, a positive significant effect of size on TE could indirectly show that there has 

not been a redundancy of labor in the sector. 

The sign of age is negative and significant in the inefficiency model and this means that as the 
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factory 's age increases, effic iency increases. This may be due to the fact that the efficiency gain 

due to experience through time out weighted the efficiency loose due to machine deprec iation 

and out dated technology i. e. firms !earn from there past experience and become more e ffi cient 

than being inei'iic ient due to depreciation and out dated technology. 

If we look figure 12 below, investment has been increasing larger than output for most of the 

time. This shows that firms have been investing on new capi tal with out increasing output even 

though there was no investment criteria set by EPA. This may be due to the existence of some 

managerial ineffic iency since firms have been investing extra resource with out utili zing the 

existing capital and maximizing output. 
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Figure 12: Output & in vestment for non-metal and wood sector. 

From table 5.4, mean TE in the sector is 0.68 which means privatized firms in the sector have the 

opportunity of increasing their out put levci by 0.32 per~~nt withuut incurring add itional costs 

li ke new il\ve~:i'1er:t. : he minimum TE during the period is 0.04 where as the maximum is 0.99 
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and we can say that there is a wide,difference in tnt level of TE of firms through time. The 

hi stogram fron: figur'1 . 13 shows some negative skewness and larger number of firm s operate 

below 0.32 TE leve!. 
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Figure 13: Frequency d istribution ofTE of firms in non-metal & wood sector for the study period. 

5.2.5 TEXTILE AND LEATHER 

The appropriate model chosen for textile and leather sector is translog stochastic frontier model 

with the assumption of truncated normal distribution. From a generalized likelihood ratio test for 

the factors affecting technical efficiency on table 5.4, the null hypothesis of no age, no time, no 

ownership and no size effect is rejected at 5% which means that all the variables are significant. 

If we look at the sign of age from table 5.2, it is negative and significant which means that as the 

factory's age incre3ses, efficiency increases. This may be due to the fact that the efficiency gain 
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due to experience through time is out weighted the efficiency loose due to mach ine depreciation 

and out dated technology i. e. firms learn from there past experience and become more effi cient 

th,,!1 being ;neffi"ie:1; due to depreciation and outdated technology. 

Time in thi s model shows the movement of TE of fii"'11S d!.lr ing the study period. As the result 

indicated the sign of the coefficient of time is negative which means there has been improvement 

in TE of finns through time. From fi gure 14 below, the general trend shows that there has been 

improvement in TE efficiency level through time; and thi s result is consistent with the regress ion 

result. 
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Figure 14: TE of firms in textile & leather sector for the stildy period. 

The sign of ownership dummy from table 5.2 in the inefficiency model is found to be positive 

which means technical efficiency of firms in textile & leather sector has decreased because of 

chC!nge in c "'!l1e~sh:r from public to private. One of the explanations for thi s may be the nature of 

structure of ownership offinns does not allow for competition. 
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Sixty six point six seven (66.67) percent of textile & leather firms are owned by single owner. 

This may be due to the fact that the size of firms under thi s sector is relatively large compared to 

other sectors and this made them unaffordable to individual domestic investors to participate in 

the privati zation process. There fo re li ke beverage sector, there has been some what semi­

monopoli stic market structure. 

The other reason may be due to the fact that there has been additional capital investment while 

output was declining after period 4 (change in ownership occur after period 4). According to EPA 

privatization criteria for textil e and leather sector, the buyer is required to make some capital 

expansion. However if we look at figure 15 below, investment has already been increasing before 

privatization and started to decline after privatization. The negative effect of change in ownership 

on TE of firms could be due to the fact that capital that has been invested wh ile firms were under 

public ownership has not been utilized to produce maximum out put after ownership change 

(,iilce out put has been declining) and due to criteria put by privatization agency, firms under 

took investment (even though its growth is smaller than under public ownership) wi th out 

maximizing output . There fore instead of producing more output with the available capital, firms 

have been producing less out put with more capital. 
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Figure 15: Oulput & inveslment for lextile & leather scclor. 

From tab le 5.2, size is found to have positive sign in the inefficiency model and this means that as 

the size of a firm increases, TE of a firm decreases. From section 4.2.1 , size has been measured 

by number of persons engaged and therefore negative significant effect of size on TE could 

il1(iirectly show that there has been a redundancy oflabor in textile & leather sector. 

The minimum TE level during the period is 0.004 where as the maximum is 0.95 and this shows a 

wide variation in firms TE level through time. The hi stogram under figure 16 shows some 

negative skewness and most of the firms operate below 0.23 TE level. Mean TE is found to be 

0.63 which means actual out put level can be increased on average by 0.37 percent without 

incurring further (;os!s i.e. new investmer.t. 
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CHAPTER SIX 

CONCLUSION AND POUCY RECOMMENDATION 

6,! INTRODUCTION 

According to the new market strategy, privatization and market oriemation have been strongly 

recommended by organizations like IMF and World Bank. The main arguments for privatization 

are the efficiency gain due to privatization' :and . minimizing government participation in 

production. As explained earlier, the main objective of this study is to analyze the impact of 

privatization on TE of large and medium scale manufacturing firms and to give some policy 

recommendation'. Conclusions and po licy recommendations based on the estimated results are 

presented in the following section. 

6.2 CONCLUSION 

The result obtained on the impact of privatization on TE of privatized large and medium scale 

manufacturing industries is mixed. As explained in section 5.2. 1, privati zation has improved TE 

of firm s under food processing sector where as TE of beverage and textile and leather sector 

decreased after privatization. TE of chemical and printing and texti le ar;d leather has not shown a 

significant change. It has however been clear that there has been inefficiency in all firms under 
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all ~ectors and there is a need to maximize out put without absorbing new resources. 

For food processing sector, there has been improvement in TE of firms because .of competitive 

behavior ex isting under the sector and there was no new capital investment criteria to the sector so 

output has been growing faster than new capital investment. 

For beverage the result has indicated that there has been improvement in TE through time and 

there has been a decline in TE due to ownership change. From these two results one can conclude 

that in the beverage sector TE has been improving through time due to other policy improvement 

than privatization. This may be because the semi-monopolistic behavior ex isting under the sector 

and new capital expansion criteria set up by EPA. 

For textile and leather sector, there has been improvement in TE through time and there has been 

3 decline in TE due to ownership change. From these two results Ohe can conclude that in the 

sector TE has been improving through time due to other policy improvement than privatization. 

Privatization has shown negative impact on TE of firms in the sector may be because of the semi­

monopoli stic behavior ex isting under the sector and new capital expansion criteria set up by EPA. 

In non-metal and wood, and chemical and printing sector finns are owned by different owners and 

there is a competitive environment. However the impac! of privatization on TE of these sectors is 

not seen. 

The results obtained above some how show that sectors with competitive behavior showed TE 

improvement where as those with semi-monopoli stic behavior fail to achieve TE gain objective of 
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privatization. This goes with the theory of privatization as Brabant explained in the artic le" the 

economics of property right and privatization in transational economies" as : 

"The success or fai lure of privatization in achiev ing efficiency depends critica ll y on the creati on of 

the most essential elements of a competitive e:~v ironmtnt~ including effect ive control mechanism , 

and the recogllitior. in princip le of the va licity of all alternative right. " 

Some of the reasons for the existence of thi s semi-monopoli stic behavior are lack of anti -trust 

laws and policy-related constraints that di scourage new entrants . The followings are some of the 

policy-related issues that hinder the participation of new entrants in the privatization process of 

Ethiopia : 

• Lack of informing the public about wh3t is up for sale ahead of time, say one year in advance. 

• High and specific collateral requirement for bank loans. 

• The process of compensating ex-owners for nationali zed properties is slow and this made the 

attitudes of especially foreign investors in the area of property ri ght uncertain. 

• Lack of technological information and support services and information on export market. 

• There is no property right law. 

• The size of the market is small i.e. low income and purchasing power limited the absorptive 

capacities ofihe domestic :narket. 

• L imited capital base of local entrepreneurs , weak financia l market and venture capital. 

• The absence of stock market . 

• An investor who has bought an enterpri se form EPA should negotiate about his land holing 

arrangement with regional bureaus and thi s creates uncertainty . 
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• The number of enterprise offered for privati zation at one time is large and this may be more 

than the absorptive capacity of the domestic market. 

Therefore there is a need to consider the above policy-re lated issues and establi sh effecti ve 

ant itrust ( i. e. c:ompetit: ~!:) !aw~ ad pest-privatization anti -competitive behav ior must be 

add ressed. Unless these conditions are fulfi lled. the benefits of privat ization would be reduced 

because there wo uld be little incenti ve for the companies to max imize efficiency. More generall y. 

anti-competitive behavior damages the very fabric of a deve loping economy because: 

• There is inefficient allocation of scarce resources 

• Rigidities are caused which render the economy more vulnerable to external crises 
. . " 

• Economic development is stifled.( Price Waterhouse: 1998) 

6.3 POLICY RECOMMENDATION 

For economic growth of a given country, a policy that could avo id misutili zation of resources is a 

necessity. The danger inherent in pri,,'atization programs is the development of excessive 

concentration of economic power in ,he hands of a limited number of private parti cipants. This 

can occur by means of anti-competitive practice by those parti cipants in each sector. The potential 

for such risk should be detected in advance during preparing and tendering of state owned 

manufacturing enterprises with respect to their sectors. 
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As expla ined in the above section, the anti-competitive behavior existing in the beverage and 

textil e and leather sectors made TE of firms signifi cantl y decline afte r privat iza ti on. Therefore 

address ing ant-trust laws, post-privatizati on anti-competiti ve behavior and adj usting the above 

policy-related issues that hindered the participation of new entrants would make future 

pri vat ization more successful in achieving TE gain in the manufacturing sector. Before se lling of 

enterpri ses, it would be more appropriate if first the existing institutional and market capacity is 

studied. 

Moreover, when new investment criteria is set by EPA, the capacity utili zation of firms under 

public ownership should be considered first. Other wise if new investment criteria is set for a firm 

wi th al ready existing capacity under utilization, then the efficiency gain objectives of privatization 

will not be achieved as it has been seen for beverage and textile & leather sectors . 
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APPENDICES 
Appenu ixl: Regression result of the average production function ( AF). 

Variables Food Beverage Pri nting & No ne Meta l and Text ile & 
chemical Wood Icat her 

AF AF AF AF 
CONSTANT 0.65 -0.349 -37.6 2.5 1 -31.75 

(0.1) (-0.2 1) ( I. 90) (4.02) (- 1.09) 
INDUSTRIAL -C..J9 0.24 -0.3 1 0.42 1.72 
COST ( IC) (-0.64) (2.18) (-0.37) (4.09) (0.57) 
LABOR 1.81 1.67 7.51 0.64 4.54 

( 1. 69) (4.39) (2.26) (3.8) (0.95) 

CAP ITAL -0.04 0. 15 5.49 -0 .048 2.68 
-0.05 ( 1.11 ) (1.88) (-0.44) ( 1.04) 

(IC)(LABOR) -0.1 I -0.08 -0. 14 
(-1.19) (-0.66) (-0.28) 

(lC)(CAPITAL) 0.23 0.15 -0 .07 1 
(3.74) (1.9 1) (-.024) 

(LABOR)(CAPIT -0.12 -0.9 1 -0.24 
AL) (-0.86) (- 1.91) (-0.79) 
VAR IANCE 
PARAMETER 

82 82 82 
= v + u 0.86 0.67 0.53 0.42 1.42 

Log-l ikelihood -90.43 -40.4 - 18.8 -25.4 -29.22 

Function 
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Appendix 2: Regression result of stochastic frontier production function with the assumption of half-normal 
distribution 

Variables Food Beverage Pri nting & None Meta l :l Il U Text ile '" 
chem ica l Wood le:lthcr 

SFHN SFHN SHIN SFHN SFHN 
CONSTANT 4.07 2.0S -36.6 2.4 -30.6 

(0.9) ( 1.52) (-37.S) (4 .74) (-30. 7) 
INDUSTR IAL -0.40 ~.45 -0.S4 0.40 1. I I 
COST ( IC) (-0.84) (5 .52) ( -5.35) (4.08) ( 1.46) 
LABOR 1.85 0.81 7.60 0.70 6.1 7 

(2.4) (4 .99) (34 .8) (4 .19) (4 .14) 

CAPITAt -0.68 -0. 12 5.25 -0.12 2.09 
(-1.04) (-1.1 1) (32.6) ( - 1.06) (1.68) 

( IC)(LABOR) -0. 13 -O.OS -0.33 
(-2. 19) (-2.1 4) (-1.64) 

( IC)(CAPITAL) 0.23 0.24 0.20 
(4.77) (6.39) (0.96) 

(LABOR)(CAPIT -7.77 -0.90 -0040 
AL) (-0.77) (-34.2) (-4.03) 
INEFFICI ENCY 
MODEL 
SIZE 0.0007 0.072 0.09 -0.002 0.02 

(2.1 3) ( 1.28) (2.69) ( 1.69) ( 1.95) 

AGE 0.04 0. 17 -0. 14 0.00024 -0.61 
(4.~) (2.6) (-8.91 ) (0. 16) (-2.07) 

-0.007 -0.0003 -0.003 0.23 0.32 
TIM E (0.069 ) (-1.1 7) (-0.01 2) ( 1.32) (0.81 ) 
OWNERSHIP -2.52 -0.98 3.16 -1.11 0.47 
DUMMY (-3.30) (-2.43) (4.47) (-1.05) (0.44) 
VARIANCE 
PARAMETER 

82 ~ 82
y + 82

" 0.69 0.75 0.67 0.3 0 1.74 

0.86 0.67 0.99 0.04 0.95 

Y ~ 82,,/82 

Log-l ikelihood -70.6 -30.4 -0.73 -21.9 -20.8 

Function 
MEANTE 0.38 0.68 0.67 0.88 0.66 
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Appenuix 3: Regress ion resu It of stoc hastic frontier production function with the assum ption of t rUllcateu 
normal distribution. 

V;lriables Food Beverage Printing & No ne Metal and Text ile & 
chemical Wood leather 

SFTN SFTN SFTN SFTN SFTN 
CONSTANT 2.05 6.29 -36.69 · 0.39 -30.5 

(2.37) ( 1.92) (-35.3 1) (0.0 19) (-20.86) 
I ~"[)LSTRIA L 0.38 0.53 -0.83 0.64 0.62 
COST ( IC) (0 .83) (4A) (-5.27) (6.72) ( 1.25) 
LABO R 1. 93 0.08 7.6 1 0.42 8.0 1 

(5.16) (0.22) (35.7) (2.53) ( 13.75) 
CA PITAL -0.64 0.056 5.26 0.0034 0.87 

( 1.65) (0.52) (25.59) (0.026) ( l AS) 
(IC)(LABOR) -0 .16 -0.08 -0.5 1 

(-2.57) (-2.37) (5.34) 
( IC)(CA PITAL) 0.16 0.24 OA6 

(3.83) (6A9) (6.62) 
(LABOR)(CAPIT -0 .047 -0.9 1 -OA8 
AL) (-0.69) (- 17.9) (-7.7 1) 
INEFFIC IENCY 
MODEL 
CONS ! ANT 1.83 4.24 0.07 4.38 7.97 

(7.8) (4. 16) (0.07) (0.0 12) (3.95) 

S IZE 0.0004 -0.0 14 0.01 -0.017 0.007 
( 1.43) (- 1.61) (2.16) ( -2.85) ( 1.1 5) 

AGE 0.025 -0.03 -0.15 -0.045 -OA2 
(5.3) (3.08) (- 1.88) (-2.95) (-3.01) 
-0.13 -0.53 -0 .0074 -0. 028 - 1.8 

TI ME (- 1.98 ) (-3 .84) (0.023) (-0 .34) (-3.03) 
OWNERSH IP - 1.68 0.34 3.04 0.004 2.32 
DUMMY (-4.03) (0.60) ( 1.58) (-0. 11 ) ( 1.15) 
VARIA NCE 
PARAMETER 
2 2 02 o = Ov+ II 

0. 52 0.29 0.67 0.2 1 2.23 

0.99 0.23 0.99 0.26 0.99 

Y = 02 11/02 

Lug-li kelihood -62.7 -26.5 0.034 - 18. - lOA 

Function 
MEANTE 0.26 0.59 0.68 0.13 0.63 
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Appendix 4 

beta 0 
beta 1 
beta 2 
beta 3 
beta 4 
beta 5 
beta 6 
beta 7 
beta 8 
beta 9 

Ols 

Maximum likelihood estimation result for trans-log function in the food 
processing sector 

coefficient standard-error t-ratio 

0.47785834E+01 0.76794166E+01 0.62225864E+00 
-0.37612196E+00 0.80523196E+00 -0.46709766E+00 
0.47871466E+00 0.21091608E+01 0.22696926E+00 

-0 .12119414E+00 0.11627583E+01 -0.1 0422987E+00 
-0.29708719E-02 0.43225858E-01 -0.68729044E-01 
0.16891676E+00 0.18397253E+00 0.91816293E+00 
0.43137655E-01 0.61993524E-01 0.69584130E+00 

-0. 13728392E+00 0.11863631 E+OO -0.11571830E+01 
0.23904397E+00 0.66995465E-01 0.35680620E+01 

-0.22908394E+00 0.17837790E+00 -0.12842619E+01 
sigma-squared 0.88613927E+00 

log likelihood function = - 89.69 

the final mle estimates are: 

beta 0 
beta 1 
beta 2 
beta 3 
beta 4 
beta 5 
beta 6 

coefficient standard-error t-ratio 

0.86330619E+01 0.60139736E+01 0.14355005E+01 
0.62142768E+00 0.57018244E+00 0.10898752E+01 

-0.16620083E+01 0.19038092E+01 -0.87299102E+00 
0.91455869E-01 0.88554292E+00 0.10327661 E+OO 

-0.23754687E-02 0.32202357E-01 -0.73766918E-01 
0.22610858E+00 0.15922134E+00 0.14200897E+01 

-0.36254216E-01 0.55572692E-01 -0.65237465E+00 
beta 7 -0 .15670766E+00 0.89952875E-01 -0. 17421 084E+01 
beta 8 0.13057793E+00 0.49645795E-01 0.26301912E+01 
beta 9 0.97301196E-02 0. 13337781 E+OO 0.72951561 E-01 
sigma-squared 0.53499757E+00 0.12573685E+00 0.42548988E+01 
gamma 0.80763001 E+OO 0.17953515E+00 0.44984507E+01 
delta 0 0.21285868E+01 0.68566532E+00 0.31044108E+01 
delta 1 -0.67317177E-03 0.15875326E-02 -0.42403649E+00 
delta 2 0.88356720E-02 0.23341745E-01 0.37853519E+00 
delta 3 0.38244308E-04 0.47903633E-04 0.79835924E+00 
delta 4 -0 .32074882E+00 0.75789855E-01 -0.42320812E+01 
delta 5 -0.64138107E+00 0.33123571E+00 -0.35401279E+01 

log likelihood function = -71.08 
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Appendix 5 
Maximum likelihood estimation for Cobb-Douglas production function in 
the food processing sector 

the ols estimates are : 

coefficient standard-error t-ratio 

beta 0 0.36879924E+00 0.12750116E+01 0.28925167E+00 
beta 1 0.45605555E+00 0.75980715E-01 0.60022540E+01 
beta 2 0.18094091 E+OO 0.17198784E+00 0.10520565E+01 
beta 3 0.57303658E+00 0.97011 034E-01 0.59069216E+01 
sigma-squared 0.10117319E+01 

log likelihood function -88.012 

the final mle estimates are: 

coefficient standard-error t-ratio 

beta 0 0.28005307E+01 0.10184999E+01 0.27496623E+01 
beta 1 0.54168587E+00 0.68810672E-01 0.7872 1201 E+01 
beta 2 0.3707122 1E+00 0.11722021E+00 0.3162528 1E+01 
beta 3 0.27102426E+00 0.88707508E-01 0.30552572E+01 
sigma-squared 0.56645116E+00 0.12449952E+00 0.45498261 E+01 
gamma 0.99999999E+00 0.22362368E-03 0.44717982E+04 
delta 0 0. 17948470E+01 0.6711 7920E+00 0.26741695E+01 
delta 1 0.93107546E-03 0.11736394E-02 0.79332326E+00 
delta 2 0.33710733E-01 0.16203795E-01 0.20804221 E+01 
delta 3 -0.12518916E-04 0.33817052E-04 -0.37019535E+00 
delta 4 
delta 5 

-0.23424236E+00 0.74443324E-01 -0.31465866E+01 
-0.84138107E+00 0.33123571 E+OO -0 .25401279E+01 

log likelihood function -70.8611 
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Appendix 6 
Maximum likelihood estimation for Cobb-Douglas production function 
in the beverage sector 

the ols estimates are : 

coefficient standard-error t-ratio 

beta 0 OA4948143E+01 0.69934009E+00 0.64272223E+01 
beta 1 0.51026563E+OO O.16468494E+OO O.30984352E+01 
beta 2 OA0526901E+OO 0.22 157442E+00 0.18290424E+01 
beta 3 -0.70723328E-01 0.14024937E+00 -0.50426841 E+OO 
sigma-squared O.65586259E+00 

log likelihood function -28.88 
the final mle estimates are: 

coefficient standard-error t-ratio 

beta 0 0.31360695E+01 0.23650383E+00 0.13260121 E+02 
beta 1 0.10081808E+01 0.86038256E-03 0.11717820E+04 
beta 2 -0 .15868933E+OO O.63557606E-01 -0.24967795E+01 
beta 3 0.21387232E+00 0.31506155E-01 0.67882710E+01 
sigma-squared 0.91278216E+00 0.14958935E+00 0.61019192E+01 
gamma 0.99999999E+00 O.76584352E-07 0.13057497E+08 
delta 0 0.28802609E+00 0.95703348E+00 0.30095717E+00 
delta 1 -0 37483815E-02 0.24642950E-01 -0.15210766E+00 
delta 2 0.15533236E+OO O.28917051E-01 0.53716530E+01 
delta 3 -0.14963898E+00 0.39268162E-01 -0.38106949E+01 
delta 4 -0.26186127E-01 0.151 06046E-01 -0.17334865E+01 
delta 5 0.17714263E-02 0.83739700E-030.21153960E+01 

log likelihood function -15.13 
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Appendix 7 
Maximum likelihood estimation for trans-log production function 
in the beverage sector 

Ihe ols estimates are : 

coefficient slandard-error t-ratio 

beta 0 0.87764264E+01 0.53587547E+01 0.16377735E+01 
beta 1 0.29780065E+01 0.14260006E+01 0.20883627E+01 
beta 2 -0.23243577E+01 0.1932 1349E+01 -0.12029997E+01 
beta 3 -0.75661502E+00 0.10301208E+01 -0 .73449153E+00 
beta 4 0.20112676E+00 0.17449711 E+OO 0.11526080E+01 
beta 5 0.93531556E-01 0.37632092E+00 0.24854201E+00 
beta 6 0. 16905993E-01 0.15500777E+OO 0.10906546E+00 
beta 7 -0.29235724E+00 0.46641242E+00 -0.62682131 E+OO 
beta 8 -0.35885224E+00 0.21421855E+00 -0.16751689E+01 
beta 9 0.39156732E+00 0.35076550E+00 0.11163222E+01 
sigma-squared 0.67236874E+00 

log likel ihood function = -36.82 

the final mle estimales are : 

beta 0 
beta 1 
beta 2 
beta 3 
beta 4 
beta 5 
beta 6 

coefficient standard-error t-ratio 

0.92054506E+01 0.96800121 E+OO 0.95097512E+01 
0.27542197E+01 0.33402305E+00 0.82455977E+01 

-0.23755890E+01 0.65050677E+00 -0.36519051 E+01 
-0.54195247E+00 0.45019816E+00 -0.12038087E+01 
-0 .11223250E+00 0.55043911 E-01 -0.20389630E+01 
0.18282322E+00 0.17118880E+00 0.10679625E+01 
0.14372346E+00 0.93426093E-01 0.15383653E+01 

beta 7 0.12189798E+00 0. 14814270E+00 0.82284163E+00 
beta 8 -0.11214989E+00 0.18573546E-01 -0.6038151 8E+01 
beta 9 -0. 15878076E+00 0.19578413E+00 -0.81 099912E+00 
sigma-squared 0.69247023E+00 0.11814832E+00 0.58610249E+01 
gamma 0.99999999E+00 0.60374379E-07 0.16563317E+08 
delta 0 0.23751368E+01 0.10301374E+01 0.230565G5E+01 
delta 1 0.50299192E-01 0.47392270E-01 0.10613375E+01 
delta 2 0.98627111 E-03 0.15652150E-02 0.63011863E+00 
delta 3 -0.10365787E-03 O. 73021864E-04 -0.14195457E+01 
delta 4 -0.44467083E+00 0.21369519E+00 -0.20808650E+01 
delta 5 0.28238245E+01 0.88838397E+00 0.3178608 1+01 

log likelihood function = -15.00 
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Appendix 8 
Maximum likelihood estimation for trans-log production function 
in non-metal and wood sector 

the ols estimates are : 

coefficient standard-error t-ratio 

beta 0 0.56371092E+01 0.29985591 E+01 0.18799394E+01 
beta 1 0.29836939E+01 0.18637613E+01 0.16008992E+01 
beta 2 0.26531962E+00 0.27806395E+01 0.95416763E-01 
beta 3 -0.34 129340E+01 0.26717 11 9E+01 -0.12774334E+01 
beta 4 -0.76 121895E-01 0.91507817E-01 -0.83186222E+00 
beta 5 0.43067598E-01 0.34671234E+00 0.12421709E+00 
beta 6 0.83272091 E-01 0.12372121 E+OO 0.67306235E+00 
beta 7 -0 .25812337E+00 0.18916598E+00 -0.13645338E+01 
beta 8 0.68118604E-01 0.97775811 E-01 0.69668156E+00 
beta 9 0.23378750E+00 0.25474235E+00 0.91774102E+00 
sigma-squared 0.38837506E+00 

log likelihood function -20.3 

the estimates after the grid search were: 

the final mle estimates are: 

coefficient standard-error t-ratio 

beta 0 0.44586011E+01 0.48493043E+00 0.91943107E+01 
beta 1 0.29941689E+01 0.25066798E+00 0.11944760E+02 
beta 2 0.11866966E+01 0.37077478E+00 0.3200586 1 E+01 
beta 3 -0.30639990E+01 0.51050644E+00 -0.60018813E+01 
beta 4 -0.17250895E+00 0.19482536E-01 -0.88545431 E+01 
beta 5 -0.23530803E+00 0.72888948E-01 -0.32283087E+01 
beta 6 0.53617877E-01 0.48405846E-01 0.11076735E+01 
beta 7 0.24132176E-01 0.55427263E-01 0.43538459E+00 
beta 8 0.42785381 E-02 0.36724536E-01 0.11650353E+00 
beta 9 0.29721901E+00 0.12444779E+00 0.23883029E+01 
sigma-squared 0.16093716E+00 0.35564782E-01 0.45251833E+01 
gamma 0.99999999E+00 0.28238946E-07 0.35412086E+08 
delta 0 -0.48016815E+00 0.10699409E+01 -0.44878007E+00 
delta 1 0.13927075E-01 0.35242325E-02 0.39518037E+01 
delta 2 0.87617684E-01 0.35664880E-01 0.24566937E+01 
delta 3 -0.58204040E-03 0.1261 0943E-03 -0.46153600E+01 
delta 4 0.12639833E+00 0.76682493E-01 0.16483336E+01 
delta 5 -0.72237018E+00 0.39427921 E+OO -0 .18321285E+01 

log likelihood function -38.13 
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Appendix 9 
Maximum likelihood estimation for Cobb-Douglas production function 
in the non-metal and wood sector 

the ols estimates are : 

coefficient standard-error t-ratio 

beta 0 0.21544849E+01 0.53650506E+00 OA0157774E+01 
beta 1 OA1818527E+00 0.10219246E+00 OA092 1342E+01 
beta 2 0.63664984E+00 0.16785817E+00 0.37927845E+01 
beta 3 -OA8288895E-01 0.10910163E+00 -OA4260470E+00 
sigma-squared 0.42167356E+00 

log likelihood funct ion -47A1 

the final mle estimates are : 

coeffic ient standard-error t-ratio 

beta 0 0.17782655E+01 0.26932522E+00 0.66026699E+01 
beta 1 0.10261475E+01 0.92 192104E-01 0.111 30536E+02 
beta 2 0.10912861E+00 0.95813862E-01 0.11 389647E+01 
beta 3 0.15385958E+00 0.84592759E-01 0.18188268E+01 
sigma-squared 0.23382229E+00 0.76797779E-01 0.30446491 E+01 
gamma 0.99999999E+00 0.79400142E-01 0.12594436E+02 
delta 0 -0.16795276E+00 0.99508066E+00 -0.16878306E+00 
delta 1 0.15047742E-01 0.3075 1108E-02 0.48933981E+01 
delta 2 0.96200726E-01 0.35000312E-01 0.27485677E+01 
delta 3 -0.60226795E-03 0.1 0393786E-03 -0.57945001 E+01 
delta 4 -0.80886018E-02 0. 11867036E+00 -0.68 160255E-01 
delta 5 0.16001605E+00 0.51200369E+00 0.31252910E+00 

log likelihood function -39.94 
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Appendix 10 
Maximum likelihood result for printing and chemical sector with 
trans-log frontier production model 

the ols estimates are : 

beta 0 
beta 1 
beta 2 
beta 3 
beta 4 
beta 5 
beta 6 

coefficient standard-error t-ratio 

-0.10949157E+02 0.30500024E+02 -0.35898848E+00 
0.35239200E+00 0. 11 512488E+01 0.30609543E+00 
0.14378915E+00 0.80842478E+01 0.17786336E-01 
0.36269598E+01 0.32077200E+01 0.11306971 E+01 
0.80377801 E-01 0.53662520E-01 0.1497838?E+01 
0.84644649E+00 0.770721 08E+00 0.10982527E+01 
0.13994181 E+OO 0.21562457E+00 0.64900680E+00 

beta 7 -0 .44945137E+00 0.29277963E+00 -0.15351183E+01 
beta 8 0.25147137E+00 0.12202971E+00 0.20607389E+01 
beta 9 -0.10359806E+01 0.71089383E+00 -0.14572930E+01 
sigma-squared 0.54993325E+00 

log likelihood function -19.65 

the final mle estimates are: 

coefficient standard-error t-ratio 

beta 0 -0. 10073809E+02 0.10207128E+01 -0.98693868E+01 
beta 1 0.50153026E+00 0.27287191 E+OO 0.18379696E+01 
beta 2 0.18605132E+00 0.74556311 E+OO 0.24954469E+00 
beta 3 0.29512976E+01 0.54967090E+00 0.53692083E+01 
beta 4 0.43850307E-01 0.54689223E-02 0.80180892E+01 
beta 5 0.56627367E+00 0.30213547E+00 0. 18742376E+01 
beta 6 0.18749773E-01 0.11684227E+00 0.16047080E+00 
beta 7 -0 .40960161 E+OO 0.93165699E-01 -0.43964851 E+01 
beta 8 0.27131353E+00 0.61324678E-01 0.44242145E+01 
beta 9 -0.59124665E+00 0.38150762E+00 -0.15497637E+01 
sigma-squared 0.24313201 E+OO 0.66997233E-01 0.36289859E+01 
gamma 0.99999999E+00 0.37819106E-07 0.2644 1661 E+08 
delta 0 0.10445726E+01 0.11864232E+01 0.88043844E+00 
delta 1 0.16315632E-02 0.75732831E-02 0.21543670E+OO 
delta 2 -0.11041945E+00 0.37301359E-01 -0.29601992E+01 
delta 3 0.23261482E-03 0.39939323E-03 0.58242052E+00 
delta 4 -0.29146916E+00 0.29435258E+00 -0.99020423E+00 
delta 5 0.42670489E+01 0.10404750E+01 0.41010586E+01 

log likelihood function -0.82 
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Appendix 11 

Maximum likelihood estimation result in chemical & printing sector with 
Cobb-Douglas frontier production model 

the ols estimates are: 

beta 0 
beta 1 
beta 2 
beta 3 

coefficient standard-error t-ratio 

-0 .19194944E+01 0.16383415E+01-0.11716082E+01 
0.24361375E+00 0.81905241 E-01 0.29743366E+01 
0.11 790518E+01 0.32477645E+00 0.36303487E+01 
0.29001308E+00 0.14343083E+00 0.20219717E+01 

sigma-squared 0.57576691 E+OO 

log likelihood function -21.87 

the final mle estimates are: 

coeffici ent standard-error t-ratio 

beta 0 -0 .34641000E+01 0.13668572E+01 -0.25343541 E+01 
beta 1 0.20006721 E+OO 0.4 7765924E-01 0.41884924E+01 
beta 2 0.15119443E+01 0.75879574E-01 0.19925578E+02 
beta 3 0.376293 19E+00 0.15527664E+00 0.24233727E+01 
sigma-squared 0.1 0886887E+01 0.38638913E+00 0.28175965E+01 
gamma 0.99999999E+00 0.12918578E+00 0.77407902E+01 
delta 0 0.14691740E+00 0.99903633E+00 0.14705911 E+OO 
delta 1 0.95502419E-02 0.99131871E-02 0.96338763E+00 
delta 2 -0.21830865E-01 0.30765108E-01 -0.70959821E+00 
delta 3 0.97058517E-04 0.51854376E-03 0.18717517E+00 
delta 4 -0.33416769E+00 0.31825227E+00 -0.10500088E+01 
delta 5 0.12396480E+01 0.95100523E+00 0.13035133E+01 

log likelihood function -15.545 

III 



Appendix 12 
Maximum likelihood estimation for a trans-log production function 
in textile & leather sectors 

the ols estimates are: 

beta 0 
beta 1 
beta 2 
beta 3 
beta 4 
beta 5 
beta 6 
beta 7 
beta 8 

coefficient standard-error t-ratio 

-0 .86706858E+01 0.42605681 E+01 -0.20351009E+01 
-0.10784430E+01 0.55361558E+00 -0.19479997E+01 
0.82372943E+00 0.15972909E+01 0.51570409E+00 
0.37706602E+01 0.18252819E+01 0.20657961 E+01 
0.14522869E-01 0.60705426E-01 0.23923510E+00 
0.53569556E+00 0.42481837E+00 0.12609991 E+01 

-0 .20802016E-01 0. 17498996E+00 -0.11887548E+00 
-0.32494776E+00 0.32122713E+00 -0.1 0115826E+01 
0.46997076E+00 0.31796753E+00 0.14780464E+01 

beta 9 -0 .80861618E+00 0.49542822E+00 -0.16321561E+01 
sigma-squared 0.79420227E+00 

log likelihood function -113.43 

the final mle estimates are : 

coefficient standard-error t-ratio 

beta 0 -0.63466150E+01 0.91763403E+00 -0.69162812E+01 
beta 1 -0 .99908038E+00 0.16767456E+00 -0. 59584495E+01 
beta 2 0.25365829E+01 0.60198113E+00 0.42137250E+01 
beta 3 0.15610279E+01 0.56748685E+00 0.27507736E+01 
beta 4 -0 .78813266E-02 0.21028228E-01 -0.37479746E+00 
beta 5 0.13016939E+00 0.15443661 E+OO 0.84286613E+00 
beta 6 -0 .75711521E-01 0.56628867E-01 -0.13369775E+01 
beta 7 -0.24501824E+00 0.11207445E+00 -0.21862097E+01 
beta 8 0.42822831 E+00 0.10517809E+00 0.40714592E+01 
beta 9 -0.34373279E+00 0.17272121 E+OO -0.19901 018E+01 
sigma-squared 0.10222714E+01 0.24035164E+00 0.42532326E+01 
gamma 0.96160043E+00 0.24287092E-01 0.39593065E+02 
delta 0 0.29914397E+01 0.22684310E+01 0.13187263E+01 
delta 1 0.15276487E-01 0.42452390E-02 0.35984987E+01 
delta 2 -0 .19424588E+00 0.15408141E+00 -0 .12606705E+01 
delta 3 -0.45468395E-03 0.19554418E-03 -0.23252237E+01 
delta 4 
delta 5 

-0.11207658E+01 0.24869510E+00 -0.45065859E+01 
0.37570663E+01 0.10355245E+01 0.36281771 E+01 

log likelihood functio~ = -0.94638113E+01 
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Appendix 13 
Maximum likelihood estimation for Cobb-douglas production function in textile and leather sectors 

the ols estimates are: 

beta 0 
beta 1 
beta 2 
beta 3 

coefficient standard-error t-ratio 

0.38624731 E+01 0.81661885E+00 OA 7298359E+01 
0.20860961 E+OO 0.13461555E+00 0.15496694E+01 
OA5148747E+00 0.26696571 E+OO 0.16911815E+01 
0.17758456E+00 0.22858611 E+OO 0.77688254E+00 

sigma-squared 0.11012712E+01 

log likelihood function -1 21.23 

the fina l mle estimates are: 

beta 0 
beta 1 
beta 2 
beta 3 

coefficient standard-error t-ratio 

0.54988000E+01 0.75568713E+00 0.72765564E+01 
OA8728823E+00 0.11 395230E+00 OA2762475E+01 

-OA6952084E-01 0.17492994E+00 -0 .26840508E+00 
0.32356495E+00 0.10609443E+00 0.30497827E+01 

sigma-squared 0.80150308E+00 0.33292910E+00 0.24074287E+01 
gamma 0.89385301 E+OO 0.68644263E-01 0.13021525E+02 
delta 0 -0.2 1101101 E+01 0.29305284E+01 -0.72004424E+00 
delta 1 0.18303574 E-01 0.77657813E-02 0.2356952 1E+01 
delta 2 0.14290234E+00 0.88415372E-01 0.16162612E+01 
delta 3 -0.82216096E-03 0.22375681 E-03 -0.36743506E+01 
delta 4 -0.47543767E+00 0.27026639E+00 -0.1759 1446E+01 
delta 5 0.22267596E+01 0.12998251 E+01 0.17131225E+01 

log likelihood function -106.94 

t t3 



Appendix 14 

Correlation among variab les in the food process ing sector for the trans-log stochastic f rontier 
model. 

Column 1 Column 2 Column 3 

Column 1 

Column 2 05945:' 
Column 3 0.214743 0.271171 
Column 4 0.560972 0.153911 0.111508 
Column 5 0.5932 0.990855 0.259602 
Column 6 0.268425 0.269683 0.996911 
Column 7 0.546188 0.12996 0.092934 
Column 8 _ 0.595442 0.936131 0 .580786 
Column 9 0.777505 0.860915 0.276129 
Column 10 ' 0.598433 0.275538 0.595192 

Column 1 = Logarithm of gross value of output 
Column 2 ~ Logarithm of industrial cost 
Column 3 = Logarithm of labor 
Column 4 = Logarithm of fixed asset 

Column 4 Column 5 

0.147275 
0.093533 0.258942 
0.994693 0. 1241 3 
0.174028 0.929835 
0.620224 0.856412 
0.86C587 0.265355 

Column 5 The square of logarithm of industrial cost square 
Column 6 = The square of logarithm of labor 
Column 7 = The square of logarithm of fixed asset 
Column 8 = Logari thm of industrial cost times logarithm of labor 
Column 9 = Logarithm of industrial cost times logarithm of fixed asset 
Column 10 = Logarithm of 13bor times fixed asset 

Column 6 Column 7 CC/lJmn 8 

1 
0.075746 
0.581194 0.147653 1 

0.26772 0.598726 0.826567 
0.581986 0.849742 0.448561 

Column 9 Column 10 

0.653862 



Appendix 15 

Correlation among variables in the beverage sector with Cobb-Douglas stochastic frontier model 

Column 1 Column 2 Column 3 Column 4 
Column 1 1 
Column 2 0.588289 1 
Column 3 0.773884 0.520231 1 
Column 4 0.386005 0.116742 0.388165 

Column 1 = Logarithm of gross value of outpui 
Column 2 = Logarithm of industrial cost 
Column 3 = Logarithm of labor 
Column 4 = Logarithm of fixed asset 

1 



Appendix 16 

Correlation among the variables in non-metal & wood sector with Cobb-Douglas stochastic frontier model 

Column 1 Column 2 Column 3 Column 4 
Column 1 1 
Column 2 0.967407 1 
Column 3 0.965843 0.942619 1 
Column 4 0.94464 0.929298 0.987184 

Colmn 1 = Logarithm of gross va lue of output 
Colmn 2 = Logarithm of industrial cost 
Colmn 3 = Logarithm of labor 
Colmn 4 = Logarithm of fi xed asset 
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Appendix 17 

Correlation among the variables in chemical & printing sector with trans-log stochastic frontier model 

Column 1 Column 2 Column 3 
Column 1 1 
Column 2 0.559963 
Column 3 0.809107 0.382942 
Column 4 0.458831 -0.14393 0.446272 
Column 5 0.554583 0.985595 0.36729 
Column 6 0.805533 0.385555 0.998606 
Column 7 0.420599 -0.17918 0.414894 
Column 8 0.672104 0.975752 0.562076 
Column 9 0.745321 0.89831 0.557258 
Column 10 0.745321 0.89831 0.557258 

Column 1 = Logarithm of gross value of output 
Column 2 = Logarithm of industrial cost 
Column 3 = Logarithm of labor 
Column 4 = Logarithm of fixed asset 

Column 4 Column 5 

-0.16573 
0.437513 0.369631 
0.997554 -0.19885 
-0.04574 0.96634 
0.279976 0.868401 
0.279976 0.868401 

Column 5 The square of logarithm of industrial cost square 
Column 6 = The square of logarithm of labor 
Column 7 = The square of logarithm of fixed asset 
Column 8 = Logarithm of industrial cost times logarithm of labor 
Column 9 = Logarithm of industrial cost times logarithm of fixed asset 
Column 10 = Logarithm of labor times fixed asset 

Column 6 Column 7 Column 8 

0.405265 
0.56681 -0.08396 

0.556493 0.243259 0.918769 
0.556493 0.243259 0.918769 

Column 9 Column 10 

1 
1 



Appendix 18 

Corrd aton among the variables in text ile & leather sector with trans-log stochastic frontier model 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 
Column 1 1 
Column 2 0.911862 
Column 3 0.933284 0.934267 1 
Column 4 0.91049 0.902334 0.955521 
Column 5 0.90354 0.998267 0.938048 
Column 6 0.924545 0.949211 0.993096 
Column 7 0.900592 0.919666 0.957467 
Column 8 0.922625 0.979268 0.970426 
Column 9 0.918329 0.977701 0.964016 
Column 10 0.92116 0.945113 0.986395 

Column 1 = Logarithm of gross value of output 
Column 2 = Logarithm of industrial cost 
Column 3 = Logarithm of labor 
Column 4 = Logarithm of fixed asset 

0.900392 1 
0.948954 0.965678 
0.992632 0.930897 
0.931811 0.95335 
0.951199 0.968942 
0.976489 0.959343 

Column 5 The square of logarithm of industrial cost square 
Column 6 = The square of logarithm of labor 
Column 7 = The square of logarithm of fixed asset 
Column 8 = Logarithm of industrial cost times logarithm of labor 
Columl1 9 = Logarithm of industrial cost times logarithm of fixed asset 
Column 10 = Logarithm of labor times fixed asset 

1 
0.963107 

0.94885 
0.982219 

0.93929 
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Column 7 Column 8 

0.954255 1 
0.972718 0.95956 
0.968816 0.938254 

Column 9 Column 10 

1 
0.987272 



, 

Appendix 19 
FOOD NON-METAL AND WOOD 

TE FREQUENC TE FREQUENCY. 
Y. 

0.11 5 0.11 4 
0.12 1 0. 12 2 
0.13 1 0.14 
0.14 0.18 1 
0.15 4 0.19 2 
0.17 1 0.21 2 
0.18 1 0.23 2 
0.22 1 0.24 
0.25 1 0.32 
0.26 0.76 
0.27 1 0.77 
0.28 2 0.78 
0.30 0.92 
0.34 0.99 
0.39 2 
0.45 1 
0.46 1 
0.47 1 
0.48 1 
0.50 1 
0.51 1 
0.53 1 
0.54 1 
0.57 2 
0.59 
0.60 
0.62 
0.70 
0.75 
0.76 
0.78 1 
0.86 1 
0.88 1 
0.89 1 
0.99 3 
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PRINTING & CHEMICAL TEXTILE & 
BEVERAGE LEATHER 

TE FREQUENC TE FREQUENCY. TE 
Y. 

0.15 2 0.1 0.21 
0.17 0.27 0.24 
0.19 1 0.33 0.28 
0.22 1 0.39 1 0.39 
0.24 1 0.51 1 0.43 

0.3 1 0.58 1 0.49 
0.31 0.61 1 0.52 
0.33 0.62 1 0.59 
0.47 1 0.66 1 0.69 

0.5 1 0.69 0.76 
0.53 2 0.7 0.78 
0.55 1 0.83 1 0.83 
0.72 1 0.84 1 0.86 
0.73 1 0.86 1 0.87 
077 1 0.89 2 0.89 
0.79 1 0.95 1 0.91 
0.83 1 0.96 1 0.95 
0.87 1 0.97 2 
0.89 3 0.99 1 
0.92 2 
0.93 
0.95 
0.96 ~ 

0.97 2 
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