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Abstract 

This study concentrates on the efficiency performance of commercial banks in 

Ethiopia by examining the efficiency. changes in productivity and technology. 

and potential determinants of the efficiency of a sample of eight commercial 

banks during the period 2002/2003-2006/2007. In measuring the eJ]iciency 

of commercial banks data enve lopment analysis has been employed. The 

efficiency scores for the technical efficiency. allocative efficiency. cost­

efficiency. and scale efficiency were found to be 97.68%. 90.24%. 88.5%. and 

93.22% respectively. The Malmquist total factor productivity index showed 

that on average productivity has been growing by 2.1 % and the growth in 

technology change was on average 2.4%. Results from the censored Tobit 

model s howed that return on equity. total capital. wtal asset. gross profit. real 

CDP. number of bank branches. depOSits. the growth rate of loans . the growth 

rate of the number of branches. the number of micro-Jinance institutions. the 

growth rate of gross profit. and thegrowtl1 rate of returns on asset had a 

statistically Significant effect on at least one of the efficiency scores. Though 

the commercial banks were found to be ineJ]icient. there has been an 

improvement in productivity and technology change over the study period. 



CHAPTER -ONE 

In trod uction 

l.1) Background 

Financial sectors p laya critical role in day-to-day ac tivities of humans a nd 
economic growth of a nation. The fin a ncia l sector m obilizes savings and 
a lloca tes credit across s pace a nd time. It provides not only payment services. 
but also en ables firms and households to cope with economic uncerta inties 
by hedging. pooling sharing a nd price risks. An efficient finan cial sector 
reduces the cost a n d ris k of producing and trading goods a n d services and 
thus m akes a n importan t contribution to ra is ing the stan dard of living 
(Herring et a l. 1996). The financial sector plays its role in economic growth. 
Based on data from 80 countries over the periods between 1960 and 1989. 
King et a l (1 993) a rgu ed that financia l system could promote econ omi c 
growth . King et a l n oted that there a re three maj or ways in which the 
financial system can influen ce the capita l stock for growth purposes. First, 
financia l ins titu tions can promote efficient a llocation of resources (capi tal in 
a broad sen se). by changing the ownership and composition of resources. 
through interm ed iation among various types of own ers of asse ts. Second . 
financia l ins titutions can promote a m ore e ffi cient a llocation of new 
investm ents fmm relative ly m ore productive u ses by creati ng a bridge 
between savers and entrepreneurs . Third. th ey can facili lale the rate of 
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accumulation o[ capital by providing increased incentives to save, invest. 

and work. 

Banks are categorized as financial institutions. Banks save deposits and give 

to investors, businessmen, and households in the form of loan and advances 

and get interest income on it. Banks can also facilitate transactions through 

ch ecks and various electronic cards. So, we can see that there is a linl, 

between banks and economic activities. 

In Ethiopia financial institutions are expanding. Currently there are about 

10 banks, 9 ins urance companies, and 26 micro-finance institutions (NBE 

annual report 2005/06). Still the number of banks and insurance companies 

is growing. New banks and insurance companies are joining the incumbents. 

Annual report of the NEE showed that the total capital of the bankillg 

system at the end of June 2006 reached 5.4 billion Br. and the total 

resource mobilized by the banking system through deposits, borrowing, and 

loan collection reached 17. 5 billion Br. However, various reports of 

commercial banks showed that the excess liquidity position is high (about 18 

billion Br. at the end of June, 2006) and the non- performing loans (NPLs), 

as approximated by the provisions [or doubt[ulloans, is not low. 



1.2) Statement of the problem 

Cost ra tios based on the financial statement of commercia l banks are the 

most widely u sed measures of performance of banks. Accounting based cost 

ratios a re popular tools for analyzing the effi cien cy of b a nks . because they 

a re s imple to con s truct a nd easy to use (De Young, 1997). 

But bank effi c iency is a complex phen omenon for which s imple analysis can 

yield mis leading conclusions due to differen ce in product mix, bank s ize , 

m a rket conditions, and other characteris tics that can a ffect the banks ' 

expenses (ibid, 1997). 

To overcom e the s hortcomings of the cost ratios. financia l analysts and 

researchers use alternative approach es. These a pproach es are parametric 

and non -parametric approach es. [n Ethiopia, as to the b est of my knowledge, 

there is no s tudy that u sed the non-parametric approach to m easure the 

effi ciency of the s ample of eigh t commercial ba nks. However , Muluneh (May. 

2006), Derej e (2006), a nd Misganaw (Ma rch. 2007) used th e parametric 

approach (Stochastic Frontier Approach) to measure the efficien cy of 

commercia l b a nks in Ethiopia. Muluneh found that the cost efficiency level 

of private commercial banks was 86 percent between 1997 a nd 2005 a nd 

Misga na w found that the mean level of cost a nd profit X-efficiencies of 

private commercial ba nks were 8 1 percent a nd 70 percent respectively 

between 2000 a nd 2005. Misganaw a lso fo und that retu rns on equity. 
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capital. asset level. and deposit ratio have negative correla tion with predicted 

cost x- inefficiency while number of branches and non -performing loans were 

positively correlated. Moreover returns on equity. number of branches. and 

GOP n egatively correlated with predicted a lternative profit x-inefficiency. 

while NPLs pos itive ly correlated. 

The three studies followed similar approach to measure the efficiency of 

commercia l banks . Muluneh and Misganaw exclude public commercial 

banks. Only Dereje studied the effiCiency of both public and private 

commercial banks . Also in their study they did not s how the change in 

productivity and technology of the banks. This study tried to fill the gap by 

examining the efficiency of public and private commercial banks and 

analyzed the productivity and technological change of the commercial ban!;:s 

using the non-parametriC approach-data envelopment a nalysis (DEA). The 

findings from this study could help managers of individua l uanks in 

evaluating the efficiency performance of their bank. It could also help b anks 

in preparing their s trategiC plan. Bank regulators and policy makers might 

a lso use this study in their endeavor to improve the effiCiency of banks and 

designing poli Cies. Researchers could a lso tai,e advantage of the results in 

undertaking further researches in the banking industry . 



1.3) Objectives of the study 

The genera l obj ec tive of the s ludy is to measure lh e effic iency performan ce of 

commercial banks. 

The specific objec tives a re: -

to investigate th e (injefficien cy of commercial banks 

to analyze technical changes and productivity changes of the banks 

to determine factors that a re likely to affect the (inj efficiency of 

commercia l banks. 

1.4) Significant of the study 

The findings from this study could help bank managers in evaluating the 

efficiency of their banks. It might also help bank regulators and policy 

makers in improving the efficiency of the banking industry and in 

designing policies respectively . Finally. researchers could take advantage 

of the results in undergoing furth er researches in the sector. 
I 

1.5) Scope and limitation of the study 

This s tudy tried to measure the effic iency performance of commercia l banks 

in Ethiopia over the p eriods 2003-2007.Development Bank of Ethiopia , 
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National Bank of Ethiopia, a nd the newly em erging private commercia l 

ba nks of Cooperative Bank of Oromia, Oromia International Bank, Access 

Bank, Buna Bank, Anbessa International Bank, and Birhan Interna tional 

Ba nk a re excluded from the sample since som e of them h ave not yet started 

operation and some of them have not been stayed in business for long. 

Development Bank of Ethiopia and National Bank of Ethiopia are a lso 

excluded because their objective is different from the other banks. Due to 

limitation of data on non-performing loans, maximum exposure to a s ingle 

borrower , and capita l adequacy , these varia bles are dropped from the 

estimation process. This study con s iders banks as intermediaries. The 

research could have been comprehensive had the production approach to 

banks and the output-oriented DEA model a lso b een used. Since the budget 

and time is limited only the in termediation approach to banks and the input 

oriented DEA are employed. 

1.6) Organization of the study 

The study is organized as follows: the overview of the banking industry and 

financial developmen ts is discu ssed in cha pter 2; li terature review is 

discussed in chapter 3: chapter 4 d iscusses the methodology a nd data 

sources while chapter 5 presen ts a nd discusses the empirical results . 

Finally, conclu s ions and recommendation s ar e discussed in ch a pte r 6. 
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CHAPTER-TWO 

Review of the Banking Industry and the Financial 

Structure in Ethiopia 

2.1) Brief Banking History 

The discussion in this section is from National Bank of Ethiopia (2001) 

report posted on its website and Alemayehu (1998). 

The agreement that was reached in 1905 between Emperor Minilik II and Mr. 

Ma Gillivary, representative of the British owned National Bank of Egypt 

marked the introduction of modern banking in Ethiopia. Following the 

agreement thc first bank called Bank of Abyssinia (BoA) was inaugurated in 

Feb.16. 1906 by the Emperor. The bank was totally managed by the 

Egyptian National Bank and the following rights and concessions were given 

upon the establishm ent of BoA 

• The capital of the bank was agreed to be Pound 

Sterling 500.000 and on e-fifth was subscribed and the 

rest was to be obtained by selling shares in som e 

important Cities such as London , Pa ris. and New York. 

• The bank was given full rights to issue bank notes and 

monitor coins which were to be legal tender and all 
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profits there from a ruing to the bank a nd freely 

exchangeable against gold and s ilver on cover by the 

ba nk as well as to establish s ilver coins and abo lis h 

Maria Theresa. 

• Land was given to the bank free of ch arges a nd 

permitted to build offices a nd warehouses. 

• Government public funds were to be deposited with 

the bank and all payments to be made by checks . 

• The government promised not to a llow any bank to be 

es tablis h ed in th e country within 50-year concession 

period. 

The bank started its b ranch expansion. However, despite its monopolistic 

position , the bank earned no profit until 1914. Profits were recorded in 1914, 

19 19, 1920, a nd from 1924 onwards. BoA faced enormous pressure for 

being inefficient and purely profit motiva ted and reached an agreement to 

abandon its operation a nd be liqUidated in order to disengage ba nking from 

foreign control a nd to m ake the institution responsible to Ethiopian cred it 

n eeds. Thus. by 193 1 BoA was legally replaced by Bank of Ethiopia (BoE) 

s hortly a fter Emperor H/Selassie cam e to power. 

The n ew bank was a purely Ethiopian ins titution and was the firs t 

indigenous ba nk in Afri ca and establis h ed by an officia l decree on August 

l) 



1931 with capital of £750.000. BoE continued s uccessfully until the Italian 

invasion in 1935. During th e invasion. the Italians established branches of 

the ir banks, namely. Banca de Italia. Banco di Roma. Banco di Napoli, 

Banca Nazionale de Lavoro and started operation in the main towns of 

Ethiopia. 

After independence from Italy's occupation (of 1933-1941) where the role of 

British was paramount owing to its strategic consideration in World War II 

Barclay's bank h ad establish ed and was in business in Ethiopia from 1941 

to 1943 (Belay, 1990; Befekadu, 1995 cited in Alemayehu, 1998). 

Following this period , the Ethiopian government established the State Bank 

of Ethiopia in 1943. The establishment of this bank by Ethiopia was a 

painful process since Brllain was against it (Befekadu, 1995 cited in 

Alemayehu , 1998). This bank was operating both as commercial and central 

bank until 1963 when it was dissolved into today's NBE (the Central Bnnk, 

reestablis hed in 1976) and the CBE henceforth. After this period many other 

banks were establish ed (Alemayeh u, 1998). 

Al l privately owned finanCial institu tions including three commercial banks. 

thirteen insurance companies and hvo non-bank financial intermediaries 

were n a tiona lized on J anualY 1975. The commercial banks were Addis 

Ababa Bank. Banco di Napoli a nd Banco di Roma. The insurance companies 

were African Solidarily, Ethio-American life. Blue Nile, Ethiopian General. 

Imperia l. Afro-Continental, Pan African. Union. Ras , and Ethiopian Life and 
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Rasi. The non-b a nk financia l intermedia ries were th e Imperia l Saving a nd 

Home Ownership Public Association and the Mortgage Corporation 

(Befekadu. 1995 c ited in Alemayehu. 1998). 

During the "socialis t regime" (1974-1990) th e n a tiona lized banks were 

reorganized a nd one commercia l ba nk (the CBE). a nd a National Ba nk 

(recreated in 1976), two s pecialized banks (the Agricultural a nd Industria l 

Bank-renamed recently as the DBE and Housing a nd Saving Bank (HSB) 

ren am ed recently as the CBB) as we ll as one ins urance company (Ethiopian 

Ins uran ce Compa ny), were formed. After the 1992 reform these finanCial 

ins ti tutions are b eing reorganized to work on market oriented policy 
'~. 'i,~ 

fra m ework . Besides, newly privately owned fina ncia l institutions are a lso "'" 

So .' 
being a llowed to work along the publicly owned ones (Alemayehu , 1998). iN 3 II 

~ t,8 .. 
"" £I 

-< 1(/ : e,-. 
2.2) Developments in the Banking System 

'" t> I; 

~"D:: 
I e II • . ~ 

The finan cia l sector in Ethiopia is mainly composed of ba nks , insurance 

companies, and micro-finance institutionsGiAt the end of June, 2006 the 

number of b a nks opera ting in Ethiopia reached ten (excluding NBE) . Nin e of 

them were commerc ia l b a nks and one was development bank (a s pecialized 

bank). Three of lhe banks (Commercia l Bank of Eth iopia (CBE), Development 

Bank of Ethiopi a (DBE), and Construction a nd BUSiness Bank CBB) are 

s late owned a nd the rest are privately owned. Report of lhe NBE (2006) 

s howed lhal the number of ba nk bra nches reach ed 42 1 a t the end of J u ne 
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2006, out of which 177 of them are CSE's branches. Out of the total 

branches 148 were located in Addis Ababa. 

Tot.al capita l of the banking system reached Sr. 5.4 billion a t the end of June 

2006. State- owned banks' share is 65 percent of th e total capita l. The report 

indicated that th e s hare of private banks is increasing from time to time. 

2,2.1) Resource Mobilization 

Tota l resources mobilized by the banking system through deposits, 

borrowing, and loan collection reached Sr. 17.5 billion at the end of June 

2006. Deposit liabilities of the banking system for the same period was Sr. 

44.5 billion. Demand deposits accounted for 47.8% of the total deposits 

followed by saving deposits (46 .1%) and time deposits (6.1 %). Of the total 

deposits of the banking system, state-owned banks accounted for 70.7%. 

The share of CBE was 67%. The share of private banks in deposit 

mobilization is a lso increasing steadily a nd reached 29.4% in 2006. 

NSE's report (2006) stated that as most of th e banks have sufficient 

liqUidity , b orrowing is not an importa nt source of m ob ilizing resources. It 

fu rther noted that as of June 2006 only DSE and CSE borrow an a mount of 

S r. 2 b illion from foreign a nd domestic sources. 

The banking system collected an a mount of Sr.l 0.2 billi on loans. Of the total 

loan collec tion, public banks collected 5Q.5% a nd privat.e ba nks 49.5 %. 
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2.2.2) Lending Activities 

The banking system disbursed new loans amounting to 6r.12.4 billion 

during 2005/06. More than 97% of the n ew loan s were disbursed to th e 

private sector. Disbursement to international trade took the la rges t s hare 

(28 .6%) follolVed by dom estic trade (19.8%). agricu lture (17.6%), a n d 

industry (10.5%). Hous ing a nd construction a nd transport and 

communication sectors a lso received 9.4 % a n d 8. 1% of the n ew loans. Of 

the total fresh loan d isbursement. th e share of priva te banks was 58.7%. 

This shows that the share of private banks in loan disbursemen t is gradually 

increasing (NBE. 2006). 

2.2.3) Outstanding Loans 

At the end of June. 2006 oulslanding loan of the banking system (including 

holdings of government bonds and Treasury bills) reach ed 6r. 39.6 billion. 

Total credi t to the central government surged by 77% while credit to the 

private sector grew by 26%. But lending to public enterprises declined by 

5%. The s h are of private banks in total outstanding loans of the banking 

system increased to 28.3% at the end of 2005/06 (NBE. 2006). 
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2.3) The Structure of the Financial System in the Pre- reform 

and Post-reform Period 

Alemayehu (1998 ) h as classified the structure of the financial sector in 

Ethiopia into two - the pre reform financial sector and the post reform 

financial sector. The following discussion is based on Alemayehu (1998), 

2.3.1) The Pre-reform Financial Sector 

In this period. the NBE was actively involved in direct controlling of a ll 

fina n cia l institutions by (a) fixing both deposit and lending interest rates. (b) 

directly controlling the foreign exch an ge and credit allocation in a 

discriminatory manner. by favoring the public sector. and (c) by directly 

financing (NBE. 1998 cited in Alemayehu.1998),Bank s upervision/regulation 

has been largely limited to on and off inspection on a few numbers of 

branches (Alemayehu. 1998), 

The pre-reform period (1974-1991) is characterized by an economic policy 

largely informed by the ideology of "socialism", The sin-qua-non of such 

setup is the prominent role accorded to the socialized (public sector 

included) sectors by discriminating agains t th e private sector. During this 

tim e indirect ways of regulating the finanCial sector was not important since 

it can be con trolled directly, The most important fina nCia l instruments used 

to directly control th e sector were interest rate a nd discriminatory a llocatio n 

of foreign exchange (Alemayehu. 1998), 

14 



This restric tive policy h as resu lted in excess liquidity in the banking sectors 

in 1980 chiefl y becau se of the biased credit policy, the collateral requirement 

on the private sector, seasonal trends and the (then) existin g economic 

condition as well as the eBE's ineffi cien cy (Antonio 1988 cited in Alemayehu, 

1998) 

2.3.2) The Post-reform Financial System 

Monetary a nd ba nking proclamation No.83/1994 a nd the licensing and 

provision of banking business No.84/1994 laid down the legal basis for 

investment in the banking sector. Consequently, shortly after the 

proclamation, the first private bank (Awash International Bank) was 

establis h ed in 19~ by 486 shareholders and by 1998 the a uthorized capital 

of th e bank reached Br.50 million (Belay, 1987 cited in NBE (2001) website). 

Following th is proclamation the country witnessed a proliferation of private 

financial institutions (Alemayehu, 1998). 

The government undertook two Significant libera lization sch emes. These are 

the exch ange rate policy and the interban k money ma rket. Moreover, 

Alemayehu (1998) stated that in the pos t- reform period in terest rate is fairly 

liberalized a nd the NBE has set only a floor for deposit rate leaving all oth er 

rates to be dete rmined by ma rket fo rces. Banks a re free to set any in terest 

rate withll1 th at range . 
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CHAPTER-THREE 

Literature Review 

3.1) Theoretical Literature 

./ 
The a im of variou s economic units is to obtain the m aximum benefit by 

employin g different inputs. Given their technology firms want to produce th e 

high est possible output from a given set of inputs. 

If we define a firm as an organizational unit, en gaged in the production a nd 

disposal of a commodity for some desired purpose, then the emphasis will 

J 
rest on achieving 'business' or 'economic' efficien cy. Efficiency is producing 

the right good/service of the right quality at the right cost. It is the s uccess 

with which a fim1 uses its sources to produce output of a given quality 

(Misganaw, 2007). According to Farrell (1957) effiCiency of a firm mea ns its 

s uccess in producing as large as possible an output from a given set or 
inputs . 

/ 
However , in reali ty, due to factors tha t are in ternal and /or external to the 

organizations, firms do not achieve the highest target. Previous researches 

have been trying to develop measurements of productive effiCiency. Among 

the notable ones is that of Farrell's (1957). Farrell (1 957) has di scussed th e 



concepts of technical effi ciency and price efficiency (allocative efficiency) by 

assuming a single product firm , employing two factors , under COnSla11l 

returns to scale . He a lso presupposed that the efficient production function 

is known . 

./ 
Modern effic iency measurement begins with Farrell (1957) who drew upon 

the work of Debreu (1951) and Koopmans (1 95 1) to define a s imple measure 

of firm effic iency that could account for multiple inputs. He proposed that 

the efficiency of a firm consists of two components: technical efficiency. 

which reflects the ability of a firm to obtain maximal output from a given set 

of inputs, and a llocative efficiency, which reflects the ability of a firm to u se 

the inputs in optimal proportions, given their respective prices. These two 

measures a re then combined to provid e a measure of total economic 

efficien cy (Coelli , 1996). 

Input-Oriented Measures 
,/ 

Th e input-or ien ted approach measures the amount of input that should be 

proportionally red uced withou t changing the ou tput produced. 

Technical Efficiency 

j A firm employs a given set of inputs in order to produce a certain amount of 

output. A b a nk can employ different factors in order to produce opera tiona l 

income. If it s u cceeds in achieving th e maximum a m ount of income (or 

oth er ou tpu t) . then it is technically e ffic ient. Hence , techni cal e ffic iency of a 
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finn is the success of a finn in producing the maximum amount of output 

using a given set of inputs. FaITell's (1957) input-oriented technical 

efficiency was defined in relation to a given set of firms from which the 

efficient production function is estimated. 

Price Efficiency (Allocative Efficiency) 

,/ Firms differ in selecting the combination of their input. Some firms employ 

factors so that optimal combination of inputs is achieved. If a bank succeeds 

in selecting its labor, physical capital, and other inputs in an optimal 

manner it is price efficient. Hence, price efficiency can be defined as the 

optimal combination of factors of production of a given firm. 

Farrell (1957) h as discussed the efficiency concepts using the following 

figure. 

y S 
p 

A 

Q' S' 

A' 

OL----------------------. 
x 

Figure-I: TE and AE from an input orientation (Farre ll , 1957). 
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Since the isoq ua nt is assumed to represent the different combinations of 

factors tha t can produce a un it output by a technica lly effiCient firm , firms 

above or below the isoquant are tech nically ineffiCient. Point P represents the 

inputs of the two factors per unit of output. Poin t Q on the isoqua nt and 

poin t P above the isoquant produce the same output. But from the figure we 

can see th a t point Q u ses lesser a m ount of the two inputs (a fraction of OP) 

than point P. In other words, the d istan ce QP is the amount by which a ll 

inputs could be proportionally red u ced without a reduction in output. That 

is, th e input u sage of point Q is OQ/OP, thus, OQ/OP can be defined as th e 

technical efficiency of firm P. This ratio takes value 1 for the effiCient firm 

and less than one but non-negative number for the inefficient firm. 

In practice a firm that is technically efficient might not be price effic ient due 

to lack of information on price of inputs. So, we might need to know how a 

firm selects its inputs in the best possible proportion given input prices. A 

line AA' that is tangen t to the isoquant is drawn which shows that the slope 

of th e line is equal to the price ratio of the two factors. In this case point Q' is 

t h e optim al method of production. Even though point Q' and Q are both 

technically effiCient the costs of production at Q will only b e a fraction of OQ. 

Th erefore, th e price efficiency of Q can be defined as OR/OQ. Farrell (1957) 

stated that th is ratio could a lso be used to measu re th e price efficiency of the 

observed fi rill P. 



From the concepts of the technical and price effic iency we can define the 

overall efficiency (cost efficiency) of a firm. The overall efficiency of a firm can 

be defined as the product of the technical efficiency and price efficiency 

conditional on the fact that the observed firm must both technically and 

price e ffic ient. Tha t is, 

Overall Efficiency=Technical Efficiency'Allocative Efficiency. 

= (OQ /O P) *(OR/OQ) 

=OR/OP 

Output-Oriented Measures 

./ The above input oriented technical efficiency m easure addresses the 

question: "By how much can input qu antities be proportionally reduced 

without changing the output quantities produced?" One could a lternatively 

ask the question "By how much can output quantities proportiona lly 

expanded without altering th e inpu t quantities u sed?" This is an output­

oriented m easure (Coelli , 1996). 

If we con s ider a production process. which involves two outputs (Y l and Y2) 

and a single input (xd, exhibiting constant returns to scale then we can 
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represen t the technology by a unit production possibili ty cu rve in two 

dimensions. 

D 

z r----Q' 

o z' D' 

Figure-2: TE a nd AE from an output orientation (Coelli, 1996). 

The cu rve ZZ' is the unit production possibility cu rve a nd th e point A 

corresponds to an inefficien t firm. Note tha t th e ineffi cien t point, A, lies 

below the curve in this case beca use ZZ' represents the upper bound of 

production possibilities . Th e dis ta n ce AB represents technical inefficiency . 

Fa rrell's output oriented measure of technica l efficiency is OA / OS. If we 

have price information then we can draw the isorevenue line ~O', and define 

the a llocative e ffi ciency to be OS / OC . The overa ll efficiency can b e d efined as 

the produ ct of th e two measures, tha t is, 

Overa ll Efficiency=OA/ OS*OS/OC. 
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Coelli(l996) stated that one of the major advantages of these radial efficien cy 

meaSUI'es is tha t they a re unit inva riant. 

Other Measures of Efficiency 

Scale Efficiency 

./ The assumption of constant returns to scale might not be satisfied in 

practice. A firm m ay exhibit decreasing or increasing returns to scale. Scale 

efficiency often a rises from the ability of large ...firms to allocate f!Xed cost 

such as advertis ing expenses or cost of technology across a greater volume of 

output. It a lso shows whether the decision-making units (DMU s) such as 

banks operate at the minimum of their long run average cost curve (Adongo 

et a l. 2005; Cited in Misganaw 2007). Scale economies assume that firms are 

already on the efficien t frontier, where firms are fully x-efficient and 

minimize costs for evelY scale of output. Analyzing firms other than those on 

the frontier confound scale effects with differences in x-efficiency (Berger and 

Hamphrey , 1993 cited in Adongo et a I., 2005). 

Economies of Scope 

An integrated mul tipl e output firm can produce its outputs with the existi ng 

inputs at a lower cos t. It does not require s pecia lized inputs for each output. 
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For example, banks can produce operating income and other outputs at th e 

same roof without employing a specialized sepa rate s ta ff or office for each 

output. Hence, economies of scope is a type of efficien cy that arises from 

using a set of inputs at a lower price and the inputs being used a re not 

s pecia lized in producing only one type of ou tput in a multiproduct firm. 

X-Efficiency 

/ Leibenstein (1966) argued that microeconomic theory excludes other types of 

inefficiencies and focuses on allocative efficiency. Based on various evidences 

he stated that the amount to be gained by increasing allocative efficiency is 

trivia l while the amount to b e gained by increasing x-effiCiency is frequently 

significa nt. X-efficiency is th e reduction of costs for a given capital and labor 

under a given technology. By reorganizing the production process (e.g. 

controlling wastage, payment by results. and pla nt lay-out reorganization) a 

firm can reduce its costs without additional employment of capital and labor. 

1\"'0 firms may produce different volume of output mixes even if they employ 

the same amount of labor a nd capital under a given technology. This is 

beca use the existence of x- ineffici ency. A firm that s u cceeds in improving its 

x-effiCiency will m a nage to increase its output. X-effi Cien cy could a rise from 

managerial motiva tion to put th e best effort for the success of an 

organization . Leibenstein (1966) has identifi ed three factors, which 

deLermin e what h e has call ed "x-efficiency" : 1) in tra-plant motivation al 
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effi ciency, 2) externa l motivational effi ciency, a nd 3) non-ma rket input 

effici ency. 

For example. the level of intra-bank efficiency can be represented by x-

e ffi cie ncy. Thi s is d efin ed as the general effi c iency of a firm judged on 

manageri a l and technologica l criteria in trans forming inputs al minimum 

costs into maximum profits. It includes intra-bank economi c efficiency, 

intra-bank motivational efficiency -arising from managem ent incentives, and 

the environmen t (Leibens te in, 1978 cited in Adongo et al.. 2005). Banks that 

exhibit x-inefficiency are either wasting resources (technical inefficien cy) or 

a re using inefficient business processes (allocative inefficiency), or both , .- ._" 
which is attribu ted to employee , management or environmental factors ' 'if .... t 

i!/; (Adongo et ai , 2005). 

< I<i 

.... 3.2) Empirical Literature Revjew 
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Heffernan et a l. (2005) investigated the cost x·efficiency in Chin a's ba nking 

sector over the period 1985-2002 u s ing th e stochastic frontie r approach, 

They found that on average ba nks were operating 50-60% below the 

effic iency frontier. 

Adongo e t al. (2005) measured the a lte rna tive profit x-effic ien cy of Nam ibia's 

banki ng secto r fa r the period 1998-2003 a pplying th e di s tri bution free 

24 



approach (a s toch as tic frontier approach). Th ey found that the mean level of 

alterna tive profit x-effic iency was 83% s howing tha t banks in Namibia lost 

a pproxim ately 17% of th eir potential profits during the period due to x­

inefficien cy . Fina lly th ev concluded that th e banking sector perform wel l 

relative to oth er profit effi cien cy studies that h ad been con ducted 

interna tiona lly. u s ing the distribution free approach. 

Giokas et a l (1990) studied th e relative efficiency of bra n ches of the 

Commercial Bank of Greece for the year 1987 u s ing data envelopment 

analysis a nd found th at out of a selected sample of 20 branches nine had a 

m aximum effiCiency rating of 1(100%) a nd 11 of them were inefficien t (i.e . 

efficiency rating of less than 1. Sin ce the data is only for one-year period, the 

model m ay face data inadequacy; h en ce. the estimated relative efficiencies 

may not be reliable . 

Sandrine (2007) m easured the efficiency of a sample of 35 banks of West 

Africa Economic Monetary Union (\I/AEMU) for the period 1996-2004 using 

data envelopment analys is a n d found average e ffiCi ency of 76% and 85% 

under constant return s to scale and variable retunlS to scale respectively. 

The limitation of th is sLU dy is that it took som e b a nks. which were not 

observed over a ll the conSidered period. However . calcula ting the MalmqUist 

productivity index requires t h at all observations s h ould appear in a ll th e 
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con s idered periods. Hence. the calcu lated global tech nica l e ffici ency ch ange 

of 1.5% might not be dependable. 

AJy et a l. (1990) investigated the technical. scale . a nd al locative efficiencies of 

a sample of 322 US commerc ia l banks for the year 1986 using DEA a nd 

fou n d a n overa ll m ean efficiency of 65 percent. 

Yeh (1996) evaluated the performance of 6 banks in Taiwan for the years 

1981-1989 u sing th e DEA and found that the average efficiency score of the 

six banks over the period was about 90%. Furthermore, Yeh found that the 

DEA effici ency scores decreased between the years 1982- 1996 and gradu a lly 

started inc reasing. Yeh e.>.-p lained that t his trend was due to the drop in the 

business cycle that occurred in Taiwan in the mid 1980s. 

Sufian (2007) studied the trends in the effiCiency of a sample of s ix locally 

incorporated (full license) Singapore banks over the periods 1993-2003 using 

th e DEA window ana lysis methodology and found a technical efficiency of 

88 .4%. Sufian a lso found that the Singapore banking groups' overa ll 

efficiency was on declining trend during th e earli er periods. 

A1<hlar (2002) investigated the effiCiency of a sampl e of 40 commercial banl(s 

of Pa kistan for the year 1998 u s ing DEA and fou nd that under th e constant 

returns Lo scale DEA Lhe overall effi ciency score of Pa kistani banks was 80% 
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during the year and conclude that the overall efficiency score of Pakistan 

ba nks was lower tha n the world mean effi cien cy. The study assumed 

constan t returns to scale. But this assumption is pla u s ible when al l th e 

banks a re operating a t their optimum level. It a lso took only one year' s data 

that may give misleading results due to shortage of observations . 

Aikaeli (2008) a na lyzed the efficiency of Tanzania's commercia l banks us ing 

a monthly data over t h e period 1998-2004 . Employing the DEA, Aikaeli 

found that th e ave rage DEA technical efficien cy and scale effi ciency fo r a ll 

the banks in Tanzania were 96 .1 % and 97 .3% respectively. 

In Ethiopia, as to the best of my knowledge, Muluneh (2006). Dereje (2006), 

and Misganaw (2007) tricd to m easure the effiCiency of commercial ba nks. 

Mu luneh (2006) found that the cost effiCiency level of private commercial 

banks · .. vas 86% between 1997 and 2005 under the stochastic fro ntier 

a pproach . Dereje (2006) fO,l:lI1d a predicted average cost-effic ien cy of 92.2% 

over the period 1994/95-2004/05. Misganaw (2007) took a sample of 6 

private commercia l banks and m easured the ir effi~ iency over the period s 

2000-2005 u s ing th e stochastic frontier approach. He found thal the mean 

level of cost and profit x- effic iencies of private commercial banks were 81 % . . 
and 70% respective ly. He a lso expla ined th at return on equily, capita l. asset 

level, and deposit ra tio corre lated with predicted cost x-ine ffi ciency 

nega tively, wh ile number of branches and non-perform ing loans were 



positively correlated. Moreover relurns on equity , number of branches and 

GOP negatively correlated with predicted a lternative profit x-inefficiency, 

while non-performing loans positively correlated. 



CHAPTER-FOUR 

Methodology, Model Specification, and the Data 

4.1) Methodological Literature 

The li terature on banking is wide and attempts to measure the efficien cy of 

th e banking industry have a lways been made. Though there are different 

kinds of approaches to measure the efficiency of banks the non-pa rametric 

a nd the parametric a pproach es a re the most common ones. There are at 

least four frontier analysis m ethodologies to compute finanCia l institution 

efficiency a nd there is no consens u s among researchers on which method is 

best. The approach es differ m ainly in how they h a ndle random error and 

their assumptions regarding the shape of the efficient frontier. The three 

main parametric m ethodologies include stoch astic frontier approach. the 

thick frontier approach. and th e distribution free approach. In genera l. 

parametric a pproach es specify a functional form for the cost. profit or. 

production relationship among inputs. outputs and environm ental factors 

a nd a ll ow for ra ndom error (Berger el a1.1997). As stated by Barr et al. 

(1999) th e main non -para metric approach is DEA. wh ich computes the 

rela tive technical (or productive) efficiency of individual decis ion-making 

units by u s ing multiple inputs and multiple outputs. The parametric 

(econometric ) approach con s ists of an econometric estimate of the best 
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practice frontier by its specification in a Cobb-Douglas, constant elasticity of 

substitution or trans-logarithmic (cos t or production) function. The 

econometric method can be deterministic. In this case, every deviation from 

the frontier is attributed to inefficiency. It can also be stochastic; it is then 

possible to separate random errors from the production unit inefficiency 

(Sandrine, 2007). 

4.1.1) Approaches Used to Measure Bank Efficiency 

Accounting Based Cost Ratios 

These are s imple ratios b ased on the balance sheet and income statements 

of the banks. These ratios are popular for analyzing the efficiency of banI,s 

because they are simple to construct and easy to use. These ratios are 

computed from the financial statements of the banks. However, bank 

efficien cy is a complex phenomenon for which simple analysis can yield 

misleading conclusions (De Young, 1997). 

Simple Regression Analysis 

It applies ordinary least squares (OLS) for estimating production or cost 

fun ctions and thereby to m easure relative e ffi cien cy among firms. To 

measure relative efficiency, th e following two steps will be sued. First a 
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s imple regression model is formulated to identify the rela tionship that best 

fits th e obselVed data. In the second step, t h e residuals of the estimated 

regression (the di ffe ren ce between th e actu a l a nd predicted) would be taI,en 

as a measu re of ineffi ciency (Sarafid s, 2002 cited in Abdu Kedir, 2006). 

As discussed in Abdu Kedir (2006) th e weakness of this model is that it 

considers the error term as a measure of inefficiency. However, the en'or 

could be d u e to other factors like m easurement error, environmen tal factors, 

or other factors that could affect the output of firms. As a result the 

estimates of the coefficients could be b iased and inconsistent. 

Stochastic Frontier Approach (SFA) 

It is on e of the param etric a pproach es, which a pply econ ometrics in order to 

m easure the efficiency of banks. It s pecifies a functional form for the cost. 

profit, or production relation ship a mong inputs , outputs, a nd environmenta l 

factors, a nd a llows for ra ndom error (Berger et a I. , 1997). In this approach 

the e rro r term is decomposed into stoch astic random component and true 

technical efficiency compon en t. The s tochastic frontier has two principal 

advantages. First it a llows separatin g random error from the production u n it 

ineffi c iency a nd ta kes in to account the existen ce of exogen ous s hocks. At 

this purpose, the error te rm is divided in to two components: a n inefficiency 

componen t and a ra ll dom on e (whi ch is composed of the erro r measurement 
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and the exogenous s h ocks). Second, the stochastic frontier a na lys is is less 

sensitive to absurd values (Sandrine, 2007). Brazdik (2005) has expressed 

the model for the stochastic frontier approach as follows: 

Y; = f (X;, 13) +e; 

Where Y; is the output level produced by firm i 

X; is the vector of inputs 

13 is a vector of parameters to be estimated 

e; is the error component which can be decomposed into 

stochas tic r andom component and true technica l efficiency 

component which have normal and half normal distribution 

respectively. 

One of the major wealmesses of th e stochastic frontie r function is that it is 

difficult for the model to handle multiple outputs. The second weakness is 

thal it specifies a functional form, which presupposes the shape of the 

frontier. However , as no ted in Berger et al (1997) if th e functional form is 

misspecified, measured e fficiency may be confounded with the s pecification 

error. In this model in efficiencies a re assumed to fo ll ow a n asymm etric 

distribution. usually th e half norma l. However, the half normal assumption 

for lhe ci istributi on of ine ffi ciencies is relaUvely inflexibl e and presumes tha t 

most firms are c lustered near full effi Ciency IGreen (1990) cited in Berger 

32 



(1997)]. But we know tha t th ere a re firm s that are far away from th e fu ll 

effic ien cy point. 

Data Envelopment Analysis (DEA) 

Based on Fa rre ll's (J 957) work concerning technical efficien cy a linear 

progra mming formulation was developed fo r evaluating the technical 

efficien cy of a given s et of organizations (DMUs) with the same multiple 

inputs and multiple outputs that h as s ubsequently known as data 

envelopment analysis (Haag et a l. 1995). 

DEA gen eralizes the Farrell (1957) s ingle output/single input technical 

effi c iency measure to the multiple output/multiple input case. It optimizes 

on each individual observation with the objective of calculating a discrete 

piecewise linear frontier determined by the set of Pareto-efficient decision 

m aking units . Using this frontier. DEA computes a maximal performance 

m easure for each DMUs relative to all other DMUs. The only restriction is 

that each DMU lie on the efficient (exterm a l) fronti er or be enveloped within 

the frontier. The DMUs that lie on the fronti er a re the best practice 

ins ti tutions and retain a value of one; those enveloped by the extrem a l 

su rface are scaled against a convex combination of the DMUs on the frontier 

facet closes t to it and h ave values between 0 and 1 (Barr et a l. . 1999). 
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The major advantage of DEA is that it can handle multiple inputs and 

multiple outputs. Sufian (2007) a lso noted that DEA requires less data and it 

does not require a preconceived structure or specific functional form to be 

imposed on the data in identifying and determining the efficient frontier error 

and inefficiency structure of the DMUs. In banking literature there is no 

consensus on the definition of inputs and outputs of banks, hence, DEA is 

commonly used as a possibl e way out. The major weakness of the model is 

that it considers the error term as a measure of inefficiency but the error 

could be due to measurement error or environmental conditions , or some 

other factors that are out of the control of the management of firms. There 

are two kinds of DEA models. The first is the constant returns to scale [CRS) 

DEA model and the second is the variable returns to scale (VRS) DEA mode l. 

The following discussion on the two models is based on Banker et al. [19841 

and Sufian (2007). 

The Constant Returns to Scale (CRS) DEA model 

This model assumes constant returns to scale . But this assumption is 

relevant when a ll firms are operating at an optimal scale. In practice we 

know that firm s exhibit either increasing or decreasing returns to scale. 

Thus, assuming CRS while som e firms a re not operating at an optimal scale 

results in inability to differentiate between technical efficiency and scale 

efficiency. 
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The Variable Uetums to Scale (VRS) Mod el 

Th e CRS assu mption is only appropriate when a ll DMU s a re operating at an 

opt imal scale . The u se of the CRS specification when not a ll DMUs a re 

operating al lhe optimal scale will result in measures of technical efficiency, 

which a re co nfounded by scale efficiencies (CoellL 1996). 

Recognizing th e defects of the CRS assumption Banker et aL (1984) extended 

th e assumption by introducing the VRS assumption. The CRS linear 

programming can be easily modified to account for VRS by adding a 

convexity constraint. This approach form s a convex hull of intersecting 

planes which envelope lhe data pOints more tightly than the CRS conical 

hull and thu s provides technical effiCiency scores which a re greater than or 

equal to those obtained u s ing the CRS model (Coel i, 1996 ). 

This assumption allows u s to measure pure technical effiCiency. The 

difference between the pure technical effi Ciency a nd the technical 

effi ciency will give u s the m easure of scale e ffi c iency. Technical effiCiency 

(TE) and s ca le efficiency (SE) can also be explained us ing the following 

fi gu re . 
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Figure-3: Technical efficiency and scale efficiency (Banker et al. 1984). 

Point "a" represents the DMU being evaluated. Its overall technical and scale 

efficiency is measured by the ratio mn/ma. The pure input TE of point "a" is 

measured by the ratio mb/ma. The input SE of "a" is measured by the ratio 

mn/mb. From the figure we can also see that firms on the line segment ke 

and es exhibit increasing and decreasing returns to scale \Vhile a firm on 

point "e" exhibits con stant returns to scale. 
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4.1.2) Malmquist Productivity Index-MPI (DEA-Like Linear Programming 

Method) 

Malmquist productivity index is an index which can be used to measure 

productivi ty and technical change in the production technology. It is a 

measure of total factor productivity (TFP) growth . If the Malmquist 

productivity index is greater than unity. then there is an improvemen t in 

productivity a nd in technology. If the index is equ a l to unity, then the 

productivity and technology are stagnant. Finally, if the index is less than 

unity, then the productivity and technology are worsening. 

The Malmquist index numbers can be defined using either output-oriented 

approach or the input-oriented approach (Coelli et ai, 1998). The output­

oriented productivity measures focus on the maximum level of outputs that 

could be produced u s ing a given input vector and a given production 

technology rela tive to the observed level of outputs (Coelli et al. 1998). 

4 .1.3) Second Stage Regression (the Censored Tobit Model) 

After finding the values of the efficiency scores using the data envelopment 

a na lysis, we m ay need to know factors that are likely to affect the efficiency 

of the commercial banks. Since the measures of efficiency scores take val ues 

between 0 and I (Le .OseS ] , where e is the magnitude of the efficiency 
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measure) we can use the censored Tobil model in order to analyze the 

detenninan ts of the efficiency of banks. 

4.2) Model specification 

Models of VRS-OEA, MPI. and the censored Tobilmodel are specified as 

follo\Vs: 

4.2.1) VRS-DEA model 

This model is based on Banker et a l (1984). 

The model for the VRS-OEA m odel can be specified as follows: 

s 
Eo=maxL: U rW ro- U 0 

r=l 

m 

Subj ect to L,V;Z;o= 1 
i=l 

S ll1 

L,UrWrj -L,V;Z,r Uo ~O; j=l.. . . n 
r= 1 i= 1 

r=l .. .. s .and 

i= l, ... I11 . 



• 

Where Eo =the efficiency of the bank being measured 

W ro = output r of the bank being measured 

ZiO =input i of the bank being measured 

W'j =output r ofbankj 

Zij =input i of bank j 

Ur =the weight given to output r 

Vo = the weight given to input i 

Uo = is an inte rcept term a nd unconstrained in s ign. 

One of th e major a dvantage of using VRS is that it enables us to identifY 

whether a particular bank is exhibiting IRS, CRS, or DRS. Whether 

increasing, constant. or decreasing returns to scale are present depends on 

whether the solution to Uo (=Uo *J is less than, equal to, or greater than zero. 

If Uo' <0, then there is increasing return s to s cale 

Uo' =0. then there is co nstant returns to scale 

Uo' >0 . th en there is derreasing returns to scale . 
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4.2.2) Malmquist Productivity Index·MPI (DEA·like Linear Programming 

Method) 

The model for the output oriented MPI is based on Coelli et a l. (1998). 

It is specified as fo llows: 

m o(Ws, W" Zs. Ztl= ImotlVv's. W,. Zs. Zd* mos(Ws. W,. Zs, Ztl jl /2 

= [IdOl (\Vt, Ztl 

~o, (Ws , Zs 

A 

dos (W" Ztll t/2 

dos(\Vs. Zs)~ 
B 

Where Ws and W, are interest income and non-interest income of the banks 

in period s and in period t respectively 

Zs a nd Z, are labor expense . value of physical capital. and deposiLs 

in period s and in period t respectively 

m o is the outpu t-oriented productivity index 

m o, is the output-oriented productivity index for period t 

mos is the output-oriented prod uctivity index for period s 

dot a nd dos are the distance fun ctions for period t and period s 

respectively. 

The firs t ratio (i. e . A) represents the pe ri od t Ma lmquist index th at measures 

productivity change from pe riod t to period s us ing period t technology as 

benchmark. Th e second ra tio (i. e. B) is the per iod s Malmquis t index th a t 
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measures productivity chan ge from period l to period s u s ing period s 

technology as benchmark. 

Th e MPI can be decomposed into two com pon enls : 

mo(W,.W •. Z, .Z.J= do, (W, . Z,) r f1~ I dol (W, . Z,) J~ I /2 
do. (W •. Z,j L lcto, (w •. z')J lcto, (W, .Z,) j 

P Q 

P measures th e technical effi cien cy between period t and s as a "catching-

up- to the frontier" effect. 

Q measures the technical ch an ge in th e production technology. 

If P> I. then the firm is moving towards (closer) to the production frontier 

If P = 1. th en the firm is stagnant 

If P < 1. then the firm is moving away from the production frontie r 

If Q > 1. then there is a technological progress 

If Q = 1. then th e technology is stagnan t 

IfQ <1. th en the technology is worsening. 

4.2.3) Second Stage Regression (the Censored Tobit Model) 

Model specifIcatio n for the second stage regression is based on Grigoria n et 

a l. (2002) 

4 1 



If we express the relations hip between the efficiency score of individua l 

banks and the bank specific variabl es . macroeconomic condition . and the I 
general business environmen t by th e [ol lowing function, .~ ,t:< 

~~ •. 

where 

oQ IV • 
Q~ -

CI" '" : ;: 
. , :~; 
... It .. , 

• OEAj measu res e fficiency score of jth commercial ba nk . ... 

Bj denotes bank specific variables (e .g. returns on equity, 

capital. asset, number of branches, etc ... ) 

M describes the macroeconomic environment (e.g. GOP. 

annu al average rate of inflation) 

E represents general business environment (for example 

development of non -bank finanCial institutions). 

then th e coefficients could be estimated us ing the follOwing specificalion: 

= 6+13, ROA +13zRO E+133CAP+.J34ASSET +.J3sNBRAN+ .J360 EP+ 

.J37GPROF+ .J3sLOANS+ .J3gRGOP+ .J3 IO INF+ .J3 I1 M2/GOP+ 

wh ere OSAJ is the effi c iency sco re of individual banks. 

ROI\ represents return s on assets measured by the ratio of 
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profits/assets of individu a l bank 

ROE represents return on equity measured by the ratio of 

profits/total capi tal of ind ividua l bank 

CAP stands for the capital of individu a l bank 

ASSET represents asset s ize of individual bank 

NBRAN stands for the number of b ranch of every bank 

OEP denotes amount of depos its a t each bank 

GPROF represen ts gross profit 

LOANS denotes the a mount of loans 

RGOP stands for real gross domestic product 

INF denotes the inflation ra te 

M2/GOP denotes the mon etmy depth and s ize of the 

finan cial sector that is measured by the ratio of 

broad money to GOP 

NMFIS represen ts the number of micro-finance institutions 

Log(X;) represents th e logarithm of individu al explanatory 

variables 

4.3) Data type, Sources and Description 

This study m easures the effi ciency performa n ce of ~commerci al banks u s ing 

a panel data from 2002 /2003 to 2006/2007 . - . 

Annual a udited finan cia l s tatem en ts (audited incom e statemen ts and 

a udited ba lan ce s heet) of co m mercial ba nks a nd reports a nd bulletins of th e 

43 



National Bank of Ethiopia a re the main sou rces of data. Researches and 

journals related to the study a re a lso used. 

4.3.1) Approaches used to measure inputs and outputs of banks 

Selecting proper input and output variables is perhaps the most important 

issu e in using DEA to measure the relative efficiency of any type of firm, 

since it determines the evaluating context of the comparison. This is partially 

true for banks because there is cons iderable disagreement over the 

appropriate inputs and outputs in this industry (Yeh. 1996). 

In general there is no agreement on the classification of inputs a nd outputs 

in the banking literature. Researchers take inpu ts a nd outputs that suit 

their objective. However, various studies use either the production approach 

or the intermediation approach to input-output selection. 

Production approach 

Thi s approach considers banks as service giving organizations. Under this 

approach a financial institution is defin ed as producer of services for 

account. holders. That is t hey perform transactions depos it accoun ts a nd 

process documents s uch as loans. Hence , accord ing to this approach the 

number of acco unts or its related transactions is the best measure for 
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output. while the Ilumber of employees and physical capital a re considered 

as inputs (Sufian. 2007). 

Intermediation approach 

This approach assum es that fin a ncial firms act as an inte rm ediary between 

savers and borrowers . Total loans and secUl-ities are considered as outputs 

whereas deposits. labor a nd physical capital are considered as inputs. 

Based on Berger et al. (1997) . Sufian (2007) stated that the production 

approach might be more s uita ble for bra nch efficiency studies as at mos t 

times bank branch es basically process customer documen ts and bank 

funding. whil e invesunent decis ions are mos tly not under the control of 

branch es. Furthermore c iting Sathye (2001), Sufian noted that th is approach 

is more relevant to financial institutions as it is inclusive of in terest expense. 

which often accounts for one-ha lf to two-thirds of total costs depending on 

the phase of the interes t ra te . This study considers banks as intermediaries 

and follows a version of the intermediation approach. 

4_3_2) Definition of outputs and inputs 

Thc study co n s iders three inputs a nd two outputs. 



Outputs 

1) Interest incom e 

-It consis ts of income on in terest earned from lending 

2) Non-interest income 

-It includes fee a nd commission incomes and other non-inte rest 

operating income 

Inputs 

1) Labor 

-It is the amount of tolal expense on labor 

2) Capita l 

-It is the value of the phys ical capital 

3 ) Deposits 

-This includes savings deposits and other deposits 

Input prices were a lso included in order to examine the cost and a llocat ive 

efficiencies. 

Price of labor (Pd -it is th e unillabor cost per annum. 

P I =lotal labor expense/lola l number of employees 
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Pri ce of capital (P2)-it is the physical capital cost d ivided by the va lu e of the 

physical capital. 

P2=physical capita l expense/value of phys ical capital 

Pri ce of deposits (P3)-it is the total interes t expense per total deposits 

P3=tota l interest expense/total deposits 

In order to measure the effic iency of commercial banks this study has u sed 

the in put oriented VRS-DEA m odel. It is used because it can handle multiple 

inputs and multiple outputs, demands less data. and does n ot require a 

prespecified functiona l form of the production function. The input oriented is 

used because the study assumed that banks could adjust their inputs to 

reach the frontier k eeping output constant. Finally th e VRS vers ion is 

employed s ince the study assumed that most ba nks do not operate at an 

optima l scale. The MPI is u sed to examine the cha nges in productivi ty and 

technology because it enables u s to find e ffi Ciency changes, technical 

changes. pure effiCien cy change. and scale efficiency ch a nges. Furthermore. 

it can a ls o h elp us to decom pose th e productivity ch a n ge into technical 

change and technical e ffi ciency change. Like the DEA it does n ot requ ire 

specific run ction a l form of the production functi on . Th e ce nsored Tob it model 

is used to d etermine th e poten tial determina nts of th e e ffi ciency scores 
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because the effi c iency scores vary between 0 and 1. Fina lly. softwares , like 

OEAP Vers ion 2. I .Win40EAP 1. l .2, and STATA 9. 1 have been u sed in orde r 

to undertake the s tudy. 
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CHAPTER-FIVE 

Empirical Results and Discussion 

5.1) Results from the Constant Returns to Scale and 

Variable Returns to Scale DEA models 

Table (1) s ummarizes the mean , maximum, minimum and standard 

deviations of the technical efficiency (TE), a llocative efficiency (AE), cost 

efficiency (eE), and scale effi cien cy (SE) of the commercial banks during th e 

sample period. 
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Table-l: Mean TE, AE, CE, and SE under CRS and VRS-OEA Models 

CRS ~DEA MODEL VRS~DEA MODEL 

YEAR TE AE CE TE AE CE SE 

200212003 Mean 0.914 0.868 0.802 0.98 1 0839 0.883 0933 

Ma, 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Min 0.780 0.617 0.571 0.853 0.624 0.575 0.817 

S.Ov. 0.097 0.158 0. 181 0.052 0.175 0.184 0092 

200312004 Mean 0.859 0.890 0.764 0.986 0.901 0.889 0.871 

Ma, 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Min 0.707 0.665 0.557 0896 0.676 0.742 0.707 

S.Ov. 0.120 0.140 0.167 0.036 0.128 0.135 0.114 

~00412005 Mean 0.9 17 0 .827 0.761 0.967 0.908 0.882 0.948 

Ma' 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Min 0.753 0.640 0.5201 0.814 0.640 0.569 0835 

S.Dv. 0.098 0.114 0. 151 0.068 0.150 0.180 0.072 

~OO5/2006 Mean 0.956 0.953 0.9121 0.974 0.954 0.930 0.978 
I 
; 

Ma' 1.000 1.000 1.000! 1.000 1.000 1.000 1.000 
I 

Min 0.780 0.788 0.651 0.921 0.624 0.796 0.859 

S.Ov. 0.099 0.075 0 128 0.057 0 .070 0.094 0.050 

12 006/2007 Mean 0.913 0.813 0754! 0.976 0.910 0.891 0.931 

Ma, 1.000 1.000 1.000 1.000 1.000 1.000 1.:JUO 

Min 0.556 0.637 0.354 0 .889 0.708 0.629 0.605 

S.Ov. 0.161 0.126 0.210 0.045 0. 111 0.133 0.137 

200212003~200612007 AVERAGE 

TE AE CE TE AE CE SE 

Mean 0.912 0.872 0. 799
1 

0.977 0902 0.885 0.932 

Ma, 1.000 1.000 1.000 1.000 1. 000 1.000 1.000 

Min 0.556 0.617 0.354 0.810 0.624 0.575 0.625 

S.Ov. 0.035 0.056 0.066 0.007 0.041 0.034 0.039 
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The m ean TE. AE. and CE of the banks was 9 1.4% (9.7%)*. 86.8 % (15.8%) 

and 80.2% ( 18. 1%) respectively in 2002/03 under the CRS - DEA m odel 

whereas it was 98. 1% (5.2%). 83.9%(17.9%). and 83.3%(18.4%) under the 

VRS-DEA m od el. In year 2003/04 it was 85.9%(12%). 89%( 14 .2%), 

76.4%(1 6 .7%). under the CRS-DEA and 98.6% (3.6% ). 90.1 % (12.8%). and 

88.9%( 13.5%) under the VRS-DEA. In year 2004/05 it was 9 1.7% (9.8%). 

82.7% (11 .4%), and 76.1 % (1 5 .1 %) under the CRS-DEA and 96 .7%(6 .8%). 

90.8% (15% ). and 88.2%(18%) under the VRS-DEA. In 2005 /06 i t was 95.6% 

(9 .9%). 95.3% (7.5% ). and 91.2% (12.8%) under the CRS and 97.4% (5.7%), 

95.4% (7%) and 93% (9 .4%) under the VRS. In 2006 /07 it was 9 1. 3% 
; 

(1 6 .1 % ). 81.3% (12.6%). and 75.4% (2 1%) under the CRS and it was 97.6% : .. 

(4 .5% ), 91% (11.1%). and 89.1% (13. 3%) under th e VRS. The table also 

ind icates that the mean scale efficien cy for these banks was 93.3% (9.2%) iII 

2002/03. 87. 1 % (11.4%) in 2003/04, 94.8% (7.2%) in 2004/05. 97.8% (5%) 

in 2005/06. and 93.1 Ofo (13.7%) in 2006/07. 

From th e tab le we can see that the overall m ean TE. AE. and CEo scores were 

91.2% (3. 5%), 87.2% (5.6%). and 79.9% (6.6%) respectively under th e CRS-

DEA m odel. Bu t under the VRS-DEA m odel th e overall m ean TE. AE. CEo 

and SE scor es were 97.7% (0.7% ). 90.2% (4. J % ). 88.5% (3.4) . and 932% 

(3.9%) during the sam ple period. 

*I'\o[e: Figures ill P<l fl'lItlwsis an:' standard devia ti ons. 

51 



Ta bl e·2: TE. AE . CEo SE and lelwns 10 scale 01 1'.-1;, 'I banks und' r Ihe CRS and 
C RS·DEA model 

YEAR BANK TE 
12002103 BoA 

INIB 
IWB 
eBB 
UB 
DB 
CBE 
\IB 

IBoA 
INIB 
IWB 
ICB8 
iUB 
'DB 
C BE 
AlB 
BoA 
NIB 
WB 
:BB 
JB 
JB 
:BE 
AlB 

2005/06 BoA 

~ 
I 
i 

eBB 
UB , 

DB I 
CBE 
IAIB I 
IBoA : 
INIB i 
IWB I 
eBB 
UB 
DB 
CBE 
~B_ 

Note: BoA = Bank 01 AbYSSinia 
NIB =Nib Inlernalional Bank 
WB =Wegagen Bank 

IAE 
LODe 
I.ooe 
0.83' 
1.000 
0.887 

780 
1.000 
081 

000 
1.000 
1.00 
)83! 

0.70, 
.78, 
.79! 
.74 
.ooe 

LoDe 
.ooe 

0.9C 
1 0001 
084: 
0 . 83~ 

0.75: 
1.000 
0.71 
1 
1 0 
1.0 
1. 
1.000 
'.926 

1.000 
, 556 
0001 

1.0001 
'.9, 

0.988 
1.000 
0.790 

CBB =Conslruclion and Buslress Bank 
UB : Uniled Bank 
DB =Dashen Bank 

CBE =CommerClal Bank 01 EU-,opla 

AlB = Awash Inlernalional Bar ~ 

CE 
.ooe 

I.ooe 
).63~ 

)6 
0.93, 
0.8'8 
1.000 
090' 

.000 
1.000 

~~ 0.' 
0.816 
0.95' 
1.000 
0.9801 
I.ooe 
088: 
1.6' e 
1.84: 
186 
1.814 

0.88; 
'.69 
: .000 
0.9 

0.9 
, a 
,.0 

ot! 
).63; 
)'689l 

0.826 
.79: 

0.9 11 
1.000 

.728 

ITE IAE 
I.ooe 1.000 
I. ooe 1.000 
).57 0.85: 
).6 t. 1.000 
0.83; 1.000 
),66' 000 
1.000 1.000 
0.733 '.99: 

.000 .ooe 
1.000 I. ooe 
0.6991 .ooe 
055; '.9ge 
057; LoDe 

.75: 

.798 
72; 

.000 
0.883 L oDe 
0.640 IDe 
0.761 O. 12e 
0.86 1 IDe 
0.6861 IDe 
0.7361 LoDe 
05201 ),8 
1.0001 1.6 
'.651 1.8 

78! 
0.94~ 1.000 

.ooe .0001 
DOC .0001 

.ooe 
o~ '.91e 

0.92e 1.000 
.35' 1.919 

0.688 1.000 
0.826 1.000 

.77: .000 
0.894 1.000 
L oDe ltmt 57! D. : 

, mode ls 
- VF S ·DEA mod, 

:E IS E RT: 
.000 .00 I.ooe 

1.000 1.00( I.ooe 

~ 0.62' o . 1.971 
0.6'8 -0. W .ooe 
1.000 1. )oe 0.88, IiRS 
O. 02 o. '.78e DRS 
1.000 I.ooe I 
0.7' 0 .73' D. 
1.000 1.0001 
1.000 1.0001 I 
0.14: 0 7 '21 
1.671 06691 ).8'61IRS 
LoDe L oDe 0.70711RS 
0.90; 0.90' '.7871IRS 
I.aoc L oDe '.798IDRS 
1.8881 0.19' 

L oDe 1.0OC 
LoDe 1.00e 1 
1.6" 0.641 

0.92' 0.8SC 
.ooe 

: ~ .ooe 
LoDe L oDe 
1.70e 156, ),925 DRS 

LoDe LoDe I. 
).925 , 

'~~~~ .796 79( 
0.9S~ 0 .9S ~ 1. 

I. IDe 
IDe 
10C 

- 0.91: 0' 
LoDe 1.00e 1. 
)'93( '.86e ;605 'IRS 

O.77G O.77e 1. 
1.00e .oor I 
).93 '.933 1.9, IRS 

0 .93( 0 .936 
I .OOC .ooe 

~DRS .708 '.62! 

Under th e CRS-DEA m ode l rour ban k s in 2002 / 03 , lhree ban k s in 2003/04. 

four bank in 2004/05. si:-: ban k s in 2005/0 6, and four ban ks in 2006/07 

were l echnica lly effic ienl. \VB . UB . DB, and AlB were ineffi c ien t in 2002/03: 

)2 
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CBB . UB. CBE. a nd AlB were in erncient in 2003/04: CBB. UB, DB , CBE, 

a n d AlB were ineffic ien t in 2004/05, NIB and AlB were inefficient in year 

2005/06 whi le NIB, UB, DB, and AlB were inefficient in 2006/07. In year 

2002/03 th e effi ciency scores of WB. UB. DB. and AlB were 83.4%, 88.7% 

78.0% and 8 1.1 % respectively while th e ernc iency score of the other ba nks 

was 100% . In 2003/004 the technical effic ien cy score of BoA, NIB . and WE 

was 100% while the oth ers h ad less than 100%. In 2004/05 , 50% of the 

banks were technically efficient. CBB DB. CBE, AlB h ad efficiency scores of 

90.3%. 84.3%, 83.5%, a nd 75.3% respectively. 

In 2005/06 the only technical inefficient banks were NIB a nd AlB with 

efficiency scores of 71.8% and 92.6% respectively. In 2006/07 NIB, UB, DB, 

and AlB were ine[fi.cient with efficiency score of 55.6%. 9 7.4%, 98.8% a mI 

79.0% respectively . 

Looking at the a llocative efficiency of each bank BoA, NIB, a nd CBE were 

efficient while WE, CBB, UB. DB. an d AlB were inefficient with efficiency 

scores of 63.5%, 61.7%, 93.8%, 84.8% and 90.4% respectively in 2002/03. 

In 2003/04 the sam e banks were in erncient with e ffi c iency scores of 69.9%, 

66.5%. 81.6%. 95.7%, and 98.0% respec tive ly. In 2004/05 only BoA was 

a ll oca livc ly e fficient wh ile th e rest were ineffic ient with e ffi Ciency scores of 

88.3% (NIB). 64.0% (WB). 84.2% (CBB). 86. 1% (UB), 8 1.4% (DB), 88.2% 

(CBE), and 69.1% (AlB). In 2005/06 four of the banks were a llocatively 



effic ienl while four of lhe olhers were ineffic ient with efficiency scores of 

90.6% (NIB). 78.8% (WB). 94.5% (CBB). and 98.3% (AlB). In 2006/07 only 

CBE was efficient while tile others were inefficient with efficiency scores of 

92.0% (BoA). 63.7% (NIB). 68.8% (WB). 82.6% (CBB). 79.3% (UB). 9 1.1% 

(DB) and 72.8% (AlB). 

The table also indicates that only those ba nks. which were a llocatively 

efficient in 2002 / 03. were cost efficient in the same year. The cost inefficient 

banks had efficiency scores of 57.1% (WB) 6l.7% (CBB). 83.2% (UB). 66.1% 

(DB). and 73.3% (AlB). In the second year of the sample period only BoA and 

NIB were cost efficient while the rest were cost inefficien t with efficiency 

scores of 69.9% (WB). 55.7% (CBB), 57.7% (UB). 75.3% (DB). 79.8% (CBE), 

and 73.7% (AlB) 

In the third year of the sample period only BoA was cost efficient. NIB. WE. 

CBB. UB DB . CBE. and AlB were cost inefficient with efficiency scores of 

88.3%. 64.0%. 76. 1%. 86 .1%. 68.6%. 73.6% and 52.0% respectively. In 

2005/06 half of the banks were cost inefficient with efficiency scores of 

65. 1 % (NB) . 78.8%(WB). 94.5% (CBB). and 91.0% (AlB). In year 2006/07 

on ly CBE was cos t efficient while BoA. NIB. WB. CBB. UB. DB. and AlB were 

cosl in effic i el~llVilh effic iency scores of 92.0%.35.4%. 68.8%. 82.6%. 77.2%. 

89.4%. and 57.5% respecLively 
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Under the VRS- DEA m odel a ll banks except WB, a nd AlB were technically 

efficient in yea r 2002 / 03. Th e effi cien cy scores of WB and AlB were 85 .3% 

a nd 99 .3% respectively. In 2003/04 and 2004 / 0 5 CBB and AlB were 

inefficien t with effi ciency scores of 99.0% a n d 89.6% in 2003/04, and 92.0% 

a nd 8 1.4% respective ly in 2004/2005. In 2005 /06 NIB a nd AlB were foun d 

to be technically ineffich:'nt compa red to the other ba nks with efficiency 

scores of 83. 7% and 95 .7% respectively. In year 2006/07 NIB and AlB were 

t echnically inefficien t with efficiency scores of 91.9% an d 88 .9% in the same 

order. 

In the first year of the sample period, 50% of the sampled banks were 

a llocatively efficient. WB (62. 4%) . CBB (64.8%), DB (70 .2%), and AlB (74.1 %) 

were a llocatively inefficien t. In the second yea r , t h e above banks were 

inefficien t with efficiency scores of 74. 2%, 67 .6%, 90 .2% and 88.8% in the 

same order. In year three WB . CBB, and AlB were found to be in efficient 

with effi cien cy scores of 64%. 92.4%, a nd 70 .0% respectively. In year four 

half of the banks were inelTicient with effi cien cy scores of 92.5% (N IB) , 79.6% 

(WB), 95.5% (CBB), a n d 95.8% (AlB). In year five only three banks were 

a llocative ly efri cienL NIB. WB . UB. DB. and AlB were a llocatively inefficient 

with efri ciency scores of 93.6%. 77.0%, 93 .3%, 93.6%. and 70.8% 

res pecli vel y. 



The ta b le a lso s h ows that a ll the banks . which were a ll ocatively efficient in 

a ll th e sam p le periods. \\'e re a lso cos t e ffi cient in a ll th e sample periods . In 

the first period WE, CBB. DB, a n AlB were ineffi cient with efficiency scores 

of 57 .5%. 6 4.8%. 70.2% and 73 .6% respective ly. In the second period th e 

above banks were ineffi cient with effi Ciency sco res of 74 .2%. 66.9%. 90.2% 

a nd 79.6% in the sam e order. In the third year WE, CBB. a nd AlB were cost 

inefficient with efficienc\' score of 64.0%. 85,0% a nd 56.9% in the same 

order. In th e fourth year NIB, WB. CBB . a nd AlB were cost inefficient with 

effici en cy s core of 77.4%. 79,6%, 95.5% . and 91.7% resp ectively . In the fina l 

year only three banks (BOA, CBB. and CBE) were efficient. NIB, WE, UB, 

DB, and AlB, were inefficient with efficiency score of 86.0%, 77.0%. 93.3%. 

93.6%, and 62.9% respectively. 

From th e ta b le we can see th at in year 2002/03 BoA, NIB. CBB. and CBE 

were scale e fficient while WB. UB. DB. and AlB were scale inefficient with 

e ffi cien cy scores of 97.78.0%. 88 .7%. 78.0% a nd 8 1.7% respectively. In the 

year 2003/04 only BoA, 0J IB . and WB were scale efficien t while CBB, UB, 

DB, CBE, a nd AlB were scale in effic ient with effic ien cy scores of 84.6%. 

70 .7% . 78.7%. 79.8%, and 82.7% res pective ly. In year 2004/05 CBB, DB. 

CBE and AlB were scale ineffiCien t. In year 2005/06 only NIB and AlB were 

scale ine ffi Cient with e ffi ciency sco re of 85.96% an d 96 .7% in th eir respective 

o rder. In year 2006/07 NIB. UB. DB. and AlB were scale ineffiCien t with 

effiCiency score of 60.5%. 97.4%, 98 .2% and 89. 9% in the same order. 
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Looking a t the returns to scale all the ba ni,s . IVhich were scale effic ient 

exhibit constant re turns to scale. But those ban ks . whi ch were scale 

inefficient. exhibit eith er increasing returns to scale or decreasing re turns to 

scale. In the fi rst period WB, DB , and Al B exhibited decreasing return s to 

sca le whil e UB exhibited increasing re turns to scale. In the second period 

DB. CBE, and AlB exhibi ted decreasing return s to scale whereas CBB a nd 

UB exh ibited in creas ing returns to scale. In period three CBB. DB . CB E, a nd 

AlB exhibited decreasing 'returns to scale. In period four AlB exhibited 

decreasing returns to scale while NIB exhibi ted in creasing returns to scale. 

In period five DB a nd AlB exhibited decreasing returns to scale whereas NIB 

and US exhibiled increasing returns to scale. 

Output and input slacks 

Table 3 shows that under the CRS-DEA model AlB could ha l'e increased its 

interest income by Br. 10.05 million in 2002/03. WB. UB . and DB could 

have increased the ir non- interes t incom e by Br. 2.36 million, 0.33 million, 

a nd 5.93 million respec tive ly. WB , DB. a nd AlB could have redu ced the ir 

labor cost (salaries a nd benefits ) by an a m ount of Br. 1.92 mi llion , 0.88 

mil lion. a nd i 0.04 m illi on respective ly. 
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Table·3: '01 OUlpUI and I"pur Slac's unde' Ihe CAS and VAS- DEA models (In OOO's ) 

CR~:-DEA MODEL 
OU)Du) "acks 

YEAA BANK Wl IW2 ~ I 
2002/03 IBoA 

INIB a c e 
IWB 2356 )9 1, 
CBB a 33: 
iUB a 593' e 
DB 87: 
CBE a 
liB 004, )36 

Meal' 1256 478 
12003/04 BoA e a 0 

~IB 

WB e ( 

CBB 3437 0 426 
UB 3" 0 a 
DB 
CBE 180099 
IAIB 858' a 
IMean 24054 5, 

2004/05 IBoA or c 0 
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IWB 3 

ICBB 3689 J e 

UB J' " e 
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CBE 505183 : c 
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:BE 01 
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IMean 87: 0 0 
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UB 0 0' 275 
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ICBE 0 . 0 
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IMean 13441 r, 825 
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UB a nd AlB could h ave reduced their value of physical capita l by Br. 4.43 

million and 22.5 million respectively. In year 2003/04 CBB, UB , DB, CBE 

and AlB could have increased their in terest income by Br. 3.44 million; 

0.31milion; 180.09 million; and 8.58 million respectively. CBB could also 

h ave reduced its labor e)"-pen se by Br.0.42 million. CBB . UB, DB, CBE, and 

AlB could a lso have redu ced their value of physical capital by Br. 17.47 

million, 1.58milion, 14.91milion, 9 1.50million. and 22.41million 

respectively,. CBE could also h ave reduced its deposits by Br. 4 .98billion . In 

year 2004/05 CBB could have increased its interest income by 3.69 million 

and CBE could have increased th e same output by 505.1 8 million. DB could 

have increased its non-interest income by Br. 30 .63 million and AlB could 

have increased its non-interest income by Br. 3.99 million. DB could h ave 

reduced its labor expense by Br. 1.93 million whereas AlB could have 

reduced the same input by Br. 4.22 miilion. CBB, DB, and AlB could have 

also reduced their value of physical capital by Br. 11.03 million; 18.74 

million; and 25.15 million respectively. CBE could a lso have reduced its 

deposits by Br. 3 .97 billion. 

In 2005/06 NIB could have increased its interest income by Br. 7 million: 

AlB co uld have red u ced its value of physical capital by Br. 6.63 million. In 

year 2006/07 NIB could have increased its in te rest income by Br. 10.76 

milli on. UB and AlB could h ave cul lhei r labor cost by Br. 0.28 million and 
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Br. 6.33 m illion resp ec tive ly. DB could have cut its va lu e of phys ical capital 

by Br. 6.94 million . 

When we look at the VRS-DEA Model AlB could have in creased its interest 

income by Br. 3.93 million in year 2002/03. In t he sam e year WB and AlB 

could have cut the ir labor cost by Br. 2 .15 an d 3.79 million respectively. AlB 

cou ld h ave also cut its value of phys ical capital by 26.09 mi lli on 

In 2003/04 CBB could have r educed its labor cost a nd value of physical 

capital by 1. 51 million and 21.06 million respectively. AlB cou ld h ave 

reduced its value of physical capital by 21.45 million. 

In 2004/05 AlB co uld have increased its n on -interest. income by Br. 2 .30 

million and cu t its labor cost and value of physical capital by Br. 6 .36 

million and 9.23 million respectively. 

In year 2002/03 the cost minimizing labor cost, value of physical capital, 

and depos its for DB were Br. 12.34 mill ion. 13.25 million. 1.33 billion 

respective ly und er CRS-cost e ffi ciency DEA and 13 .10 million, 19 .23 million, 

and 1.75 billion respectively under VRS-cost effi ciency DSA model (see 

appendix-2J. In year 2003/04 th e cost minimizing labor cost. val u e of 

physica l capita l, a nd deposits for CBS were 131.42 million; 103 .26 million 

and 12.92 billion respectively under the CRS-cosl e ffi c ien cy DEA whereas 
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lhe cosl minimizing input levels were 164 .73 mi llion: 244. 14 million: a nd 

22.43 bi ll ion respectively under the VRS-cost effi ciency DEA mod el. In the 

year 2006/07 lh e cost minimizing labor expense, value of phys ical capital. 

a nd depos its for BoA were 29. 17 million; 52.03 million ; and 6.54 billion 

respective ly und er lhe CRS-DEA m odel and 3 1.73 million: 40.64 million: 

2.73 bil lion under th e VRS-cosl e ffi ciency DEA model. 

5.2) Results from the Malmquist index 

Table-4: Ma lmquist index summary of annual m eans 

Year Effch Tec:heil Pech Sech ! Tfpch 
i I 

2003(04 0.936 i 05.'3 1.001 0.934 0 .986 ! i I 
2004(05 l.072 1 ()O5 0.989 1.083 1.077 

2005(06 1.04 2 I 09 72 0.98\ 1.062 , 1.0 13 , , 
2006(07 0 .9 44 I j 0 70 0.980 0.963 I ] .0 10 , 

I 
Mean 0997 I 1.02 -1 0.988 1.009 I 1 021 

I I 

Note: th e total faclOr produCli\'iI Y change (Tfpc h)(i.e. th e Malmquis t index) is a product of 

technical e ffi c iency change (Effch) and technical or technology change (Techc h). Pech=Pure 

technical efficiency change. Sech=scale elTiciency change. 

The above lable sholVs thal the a ve rage level of the Malm quist index was 

1.02 1 during lh e s tudy period. The overall average efficiency ch a nge of lhe 

banks was 0 .997 whereas th e overa ll ave rage of technical or lechnology 

cha nge was 1. 024. Th e overal) m'e rage pu re technical efficiency change was 
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0.988 while the overall average scale elTi c iency change was l.009 over the 

s tudy period. 

In the year 2003/04 the indices for [ITch. Tech ch. Pech. Sech. a nd Tfpch 

were 0 .936 , l.053. l.00 I. 0.934. a nd 0986 respectively . For year 2004/05 

the indices for the above variabl es lI't're l.072, l.005 , 0.989, l.083. and 

1.077 respectively. For the year 2005 / 06 th e indices were 1.042, 0.972. 

0.981. l.062, and 1.01 3 respectively . Fo r the final year the indices were 

0.944 , l.070 , 0 .980 , 0. 963. a nd l.0 1O respectively . 

Table-5 Malmquist index summary of individual ba nk means 

; Bani, Erfch Techch h . Seeh TIpeh 
! BoA .. 000 , ". ".' I.ooe 1.024 
. !'lIB 0.963 C. ~' .. 0 .958 084 .3 

WB .046 " .018 I. )2 
i CBS 1.000 " .. :or) 1.000 1.098 
I UB 1.023 

~ 
v," 023 1.009 

)B 1.059 '"'' 059 1.056 
.. C BE I.ooe 1.0 77 10'-'. 1.000 1.077 
! AlB 0.994 '.990 UY", , 013 0.984 
I ~1 ean 0.997 1.024 0"" 1.009 1.021 

Table·5 shows the m ean Malmquist indices for individual banks. BoA had 

Effch . Techch, Pech. Sech. a nd Tfpech ind ices of l.000, l.024, l.000 . l.000. 

a nd 1.024 respectively. NIB had [ffeh. Techch, Pech. Sech , and Tfpch 

indices of 0 .963, 0 .976.0.901. 0 .958. and 0. 843 respectively. WB ha d Effch . 

Techch . Pech . Sech. and Tfpch indi ces of 1. 046, l.053. l.027, l.01 8, and 

. 102 respective ly. eBB had EITch. Tcchch. Pech, Sech Tfpch indi ces of 

.000. 1.098. 1.000. 1.000. a nd 1.098 respective ly. UB had Effich. Tech eh. 



Pech . Sec h and Tfpch indices of 1.023 . 0 .986 . 1.000. 1.023, a nd 1.009 

respec ti ve ly. DB ha d Effch. Tech ch , Pech, Sech, a nd Tfpch ind ices of 1.059, 

0.997. 1.000. 1.059. a nd 1.056 respectively. CBE had Effch. Tech ch , Pech, 

Sech. a nd Tfpch indices of 1.000. 1.077, 1.000. 1.000. a nd 1.077 

respec tive ly. AlB h ad Effch . Techch, Pech. Sech . and Tfpch indices of 0 . ~391f':'"-!''i! 

0.990.0 .980, 1.0 ] 3 a n d 0 .984 res pectively . 

5 .3) Second stage regression results 

In order to investigate the potentia l determin an ts of the technical efficiency , 

cos t efficiency, alJoca tive efficien cy, and scale efficien cy scores, a fu rth er s tep 

was undertaken. This s tudy took eigh t explan a tory variables as bank specific 

va riab les. two explan atory va r ia bles as macroeconomic varia bles, one 

explanatory variable as non- ba nk financia l institution developmen t 

(especially. the c!evelopmen t in th e number of micro-finance in stit u tions ), 

a n d on e varia b le as th e depth of th e fin an cia l secto r. Th e cen sored Tobit 

mod el was Llsed in order to ana lyze th e determin ants . 

The fo llowing specification was u sed : 

j37G PROF+j3sLOANS+j39RGDP+j3,ol NF+ j3" M2/G DP+ 
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\\There DEAe is the effi ciency score obtained from section (5. 1) 

and the other variables a re as defined in Chapter-4. 

Resu lts of the censored Tobit model a re presented in the fo llowing table. 

Table·6: Resulls Imm Ille I Tobll model 

Independent 
variables 

1f!9A 
IROE 
K:AP 

K;PROF 

ILoANS 
IRGOP 
JINF 

I scores) 
1 I I I Cost 1 1 

coells . ISe. lp Ieoells. Se. Ip coelfs. ISe. 

0.18~328 0.1558410239 -0.6297E nQo'Qe? 10.48' _>o .eA7e7 6. 1260' 
·29960: 8.467734 1.72: 0.56193: 0.519: 
.33E·0: 4.33E· l0 ).00' 9.26E-I 15.10E-l 

l -2.71E-l 1 1~! ·6 S5E · l 4.13E- l 0.09: -8.47E- l 14.01E-l 
~ 396110.007405 ).05: 0.0018891 0.0029 , 

l-529E- 1012.90E-lc lo.0681 9.04E- l0 0.00 1 1.24E-09 

9.90E-ll 5.66E-l 10080. -" ~8e·1C 1 61E-1O 0.01 -1.30E-lO , 9.52E-l 
236E-' .03E- ).O lC 2.27E- .32E-l 

-1.24 1.3267 

Scale i I r 

coells . Se. 

0.081 0.A7eA" 0.68388 0 .200 
1.28C -5.4 1 5956; 0 )36 

0.07C I 
0.03: -9.96E-l: 2.67E-l. ' 0.709 
1.52: 0 .' 103' 00032: ; 0.048 

0.09E -8.27E-1I '87E- l01 0089 

0.17 -4.60E-l 1.02E-l C' 0.552 

08: ' 

NMFIS 

OEP 

-0.007 12 000761 0 3'91 -8 78E -02 0.0, '" 0.04: _OOA,? ! 00"0, 

4.38E-l 2.43E-' 10072! ·139E-I· 5.23E-) 0.79C 3.28E- l '2.98E- l 

o OOROS 00236610705' 

0.13< 9.63E-0: 001263' ) Pri\l ll ...-

LOG ROE 
LQGROA 

In""AP 

I nC:1 nAN~ 

LOGRGOP 

LOGINF 

LOG DEP 

coos 

, 582524! 029059: ).04: 

o 0~1 006327 10 172' 
.14 161 05: 17' .13206: .3645, .7 1: 

o ?'OA' 0104610.04 -0.5395·1 0.23770E 0.023 
I 0.024 

_0 ?AAA' 0.13446 ,0.032 0.67911 ' I 0 14'" 0.04: 

-0.0902'1 0. 10143E 0374 

-0.11 10· 1 0.3 11 00E <U?' 

-004707 003970.23E 00 173141 0.08Ei '2: CL§.4. 

? A?"?1 1.08462 0.00: ·3.249871 25604 1 1.485427 07Q"n' 

66589813 36.827 198 0"."0, " 

0.19: "e"_,' 4.CBE- I . ~ 
_O.OAQ" 004277 ~ 
0.4530, 0.23588! U; 

'"" ".00"0' 0223891 (!"~ ' -i 
0.288881 ~ 

-0.3581 0.17365. 0.039 

0.45307: 0.235881 0.055 

0.013257 0.06712i 0.8" 

0.062 -1.513691 1.951331 0.438 

46.3 17685 

All the independent variables were foun d to be statistically insignificant 

when th e techni ca l effi Ciency score \Vas regressed against th em . However. LO 

reduce the co ll in earity problem. the logs of th ese variabl es were inclu ded 



(dropping infla tion . real GOP, M2 /GOP. capital. LOGROA, LOGGPROF, and 

returns on equity) and some of th em were fou nd to be statistically s ignificant 

at 5% s ignifican t level. Asset. number of bra n ches, gross profit and the 

g rowth of loans had a sta tistically s ign ificant negative rela tions hip with 

technical e ffi c ien cy score whil e loans. depOSits. and growth of branches were 

inversely related. 

Regressing the a llocative efficiency score on all th e variables of interest 

results in statistically insignificant relationship. As h as b een done to the 

technical efficien cy score, the a llocative effic iency score was regressed on all 

the independent variables and thei.r logs . The results from the model showed 

that capital, number of branches , gross profit, real GDP, the growth of 

returns on asset. and the growth of loans were found to have a statistically 

s ignificant posit ive influence on the allocative effiCiency score . Assets , loans. 

number of micro-fina n ce institutions. growth of profits, and growth of 

number of branches ha d a n egative Significant influence on the efficiency 

score of the b a nking industry over the study period. 

The table ind icates th at five of th e twelve ind epend ent var iables had a 

stati s tica lly significant effect on cost effiCien cy. Out of them capita l, gross 

profit a nd real GOP had a pos itive effect whi le asset and returns on eqUity 

h ad a n egative impact on the cost efl'i c iency sco re. The growth of returns on 

equity, growth of capital. growth of rea l GOP. inllalion rate, and the depth of 
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the fin ancia l sector were dropped from the estima tion du e to collinearity 

problem . 

Like th e techn ical a nd a llocative effi ciencies, when th e scale effi cien cy was 

regressed on a ll t h e independen t var iables . a ll the variables . except deposits 

h ad a sta ti s tically ins ign ifi cant infiuence. In order to reduce the collinearity 

prob lem capital. infia tion. m on etary depth of th e finan cial sector. th e growth 

of returns on asset. and the growth of gross p rofi t were dropped. Includ ing 

the growt h rate of the oth er va riables made five variables statistically 

s ignifi cant. Three of them (growth of number of branches. growth of return 

on eq u..i tv . and gross profi t) h a d inverse relationship while two of th em 

(number of branches a nd growth of loan s) ha d a direct relationship with t he 

scale effi cien cy score of the b anking sector over the study period. 

5.4 ) Discussion of results 

Efficiency s cores 

Table- 1 s howed th a t on average th e comm ercial b anking sector was 

technically'. ailocatively. cost, a nd scale ine ffi cient in both CRS a nd VRS-DEA 

mod els. Duri ng t he s tudy pe riod t he m ean tech n ical effici ency score of a ll the 

commerc ia l banks was 9 l. 18% with a s tandard deviation of 3.5% . This 

result is higher than the technical effi Ciency of Si ngapore's commercia l 
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banks (88.4%) reported by Sufian (2007). Under the CRS-DEA m odel the 

commercial banks cou ld have produced their interes t income and non­

interest income with 8.82% less input, had they been operating on the best 

performan ce . In other words the indus try could have increased its output by 

8.82% without employing additional resources. But under the VRS- DEA 

model the commercial banks could have produced with only 2.32% less 

input. 

Regarding the a llocative efficiency of the sampled commercial banks it was 

found that the mean efficiency score was 87.02% under the CRS-model 

whereas it was 90.28% under the VRS-DEA model. This indicates that the 

industry could h ave produced its output with 9.72% less input price ratios 

had it been operating on (he best practice of the estimated frontier i.e . by 

changing th e com binalion of the input th e industry can increase its output 

by 9.7%. 

From section 5.4 we a lso saw th a t the mean cost efficiency score for the 

banks was 88. 50%, which indicates that the industry is paying 11.5% more 

input cos t to produ ce its interest income and non-interes t income. This score 

is relatively lower than Taiwan's commercial banks (90%) reported by Yeh 

(1996). This result is a lso lower th a n the cost effiCiency (92 .2%) repor ted by 

Dereje (2006). But it was higher than the cost effi cien cy (81 %) reported by 

Misgan aw (2007) . 
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When we compare the mean techni cal efficien cies and the mean allocative 

effi c iencies over the sample period, the mean technical e ffi ciencies are higher 

than the mean a llocative effi cien cies s howing th at the source of the cost 

inefficiency of th e industry was not ma nagerial problem. 

Looking a t the mean scale effi Cien cies the banking sector exhibits non­

constant returns to scale. It exhibi ts eiuler increasing or decreasing returns 

to scale over the studied period. This lndicates that som e of the banks could 

a llocate their fixed cost or th eir cosi of technology across a greater volume of 

their interest income and non- interest mcome. The non-constant return to 

sca le of the industlY a lso indicates that there is a potential for the banking 

sector to expand . 

Malmquist indices 

\Vhen we see the Malmquist indi ces the m ean total factor productivity 

cha nge was 1.021 , which indi cates that there was a 2 . 1% increase in total 

factor productivity during the s tudy period. Thi s increase in total facto r 

productivity change could be cl ue to a 2.4% increase in technical or 

technol ogy ch ange of th e ban king secto r. Thi s increase in total factor 

productivity ch a nge could a lso be explained by the fa ct tha t in recent years 

most ba nks a re automating the ir operatio n. Except in the year 2003/04 fo r 



which the banking sectar s hawed a reductian in TFP (by an amaunt af 1.4%) 

the banking sectar had a pas itive TFP grawth. In year 2004/05 the banking 

industry s hawed 7 .7% TFP grawth while in years 2005/06 a nd 2006/07 it 

shawed 1. 3% a nd 1.0% TFP growth ,-espectively. 

Potential detenninants of efficiency scores 

The inverse relatianship between assets (size af the banks) and technical 

effi ciency scare shaws that as the s ize af the banks increases the technical 

efficiency af larger banks declines. This cauld be explained by the fact that 

as the size af a bank increases a manager waul d nat be able to. cantral 

inputs af [he bank efficiently. 

The direct a nd significant re latianship between laans and technical efficiency 

scare shaws that as a bank m an ager faces mare ri s ks (by giving mare laans 

to. custamers). h e/sh e expects mare in terest incame given his/her input. 

When the laans given to. custamers expand the risk af default a lso. increase. 

[n arder to. redu ce the risk and to. increase its interest in came the manager 

fallaws the activities af its cu stamers technically (far example by fa llawing 

th e projects a f cusLOmers). 

Depas it s a nd technical efficiency scare related pasitively. As depasits 

increase ba nks have to. pay interest to. depasitars and by lending the depasits 

banks gel interes t incame. As depas its increase managers invest sam e af the 
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depos its on buying some interes t earning assets a nd fLXed assets which earn 

incom e . In the process managers lry to employ their available inpu ts in s u ch 

a way that they ca n produ ce higher interest income a nd non-interes t 

incom e . 

The growth rate of the number of bran ch es a nd the absolute change in the 

technical efficien cY score had a positive and s tatistically s ignifi cant 

relations hip . This indicates that as the growth rate of the number of bank 

branches goes up banks tend to be more technically efficien t. This could be 

due to the fact that Ethiopia has s mall number of banks. 

The growth rate of loans had an inverse relationship with the technical 

efficien cy score. Thi s indicates that as the growth rate of loans increases 

banks face difficultv in collecti ng th e loan s , thereby fail to achieve the 

maximum output (especially in teres t incom e) from the available inputs. 

The number of branches had a statistically Significant negative impact on 

the techni cal e ffi ciency . This ind icates that as the number of bank branches 

increase, the bank would not produce the same output without employing 

a dditional inpuls. Grealer numbers of branches dem a nd greater labo r. 

phys ica l capita l, and other inpu ts. Th is would ch a llenge a bank' s manager 

on its way towards achievi ng tec hn ical e ffi cien cy. 
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Capita l had a statistica lly s ignificant pos itive inOuence on the a llocative 

efficiency of the commercial banks. Just by changing the mix of la bor. 

physical ca pital. a nd deposits banks cou ld increase their interest a nd non­

interest incom e. 

Banks were found to be m ore a llocative ly inefficient as their asset size 

increases. By acquiring additional assets banks incur additional costs that 

might have unfavorable effect on their opera ting income. 

Gross profit and a llocative efficiency were positively related . This indicates 

that as profit rises banks had managed to increase their output by changing 

the combination of their inputs . Since the objective of banks is making 

profit , they can use the combination of the available resources to produce 

the maximum interest and non -im erest incom e . But the growth rate of gross 

profit was related negatively. This shows lhat as the growth rate of gross 

profit increases b a nks could not increase their output. ins tead they red u ce 

the ir output due to a lesser profit margin. 

Real GOP ha d a positive and signi fi cant effec t on the a llocative effi Ciency. As 

lh e gross domestic produ ct in creases th e demand for the services of the 

banking sector by the public also rises . Kn owing this Situ ation banks could 

cha nge th e ir mix of inputs in order to abso rb the growing demand. I-laVing a 
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high demand from the public, banks cou ld manage Lo get a higher amount of 

operating income from a given inputs . 

The number of mic ro-fin ance institutions affected the allocative efficiency 

n egatively. As discussed earlier these institutions compete \vith banks in 

providing different services . So banks could not in crease their output as they 

wish by changing Lheir input combination. 

. ... J: 

The n umber of branches was related positively with the allocative efficiency. ·1 01 D~ 
. Q9 ~ 

As the number increases banks could increase their output by changing the II>:;;! III : CI·' i~ .. ., 11 J.l 
combination of labor, physical capital, and their depOSits . But the growt .... ~ . !! 

.. 5 ., .. 
rate of Lhe number of branches had a negative effect. As the expansio~:' o ~ I . . ..- , 
branches keep increasing from year to year managers would face difficulty .. tn · ~ ·" ". ~ ' 

controliing all the bran ches . Therefore, output canno t be increased by just 

altering the input mixes. 

The amount of capital had a positive and statistically Significan t effect on the 

cost efficiency of banks. Derege (2006) also found such relationship in his 

study of the effiCiency of commercial banks in Ethiopia emp loying the 

stochastic frontier approach. But employing Lh e sam e methodology . 

Misganaw (2007) a rrives at opposite con clu s ion. The positive re lation 

indi cates lhaL lhe managem ent had an incentive to cut costs because it 

expected a reLurn on its capital. 
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The bank s ize (as measured by th e asset s ize) had a s ignificant and inverse 

rela tion s hip with cost efficiency over th e study period. This relation could 

a rise beca u se of the difficu lty that managers face in con tro lling a nd 

managing the banks as the asset expands a nd diversifies. 

Though the relationship lVas statis tical ly insignificant the cost effic iency 

score and loan s went in opposite direction . This indicates that as the lisk 

faced by the manag~ment (risk of higher non-performing loans) increases 

banks tend to be less cost efficient s ince they incur a higher cost to reduce 

that risk. 

Gross profit a n u cost-efficiency had a statistically s ignil1cant positive 

relationship. This sholVs that as banks collect higher prol1ts they tend to 

reduce their cost. Some of the objectives of bank m anagers are to get a 

higher in terest income. higher non- interest income and higher gross profit. 

In achieving these objectives they cut the cost of their bank to become cost­

efficient. 

Rea l gross domestic product (RGDP) had a positive and statistically 

s igni fi cant e ffect on the cost-effici ency of the comm ercial banks. Studies 

s h owed that economi c growth enhances th e deve lopment of the financial 

sector (see chapter -1). Also . c iting Robinson (1952). Andrus (20011 noted 



that growth c reates demand [or fin a ncial services. One o[ the methods that 

the fin ancia l sector. particula rly the banking sector. can develop is through 

m a king profits. As the economy grows. people need th e banking services 

m ore. h en ce with a higher dema nd [or ban king services m aking a profit will 

not be a problem. Given the high demand fo r ban king services and the 

expan s ion o[ the economy. ban k managers wi..ll trv to reduce their cost in 

every dimen s ion to become cost efficien t. 

Returns on equity had a negative a nd statistically s ignificant effect on cost 

effiCiency. As the profit from each Sr. of capital mcreases b a nks become 

more cost -ineffiCient. This could b e due to the fact th a t most banks in 

Ethiopia do n ot engage themselves in investment anivities. 

Though statis tically inSignificant. th e number o[ micro-fin an ce ins titutions 

had an inverse relationship with the cost effiCiency score. We know that 

MFIS in Ethiopia have s imila r activities with the commercial banks. For 

exampl e th ey serve as deposit institutions and give loan s to customers. In 

th is respect MFIS compete with the banking indus tl),. In order to 

overcompete th e MFls the ba nking industl)' in curs add itional costs on 

advertising a nd other activities. This cou ld res ulL in cost- ineffi ciency of 

co mmercia l banks . 

The number of branches and scale eJTiciency score had a pos itive 

relationship. This indicates thal as the number o[ branches expands 
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commercia l banks in Ethiopia m ove tOlVa rds the optimal scale of operation. 

S ince commercia l banks a re not operating a t their optima l s ize opening more 

branches wou ld redu ce their fLXed cost a nd ma ke them scale effi cient. 

Gross profi t affects scale effi cien cy n egatively. As th e profi t earned by the 

banks rise Uley tend to reduce their scale of opera tion. This cou ld be due to 

less profit margins. 

The growth rare of return on equity h ad a n inverse relation on the scale 

efficiency of commercial banks. As the profit from each Br. of capital rises 

the scale efficiency falls. This could be due to less investment made by the 

banks on dilIerenr projects, fixed assets , and variou s invesrmem activities. 

The growth rale of loan s a nd scale efficiency were related positively. As the 

growth rate of loans increases from year to year banks tend to increase th eir 

s ize. When th e grov.rth ra te of loan s increase banks n eed more branches and 

more opera tion but may not necessarily increase thei r fLXed assets. 
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CHPTER-6 

Conclusion and Recommendation 

6.1) Conclusion 

An efficient banking sector plays a vita l role in enhancing the economi c 

growth of a co untry. Levine (2005) stated that banks that mobilize and 

a llocate savings efficiently. allocate capila l to endeavors with the highest 

expected socia l returns , and exert sound governa nce over funded firms foster 

innova tion and growth. Le\ille (2005) a lso added that banks play vital roles 

in m obilizing a nd allocating resources, monitoring firms. and prO\iding 

liquidity and risk management services. 

The study measured the perfonl1ance of a sample of eight comm ercial banks 

in Ethiopia over the periods 2002/2003-2006/2007. In analyzing lhe 

technical efficiency, allocative efficiency, cos t efficiency. a nd scale efficiency 

of the banks data envel opment a n alysis was utilized. The Mulmquist LOtal 

factor produ ctivity ind ex was a lso used to examine the total faclor 

productivity change. technica l change and effic ien cy change of the banks. 

Finally the cen sored Tobit was employed in order to determine the potential 

determinants of the banks' em ciency scores. 
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Resu lts or I he constant ret urns 10 scale and variable returns to scale DEA 

Illodels s h owed that cOlllmerc ia l banks in Ethiopia were not technically 

elTicien t. Th e ba nks u se more inputs wh il e they could h ave been reduced 

th eil' in p ul usage to produ ce the same output. From th e VRS- DEA model it 

can be seen that banks could have saved 2.3% of th eir input usage. In oth er 

\Vords banks could h ave increased their output by 2.3% using th e same 

inputs. 

From th e second stage regression results it was found that the ma in 

statistically s ignificant sources of technical inefficiency were larger size of the 

banks. loan and its growth rate over time. =d the number of branch es . But 

deposits a nd high er growth rate of the nUJnber of branches tends to 

improve technical efficiency. 

Looking at the a llocative effiriency of the banks they were n ot efficien t. Th ey 

cou ld nol increase their output by changing the composition of th eir inputs. 

Had th ey been capable of chan ging their in put mixes t h ey co uld have 

in creased th eir interest and non- interest inco me by 9.18%. 

The e:-;pansion of asset size, high g rowth rate or gross profit. the increase in 

Ihe number of mi c ro-fin anL'e in s tilution s . and high growth rate of the 

number or ba nk bra n ches retarded the a llocalive e ffi c ien cy of com mercia l 

ban ks while the amount of higher capital. highe r gross profi t, higher real 
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GOP . a nd la rge ll um ber o f bra nch es im proves t he a llocative effic iency of the 

banks . 

The ba n ks \Vere not cos t e ffic ient . They pay 11 .5% high er cos t. Having la rge 

asset s ize redu ces th e cos t e ffi cien cy . Aikaei (2008) a lso found that as ba nks ' , 

asset s ize in creases the x-ineffi c ien cy of Ta nzania' s commercia l ba nks 

increase. High er return s on equity a lso reduced the cos t efficiency of banks 

whil e la rger total capital. higher gross profits. a nd high er rea l GOP facilita ted 1'-"""'1~~ 

• r -I1!l 0 • 
I£) • ~~ . . -

th e cost effi c iency of hanks . 

The ban ks were also nOl sca le e ffi cient. They were opera ting below the ir ~ . ~ fII ~~ .. : :: 
optimal s ize. Higher n u mber of bank b ranch es and high er grO\vtll ra te of-': I ... , 

~ 

loan s cm d advances to custom ers would improve th e scale effic ien cy while 

h igh e r gross profits . high er growth r a te of returns of the profits pe r S r . of 

capita l. and a h igh er gr0\Vth rate of th e numb er of branches redu ces the' 

scale effi ciency or com merc ial banks. 

Res u lts rrom the Malm qu is t index s howed that due to 2 .4% technology 

cha nge. commcrcia l banks exhibited a n average of 2. 1 % increase in total 

fact o r productivi ty cha nge over th e s tudy period. In recen t yea rs com mercial 

ba nl(s ha ve b een in trod u cing ne\V technologies to t heir ope ration . Th is could 

he lp them illl p rove thei r prod u ctivity. 
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6.2) Recommendations and policy implications 

The study has tried to point out the main sources of inefficiencies in the 

ba nking sector. Based on the findings the s tudy recommends that bank 

managers can improve their efficiencies by increasing their capital and 

reserve and by having suffic ient deposits from th e public. Bank managers 

s h ould tal,e advantage of the real GOP growth in th e economy. Banks should 

engage in investment activities in order to earn additional non-interest and 

interest income. Banks can also reduce their inefficiencies by reducing their 

asset size. Keepin~ inrroducing new technologies and ne\\" services can 

b en efit banks. Finally bankers should try to convince the generai public to 

u se their services. 

Bank regulators should evaluate the performance of banks at a regular basis 

u sing differen t methodologies apart from the conventional fin an c ia l ratios 

used and they mus t encourage the relatively efficient ones . They have to 

control reserves, asse t, and returns on equity in s u ch a mann er that the 

regulation im proves the effi cien cy of the banks. The expansion made bv 

banks (in terms of opening additional branches and their growth rates) 

s hould al so be s upervised. Finally the regulato r s hould follow th e 

development of micro-finance ins ti tutions in th e economy. 

7') 



Policy m a kers s hould design prud ent polic ies tha t inc rease the e fficiency of 

the ba nking indu s try. They have to design instruments that promote 

com petition in th e s ec tor. Design ed policies s hould encou rage new firms to 

e ll te r the market. Policy ma kers s hould a lso consider the asset quali ty of 

in d ividu a l banks in des igning policies of the banking industry. 

This study followed a vers ion of th e intermediation approach to input-output 

c lass ification of the banking sector. However. there a re other approaches to 

the classification . These a pproach es a re not applied in this study. Also the 

studv has employed only the inpu t-oriented DEA model. Future researchers 

III the banking industry can extend this stu dy in this direction. 
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2002-03(DEA RESUL TS-VRS) 

APPENDIX-1:Results from DEAP vers ion 2 .1 (2002/2003) 

Instruction fil e = $$TEMP$$ . IN S 
Data fi le = $$TEMP$$.DTA 

Input o ri entated DEA 

scale assumpti on: VRS 

s l acks calculated using multi-s tage method 

EFFI CIENCY SUMMARY: 

fi r ill crste vrste scale 

1 1. 000 1.000 1 . 000 
2 1 . 000 1. 000 1.000 
3 0 . 83 4 D. 853 0 . 978 d r s 
4 1.000 I. GOO 1.000 
5 0.887 l . uOO 0.8S; i rs 
6 0.780 1. 000 0 . 780 drs 
7 1.000 2.. 000 ~. OOO 
8 0 . 811 0 . 993 ').817 drs 

mean 0.914 0 . 981 0.933 

Note : crste techn ica l efficiency r ,·orn CRS 
vrste technical efficiency from VRS 
scale scale effi ci ency = crste/vrste 

DEA 
DEA 

Note also that all s ubsequent tables r efer to VRS resu l t s 

SUMMARY OF OUTPUT SLACKS: 

fi rm output: 
1 
2 
3 
4 
5 
6 
7 
8 

mean 

1 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0.000 
0 . 000 
0 . 000 

3931 . 248 

49 1. 406 

SUMMARY OF INPUT SLACKS: 

firm input : 
1 
2 
3 
4 

1 
0 . 000 
0 . 000 

2149.997 
0 . 000 

2 
0.000 
0.000 
0 . 000 
0 . 000 
0 .000 
0 .000 
0.000 
0.000 

0.000 

2 
0 . 000 
0 . 000 
0.000 
0.000 
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3 
0.000 
0 . 000 
0.000 
0 . 000 



2002-03( OEA RE SULT S-VRS) 5 
6 
7 
8 

0.000 0 .000 0.000 0.000 0 . 000 0 . 000 0.000 0 . 000 0 . 000 3792 . 907 26091 . 131 0.000 
mean 

SUMMARY OF PEERS : 

firm 
1 
2 
3 
4 
5 
6 
7 
8 

peers: 
1 
2 
6 
4 
5 
6 
7 
7 

2 

2 

742 . 863 

4 1 

SUMMARY OF PEER WEIGHTS: (in same order as above) 
firm peer weights: 

1 1. 000 
2 1. 000 

3261. 391 

3 0.019 0 . 691 0.213 0.077 4 1. 000 
5 1. 000 
6 1. 000 
7 1.000 
8 0.0410.959 

PEER COUNT SUMMARY : 

0.000 

( i . e., no. times each f irm is a pee r for ano ther) 
firm peer count: 

1 1 
2 2 
3 0 
4 1 
5 0 
6 1 
7 1 
8 0 

SUMMARY OF OUTPUT TARGETS : 

fi rrn output: 
1 
2 
3 
4 
5 
6 
7 
8 

1 
61952.000 
37295 .000 
41841.000 
45749 .000 
1894 9 . 000 
82010 . 000 

670029.000 
63091. 248 

2 
18778 . 000 
28716 . 000 
25481.000 
15075 . 000 
13336 . 000 
51806 . 000 

631446.000 
53289 . 000 
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2002-03(DEA RESULTS-VRS) 
SUMMARY OF INPUT TARGETS: 

input: 2 3 firm 
1 
2 
3 
4 
5 
6 
7 
8 

1 
8235. 000 
5887.000 
7175.035 
9962.000 
3512.000 

18662.000 
127734. 000 

10854.641 

11547.000 1076170.000 
5634.000 588115 . 000 

1294 2. 096 651007 . 662 
36068 .000 614909.000 

9723 .000 331264.000 
25915 .000 1621385. 000 

217265 .00018942938 .000 
14262.090 1336431.934 

FIRM BY FI RM RESULTS : 

Res ul ts for firm: 1 
Techni ca 1 effi c i ency 
Scale efficiency 

= 1.000 
= 1.000 

PROJECTION SUMMAR Y: 
variable original 

value 
61952. 000 
18778 . 000 

8235.000 
il547.000 

1076170 .000 

output 
output 
input 
input 
input 
U STING 
peer 

1 

1 
2 
1 
2 
3 

01= PI="l='"RS : 
lambda weioht: 

1. 000 -

Res ults for firm : 2 
Technical efficiencv 
scale efficiency . 

= l. 000 
= 1. 000 

PROJ ECTION SUi~MARY: 
variable origi nal 

va lue 
37295 .000 
28716 . 000 

5887.000 
5634.000 

588115 . 000 

output 
output 
input: 
i nput 
inpu t: 
USTING 
peer 

2 

1 
2 
1 
2 
3 

OF PEERS: 
lambda weight 

l.000 

Resu lt s for firm: 3 
Technical efficiency 
Sca 1 e effi ci ency 

PROJ ECTION SUMMARY: 
va riable 

= 0.853 
= 0.978 

original 
val ue 

4184l. 000 
25481.000 
10931. 000 
15171 . 000 

o utput 
output 
input 
input 
input 
LISTING 

1 
2 
1 
2 
3 763125 . 000 

peer 
6 

OF PEERS: 
l ambda weight 

0 . 019 

(c rs) 

(crs) 

(drs) 

radi al 
movemem 

0.000 
O.ODD 
0.000 
a.OfrO 
O.GOD 

radial 
movement 

0 .000 
0.000 

. 0.000 
0.000 
0 .000 

radial 
movement 

0 . 000 
0 . 000 

-1605.968 
-2228 . 904 

- 112117.338 
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slack 
movement: 

0.000 
0.000 
0 . 000 
0.000 
0.000 

slack 
movement 

0 .000 
0.000 
0 . 000 
0 . 000 
0 . 000 

s lack 
movement 

0 . 000 
0.000 

-2149 . 997 
0 . 000 
0 . 000 

projected 
va lue 

61952. 000 
18778 .000 

8235 .000 
il547.000 

1076170.000 

projected 
value 

37295.000 
28716. 000 

5887.000 
5634 .000 

588115 .000 

projected 
value 

4184l. 000 
2548l.000 

7175 . 035 
12942 . 096 

651007 . 662 



2002-03(DEA RESULTS-VRS) 2 0.69l 4 0.213 
1 0.077 

Re s ults for firm: 4 Technical efficiency = l.000 scal e efficiency = l. 000 (us) PROJECTION SUMMARY : variable original radial s lack projected value movement movement va lue 
output 1 45749 .000 0.000 0.000 45749 . 000 
output 2 15075.000 0 . 000 0.000 15075.000 
input 1 9962 .000 0 . 000 0.000 9962.000 
lnput 2 36068.000 0.000 0.000 36068 . 000 
input 3 614909.000 0.000 0.000 614909 . 000 
LISTING OF PEERS: peer lambda weight 

&+ 
4 l.000 

Res ults for firm: 
~ IJ III 

5 
0>1 .. 

Technical efficiency = l. 000 
... . scale efficiency = 0 . 88 7 (i ;-s ) 

:t4J= 
PROJECTION SUMMARY : 

.oG <> . , 
var i able original cadial s lack projected C .. 

value mov ement movement value ;.,. output 1 18949. 000 0 .000 0 . 000 18949.000 
output 2 13336. 000 0 .000 0.000 13336. 000 
l nput 1 3512. 000 0 .000 0 .000 3512.000 
input 2 9723. 000 0 .000 0.000 9723 . 000 
input 3 331264. 000 0 . 000 0.000 331264 .000 
LISTING OF PEERS : peer 1 ambda wei ght 5 l. 000 

Results for firm: 6 Techni ca 1 efficiency = l. 000 scale efficiency = 0 . 780 ( drs) PROJECTION SUMMARY: variab l e original radi a 1 slack projected value movement movement value 
output 1 82010.000 0 . 000 0.000 82010 .000 
output 2 51806.000 0 . 000 0 . 000 51806 .000 
1 nput 1 18662.000 0 . 000 0 . 000 18662 .000 
input 2 25915. 000 0 . 000 0.000 25915 . 000 
input 3 1621385.000 0 . 000 0 . 000 1621385 . 000 
LISTING OF PEE RS: peer 1 ambda weigh t 6 1 . 000 

I 
Resu l ts for firm: 7 Technical effi ci ency = l. 000 

I 
Scale efficiency = l. 000 (us) PROJECTION SUMMARY: variabl e original radial s l ack projected value movement moveme nt va l ue 
output 1 670029 . 000 0 . 000 0 . 000 670029 .000 
output 2 631446 . 000 0 .000 0.000 631446 . 000 

I 
input 1 127734 . 000 0.000 0.000 127734 . 000 
input 2 217265. 000 0 .000 0.000 217265 . 000 page 4 
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2002-03(DEA RESULTS-VRS) 
input 3 18942938.000 0.000 0 .000 18942938 . 000 
LISTING OF PEERS: 
peer lambda weig ht 

7 1. 000 

Results for firm : 
Technical efficiency 
scale efficiency 

PROJECTION SUMMA RY : 
variable 

8 
= 0 . 993 
= 0 . 817 

original 
value 

59160 . 000 
53289.000 
14756.000 
40652.000 

output 
output 
input 
input 
input 
LISTING 

1 
2 
1 
2 
3 1346327 . 000 

peer 
7 
2 

OF PEERS: 
lambda we ight 

0.041 
0 .95 9 

(drs) 

radi a 1 
movement 

0 . 000 
0 . 000 

-108 . 452 
-298 . 779 

-9895.066 
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slack 
movement 
3931.248 

0.000 
-3792 .907 

-26091.131 
0 . 000 

projected 
value 

63091. 248 
53289.000 
10854.641 
14262 . 090 

1336431 .934 
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APPENDIX-1 : Results from DEAP version 2.1 (2003/2004) 

Inst ruct ion file = $$TEMP$$.INS 
Data file = $$TEMP$$.DTA 

Inpu t orientated DEA 

scale assumpti on: VRS 

slacks ca lcul ated uSIng multi-s tage met hod 

EFFICIENCY SUMMARY: 

firm crste vrst e sca l e 

1 1 . 000 1. 000 1. 000 
2 1.000 1. 000 1. 000 
3 1.000 1 . 000 1 . 000 
4 0.838 0.990 0 .846 lCS 
5 0.707 1. 000 0 .707 irs 
6 0.787 1. 000 0 . 787 d rs 
7 0.798 1. 000 0 .798 d rs 
8 0.741 0 . 896 0 . 82: d rs 

mean 0 . 859 0 . 986 0 . 871 

Note : crste t echnical efficiency from CRS DEA 
vrste t echnica l effic iency from VRS DEA 
scale scal e efficiency ~ crste/v rste 

Note also that all sub seq uent tables refer to VRS results 

SUMMARY OF OUTPUT SLACKS : 

firm output: 1 2 
1 0.000 0 . 000 
2 0. 000 0 . 000 
3 0.000 0 . 000 
4 3157 . 26 3 0.000 
5 0 . 000 0 . 000 
6 0.000 0 . 000 
7 0 . 000 0 . 000 
8 3050 . 380 0 . 000 

mean 77 5. 955 0 .000 

SUMMARY OF INPUT SLACK S : 

fi rrn input: 1 2 3 
1 0 . 000 0 . 000 0. 000 
2 0 .000 0 . 000 0 . 000 
3 0.000 0 . 000 0.000 
4 15 11. 08 6 21057 . 782 0.000 
5 0 . 000 0 . 000 0 . 000 
6 0 . 000 0.000 0.000 
7 0 . 000 0 . 000 0. 000 
8 0.000 21453.169 0 . 000 
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mean 188 . 886 

SUMMARY OF PEERS: 

firm 
1 
2 
3 
4 
5 
6 
7 
8 

peers: 
1 
2 
3 
3 
5 
6 
7 
7 

5 

3 2 

SUMMARY OF PEER WEIGHTS: 
(in same order as above) 

firm peer weights: 
1 1.000 
2 1.000 
3 1. 000 
4 0 . 416 0.584 
5 1. 000 
6 1. 000 
7 1. 000 
8 0.032 0.403 0 . 564 

PEER COUNT SUMMARY: 

2003-04(RESULTS-VRS) 

5313 . 869 0 . 000 

( i .e ., no. times each firm is a peer for anot her) 

firm peer count : 
1 0 
2 1 
3 2 
4 0 
5 1 
6 0 
7 1 
8 0 

SUMMARY OF OUTPUT TARGETS: 

firm output : 
1 
2 
3 
4 
5 
6 
7 
8 

1 
97116 . 000 
55486 . 000 
66354.000 
43141.2 63 
26614 . 000 

116638 . 000 
680341. 000 

80168 . 380 

SUM,'lARY OF I NP UT TARGETS : 

firm input: 
1 

1 
9765 .000 

2 
26094 . 000 
37684 . 000 
44496 . 000 
29118 . 000 
18169 . 000 
75386 . 000 

584379 . 000 
58191. 000 

2 3 
16853 . 000 1275194 .000 
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2 
3 
4 
5 
6 
7 
8 

8475 . 000 
14392.000 
10125.039 

7087 . 000 
230 20 . 000 

164738.000 
15938.295 

2003-04( RESU LTS-VRS) 
6659.000 833320 .000 

16372.000 875650.000 
12251.652 677311.943 

9318 . 000 536097.000 
39297 . 000 2177734.000 

244144.0002243 9000 .000 
18292 . 238 1552227.079 

FIRM BY FIRM RESU LTS : 

Results for firm : 1 
Technica l effic ien cy 
scale efficiency 

~ 1.000 
~ 1. 000 

PROJECTI ON SUMMARY : 
variable orig inal 

va l ue 
97 116.000 
26094 . 000 

9765 . 000 
16853.000 

1275194.000 

output 
OUt.PUT 
input 
input: 
input 
LISTING 
peer 

1 

1 
2 
1 
2 
3 

OF PE.E RS: 
lambda we ight 

1.000 

ResulTs f8r' f-i !In: 2 
Techni ca 1 effi ci ency 
scale efficiency 

~ 1. 000 
~ 1. 000 

PROJECTION SUM~~RY: 
variable original 

va lu e 
55486.000 
37684.000 
8475.000 
6659.000 

833 320.000 

output 
output 
input 
input 
input 
LISTING 
peer 

2 

1 
2 
1 
2 
3 

OF PEERS : 
lambda we ight 

1.000 

Results for firm : 3 
Techn ical effic ien cy 
scale efficiency 

PROJECTION SUMMA RY : 
va riabl e 

output 
output 
input 

~ 1.000 
~ 1. 000 

or i gi nal 
val ue 

66354 .000 
44496 .000 
14392 .000 
16372 . 000 ; nput 

input 
LISTING 

1 
2 
1 
2 
3 875650 .000 

peer 
3 

OF PEERS: 
lambda weig ht 

1.000 

Res ul ts for firm : 4 
Technical efficiency ~ 0 .990 

(c r s) 

( c r s) 

(c r s) 

r adial 
movement 

0.000 
0.000 
0 . 000 
0.000 
0.000 

radi al 
moveme nt 

0.000 
0.000 
0 . 000 
0.000 
0 .000 

radial 
movement 

0 . 000 
0 .000 
0.000 
0 . 000 
0 . 000 
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slack 
movement 

0 . 000 
0 . 000 
0 . 000 
0.000 
0 . 000 

slack 
movement 

0 . 000 
0 . 000 
0.000 
0 . 000 
0 . 000 

slack 
movement 

0.000 
0.000 
0 . 000 
0 . 000 
0 . 000 

projected 
val ue 

97116 . 000 
26094 . 000 

9765 . 000 
16853 .000 

127 5194 .000 

pro jected 
val ue 

55486 .000 
37684 . 000 

8475 . 000 
6659 . 000 

833320 .000 

projected 
va lue 

66354 .000 
44496 .000 
14 392 .000 
16372 .000 

875650 .000 
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scale efficiency 0.846 (i r s ) 

PROJ ECTION SUMMARY: 
variab l e o ri gi na 1 radi a 1 slack projected 

va lue movement movement value 
output 1 39984.000 0 . 000 3157 . 263 43141. 263 
output 2 29118.000 0.000 0 . 000 29118 . 000 
i nput 1 11753.000 -116.876 -1511 .086 10125 . 039 
input 2 33644 . 000 -334.567 -21057.782 12 251.652 
input 3 684115.000 -6803.057 0 . 000 677311. 943 
LI STING OF PEERS: 

peer l ambda weight 
3 0 . 416 
5 0 . 584 

Results for firm: 5 
Technical effici ency ~ 1 .000 
Scale eff i ciency ~ 0.707 ( i r s) 

PROJECTION SUMMAR', : 
variable original rad i a 1 s l ack projected 

val ue movement movement value 
output 1 26614,000 0 . 000 0.000 26614. 000 
output 2 18169 .000 0.000 0 . 000 18169. 000 
input 1 7087.000 0 . 000 0 . 000 7087.000 
i nput 2 9318.000 0 . 000 0.000 9318 . 000 
input 3 536097.000 0 . 000 0.000 536097.000 
LI STING OF PEERS: 

peer 1 ambda we; ght 
5 1.000 

Results for firm: 6 
Tec hn ical effici ency ~ 1.000 
Scal e efficiency ~ 0.787 ( drs) 

PROJECTION SUMMARY : 
variab l e original radial s l ack projected 

value movement movement value 
outpu t 1 116638 . 000 0.000 0.000 116638.000 
output 2 75386.000 0.000 0.000 75386.000 
input 1 23020 . 000 0.000 0 .000 23020 . 000 
input 2 39297 . 000 0.000 0 . 000 39297 . 0')0 
input 3 2177734 . 000 0.000 0.000 2177734.000 
LISTING OF PEERS: 

peer lambda weight 
6 1.000 

Res ult s for fi rm : 7 
Techni cal eff ic iency ~ 1 . 000 
Sca le effi c i e ncy ~ 0 . 798 Cd rs) 

PROJECTION SUMMARY : 
variable o ri ginal radi a 1 slack projected 

value movement movement val ue 
out put 1 680341.000 0.000 0.000 680341.000 
output 2 584379 .000 0.000 0.000 584379 .000 
input 1 164738. 000 0 .000 0.000 164738.000 
in put 2 244144 . 000 0.000 0.000 244144 .000 
in put 3 22439000 . 000 0 . 000 0.000 22 439000 .000 
LISTING OF PEER S: 

peer lambda weig ht 
7 1.000 
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Results for firm: 8 
Technical effi ciency 
sca 1 e effi c i en cy 

= 0 .896 
= 0. 827 

PROJECTION SUMMARY : 
variable original 

output 
output 
input 
input 
input 
LISTING 
peer 

7 
3 
2 

va lue 
1 77118 .000 
2 58191.000 
1 17792.000 
2 44368 . 000 
3 1732759 .000 

OF PEERS: 
lambda weight 

0 .0 32 
0 .403 
0.564 

(d "s) 

radial 
movement 

0 . 000 
0 . 000 

-1853.70 5 
-4622.593 

- 180531.921 
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slack 
movement 
3050 . 380 

0.000 
0 . 000 

- 21453.169 
0.000 

projected 
value 

80168 .3 80 
58191.000 
15938.295 
18292 .238 

1552227.079 
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APPENDIX-l:Resu l ts from DEA P ve r sion 2 . 1(2004 /2005) 

Inst r uction f il e = $$TEMP$$.INS 
Data file = $$TEMP$$.DTA 

Input or i entated DEA 

scale assumpt i on: VRS 

slac ks calculated uSlng multi-stage method 

EFFICIENCY SUMMARY: 

firm crste vrste scale 

1 1 . 000 1. 000 1.000 
2 1 . 000 1. 000 1.000 
3 1 . 000 1. 000 1. 000 
4 0.903 0 . 920 0 . 982 drs 
5 1.000 1.000 1 . 000 
6 0 . 843 1.000 0.843 drs 
7 0.835 1.000 0.835 drs 
8 0.753 0.814 0.925 drs 

mean 0.917 0.967 0 . 948 

Not:e : crste = tec hni ca 1 efficiency f rom CRS DEA 
vrste techn i cal efficiency from VRS DEA 
scale scale eff i c i ency = ~rste / vr5~e 

Note also t ha t a ll subsequent tables r efer to VRS results 

SUMMA RY OF OUTPUT SLACKS: 

fi rm ou tput : 1 2 
1 0.000 0.000 
2 0 . 000 0 . 000 
3 0.000 0.000 
4 6805.094 0.000 
5 0 . 000 0.000 
6 0 . 000 0.000 
7 0 . 000 0 . 000 
8 0 . 000 2301. 740 

mean 850 . 637 287 . 718 

SUMMA RY OF INPUT SLACKS : 

fi rrn input: 1 2 3 
1 0 . 000 0 . 000 0.000 
2 0 . 000 0 . 000 0 . 000 
3 0.000 0 . 000 0 .000 
4 0 . 000 18226 . 951 0 . 000 
5 0 . 000 0 . 000 0 . 000 
6 0 . 000 0 . 000 0 . 000 
7 0 . 000 0 .000 0 .000 
8 6362 . 206 9228 . 305 0 . 000 
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mean 795 . 276 3431.907 0 . 000 

SUMMARY OF PEERS: 

fi rm 
1 
2 
3 
4 
5 
6 
7 
8 

peers : 
1 
2 
3 
3 
5 
6 
7 
1 

1 

6 

5 

SUMMA RY OF PEE R WEIGHTS : 
( i n same ord er as above) 

firm pee r weigh,s: 
1 1. 000 
2 1. 000 
3 1. 000 
4 0 . 115 0 .076 0.808 
5 1. 000 
6 1. 000 
7 1. 000 
8 0 . 856 0 . 144 

PEE R COUNT SUMMARY: 
( i. e . , no . , i mes each fi rm is a peer for anoth e r ) 

f irm peer count: 
1 2 
2 0 
3 1 
4 0 
5 1 
6 1 
7 0 
8 0 

SUMMARY OF OUTPUT TARGETS: 

firm output : 
1 
2 
3 
4 
5 
6 
7 
8 

1 
104677 . 000 

82955 . 000 
79913 . 000 
54364 . 094 
45956 . 000 

161886 . 000 
64575 5 . 000 
112914 . 000 

SUMMA RY OF I NPUT TARGETS: 

f irm i np ut : 
1 
2 

1 
12864 . 000 
11544 . 000 

2 
69960.000 
52926 . 000 
69827 . 000 
49700.000 
44910.000 
72653 . 000 

743703.000 
7034 7.740 

2 3 
30785 . 000 1627627.000 
10185 . 000 1224177.000 
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3 
4 
5 
6 
7 
8 

20070.000 
11046. 78 8 

9587. 000 
28999.000 

185722. 000 
15187 . 131 

2004-05(RES ULTS-VRS) 
21023 .000 1288449.000 
13447 . 131 972308.690 
10725 .000 865 168 .000 
45792 .000 2833007.000 

232702 .00025379000 .000 
32945.720 1801178.628 

FIRM BY FIRM RESU LTS: 

Results for firm: 
Technical efficiency 
scal e effici ency 

PROJECTI ON SU~MARY : 

variable 

1 
= 1. 000 
= 1. 000 

origina l 
value 

output 
output 
input 
input 
input 
LI STING 

1 104 677 . 000 

pee r 
1 

2 69 960.000 
1 12864.000 
2 30 785 . 000 
3 162 7627. 000 

OF PEERS: 
1 ambda wei gh t 

1.000 

Results for firm : , 
Technical efficiency 
Scale efficiency 

PROJECTION SUMMARY : 
variable 

= 1.000 
= 1.000 

original 
value 

output 
output 
input 
input 
input 
LISTING 

1 829 55 .000 
2 52926.000 
1 11 544 .000 
2 10185 . 000 
3 1224 177 . 000 

OF PEERS: 
peer 

2 
lambda weigh t 

1. 000 

Results for f i rm : 
Technical eff ic iency 
Scal e efficiency 

PROJECTION S U,~MARY : 

variable 

3 
= 1. 000 
= 1. 000 

or i ginal 
value 

79913 .000 
69827 .000 
20070 .000 
21023 .000 

output 
output 
input 
input 
input 
LI STING 

1 
2 
1 
2 
3 1288 44 9.000 

OF PEE RS: 
peer 

3 
1 ambda wei ght 

1. 000 

Results for firm: 
Technical eff ic iency 
s cale effi ciency 

4 
0 . 920 

= 0 . 982 

(crs) 

(c rs) 

(us) 

(d r-s) 

radial 
mov ement 

0.000 
0 .000 
0 . 000 
0.000 
0.000 

r'adi a 1 
movement 

0 .000 
0.000 
0.000 
0 . 000 
0 . 000 

radi a 1 
mov ement 

0 . 000 
0 . 000 
0.000 
0.000 
0.000 

page 3 

slack 
movement 

0.000 
0 . 000 
0.000 
0.000 
0.000 

sluck 
movement 

0 . 000 
0 . 000 
0.000 
0.000 
0 . 000 

slack 
movement 

0.000 
0.000 
0 .000 
0.000 
0 .000 

projected 
value 

104677. 000 
69960. 000 
12864 .000 
30785. 000 

1627627 . 000 

projected 
value 

82955. 000 
52926. 000 
11544. 000 
10185.000 

1224177 .000 

projected 
value 

79913.000 
69 827 .000 
20070 .000 
21023 .000 

1288449.000 



2004 -05( RESULTS- VR S) PROJ ECTION SUMMARY: 
variable original 

output 
output 
input 
input 
input 
LI STING 

peer 
3 
1 
5 

value 
1 47559 . 000 
2 49700 .000 
1 12009 . 000 
2 34433.000 
3 1057000 .000 

OF PEERS: 
lambda weight 

0.115 
0.076 
0.808 

Re su l t s for firm: 5 
Techni cal effic i ency 
scale effici ency 

= l. 000 
= l. 000 

PROJECTION SUMMARY : 
varia ble original 

val ue 
45956 . 000 
44910 . 000 

9587 . 000 
1072 5. 000 

865 168 .000 

outpu t. 
,?utpu t 
""!!1put 
input 
inpuT 
U:::----rT N G 
peer , 

" 

1 
2 
1 
2 
3 

OF PEERS: 
lambda we i ght 

l.000 

Resu l TS for firm : 6 
Technical effi ci ency 
scale ef fic i ency 

= l. 000 
= 0 . 843 

PRO] ECTION SUr~MARY: 
variabl e o r iginal 

o ut put 
output 
lnput 
i nput 
inpu t 
LISTING 
peer 

6 

value 
1 161886.000 
2 72653. 000 
1 28999 . 000 
2 45792.000 
3 2833007 . 000 

OF PEERS : 
lambda weight 

1 . 000 

Re s ult s f or firm: 7 
Technical efficiency 
scale efficiency 

= l. 000 
= 0 . 83 5 

PROJECTION SUMMARY: 
variable original 

out put 
out put 
in put 
inpu t 
inpu t 
LI STING 

peer 
7 

1 
2 
1 
2 
3 

valu e 
645755 . 000 
743703 . 000 
185722. 000 
232702. 000 

25379000 . 000 
OF PEERS: 
lambda weight 

1 . 000 

radial 
movement 

0 . 000 
0.000 

- 962 . 212 
- 2758.918 

-84 69l. 310 

(cr s) 

( dr-s) 

(dr s) 

radi a 1 
mov ement 

0 . 000 
0.000 
0 . 000 
0.000 
0.000 

radial 
movement 

0 .000 
0 .000 
0 .000 
0 .000 
0 .000 

radial 
movement 

0 . 000 
0 ,000 
0 . 000 
0 .000 
0 ,000 
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slack 
movement 
6805 . 094 

0 . 000 
0.000 

- 18226 . 951 
0.000 

slack 
mov ement 

0 . 000 
0 ,000 
0 . 000 
0 .000 
0 .000 

s lack 
mov ement 

0 , 000 
0 , 000 
0 ,000 
0 , 000 
0 ,000 

s l ac k 
mov eme nt 

0 . 000 
0 .000 
0 . 000 
0 . 000 
0 .000 

projected 
va l ue 

54364.094 
49700.000 
11046 . 788 
13447.131 

972308.690 

pro j ected 
val ue 

45956 . 000 
44910 . 000 

9587.000 
10725.000 

865 168.000 

projected 
value 

161886 . 000 
72653 . 000 
28999.000 
45792 .000 

2833007 .000 

projected 
value 

645755 . 000 
743703.000 
185722 . 000 
232702 . 000 

25379000.000 
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Results fo r f i rm : 8 
Technica l eff i ciency 
scal e effi cie ncy 

~ 0 . 814 
~ 0 . 925 

PROJECTION SUMMARY : 
va r iable o ri gi na 1 

va lue 
output 
output 
input 
input 
i nput 
LISTING 
peer 

1 
6 

1 
2 
1 
2 
3 

1129 14.000 
68046 .000 
26475.000 
51814 .000 

2212885 . 000 
OF PEERS: 
lambda weight 

0 .8 56 
0 . l44 

(drs) 

radi a 1 
movement 

0 . 000 
0 . 000 

-4925 . 663 
- 9639 . 974 

-4 11 706 . 372 
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slack 
movement 

0.000 
2301. 740 

-6362 . 206 
- 9228 . 30 5 

0 . 000 

projected 
va l ue 

112914 . 000 
70347.740 
15187 . 131 
3294 5 . 720 

1801178.628 
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APPENDIX - 1:Results from DEAP ve r s ion 2.1(2005/2006) 

Instruct i on file = $$TEMP$$ . INS 
Data fi l e = $$TEMP$$ . DTA 

Input orientated DEA 

sca l e as s umption: VRS 

s l acks calculated using multi-stage method 

EFFICIENCY SUMMARY : 

firm crste vrste scale 

1 1.000 1 . 000 1.000 
2 0 . 718 0.837 0 . 859 1 is 
3 1.000 1. 000 1. 000 
4 1.000 1.000 1.000 
5 1.000 1. 000 1 . 000 
6 1.000 1.000 1.000 
7 1.000 1.000 1 . 000 
8 0.926 0.957 0 . 967 dr s 

mean 0.956 0.974 0 . 978 

Note: crste 
vrste 
scale 

technical effic ie ccy from CRS DEA 
technical effici ency from VRS DEA 
scale effici ency = ~rs te/v r ste 

Note also that all subsequent tab l es refer to VRS resu l ts 

SUMMARY OF OUTPUT SLACKS: 

fi r m output: 
1 
2 
3 
4 
5 
6 
7 
8 

mean 

1 
0. 000 

24269.702 
0 . 000 
0.000 
0.000 
0.000 
0 . 000 
0.000 

3033 . 713 

SUMMARY OF INPUT SLACKS : 

f irm input: 1 
1 0 . 000 
2 0 . 000 
3 0 . 000 
4 0.000 
5 0.000 
6 0 . 000 
7 0 . 000 
8 0 . 000 

2 
0.000 

6164 . 061 
0 . 000 
0 . 000 
0 . 000 
0 .000 
0 .000 
0 .000 

770.508 

2 
0 . 000 

6173 . 420 
0 . 000 
0 . 000 
0 . 000 
0 . 000 
0 . 000 

13385 . 755 
page 

3 
0.000 
0.000 
0.000 
0.000 
0 . 000 
0.000 
0 .000 
0 . 000 
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mean 0.000 

SUMMA RY OF PEERS : 

firm peers : 
1 1 
2 5 4 
3 3 
4 4 
5 5 
6 6 
7 7 
8 7 3 4 6 

SUMMARY OF PEER WEIGHTS : 
(i n same o rder as above ) 

fi rm 
1 
2 
3 
4 

5 
6 

pee r weights: 
1.000 
0 . 755 0.245 
1.000 
1.000 
1.000 
1.000 

2005-06( RE SSULTS-VRS) 

2444.897 0.000 

8 
1.000 
0 . 0010.1870.2760.536 

PEER COUNT SUMMARY : 
( i.e., no . t imes each f irm is a peer for another) 

fi rm peer cou nt : 
1 0 
2 0 
3 1 
4 2 
5 1 
6 1 
7 1 
8 0 

SU~\~\A RY OF OUTPUT TARGETS: 

fi rill 
1 
2 
3 
4 
5 
6 
7 
8 

output: 1 
165276.000 

76226 .702 
1204 57 . 000 

90437 . 000 
71623 . 000 

241893 . 000 
826764 . 000 
177927.000 

SUMMARY OF INPUT TARGETS: 

firm input : 
1 

1 
26104 .000 

2 
55163 . 000 
5812 1.061 

104043 .000 
68400 .000 
5479 1. 000 

124730.000 
969389 . 000 
106065 .000 

2 3 
36327 .000 2176885.000 
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2 
3 
4 
5 
6 
7 
8 

14101 . 308 
29720 .000 
17368.000 
13043 .000 
39918.000 

19 2137 .000 
31922.572 

2005-06(RESSULTS-VRS) 
19724.432 1214516 . 158 
25007.000 1778418 . 000 
38672 . 000 973000 . 000 
13586.000 1292760 . 000 
600 1 3.000 3691603 . 000 

228726.00028149000.000 
47739 . 173 2605608.647 

FIRM BY FIRM RESULTS: 

Results for fi nn; 1 
Technical efficiency ~ 1.000 
scale efficiency ~ 1.000 (crs) 

PRO] ECTION SUIViMARY : 
variabl e orig inal radi a 1 slack 

value movement movement 
output 1 165276 . 000 0.000 0 . 000 
output 2 55163 .000 0.000 0 . 000 
input " :>6104 . 000 0.000 0 . 000 
input 2 36327 . 000 0.000 0 . 000 
input 3 2176885 . 000 0.000 0.000 
LISTING OF PEERS : 

peer lambda. wE, gh""T 
1 1.000 

Results for ...... ' ,-m· 

" Tech nical eff iclency ~ 0 .837 
scale efficienc y ~ 0.85 9 (i rs) 

PRO] ECTION SUMMARY: 
variable or-iginal radial slack 

value movement movement 
output 1 51957.000 0.000 24269 . 702 
output 2 51957.000 0.000 6164.061 
input 1 16856.000 -2754.692 0.000 
input 2 30957.000 -5059.148 -6173.420 
input 3 1451772.000 -237255.842 0.000 
LISTING OF PEERS: 
peer lambda we ight 

5 0.755 
4 0 . 245 

Results for firm: 3 
Techni cal effi ci ency ~ 1.000 
scale effi ci ency ~ 1.000 (crs) 

PRO] ECTION SU'~'1ARY : 
variable original radi a 1 slack 

value movement movement 
output 1 120457.000 0 . 000 0 . 000 
output 2 104043 . 000 0 . 000 0 .000 
input 1 29720 . 000 0 . 000 0.000 
input 2 25007 .000 0 . 000 0 . 000 
input 3 1778418 . 000 0 . 000 0 . 000 
LISTING OF PEERS: 

peer lambda weight 
3 1 . 000 

Results for firm: 4 
Page 3 

projected 
value 

165276 . 000 
55163.000 
26104 . 000 
36327 . 000 

2176885 . 000 

-1 

~ I ~ , 

!~ > ~~ 
~8 ;;;: projected g ~ ~J value 

.:c: " < =1 76226.702 
58121.061 1]' . 

Idl01.308 
c 

'" 19724.432 
1214516.158 

projected 
value 

120457 .000 
104043 .000 

29720 .000 
25007 .000 

1778418.000 
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Techni ca l efficiency 1.000 
scale efficiency = 1.000 (c r s ) 

PROJECTION SUMMARY: 
variable original radi a 1 slack projected 

val ue movement movement value 
output 1 90437 .000 0 . 000 0.000 90437.000 
outpu t 2 68400.000 0 . 000 0.000 68400.000 
input 1 17368 .000 0 . 000 0.000 17368 .000 
input 2 38672 .000 0.000 0 . 000 38672 . 000 
input 3 973000.000 0 . 000 0.000 973000.000 
LISTING OF PEERS: 
peer l ambda we ight 

4 1.000 

Res ult s for firm : 5 
Techni ca l effi ciency = 1. 000 
scale efficiency = 1. 000 (c rs) 

PROJECTION SUMMARY: 
variable ori gi nal rad i al slack projec~ed 

value movement movement value 
output 1 71623. 000 0.000 0 . 000 71623 .000 
output 2 54791. 000 0 . 000 0 . 000 547 91. 000 
input 1 1304 3 . 000 0.000 0.000 l3043.000 
input 2 l3586 .000 0 .000 0 . 000 l3586. 000 
input 3 1292760. 000 0 .000 0.000 1292760. 000 
LISTING OF PEERS : 
peer lambda weight 

5 1.000 

Re s ult s for firm: 6 
Technical effic i e ncy = 1. 000 
scale effi c iency = 1. 000 (crs) 

PROJECTION SUMMARY: 
variable ori gina l radial slack proj ected 

val ue movement movement value 
output 1 24189 3 . 000 0 . 000 0.000 241893 . 000 
output 2 124730 . 000 0 . 000 0 .000 124730.000 
input 1 39918 .000 0 . 000 0 .000 39918. 000 
input 2 60013 .000 0 . 000 0 .000 60013 .000 
input 3 369160 3 . 000 0 . 000 0 .000 3691603 .000 
LISTING OF PEERS : 
peer lam bda weight 

6 1 . 000 

Results f or firm: 7 
Techni ca l efficiency = 1. 000 
scal e efficiency = 1. 000 (crs) 

PROJECTION SUMMARY : 
variabl e orig i nal radia l s lac k proj ected 

val ue movement movement value 
output 1 826764 . 000 0 . 000 0.000 826764 . 000 
output 2 969 389 . 000 0 . 000 0.000 969 389 .000 
input 1 19 21 37 .000 0 . 000 0 . 000 19213 7 .000 
input 2 228726. 000 0 . 000 0.000 228726 .000 
input 3 28149000 .000 0 . 000 0 . 000 28149000 .000 
LI STING OF PEE RS: 
peer lambda we ight 

7 1. 000 
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2005-06(RESSULTS-VRS) 
Resu l ts for firm: 8 
Technical efficiency 
scale effic i ency 

= 0 . 957 
= 0 . 967 

PROJECTION SUMMARY : 
va r iable or i ginal 

output 
output 
i nput 
input 
input 
LISTING 
peer 

7 
3 
4 
6 

val ue 
1 177927 . 000 
2 106065.000 
1 33340 .000 
2 63839.000 
3 2721303 . 000 

OF PEERS : 
lambda weight 

0.001 
0 . 187 
0 . 276 
0.536 

(dr s) 

radial 
movement 

0.000 
0.000 

-1417 . 428 
-2714 . 072 

-115694 .35 3 
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s l ac k 
movemen t 

0.000 
0.000 
0.000 

-13385. 755 
0 . 000 

projected 
va l ue 

177927 .000 
106065 . 000 

31922 . 572 
47739.173 

2605608 . 647 



2006-07(RESULTS-VRS) 

APPEN DIx- l:Res ul ts from DEA P version 2.1 (2006/2007) 

In struction file = $$TEMP$$ .INS 
Data f il e = $$TEMP$$.DTA 

Input o r ientated DEA 

scale assumption: VRS 

s l acks calculated using mu lti- s tage met hod 

EFFICIENCY SUMMl..RY : 

fi rill crste 

1 1. 000 
2 0 . 556 
3 1. 000 
4 1. 000 
5 0.974 
6 0 .982 
7 1. 000 
8 0 .7 90 

mean C. 9l3 

Note: crst:t' 
vrs t-E 
scal e 

v rs te scale 

1. 000 1 . 000 
0 .919 0.605 irs 
1.000 1.000 
l.OOO 1.000 
1.000 0.974 irs 
1 . 000 0 .982 drs 
1 . 000 1 . 000 
0 .889 0 . 889 drs 

n. ~1 76 0 .931 

: ech" ical efficiency from CRS DEA 
-;:echni cal effi c i ency from VRS DEA 
scale efficiency = crste / vrste 

Not e also that all s ubsequent tables refer to VRS result s 

SUMMARY OF OUTPUT SLACKS: 

fi rm out-put: 1 2 
1 0 . 000 0.000 
2 61725 .7 67 162 49.204 
3 0.000 0 .000 
4 0.000 0.000 
5 0 . 000 0.000 
6 0 . 000 0 . 000 
7 0 .000 0.000 
8 0.000 8491. 734 

mean 7715 . 721 3092 .617 

SUMMARY OF I NPUT SLACKS : 

fi rrn input : 1 2 3 
1 0 . 000 0 .000 0 . 000 
2 0 . 000 0 . 000 129913 . 074 
3 0 . 000 0 . 000 0 . 000 
4 0 . 000 0 . 000 0 . 000 
5 0 . 000 0 . 000 0 . 000 
6 0.000 0 . 000 0.000 
7 0.000 0.000 0 . 000 
8 11938 . 315 4177 . 902 0 . 000 
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2006-07(RESU LTS-VRS) 
mean 1492 . 289 522.238 16239 .1 34 

SUMMARY OF PEERS : 

firm 
1 
2 
3 
4 
5 
6 
7 
8 

peers: 
1 
4 
3 
4 
5 
6 
7 
6 

5 

4 

SUMMA RY OF PEER WEIGHTS: 
(i n same orde r as above ) 

fi rm peer weights : 
1 1. 000 
2 0.155 0 . 845 
3 1.000 
4 1. 000 
5 1. 000 
6 1. 000 
7 1. 000 
8 0 . 437 0 . 563 

PEER COUNT SUMMARY: 
(i.e ., no . times each firm is a peer for another) 

f irm peer c oun t : 
1 0 
2 0 
3 0 
4 2 
5 1 
6 1 
7 0 
8 0 

SUMMARY OF OUTPUT TARGETS: 

fi rm 
1 
2 
3 
4 
5 
6 
7 
8 

output: 1 
201549 . 000 
121935 . 767 
185021 . 000 
120792 . 000 
122146 . 000 
319928 . 000 

1036468 . 000 
207913 . 000 

SUMMARY OF INPUT TARGETS: 

fi rrn input: 
1 
2 

1 
31730 .000 
22626 . 337 

2 
65139 . 000 
76459 . 204 

139479 . 000 
111818 . 000 

69960 . 000 
164826.000 

1217247.000 
13 5008 .734 

2 3 
40639.000 2721328 . 000 
38350 . 579 1596239 .66 2 
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3 
4 
5 
6 
7 
8 

FIRM BY 

38903.000 
21181. 000 
22892.000 
51802.000 

15002 1. 000 
34577.534 

FIRM RE SULTS: 

Re sul ts for firm: 1 
Technica l efficiency = 1.000 
scale effic ien cy = 1. 000 

PROJECTION SUMMARY: 

2006-07(RESU LTS-VRS) 
32879 . 000 2723626 .000 
75349 . 000 1136354 .000 
31550 . 000 1680770.000 
97279.0004860 547 .000 

267548 . 00033629909 .000 
84943. 265 2765669.736 

(c r s) 

vari able o riginal radial s lack 
valu e mo vemen t mov ement 

ou t put 1 201549.000 0 . 000 0 . 000 
output 2 65139.000 0 . 000 0 . 000 
inpu t 1 31730 .000 0.000 0 .000 
input 2 40639.000 0.000 0. 000 
;npu"t 3 2721328.000 0 .000 0 .000 
LTSTING OF PEERS: 

peer lambda weight: 
1 1.000 

R~s ul ts for firm: 2 
Technical efficiency = 0.919 
5ca l e efficiency = 0.60 5 (i r s) 

PROJECTION SUMMARY: 
va riable original radia l slack 

value mOV2ment mov ement 
output 1 60210.000 0 . 000 6172 5.767 
OUTput 2 60210.000 0 . 000 16249 .204 
in put 1 24629.000 -2002.663 0 .000 
input 2 41745.000 -3394.421 0 .000 
input 3 1878935.000 -152782.263 -129913 .074 
LISTING OF PEERS: 

peer lambda weight 
4 0.155 
5 0.845 

Results for firm: 3 
Technical efficiency = 1 . 000 
Scale eff i cie ncy = 1 . 000 (us) 

PROJECT ION SUMMA RY: 
va riable original radi a 1 s lack 

value movement movement 
output 1 185021.000 0 . 000 0 . 000 
output 2 139479 . 000 0 . 000 0 . 000 
input 1 38903 . 000 0 . 000 0 . 000 
input 2 32879 . 000 0 . 000 0 . 000 
input 3 2723626 . 000 0 . 000 0 . 000 
LISTING OF PEERS: 

peer lambd a we ight 
3 1.000 

Results for fi rm: 4 
Technical effic i e ncy = 1 . 000 
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projected 
value 

201549.000 
65139.000 
31730 . 000 
40639 . 000 

2721328 .000 

projected 
va lue 

121935.767 
76459 . 204 
22626.337 
38350.579 

1596239.662 

projected 
value 

185021. 000 
139479.000 

38903 . 000 
32879.000 

2723626 . 000 



2006- 07(RESULTS-VRS) 
s cale effi c iency 1.000 (cr s ) 

PROJECTION SUMMARY : 
variable original radial s l ack projected 

va lu e movement movement value 
outpu t 1 120792 . 000 0 . 000 0 . 000 120792 . 000 
outpu t 2 111818.000 0 .000 0 . 000 111818 . 000 
input 1 21181. 000 0.000 0 . 000 21181. 000 
i npu t 2 75349.000 0.000 0 . 000 75349.000 
input 3 1136354.000 0 .000 0 . 000 1136354.000 
LISTING OF PEERS : 

peer' l ambda weight 
4 1 . 000 

Result s fo r fi rm: 5 
Technical effi cien cy = 1.000 
Scale eff i c iency = 0 . 974 (i rs) 

PROJECTI ON SUM)1ARY : 
variabl e origi nal rad i a 1 s lac k proj ected 

value movement movement value ., 
output 1 122146 .000 0.000 0.000 122 146 . 000 . I' output 2 69960 .000 0.000 0. 000 69960 . 000 . . :: 
inpu t 1 2.2892.000 0 .000 0 . 000 22892 . 000 
input 2 31550.000 0.000 0 . 000 315 SO . 000 I.'!i .• 

input 3 1680770 . 000 0.000 0 . 000 1680770 .000 ~3 ~. 
LISTI NG OF PEERS: GO ~ "" ., 

peer l ambda wEigh t t)i .• 
~ '" 

5 1. 000 ...: '~ ,. ' < • 

Re s ult s f o r f l rm: 6 
C ~ ~ = -f. . :t AJ 

Techn ical eff~ciency = 1. 000 .... 
Scale efficiency = 0.982 (d r s) 

PROJECT I ON SU,,\V,ARY : 
var iable orig inal r adi a 1 s la ck proj ected 

value movement moveme nt value 
outpu t 1 319928 . 000 0 . 000 0 . 000 319928 . 000 
outpu t 2 164826 . 000 0.000 0 . 000 16482 6.000 
input 1 51802.000 0.000 0 . 000 51802 .000 
inpu t 0 972 79 . 000 0.000 0 . 000 97279 . 000 L 

input 3 4860547.000 0.000 O.OOG "8605 47 . 000 
LISTI NG OF PE ERS : 
peer lambd a wei ght 

6 1 . 000 

Result s f or fi rAm : 7 
Technica l eff ici ency = 1. 000 
scale effi c ien cy = 1 . 000 (crs) 

PROJECTI ON SUMMA RY: 
vari able original radi a 1 s l ack projec t ed 

value movement movemen t value 
outpu t 1 103 6468 . 000 0 . 000 0 . 000 1036468 .000 
output 2 12 17247 . 000 0 . 000 0 . 000 1217247 . 000 
inpu t 1 15002 1.000 0 . 000 0 . 000 15002 1. 000 
i npu t 2 267548 . 000 0 . 000 0 . 000 2675 48 . 000 
input 3 33 629909 . 000 0 . 000 0 . 000 336 29909 . 000 
LISTI NG ()F PEERS : 

pee r l amb da weight 
7 1 . 000 

Resul ts f o r fi rAm: 8 
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Techni cal efficiency 
scal e efficiency 

PROJECTION SUMMARY: 
va riabl e 

2006-07(RESULTS-VRS) 
0 . 889 
0 . 889 (drs) 

radi a 1 
movement 

0 . 000 
0 . 000 

slack 
movement 

0.000 
8491. 734 

output 
output 
input 
input 
input 
LISTING 

1 
2 
1 
2 
3 

original 
val ue 

207913 . 000 
126517.000 

52350.000 
100299.000 

3112 548 .000 

-5834 .15 2 -11938.315 

peer 
6 
4 

OF PEERS: 
l amb da weigh t 

0.437 
0.563 

- 11177 .833 -4177.902 
-3 46878.264 0.000 
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projected 
val ue 

207913 . 000 
135008.734 

34577.534 
84943.265 

2765669.736 
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2002 - 03(COST-E FF-VRS) 

APP ENDIx- 2:Re s ults from DEAP versi on 2 . 1(2002/2 003) 

In s tru ction fi l e = $$TEMP $$.INS 
Data f i le $$TEMP$$.DTA 

Cos t efficien cy DEA 

sca l e ass umption : VRS 

EFFICIENCY SUMMARY: 

firm t e ae ce 
1 1 . 000 1. 000 1.000 
2 1 . 000 1.000 1.000 
3 0 . 92 1 0.624 0.575 
4 1 . 000 0 . 648 0.648 
5 1 . 000 1. 000 1.000 
6 1.000 0 .70 2 0 . 702 
7 1. 000 1.000 1. 000 
8 0 . 993 0.741 0.736 

mean 0 . 989 0.839 0 . 833 

NOT e: ,e t e c hnical efficiency 
ae a ll ocati ve effi ci ency ce / te 
ce cos t efficiency 

SU'.'lAR' OF COST MINIMISING INPUT QUANTITF" : 

fi rm 
1 
2 
3 
4 
5 
6 
7 
8 

i nput : 1 
8235 .000 
5887 . 000 
6281. 221 
6455.43 2 
3512 . 000 

13097 . 26 3 
127734 . 000 

1085 4 . 422 

2 3 
11547 . 000 1076170 . 000 

5634 . 000 588115 . 000 
7247. 011 684643 . 900 

10859 . 739 795498 . 607 
9723 . 000 331264 . 000 

19227 . 888 1752656.702 
217265 . 00018942938.000 
14261.710 1336398 . 998 

page 1 



2003-04(COST-E FF-VRS) 

APPENDIx-2 :Results from DEAP vers i on 2.1(2003/2004) 

In st ruction file ~ $STEMP$$.INS 
Data file SSTEMP$S . DTA 

Cost e ffi ciency DEA 

sca l e assunlpt;on : VRS 

EFFICIENCY S U~1MAR Y : 

fi rill te ae ce 
1 l.000 1 . 000 1 . 000 
2 l. 000 1 . 000 1 . 000 
3 1 . 000 0 . 742 0 . 742 
4 0 . 990 0 . 676 0 . 669 
5 1 . 000 1. 000 1. 000 
6 l. 000 0 . 902 0.902 
7 l.000 1. 000 1.000 
8 0 . 896 0 . 888 0 . 796 

mean 0. 986 0.901 0 .589 

Note : te techni ca 1 ~ . e. : .0 ency 
ae alloca-rive e~ ci ency ce/te 
ce cost p-Ffic"!ency 

SUMMARY OF COST M INI'nSI~G INPUT QUANTITIES: 

fi rrn 
1 
2 
3 
4 
5 
6 
7 
8 

inpu t : 1 
9765. 000 
8475.000 

10680.599 
7865 . 745 
7087 . 000 

20766 . 205 
164738 . 000 

14336 . 560 

2 3 
16853.000 1275194.000 

665 9.000 833320.000 
10473 .444 1153076 . 653 

7826.153 702855.628 
9318 . 000 536097.000 

28048.5.07 2619482.565 
244 144 . 00022439000 . 000 

15567 . 267 1643 767 . 653 
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2004-05(COST-EFF-VRS).txt 

APPENOIx-2:Resu l t s from DEAP version 2 .1 (2004/2 005) 

In s truct i on f il e $$TEMP$$ .INS 
Data f il e = $$TEMP$$.DTA 

Cost efficiency DEA 

Scal e assumption: VRS 

EFFICIENCY SUMMARY: 

firm t e ae ce 
1 1.000 1.000 1.000 
2 1.000 1.000 1.000 
3 1.000 0.640 0 . 640 
4 0 .920 0.924 0 . 850 
5 1.000 1.000 1.000 
6 1.000 1.000 1. 000 
7 1.000 1.000 1. 000 
8 0 . 814 0 .700 0 . 569 

mean 0.967 0.908 0.882 

Note: te =~hni cal effi ciency 
ae = allocat i ve effi ciency = 
ce = cost eff i c i ency 

ce/te 

SUMMARY OF COST MINIMISING INPUT QUANTITIES: 

firm 
1 
2 
3 
4 
5 
6 
7 
8 

input: 1 
12864.000 
11544.000 
12846.601 
10213.620 

9587 .000 
28999 .000 

185722.000 
15187 . 131 

2 3 
30785 .000 1627627.000 
10185.000 122 4177 .000 
30678 . 494 1623578.814 
14560. 824 1010963.553 
10725 .000 865168.000 
45792.000 2833007.000 

232702.00025379000.000 
32945 . 720 1801178. 628 
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2005-06(cOST-EFF-VRS) 

APPENDIX-2:Results from DEAP ve rsion 2.1(2005/2006) 

Instruct i on fil e $$TEMP$$ .INS 
Data file = $$TEMP$$.DTA 

Cost Effic i ency DEA 

Scal e ass umpti on : VRS 

EFFICIENCY SUMMARY: 

fi rm 
1 
2 
3 
4 
5 
6 
7 
8 

mean 

te 
1.000 
0 .837 
1.000 
1.000 
1.000 
1.000 
1.000 
0.957 

0.974 

ae ce 
1.000 1.000 
0.925 0.774 
0.796 0 . 796 
0.950 0 . 955 
1.000 1.000 
1. 000 1.000 
1.000 1.000 
0 .9 513 0.91.7 

0.954 0 . 930 

Note : t 'e = techni cal e:ffi ci e ncy 
ae = all ocati veeffi ci e ncy = ce/te 
ce = COsL efficiency 

SUMMARY OF COST MINIMTSING INPUT QUANTITIES: 

firm 
1 
2 
3 
4 
5 
6 
7 
8 

input: 1 
26104 . 000 
13043.000 
23644.193 
16595 .43 2 
13043 . 000 
39918 .000 

192D7.000 
30575 . 919 

2 3 
36327.000 2176885 . 000 
13586.000 1292760.000 
27347.609 2764052.026 
18805.843 1715618.048 
13586.000 1292760.000 
60013.000 3691603.000 

228726.00028149000 .000 
42687 . 887 2994587.239 
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2006-07(COST-EFF-VRS 

APPENDIx-2:Results from DEAP version 2.1(2006/2007) 

Instruction file ~ $$TEMP$$.INS 
Data file $$TEMP$$.DTA 

cost efficiency DEA 

scale assumption: VRS 

EFFICIENCY SU~MARY: 

f irm 
1 
2 
3 
4 
5 
6 
7 
8 

mean 

te ae ce 
1 . 000 1 .000 1.000 
0.919 0 .936 0.860 
1 . 000 0. 770 0.770 
1 . 000 1.000 1 .000 
1.000 0.933 0.933 
1.000 0.936 0.936 
1.000 1.000 1 .000 
0.889 0.708 0 .629 

0.976 0.910 0.891 

Note: te techni cal efficiency 
ae ~ allocative efficiency = ce/ LE 
ce cost efficiency 

SUMMARY OF COST MINIMISING INPUT QUANTITIES: 

firm 
1 
2 
3 
4 
5 
6 
7 
8 

input : 1 
31730.000 
21181. 000 
29936 . 749 
21181. 000 
21357.868 
48501. 891 

150021. 000 
32928.574 

Z 3 
40639 . 000 2721328. 000 
75349.000 1136354.000 
70957 . 801 2972479 . 423 
75349.000 1136354.000 
74767.040 1162928 .226 
7281L295 7103701. 512 

267548.00033629909.000 
61215.382 3424166 .804 

page 1 



RESULTS FROM MALMQUIST 

APPENDIx-3 :Res ults from the Output Oriented Malmquist DEA Model 

Re sults from DEAP version 2.1 

Instruct i on fi l e = $$TEMP$$.INS 
Data file = $$TEMP$$.DTA 

Output orientated Malmqui s t DEA 

DISTANCES SUMMARY 

year = 1 

f irm crs te rel to tech in yr 
no . ************************ 

t-1 t t+1 

1 0.000 1.000 0.857 
2 0 .000 1.000 1. 097 
3 0.000 0.834 0 . 734 , 0.000 1.000 0.978 ~ 

S- 0.000 0.887 0.883 
6 0.000 0 .780 0.724 , 0. 000 1.000 1.112 , 
8 0 . 000 0.811 0.862 

mean 0.000 0.914 0.906 

year 2 

firm crs te rel to tech in yr 
no. ***.**********.********* 

t-1 t t+1 

1 1. 323 1.000 1. 289 
2 1. 259 1.000 1. 089 
3 1.158 1.000 1.133 
4 0.909 0.83 8 0 . 893 
5 0 . 762 0 . 707 0.74 5 
6 0.832 0.787 0 . 793 
7 0 . 722 0 . 798 0.720 
8 0.698 0.741 0 . 715 

mean 0 . 958 0 . 859 0 . 922 

year = 3 

fi rm c r s te rel to tech 1n yr 
no . ****************** *** *** 

t-1 t t+1 

1 1. 232 1.000 1. 428 
2 1 . 060 1. 000 1. 545 
3 1. 093 1.000 0.9 54 
4 1.016 0.903 0 . 956 
5 1.128 1.000 1.143 
6 0.774 0.843 0.907 

Page 

vrs 
te 

1.000 
1.000 
0.898 
1. 000 
1.000 
1.000 
1.000 
0.994 

0.986 

vrs 
te 

1.000 
1.000 
1.000 
0 . 982 
1.000 
1.000 
1.000 
0 . 919 

0.988 

v rs 
te 

1.000 
1.000 
1. 000 
0.933 
1.000 
1. 000 

1 



RESULTS FROM MALMQUIST 
7 0.901 0.83 5 0 . 816 1.000 
8 0.714 0.75 3 0.740 0.887 

mean 0.990 0.917 1.061 0.978 

year = 4 

firm c r s te r e l to tech in yr vrs 
no. ************************ te 

t-1 t t+l 

1 1.120 1.000 1.010 1.000 
2 0 .686 0.718 0 . 649 0.735 
3 1.125 1.000 1.105 1.000 
4 1. 43 5 LOOO 1.049 1.000 
5 0 . 903 1.000 1. 039 1.000 
6 0.967 1.000 0 . 992 1.000 
7 1.060 LOOO 0.935 1.000 
8 0 .965 0.926 0 . 895 0.968 

mean 1.033 0.956 0 . 959 0.963 

year = 5 

fi rm crs te rIel TIl tech in yr vrs 
no. __ ~~ _____ ~ _____ A.******** te 

t-l t t+l 

1 1.0'56 LOOO 0.000 1.000 
2 O. )99 O. S-S6 0 . 000 0.660 
3 LilT l..ono 0.000 1.000 
4 1.400 LOOO 0.000 1.000 
5 0.987 0 . 974 0.000 1.000 
6 1.019 0.982 0.000 1.000 
7 1.608 1.000 0.000 1.000 
8 0.764 0 . 790 0.000 0 . 918 

mean 1.069 0.913 0.000 0.947 

[Note that t - l in yea r 1 and t+1 in the final year are not defined] 

MALMQUIST INDEX SUM MARY 

year = 2 

fi rm eff ch techch pech sech tfpch 

1 1.000 1. 242 1.000 1.000 1. 242 
2 1.000 1.071 1 .000 1.000 1.071 
3 1.199 1.147 1 . 114 1. 076 1. 375 
4 0 . 838 1. 053 0 . 982 0 . 853 0.882 
5 0 . 797 1.041 1.000 0.797 0 . 829 
6 1.008 1. 067 1.000 1.008 1.076 
7 0.798 0 . 902 1.000 0.798 0.720 
8 0 . 914 0 . 941 0 . 925 0.989 0.861 

mean 0 . 936 1. 053 1.001 0.934 0.986 

year = 3 

fi rm effch techch pech sech tfpch 

Page 2 



RESULTS FROM MALMQUIST 
1 1.000 0.978 1.000 1.000 0.978 
2 1.000 0.987 1.000 1.000 0 .987 
3 1.000 0.983 1.000 1.000 0.983 
4 1.078 1.027 0.950 1.135 1.108 
5 1.415 1.034 1.000 1. 415 1.463 
6 1.072 0.954 1.000 1.072 1. 023 
7 1.047 1.093 1.000 1. 047 1.144 
8 1.016 0.992 0.965 1. 053 1.008 

me an 1.072 1.005 0.989 1. 083 1.077 

year = 4 

firm effch t echch pech sech tfpch 

1 1.000 0.886 1.000 1.000 0.886 
2 0.718 0.786 0.735 0.977 0 . 565 
3 1.000 1.086 1.000 1.000 1.086 
4 1.107 1.165 1.071 1.033 1.289 
5 1.000 0.889 1. 000 1.000 0.889 
6 1.186 0.948 1.000 1.186 1.125 
7 1.197 1.042 1.000 1.197 1.247 
8 1.229 1.030 1.091 l.127 1.266 

mean 1.042 0.972 0.981 1.062 l.O13 

year = 5 

firm effch techch pech sech tfpch 

1 1.000 1.023 1.000 1.000 1.023 
2 0.774 1.093 0.898 0.862 0 . 845 
3 1.000 1.005 1.000 1.000 1. 005 
4 1.000 1.155 1.000 1.000 1.155 
5 0 .9 74 0 . 988 1.000 0 . 974 0 . 962 
6 0.982 1.023 1.000 0.982 1.004 
7 1.000 1. 511 1. 000 1.000 1.311 
8 0 . 853 1.000 0.949 0 . 899 0 . 854 

mean 0.944 1.070 0.980 0.963 1.010 

MALMQUIST INDEX SUMMARY OF ANN UA L MEANS 

year effch techch pech sech tfpch 

2 0.936 1.053 1.001 0.934 0.986 
3 1.072 1.005 0 .989 1.083 1.077 
4 1.042 0.972 0 . 981 1 . 062 1.013 
5 0 . 944 1. 070 0 . 980 0.963 1.010 

mean 0 . 997 1. 024 0.988 1 . 009 1. 021 

MA LMQUI ST I NDEX SUMMARY OF FIRM MEANS 

firm effch t echch pech sech tfpch 

1 1.000 1.024 1. 000 1.000 1.024 
2 0.863 0 .976 0 . 901 0 . 958 0.843 
3 1.046 1.053 1. 027 1.018 1.102 
4 1.000 1.098 1. 000 1.000 1.098 
5 1. 023 0 .986 1.000 1. 023 1.009 
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RESULTS FROM MA LMQUI ST 
6 1.059 0 .997 1.000 1.059 1.056 
7 1.000 1.077 1.000 1.000 1.077 
8 0.994 0.990 0.980 1.013 0.984 

mean 0.997 1.024 0 .988 1.009 1.021 

[Note that al l Malmquist index averages are geometric means ] 
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APPENDlX-4: Resu lts from the Censored Tobit Model 

I) TECHNICAL EFFICIENCY 

Random-effects tobit regress ion 
Group variable (i) : id 

Number of obs = 40 
Number of groups = 8 

Random effects u_i - Gaussian Obs per group: min = 5 
avg = 5.0 

max =5 

Log li ke lihood = 66.589813 
Wald chi2(9) 
Prob > chi2 

----------------------------------------------------------------------------
effscor I Coef. Std. Err. z P>lzl [95% Coni. Interval] 

-------------,,----------------------------
roa I .1833276 .1558447 1.1 8 0.239 -.1/7"1224 .4887776 

asset I -2.7 Ie- 11 1.5ge- 11 - 1.7 1 0.088 -5.8Ie- 11 4.03e-12 
nbr I -.0056457 .0030919 - 1.83 0.068 -.01 17058 .0004 143 

gprofl -5.2ge-10 2.90e-1O -1.83 0.068 -I. IOe-09 3.8ge- 1 I 
loans I 9.90e-1 I 5.66e- 11 1.75 0.080 -1.20e- 11 2.lOe- 10 
nmfis I -.0071 204 .0076027 -0.94 0.349 -.022021 5 .0077807 
depl 4.38e- 11 2.43e- 11 1.80 0.072 -3.84e-1 2 9.15e- 11 

logroe I .0089502 .0236628 0.38 0.705 -.037428 .0553284 
logloans I -.288825 .1344649 -2.15 0.032 -.5523713 -.0252787 
logasset I .14 16 11 6 .1053026 1.34 0.179 -.0647777 .3480009 

logcap I .0863984 .0632724 1.37 0.172 -.0376 132 .2104 1 
lognbr I .2 138299 .10460 14 2.04 0.04 1 .0088149 .418845 
logdep I -.04707 17 .0397034 -1. 19 0.236 -.1 248889 .0307456 
_cons I 2.82532 1 1.084623 2.60 0.009 .6994998 4.95 11 42 

-------------,,----------------------_._--------------------------- ------------
/sigma_u I 1.86e-20 .008 1459 0.00 1.000 -.0 159657 .0 159657 
/s igma_e I .0457903 .0051 195 8.94 0.000 .0357562 .0558243 

-------------,,-------------------------------- ---- ----------------------------
rho I 1.64e-37 1.44e- 19 0 I 

Observatio n summary: o left -censored observati ons 
40 uncensored observati ons 
o ri ght-censored observations 

= 
= 



2) ALLOCATIVE EFFICIENCY 

Random-effects tobi t regress ion 
Group vari ab le (i): id 

Random effects u_i - Gauss ian 

Log li kelihood = 36.827198 

Number of obs = 40 
Number of groups = 8 

Obs per group: min = 5 
avg = 5.0 

max = 5 

Wald chi2( 13) = 
Prob > chi2 = 

-------------------------------------------------------------------
effscor I Coef. Std. Err. z P>lzl [95% Conf. Interval] 

-------------~ ------------------------------
logroa I .5825237 .2905989 2.00 0.045 .0129602 1.1 52087 

logloans I .6791105 .3455421 1.97 0.049 .001 8604 1.356361 
logasset I .1320668 .3645747 0.36 0.7 17 -.5824865 .84662 
lognbr I -.539509 .23TT057 -2.27 0.023 -1.005404 -.0736 144 

loggprof I -.6064238 .2695919 -2.25 0.024 -1.1 348 14 -.0780334 
loginfll -.09021 32 .!O I4m -0.89 0.374 -.2890273 .108601 

logm2gdpl -.1110082 .3110075 -0.36 0.721 -.72057 16 .4985552 
logdep I .01731 36 .086 L286 0.20 0.841 -. 1514955 .1861226 

roe I -2.996054 ~'+67734 -0.35 0.723 -19.5925 1 13.6004 
roa I -.6297783 .9059614 -0.70 0.487 -2.40543 1.1 45873 
cap I l.33e-09 4.33e-10 3.07 0.002 4.8Ie-1O 2.18e-09 

asset I -6.95e- 11 4.13e- 11 -1.68 0.093 -1.5 Ie- 10 1.I 5e-11 
nbr I .0 1396 1 .0074053 1.89 0 .059 -.000553 .028475 1 

gprof I 2.95e-09 9.04e- 10 3.26 0.00 1 1. 17e-09 4.72e-09 
loans I -4.08e-10 1.6 Ie-1O -2.53 0.0 11 -7.24e-1O -9.25e- 11 
rgdpl 2.66e- 11 1.03e-11 2.58 0.010 6.43e- 12 4 .68e- 11 

nl11fis 1-.0877859 .044582 1 - 1.97 0.049 -.175 165 1 -.0004066 
dep l -1.3ge- 11 523e- 11 -0.27 0.790 -1.1 6e-1O 8.86e- 11 

_co ns I -3 .249868 2.5604 1 I -1.27 0.204 -8.268 182 1.768446 
--------------r----------------------------------------------------------------

Isigma_u I 1.3ge-19 .0 163575 0.00 1.000 -.0320602 .0320602 
Is igl11 a_e I .0963644 .0 107739 8.94 0.000 .075248 .1174808 

---------- ----r--- ---------- ---- ----- -- -- --------------------------------------
rho I 20ge-36 4.90e- 19 0 I 

Observation summary: o left-censored observations 
40 uncensored observations 
o ri ght -censored observations 



· 3) COST EFFICIENCY 

Random-effects tobit regress ion 
Group variab le (i): id 

Num ber of obs = 40 
Number of groups = 8 

Random effects u_i - Gauss ian Obs per group: min = 5 
avg = 5.0 

max = 5 

Log likelihood = 26.024445 
Wald chi2(7) 
Prob > chi2 

effscor I Coef. Std. Err. z P>lzl [95% Conf. Interval] 
------------<--

roe 1- 10.68767 6. 126015 -1.74 0.08 1 -22.69444 1.319097 
roa I .3ti:l9329 .519897 1.08 0.280 -.4570466 1580912 
cap I 9.26e-1O 5.lOe-IO 1.81 0.070 -7.4 le-1 I 1.93e-09 

asset i -8A-7e- I I 4 .0 I e- I I -2. 11 0.035 -1.63e-IO -6. LSe- C2 
nbr! .00 18891 .0029748 0.64 0.525 -.00394 15 .0077196 

gprofl 1.24e-09 7.46e- 1O 1.66 0.096 -2.2Ie-IO 2.70e-09 
loans i -1.30e-1O 9.52e- 1 I -1.37 0. 171 -3. 17e-1O S.64e-11 
rgdp i 2.27e- II l.32e-1 1 1.72 0.085 -3.IOe- 12 4.85e- i I 
infll -1.235325 l.3267 13 -0.93 0.352 -3.835635 1.364985 

m2gdp I -.026200 I .9863 169 -0.03 0.979 - 1.959346 1.906946 
nrnfi s I -.0852079 .0573372 -1.49 0. 137 -.1975867 .027 1709 
depl 3.82e- 11 2.98e- 11 1.29 0.199 -2.0 Ie- 1I 9.66e- 11 

_cons I 1.485427 .796085 1. 87 0.062 -.0748712 3.045725 
--------------r----------------------------------------------------------------

Isigma_u I 3. ll e-20 .021 1263 0.00 1.000 -.0414068 .04 14068 
Isigma_e I .1 262426 .01 4 11 44 8.94 0.000 .098579 .1 539062 

--------------r----------- ----------------------------------- --------------.---
rho I 6.08e-38 8.26e-20 o 

Observation summary: o left-censored observations 
40 uncensored observat ions 
o right-censored observat ions 

= 

= 



4) SCALE EFFICIENCY 

Random-effects tobit regression 
Group vari able (i): id 

Number of obs = 40 
Number of groups = 8 

Random effects u_i - Gauss ian Obs per group: min = 5 
avg = 5.0 

max = 5 

Wald chi2(10) = 
Log likelihood = 46.3 17635 Prob > chi2 

effscor I Coef. Std. Err. z P>lzl [95% Conf. Interval) 
-------------+ ----------------------------------

roe I -5.417 175 5.956785 -0.9 1 0 .363 -17.09226 6.257909 
roa I .8768333 .6838842 1.28 0.200 -.463555 I 2.2 17222 

asset I -9.96e-12 267e-l i -037 0.709 -6.23e-I I 4.24e-I I 
nbrl .0103197 .00'=84 1.97 0.048 .0000722 .0205672 

gprof I -827e-1O 4-.87e-IO - 1.70 0.089 - 1.78e-09 1.27e-IO 
loans I -4.60e- Il 1.02e-1O -0.45 0.652 -2.46e-IO 1.54e- 1O 
nmfis I .0096276 .01.26219 0.76 0.446 -.0 15 11 09 .034366 1 
dep I 4. 16e-12 4.06e-11 0. 10 0.9 18 -7.54e- 11 8.37e- ll 

logroe I -.0869526 .042768 -2.03 0.042 -.1707764 -.0031288 
logloans I .4530745 .2358823 1.92 0.055 -.0092464 .91 53953 
logassetl -.3984635 .2888835 -1.38 0. 168 -.9646647 .1677378 

logcap I .0835845 .2238924 0.37 0.709 -.3552366 .5224055 
lognbr I -.358 101 8 .1736504 -2.06 0.039 -.6984504 -.01 77532 
logdep I .0132571 .0671227 0.20 0.843 -. 11 8301 .144815 1 

cons I -1.5 13689 1.95 1331 -0.78 0.438 -5.338228 2.3 10849 -
------- ------+-------------------------------------------------------------- --

/sigma_u I 2.04e- 19 .01909 13 0.00 1.000 -.0374 183 .0374 183 
/s igma_e I .0760 I 08 .0084983 8.94 0.000 .0593545 .0926671 

---- -- -- --- --i-----------------------------------------------------------------
rho I 7.2 Ie-36 l.35e- 18 0 

Observa ti on summary: o left -censored observati ons 
40 uncensored observat ions 
o ri ght-censored observations 
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