
  

MEASURING BANK EFFICIENCY IN GHANA: A 

JOINT APPLICATION OF PARAMETRIC AND 

NON-PARAMETRIC TECHNIQUES 
 

 
 

 

 

JOHN-MARK AKANDEKUMTIIM  
 

 

 

Thesis submitted in accordance with the requirements 

for the degree of 

 

 

DOCTOR OF PHILOSOPHY  

 

 

in Economics 

 

 

at the 

 

 

THE UNIVERSITY OF SOUTH AFRICA 

 

 

SUPERVISOR: PROFESSOR BUSANI MOYO 

 

 

2021



 

 

i 

Declaration 
 

I, John-Mark Akandekumtiim, declare that this thesis, titled, “Measuring Bank Efficiency 

in Ghana: A Joint Application of Parametric and Non-parametric Techniques” is my own 

work and that all the sources that I have used or quoted have been indicated and 

acknowledged by means of complete references. 

 

I further declare that I submitted the thesis to originality checking software and that it falls 

within the accepted requirements for originality. 

 

I further declare that I have not previously submitted this work, or part of it, for examination 

at the University of South Africa for another qualification or at any other higher education 

institution. 

 

 



 

 

ii 

Abstract 
 

This study examines two aspects of bank efficiency in Ghana, namely, levels of efficiency 

and determinants of efficiency. The Ghanaian banking industry, like those of many sub-

Saharan African countries, has undergone significant changes since the introduction of 

financial sector reforms in the late 1980s, all aimed at improving the performance of banks 

and the efficiency of the financial sector in general. Yet the Ghanaian financial sector is still 

characterised by relatively low financial depth, a low level of intermediation and issues of 

weak corporate governance, amongst other things, that continue to affect the efficient 

operations of banks. 

 

This study, therefore, provides evidence on bank efficiency in Ghana by defining and 

measuring three concepts of efficiency (Technical, Cost and Scale) using the two most 

popular frontier approaches, namely Stochastic Frontier Analysis (SFA) and Data 

Envelopment Analysis (DEA), in ways that conform to economic theory so as to provide 

useful information to policymakers. The study employed an unbalanced panel of 220 

observations from 27 Ghanaian banks over the period 2007 to 2016 to examine whether 

efficiency scores derived from the two frontier techniques yield consistent results according 

to five criteria, namely, distributions, rankings, identification of best and worst performance, 

stability over time, and correlation with traditional accounting-based performance measures.  

 

The results suggest that parametric and non-parametric techniques neither rank nor identify 

best and worst practice banks consistently. The results also indicate that neither the efficiency 

scores generated by SFA nor those generated by DEA are highly correlated with the non-

frontier accounting-based measures of bank performance in Ghana, suggesting that the latter 

may contain some exogenous variables that make them poor proxies for measuring 

efficiency. The SFA approach however yielded efficiency measures that were relatively more 

correlated with accounting-based measures in bank performance analysis, and more stable 

over time than efficiency scores generated by the DEA approach. The comparatively higher 

degree of consistency between SFA and standard accounting-based methods, as well as the 

fairly stable efficiency scores under the SFA approach compared with that of the DEA 

approach, makes the SFA approach more realistic and hence more attractive and useful for 

regulatory purposes in Ghana. 



 

 

iii 

 

The study also investigates the determinants of bank efficiency in Ghana to enhance policy 

focus. The results indicate that inefficiency in the Ghanaian banking industry is influenced by 

a number of factors, including bank regulations, competition, bank-specific characteristics, 

and macroeconomic factors. Although, in some instances, the two frontier techniques 

presented conflicting relationships between efficiency and the variables enumerated above, 

the study finds that regulatory intensity exacerbates inefficiency in the Ghanaian banking 

industry. The study also finds that, while the Lerner index shows a negative relationship 

between competition and efficiency, supporting the efficient structure hypothesis, the Boone 

indicator shows a positive relationship between competition and efficiency, supporting the 

quiet life hypothesis. It is argued that the Lerner index tends to misrepresent the evolution of 

competition in markets where the number of firms is few with high market concentration. 

Therefore, considering the fact that four big banks dominate the Ghanaian banking industry, 

and the fact that the sample size is not that large, the study concludes in favour of the Boone 

indicator as a more realistic and attractive measure of the relationship between competition 

and bank efficiency in Ghana. The study also investigates economies of scale and 

technological progress among Ghanaian banks and finds that the efficiency of Ghanaian 

banks is related to the exploitation of scale economics and the adoption of new production 

technologies. The study finds widespread scale economies across different bank categories, 

with large, foreign and private banks recording larger scale economies compared with their 

smaller, local and public counterparts respectively.  

 

The findings in this study have some implications from a policy standpoint in Ghana. The 

regulatory authorities need to strike a delicate balance between ensuring a stable banking 

system and promoting competition in the banking sector by guaranteeing market 

contestability. This can be done through the facilitation of the entry of well-capitalised banks 

to break the dominance of the big banks and hence reduce concentration and market power. 

This can lead to healthy competition, and hence bank efficiency, without jeopardising the 

stability of the banking system. The negative relationship between credit risk and bank 

efficiency also implies that the Bank of Ghana can promote bank efficiency and financial 

inclusion by strengthening its supervision and monitoring of bank credit to reduce credit risk. 
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Opsomming 
 

Hierdie studie het twee aspekte van bankdoeltreffendheid in Ghana ondersoek, naamlik die 

vlakke van doeltreffendheid en die determinante van doeltreffendheid. Die Ghanese 

bankbedryf, soos heelwat ander subSahara-Afrika-lande, het betekenisvolle veranderinge 

sedert die bekendstelling van hervormings van die finansiële sektor in die laat 1980’s 

ondergaan, wat daarop gemik was om die prestasie van banke en die doeltreffendheid van die 

finansiële sektor oor die algemeen te verbeter. Nietemin word die Ghanese finansiële sektor 

steeds deur relatief lae finansiële diepte gekenmerk, asook onder meer ’n lae vlak van 

bemiddeling en kwessies van swak korporatiewe beheer wat voortgaan om die doeltreffende 

bedrywighede van banke te beïnvloed. 

 

Hierdie studie bied dus bewyse van bankdoeltreffendheid in Ghana deur drie konsepte van 

doeltreffendheid (tegnies, koste en skaal) te omskryf en te meet deur die twee gewildste 

grensbenaderings te gebruik, naamlik stochastiese grensanalise (Stochastic Frontier Analysis 

– SFA) en data-ontwikkelingsanalise (Data Envelopment Analysis – DEA), op wyses wat deur 

ekonomiese teorie ondersteun word ten einde beleidmakers van nuttige inligting te voorsien. 

Die studie het ’n ongebalanseerde paneel van 220 observasies van 27 Ghanese banke vir die 

tydperk 2007 tot 2016 gebruik om vas te stel of doeltreffendheidstellings afkomstig van die 

twee grenstegnieke konsekwente resultate oplewer ooreenkomstig vyf kriteria, naamlik 

verspreidings, rangordes, die identifikasie van beste en slegste prestasie, stabiliteit oor tyd en 

korrelasie met tradisionele rekeningkundig-gebaseerde prestasiemaatreëls.  

 

Die resultate het aangedui dat parametriese en nieparametriese tegnieke nie beste en slegste 

praktykbanke konsekwent kan klassifiseer nie; asook dat nòg die doeltreffendheidtellings wat 

deur stochastiese grensanalise genereer is nòg die wat deur data-ontwikkelingsanalise 

gegenereer is, met die niegrens- rekeningkundig-gebaseerde maatreëls van bankprestasie in 

Ghana in ’n groot mate gekorreleer kan word, wat daarop wys dat die laasgenoemde ’n mate 

van eksogene veranderlikes kan bevat wat hulle swak aanduiders vir metingsdoeleindes 

maak. Die stochastiesegrensanalisebenadering het egter doeltreffendheidsmaatreëls 

opgelewer wat relatief meer met rekeningkundig-gebaseerde maatreëls van 

bankdoeltreffendheidanalise korreleer en oor tyd meer stabiel was as 

doeltreffendheidstellings wat deur die data-ontwikkelingsanalisebenadering gegenereer is. 
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Die betreklike hoër graad van konsekwentheid tussen stochastiesegrensanalise- en standaard 

rekeningkundig-gebaseerde metodes, asook die redelike stabiele doeltreffendheidstellings van 

die stochastiesegrensanalisebenadering in vergelyking met die data-

ontwikkelingsanalisebenadering, dui daarop dat die stochastiesegrensanalisebenadering meer 

realisties en derhalwe aantrekliker en nuttiger is vir regulatoriese doeleindes in Ghana. 

 

Die studie het ook die determinante van bankdoeltreffendheid in Ghana omdersoek ten einde 

die beleidsfokus te verbeter. Die resultate het aangetoon dat ondoeltreffendheid in die 

Ghanese bankbedryf deur ’n aantal faktore beïnvloed word, insluitend bankregulasies, 

mededinging, bankspesifieke eienskappe en makroekonomiese faktore. Hoewel die twee 

grenstegnieke in sommige gevalle teenstrydige verhoudings tussen doeltreffendheid en die 

veranderlikes wat hierbo genoem is opgelewer het, het die studie bevind dat regulatiewe 

intensiteit ondoeltreffendheid in die Ghanese bankbedryf vererger. Die studie het ook bevind 

dat alhoewel die Lerner-indeks ’n negatiewe verhouding tussen mededinging en 

doeltreffendheid wys wat die doeltreffendheidstruktuurhipotese ondersteun, die Boone-

aanwyser ’n positiewe verhouding tussen mededinging en doeltreffendheid aantoon, wat die 

quiet life-hipotese ondersteun. Daar word aangevoer dat die Lerner-indeks neig om die 

evolusie van mededinging in markte, waar die aantal firmas min met hoë markkonsentrasie 

is, wan voor te stel. Met die inagneming van die feit dat vier groot banke die Ghanese 

bankbedryf oorheers, asook die feit dat die steekproefgrootte nie baie groot was nie, het die 

studie derhalwe tot die slotsom gekom dat die Boone-aanwyser ’n meer realistiese en 

aantreklike maatstaf is van die verhouding tussen mededinging en bankdoeltreffendheid in 

Ghana. Die studie het ook die skaalvoordele en tegnologiese vordering van Ghanese banke 

ondersoek en bevind dat die doeltreffendheid van Ghanese banke met die uitbuiting van 

skaalvoordele en die aanneem van nuwe produksietegnologieë verband hou. Die studie het 

wydverspreide skaalvoordele in verskillende bankkategorieë uitgewys, waar groot, 

buitelandse en privaat banke groter skaalvoordele noteer in vergelyking met hulle kleiner, 

plaaslike en openbare eweknieë.  

 

Vanuit ’n beleidstandpunt in Ghana  hou die bevindings van hierdie studie sekere implikasies 

in. Die regulerende owerheid moet ’n fyn balans handhaaf tussen die versekering van ’n 

stabiele bankstelsel en die bevordering van mededinging in die banksektor deur 

markbetwisbaarheid te waarborg. Dit kan gedoen word deur die fasilitering van die toetrede 
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van goed gekapitaliseerde banke om die dominansie van die groot banke te verswak en 

sodoende die konsentrasie en mag van die mark te verminder. Dit kan tot gesonde 

mededinging lei en uiteindelik tot bankdoetreffendheid sonder om die stabiliteit van die 

bankstelsel in gevaar te stel. Die negatiewe verhouding tussen kredietrisiko en 

bankdoeltreffendheid beteken ook dat die Bank van Ghana bankdoeltreffendheid en 

finansiële insluiting kan bevorder deur sy toesighouding en monitering van bankkrediet te 

versterk om kredietrisiko te verminder. 

 

OKUCASHUNIWE 
 

Lolu cwaningo lubheka imikhakha emibili yokusebenza kahle kwamabhange eGhana, 

okungukuthi, amazinga okusebenza kahle kanye nezincazelo zokwenza kahle. Imboni 

yamabhange yaseGhana, njengaleyo yamazwe amaningi asendaweni yezwekazi lase-Afrika 

eliseningizimu yeSahara., yenze ushintsho olukhulu selokhu kwethulwa izinguquko 

emkhakheni wezezimali ngasekupheleni kweminyaka yama-1980, konke lokhu kuhlose 

ukwenza ngcono ukusebenza kwamabhange nokusebenza kahle komkhakha wezezimali 

jikelele. Kodwa-ke umkhakha wezezimali waseGhana usabonakala ngokujula okuphansi 

kwezezimali, izinga eliphansi lokulamula kanye nezinkinga zokuphathwa kwezinkampani 

ezibuthakathaka, phakathi kokunye, okuqhubeka nokuthinta ukusebenza kahle 

kwamabhange. 

 

Lolu cwaningo, ngakho-ke, lunikeza ubufakazi ekusebenzeni kahle kwebhange eGhana 

ngokuchaza nokulinganisa imiqondo emithathu yokusebenza kahle (Ezobuchwepheshe, 

Izindleko kanye neSikali) kusetshenziswa izindlela ezimbili ezaziwa kakhulu zemingcele, 

okuyindlela yesifanekiso kwezomnotho (SFA) nendlela engabandakanyi noma ikuphi 

ukucatshangelwa mayelana nokusatshalaliswa kokuvamisile ocwaningweni lokusebenza 

nakwezomnotho ngokulinganiselwa kwemingcele yokukhiqiza (DEA), ngezindlela 

ezihambisana nombono wezomnotho ukuze unikeze imininingwane ewusizo kubenzi 

bezinqubomgomo. Ucwaningo lusebenzise iqembu elincane elingalingani labantu abangama 

– 200 bokuhlola abakhethwe ukweluleka, bathathe isinqumo  elivela emabhange angama-27 

aseGhana esikhathini sonyaka ka-2007 kuya onyakeni ka-2016 ukubheka ukuthi ngabe 

imiphumela yokusebenza kahle etholakala kulezi zindlela ezimbili zemingcele iveza 

imiphumela engaguquguquki ngokuya ngemigomo emihlanu, okungukuthi, ukwabiwa, 
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amazinga, ukukhonjwa kokusebenza okuhle nokubi kakhulu, ukuzinza ngokuhamba 

kwesikhathi, kanye nokuhambisana nezindlela zokusebenza zendabuko ezisuselwa 

ekulinganiseni. 

 

 

Imiphumela iphakamisa ukuthi amasu okucabanga enani ngokwezinombolo ngenhloso 

yokuhlaziya kanye nawangabandakanyi noma ikuphi ukucatshangelwa mayelana 

nokusatshalaliswa kokuvamisile awaphakamisi noma akhombe amabhange asebenza kahle 

kakhulu futhi amabi kakhulu ngokungaguquguquki. Imiphumela ibuye  angakuvezi ukuthi 

amaphuzu okusebenza kahle akhiqizwe yi-SFA noma lawo akhiqizwe yi-DEA ahlobene 

kakhulu nezinyathelo ezingezona ezasemgceleni ezincike  ekubhekeni kwezimali ezenziwa 

yibhange eGhana, okuphakamisa ukuthi lokhu okwedlule kungaqukatha ukuguquguquka 

okumbalwa okubenza babe ngabenegunya elibi lokumela omunye umuntu, ikakhulukazi 

ekuvoteni ukulinganisa ukusebenza kahle.The Indlela ye-SFA nokho iveze izinyathelo 

zokusebenza kahle ebezihambisana kakhulu nezindlela ezincike ekubhekeni kwezimali 

ekuhlaziyweni kokusebenza kwasebhange, futhi ezinze ngokuhamba kwesikhathi 

kunamanani okusebenza kahle akhiqizwa indlela ye-DEA. Izinga eliphezulu 

ngokuqhathaniswa lokuvumelana phakathi kwe-SFA nezindlela ezijwayelekile ezisuselwa 

ekubalweni kwemali, kanye nezilinganiso ezisebenza kahle ngaphansi kwendlela ye-SFA 

uma kuqhathaniswa naleyo yendlela ye-DEA, yenza indlela ye-SFA ibe ngokoqobo 

ngokwengeziwe futhi ngenxa yalokho ihehe futhi ibe wusizo ngezinjongo zokulawula 

eGhana. 

 

Ucwaningo luphinde luphenya nezimpawu zokusebenza kahle kwamabhange eGhana 

ukuthuthukisa ukugxila kwenqubomgomo. Imiphumela ikhombisa ukuthi ukungasebenzi 

kahle embonini yamabhange aseGhana kuthonywa yizici eziningi, kufaka phakathi 

imithethonqubo yasebhange, ukuncintisana, izici eziqondene namabhange, kanye nezici ze- 

zomnotho jikelele. Yize, kwezinye izimo, izindlela zombili zemingcele ziveza ubudlelwano 

obuphikisanayo phakathi kokusebenza kahle kanye nokuguquguqukayo okubalulwe ngenhla, 

ucwaningo luthola ukuthi amandla okulawula akhulisa ukungasebenzi kahle embonini 

yamabhange aseGhana. Ucwaningo luthola nokuthi, ngenkathi inkomba yeLerner ikhombisa 

ubudlelwano obungebuhle phakathi kokuncintisana nokusebenza kahle, kusekela isakhiwo 

esisebenzayo sesiphakamiso esenziwe njengesisekelo sokucabanga, ngaphandle kokucabanga 
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okweqiniso laso, inkomba yeBoone ikhombisa ubudlelwane obuhle phakathi kokuncintisana 

nokusebenza kahle, kusekela impilo yokuthula yesiphakamiso esenziwe njengesisekelo 

sokucabanga, ngaphandle kokucabanga okweqiniso laso. Kuthiwa inkomba yeLerner 

ithambekele ekumeleleni kabi ukuvela komncintiswano ezimakethe lapho inani lamafemu 

lincane ngokugxila emakethe ephezulu.  Ngakho-ke, ngokubheka iqiniso lokuthi amabhange 

amane amakhulu aphethe imboni yamabhange aseGhana, nokuthi ubukhulu besampula 

abubukhulu kangako, ucwaningo luphetha ngokuvumela inkomba yeBoone njengesilinganiso 

esingokoqobo nesikhangayo sobudlelwano phakathi komncintiswano nokusebenza kahle 

kwebhange eGhana. Ucwaningo luphenya nezinga lezomnotho kanye nenqubekela phambili 

kwezobuchwepheshe phakathi kwamabhange aseGhana futhi luthola ukuthi ukusebenza 

kahle kwamabhange aseGhana kuhlobene nokuxhashazwa kwezinga lezomnotho 

nokwamukelwa kobuchwepheshe obusha bokukhiqiza. Ucwaningo luthola umnotho wezinga 

elibanzi emikhakheni eyehlukene yamabhange, ngamabhange amakhulu, angaphandle 

nawangasese aqopha umnotho wezinga elikhulu uma kuqhathaniswa nozakwabo abancane, 

basekhaya kanye nabomphakathi ngokulandelana 

 

Okutholakele kulolu cwaningo kunomthelela othile kumbono wenqubomgomo eGhana. 

Iziphathimandla ezilawulayo zidinga ukufeza isimo esibucayi lapho izinto ezehlukene 

zenzeka ngamanani alinganayo noma afanele phakathi kokuqinisekisa uhlelo oluzinzile 

lwamabhange kanye nokukhuthaza ukuncintisana emkhakheni wamabhange ngokuqinisekisa 

ukuncintisana kwemakethe. Lokhu kungenziwa ngokwenza lula ukungena kwamabhange 

anemali eningi ukuze kunqandwe ukubusa kwamabhange amakhulu futhi ngalokho 

kunciphise amandla okuxakaniseka namandla emakethe.  Lokhu kungaholela ekuncintisaneni 

okunempilo, ngakho-ke ukusebenza kahle kwebhange, ngaphandle kokubeka engozini 

ukuzinza kohlelo lokubhanga. Ubudlelwano obubi phakathi kobungozi besikweletu 

nokusebenza kahle kwebhange busho nokuthi iBhange laseGhana lingakhuthaza ukusebenza 

kahle kwebhange nokufakwa kwezezimali ngokuqinisa ukugadwa kwalo nokuqapha 

isikweletu sasebhange ukunciphisa ubungozi besikweletu. 
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Chapter One 

 

Introduction and Background 
 

1.1 Introduction  
 

Since earlier works by Schumpeter (1912), Gurley and Shaw (1955), Goldsmith (1969), 

Shaw (1973) and McKinnon (1973), the role of the financial sector in stimulating economic 

growth and development has received extensive coverage. While only a few studies like that 

of Lucas (1988) argued that the role of finance in economic growth has been over-stressed by 

the finance and growth literature, there is significant and growing body of empirical research 

that shows that countries with better-developed financial systems tend to grow faster (Levine, 

2003). Levine (2003) argued further that a better-functioning financial system in a country 

reduces financing constraints that tend to limit firm and industrial expansion. Studies have 

also shown that the role that the financial system plays in the economic growth process varies 

across countries depending on factors such as the level of political freedoms, rule of law and 

property rights protection, among others (Adu et al., 2013). 

 

The World Bank Global Financial Inclusion Index (Findex, 2014) indicates that, although 

there has been a significant drop in the number of the unbanked over the period 2011 – 2014, 

the size of the financially excluded population in the world is still enormous. The report 

indicates that two billion people or 38% of adults in the world do not use formal financial 

services, and more than half of adults in the poorest 40% of households in developing 

countries are unbanked because of costs, travel distance as well as the burdensome 

requirements involved in opening a financial account. Financial inclusion within the broader 

context of inclusive development is viewed as a means of tackling poverty and inequality 

(Chibba, 2009). Therefore, the importance of efficient financial intermediation on economic 

growth and financial inclusion cannot be over emphasised. Studies such as Graff and 

Karmann (2006) argue that, in the course of providing products and services, there is the need 

for financial intermediaries to allocate scarce resources efficiently since inefficient financial 

intermediation crowds out the use of productive factors in other sectors of the economy.  
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The development of the financial sector especially in developing countries is seen as part of 

private sector development strategy to stimulate economic growth and reduce poverty by 

generating local savings, which in turn can lead to productive investments and a better 

allocation of resources (Kagochi et al., 2013). In line with the development of the financial 

sectors of their economies, nearly all-African countries introduced reforms to liberalise their 

financial sectors in the late 1980s and early 1990s. This was necessitated by the fact that the 

pre-reform policies of government controls over financial markets had severely damaged the 

financial systems of these countries, leading to financial repression characterised by both 

financial shallowing and bank distress (Brownbridge and Harvey, 1998). Even though these 

reforms have yielded some substantial results in terms of the growth and expansion of the 

financial sectors of these countries, there still exist some challenges. Among these challenges 

are political instability, unstable macroeconomic environment resulting from high inflation 

and interest rates, high depreciation of local currencies, among others. Besides, the level of 

savings in these countries continue to be generally low due to widespread poverty, which 

restricts the benefits of financial markets to a few and exclusive sectors of the economy 

(Marone, 2003). 

 

Since the late 1980s when financial sector reforms were introduced, the Ghanaian banking 

landscape has seen significant changes including liberalization and modernization among 

others, all aimed at improving performance of banks and the efficiency of the financial 

system in general. Ghana’s banking system has improved from the 1980s’ state of severe 

distress, illiquidity and insolvency, interest rate controls and credit rationing to a market-

based regime characterised by increased competition among banks (Acquah, 2006). 

Furthermore, specific initiatives by the Central Bank or Bank of Ghana (especially following 

the passage of the banking Act, 2004), which include the conversion to universal banking 

regime, the adoption of an open licensing system, the modernization of payment systems, the 

establishment of Central Securities Depository (CSD), the raising of minimum capital 

requirement, among others have significantly improved the competitive environment of the 

industry. Banks have responded by improving and expanding their product offerings such as 

zero-balance savings accounts, bill payments, debit and credit cards, and telephone and 

internet banking (Isshaq and Bokpin, 2012). 
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As at December 2016, the number of class-one1 licensed banks operating in Ghana stood at 

33 comprising 17 foreign-owned2 and 16 Ghanaian-owned3. Within the same period, there 

were 141 rural/community banks. Prior to the introduction of universal banking licensing by 

the Bank of Ghana in 2003, class one banks in Ghana were classified as commercial (retail), 

merchant, and development banks. Even though all class-one banks in Ghana now hold 

universal banking licenses, important differences still exist among these banks, particularly in 

their area of specialization in product offerings and size, among others. Hence, even after 

over a decade of the adoption of universal banking licensing regime, banks in Ghana can still 

be categorised into commercial banks, merchant banks and development banks based on their 

core activities.  

 

The Price Waterhouse and Coopers (PWC) Annual Banking Survey Report (2014) 

categorised banks in Ghana into four quartile groups on the basis of the size of their operating 

assets. The first, second, third and fourth quartiles were made up of banks whose share of 

operating assets were above 5%, 4-5%, 2-3% and below 2% respectively. The total share of 

industry operating assets by the first quartile banks was above 50% while that of the fourth 

quartile banks was less than 10%. Operating assets made up of cash and other liquid assets as 

well as net loans and advances are considered as a key performance indicator as well as the 

basis for which shareholder value is derived. The report considered operating assets as all 

assets directly deployed to generate both funded (interest) and non-funded (fee & 

commission) income. The report also highlighted the relative contributions of funded and 

non-funded income to total operating income of the various banks, which further shows that 

banks in Ghana can still be segmented into the traditional merchant, commercial and 

development banks. These apparent differences in the performance of banks greatly influence 

the banks’ investment portfolios.  

 

The Ghanaian banking industry like that of many sub-Saharan African countries has seen 

significant development since the introduction of financial sector reforms in the late 1980s, 

yet the industry is still characterised by relatively low financial depth and level of 

intermediation. According to the Bank of Ghana annual report (2013), the ratios of private 

                                                 
1 These are banks that hold universal banking licenses 
2 This refers to banks that majority of shares (over 50%) are held by foreign institutions or individuals 
3 This refers to banks where majority of the shares (over 50%) are held by local Ghanaian institutions or 

individuals 
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sector credit to GDP as well as total deposit to GDP ratio have been stagnant at 15% and 18% 

respectively over the period 2009 to 2013. Over the same period, stock market capitalization 

to GDP rose from 43% in 2009 to 79% in 2011 and thereafter declined to 65% in 2013, while 

M2 to GDP ratio averaged 29%.  

 

 

Considering the vital role banks and for that matter the financial sector play in economic 

development in any country, it is imperative for all stakeholders (government, shareholders 

and managers of banks) to be interested in the level and determinants of efficiency of the 

banking industry. Berger and Humphrey (1997) noted the importance of assessing the 

efficiency of financial institutions so as to be able to identify the best as well as the worst 

performers. It is argued that greater bank efficiency can improve bank solvency, which 

translates into enhanced banking system stability (Schaech and Cihak, 2014). It is also argued 

that bank efficiency contributes to economic well-being by facilitating efficient allocation of 

funds from surplus to deficit spending units of the economy, which promotes savings and 

optimal resource allocation (Moyo, 2018).  

 

The Ghanaian banking industry saw some regulatory changes over the past ten years, all 

aimed at improving the performance of banks, yet by the end of 2016, a number of Ghanaian 

banks experienced significant difficulties especially with respect to their liquidity and 

solvency, which resulted in the collapse of nine (9) banks between 2017 and 2019. The 

question one may ask is whether the regulatory measures were inadequate or they were too 

overbearing, which resulted in unintended negative consequences on the performance of 

banks or it was that some banks were managed badly resulting in operational inefficiencies, 

which affected their performance. It will therefore be interesting to investigate these and 

many other questions in relation to the performance of Ghanaian banks especially prior to 

2017. The main aim of this study therefore is to contribute to the rather limited but growing 

banking efficiency literature in sub-Saharan Africa in general and Ghana in particular by 

applying both parametric and non-parametric techniques to identical Ghanaian banking 

datasets to provide estimates of the levels and determinants of bank efficiency to enhance 

policy focus.  
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1.2 Problem Statement 
 

The PWC Annual Banking Survey report (2014) on Ghana, indicated that, the average cost to 

income ratio of the first quartile banks is below 50% while that of the bottom quartile is 

above 70%. The report also indicated that the banks in the first quartile were generally well 

capitalised, invested a lot of resources in technology, had relatively high wage bills resulting 

from comparably better remuneration to their staff and yet had lower cost to income ratios 

compared with the banks in the bottom quartile. Considering the fact that all the banks 

covered in the survey hold universal banking licenses and operate under the same 

environment, the question one may ask is what accounted for these marked differences in the 

cost profiles of these banks? Could it be that the first quartile banks were generally more 

efficient than those in the bottom quartile? These and many other similar questions may only 

be answered with the help of an extensive study on the efficiency of banks in Ghana. Bank 

efficiency at the macroeconomic level is a social optimal target, since it reduces the cost of 

financial intermediation. Thus, central banks are interested in creating operating 

environments that ensure maximum productive efficiency of their banking systems (Resti, 

1996). 

 

Following the above preamble, and taking a cue from the statement by Bauer et al. (1998) 

that efficiency scores vary considerable across studies, the first motivation of this study is the 

need to provide estimates of bank efficiency measures using alternative frontier techniques. 

There is a significant body of empirical literature on bank efficiency studies across the world. 

Yet only a few apply two or more techniques to identical datasets (Fiorentino et al., 2006), 

and most of these (Resti, 1997; Bauer et al., 1998; Casus and Girardone, 2002; Weill, 2004; 

Beccalli et al., 2006; and Fiorentino et al., 2006) have been on the developed world. Most 

studies on bank efficiency, especially in the context of Africa in general and Ghana in 

particular have employed non-parametric approaches such as the DEA and have concentrated 

mostly on technical efficiency analysis (see for example; Akoena et al., 2009; and Saka et al. 

2012). The present study therefore takes a cue from earlier studies such as Bauer et al. (1998) 

and argues that there is no need for a consensus on which frontier technique is best for 

measuring efficiency to make efficiencies useful for regulatory and other purposes. What is 

important is whether efficiency scores derived from both parametric and non-parametric 

techniques are consistent in efficiency levels, rankings, identification of best and worst banks, 

stable over time, and consistent with non-frontier traditional accounting-based measures 
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(Bauer et al., 1998).  In addition to technical efficiency, this study employs the concept of 

cost efficiency, which theoretically, at least in the long-run, occurs when a bank is both 

technically efficient (producing maximal output at given input levels or the use of minimum 

input quantities to produce a given output) and allocatively efficient (optimal choice of input 

mix given their respective prices). Therefore, cost efficiency is the product of both technical 

and allocative efficiency, which reflect not just absolute optimal production but also the 

quality of production. The study also employs the concept of scale efficiency, which 

measures the extent to which a bank deviates from its most productive scale size. As 

indicated above, the three concepts namely, technical efficiency, cost efficiency and scale 

efficiency all analyze efficiency from different angles. Therefore, by analyzing all three 

concepts using identical datasets from Ghana, the present study provides a broader 

understanding of the levels and determinants of efficiency of Ghanaian banks, which can be 

useful for bank regulators and other decision makers in the banking industry.  

 

This study is also motivated by the need to incorporate regulatory actions in the modelling of 

banking efficiency measures. Even though regulatory actions by the regulatory authorities are 

generally aimed at improving the soundness of the banking system, these actions may have 

unintended effects on the level of efficiency. For example, an increase in the mandatory cash 

reserve requirement, an aspect of regulatory action, may lead to an increase in the opportunity 

cost of funds, which acts as an implicit tax on the price of bank deposits and hence may affect 

the cost structure of banks (Hughes and Mester, 1993).  Therefore, it is important to 

incorporate regulatory factors in the determination of the cost behaviour of banks 

(Elliehausen, 1998). Yet, a search of the literature indicates that only a few studies across the 

world have explicitly incorporated regulatory costs in the analysis of determinants of 

efficiency of banks, and more so, none has been sighted on Ghana. Previous empirical studies 

(Adjei-Frimpong et al., 2014; Isshaq and Bokpin, 2012, Saka et al., 2012) have focused on 

factors such as size, distance, ownership as well as some macroeconomic factors.  

In Ghana, within the study period (2007-2016) the Central Bank has changed the primary 

reserve requirements for banks two times, from 9% in 2007 to 11% in 2014 and 10% in 2015. 

The minimum capital requirement also changed three times, from GHS7 million (USD7.29m) 

in 2007 to GHS60 million (USD41.29m), GHS120 million (USD63.67m) and GHS400 
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million (USD82.99m) in 2010, 2012 and 2018 respectively4. These key regulatory changes 

may have impacted on the performance and efficiency of Ghanaian banks. The present study 

therefore will go beyond other determinants of bank efficiency, which have been applied in 

previous studies, by explicitly including regulatory cost factors such as opportunity cost of 

primary reserve requirement and regulatory capital adequacy burden as determinants of bank 

efficiency in Ghana. 

 

Finally, this study is motivated by the need to investigate whether the financial sector reforms 

particular those that have been implemented in the Ghanaian banking sector over the past ten 

years have impacted on bank efficiency measures. The sample data employed in this study 

covers a ten-year period characterised by major financial reforms especially following the 

promulgation of the banking act in 2004, all aimed at establishing a more efficient and robust 

banking sector. These reforms, which include the removal of interest rates and credit controls, 

the licensing of new banks, among others, as well as the mixed performance of the Ghanaian 

economy over the sample period may have impacted on resource allocation and hence the 

evolution of efficiency of the banking sector. The liberalization of the banking sector as part 

of the financial sector reforms has also resulted in an increase in the number of banks over 

the period and hence a possible increase in the level of competitiveness in the Ghanaian 

banking industry. It is therefore important for a study of this nature to provide the levels of 

efficiency as well as investigate the determinants (including particularly regulatory and 

competition factors) of banking sector efficiency, which can be valuable to policymakers in 

shaping future policies in the sector. 

 

1.3 Scope and Objectives of the Study 
 

This study generally seeks to provide country specific evidence on bank efficiency in Ghana 

by defining and measuring efficiency using the two main frontier approaches, namely 

Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA) in ways that 

conform to economic theory so as to provide useful information to policymakers in their 

attempt to formulate policies aimed at improving the efficiency of the banking system in 

Ghana. The specific objectives of this study are as follows: 

 

                                                 
4 the USD equivalents were based on BOG year end interbank GHS/USD exchange rates of 0.9599; 1.4532; 

1.8846; and 4.8200 for 2007; 2010; 2012; and 2018 respectively. Source: BOG website. 
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The first objective of this study is to measure various concepts of efficiency of Ghanaian 

banks using different frontier techniques as means of methodological crosschecking. In this 

regard, the study seeks to cross-check efficiency measures generated from the two frontier 

approaches (SFA and DEA) employed according to the consistency criteria as in Bauer et al. 

(1998) and Fiorentino et al. (2006). 

 

The second objective of this study is to investigate the determinants of bank efficiency in 

Ghana to enhance policy focus. In this regard, the study investigates for instance the possible 

unintended effects of regulatory actions of the central bank on banks’ cost behaviour and 

hence banks’ efficiency. 

 

The third objective of the study is to investigate the existence, or otherwise, of scale 

economies and technological progress among Ghanaian banks over the study period. 

Information on the existence of scale economies or diseconomies is important for regulatory 

purposes especially in relation to policies regarding mergers and acquisitions. Knowledge of 

the existence of technological progress on the other hand helps regulators as well as managers 

of banks to determine whether the adoption of new technologies in the banking industry over 

time leads to efficiency gains in terms of reduction in production cost. 

 

In the light of the above, this study will attempt to address the following research questions. 

First, what has been the levels, distribution and evolution of technical efficiency, cost 

efficiency and scale efficiency of Ghanaian banks over the sample period? Secondly, what 

can be learned from the joint application of parametric and non-parametric efficiency analysis 

techniques to the same banking data set in Ghana? Thirdly, what are the key determinants of 

bank efficiency in Ghana? Finally, do scale economies and technological progress exist in the 

Ghanaian banking industry over the study period? 

 

1.4 Significance and contribution of the Study 
 

The role of banks in economic growth and development especially in the context of an 

emerging market economy like Ghana cannot be over emphasised. For banks to be able to 

play this role more effectively however, they must as much as possible, operate at optimal 

level, so as to be able to provide products and services to the public at reasonable and 

competitive prices. Even though the banking sector is a heavily regulated industry, 
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inefficiency still exists especially in a country like Ghana, where bank penetration remains 

relatively low with over 80% of the population still unbanked (Wampah, 2014). Yet a review 

of literature on bank efficiency has revealed a number of gaps particular in relation to 

estimation methods, scope of studies, and time frame among others.  

 

At the methodological level, the joint application of parametric and non-parametric frontier 

techniques to the analysis of bank efficiency in Ghana will enable us test what Charnes et al. 

(1978) refer to as methodological cross-checking of bank efficiency scores within the context 

of sub-Saharan Africa in general, and Ghana in particular. Methodological crosschecks are 

important to enable policymakers and market participants to be aware of possible conflicting 

efficiency measures that may result from alternative frontier techniques (Fiorentino et al., 

2006). Methodological cross-checking of efficiency measures across various consistency 

criteria as suggested by Bauer et al. (1998) may be useful in policy formulation. 

 

At the empirical level, most studies on bank efficiency across the world have focused mostly 

on developed economies particularly the United States and Europe and in recent times on 

transition economies, particularly in Eastern Europe, Asia and South America. The 

application of a sample data on a developing banking system like Ghana, will therefore 

contribute to the limited but growing empirical literature on bank efficiency within the 

context of sub-Saharan Africa and can serve as reference material for academic or related 

purposes. 

 

At the policy level, the findings of this study may be useful to both regulators and 

practitioners for policy and managerial decisions. Due to limited research work on banking 

efficiency based on economic theory in developing economies like Ghana, bank regulators 

and managers of banks rely on traditional accounting ratios to measure performance and 

efficiency of banks for policy and strategic planning purposes. However, several studies 

including Colwell and Davis (1992), DeYoung (1997), Moormann and Sottocornola (2009); 

and Twente (2010) have argued that accounting ratios are not only defective in many aspects 

but are also not likely to capture all aspects of the responsibilities of banks. This study will 

therefore provide comparatively, more robust banking efficiency measures, which may be 

used for more reliable policy and managerial decisions to develop a sound and stable banking 

system in Ghana. 
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1.5 Structure of the Study 
 

This study will be divided into six chapters as follows:  

 

Chapter one has provided the background and general framework of the study, which include 

the problem statement, scope and objectives of the study, as well as the significance and main 

contribution of the thesis. 

 

Chapter two presents an overview of the operating environment within which banks in Ghana 

operate in order to situate the study in a proper context. The chapter provides an overview of 

the macroeconomic environment of Ghana, and a review of the history and performance of 

Ghana’s financial sector in general and the banking industry in particular over the study 

period.  

 

Chapter three provides detailed review of both theoretical and empirical literature. 

Specifically, chapter three starts with various constructs of efficiency; followed by a review 

of the theoretical literature on frontier techniques to efficiency analysis and measurement; 

and concludes with a review of the relevant related empirical literature on bank efficiency 

with particular attention to studies on the joint application of both parametric and non-

parametric techniques to identical banking data, bank regulations and efficiency, competition 

and efficiency, economics of scale and technological change. 

 

Chapter four describes the methodology employed in estimating efficiency scores as well as 

the determinants of bank efficiency. The chapter describes the two approaches employed (i.e. 

Data Envelopment Analysis and Stochastic Frontier Analysis). The chapter provides detailed 

discussion on the various specifications of both DEA and SFA frontier models commonly 

used in the literature. The chapter also discusses the data and its sources as well as the 

variables employed as determinants of bank efficiency in Ghana, which includes various 

measures of bank competition. The chapter then concludes by examining methods for 

estimating economies of scale and technological change. 

 

Chapter five presents the empirical results of the study as well as a discussion of same, 

following the application of the various estimating techniques to the data. This covers 

detailed discussion on the empirical results on efficiency scores across the two frontier 

techniques as well as the determinants of efficiency of Ghanaian banks. 
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Chapter six concludes the study by presenting a summary of the main findings, policy 

recommendations, key contributions of the study, as well as the limitations of the study and 

directions for future research. 
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Chapter Two 
 

 

Review of the Ghanaian Banking Sector 
 

2.1 Introduction 

This chapter reviews the financial services industry in Ghana with particular reference to the 

banking sector. The chapter begins by providing an overview of the economic environment 

within which banks operate and compete. The chapter then proceeds by reviewing the 

performance of Ghana’s financial services industry in general and the banking sector in 

particular, in terms of access, depth, efficiency and stability compared with the rest of the 

world. The chapter concludes with an overview of the legislative and regulatory changes that 

have occurred in the Ghanaian banking sector since independence in 1957. 

2.2 Economic Performance 

2.2.1 Ghana’s Economic Performance 

The economy of Ghana recorded an average annual GDP growth of about 7% over the period 

2008 - 2017, making the Ghanaian economy second fastest growing economy in sub-Saharan 

Africa, after Ethiopia, which recorded an average annual real GDP growth rate of 10% over 

the period under review (see table 2.1). As can be observed in table 2.1, even though Ghana 

recorded the second highest average annual real GDP growth over the period 2008 to 2017, 

Tanzania, which is the third fastest growing sub-Saharan African (SSA) economy recorded 

more consistent annual real GDP growth rates for each year over the period compared with 

that of Ghana. The Ghanaian economy however, has out-performed the sub-Saharan Africa 

average in each year except in 2014, when Ghana experienced severe shortage of electricity 

generation for both domestic and industrial use, which resulted in the shut-down of a number 

of businesses due to the inadequate power supply, among others. The average growth rate of 

the Ghanaian economy over the past ten years (2007 – 2017) was 7.1% compared with 4.1%, 

and 2.7% for sub-Saharan Africa and the world economy respectively (see Table 2.1). Even 

at the height of the global financial crisis in 2008 when most economies were adversely 

affected resulting in the world economic growth significantly slowing down from 5% in 2007 
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to 3% in 2008, the Ghanaian economy showed some level of resilience with the annual GDP 

growth rate rising from 6.5% to 8.4% within the same period. Nevertheless, the annual 

growth rate of the Ghanaian economy fluctuated during the period under review (see table 

2.1) as the economy continued to face challenges such as the over reliance on primary 

products such as gold, cocoa and now crude oil, which exposes the economy to fluctuations 

in world market prices of such products.  

 

As shown in table 2.1, the annual real GDP growth rate of Ghana rose to a high of 14% in 

2011 but declined consistently to a low of 3.6% in 2016 before rising to 8.5% in 2017. The 

drop in GDP growth especially over the period 2013 - 2016 is attributable to a number of 

factors including erratic and unreliable supply of electricity, poor performance of key exports 

like gold and cocoa as shown in table 2.2, tightened credit conditions, depreciation of the 

Ghana cedi, high inflation, among others. Table 2.2 shows key performance indicators of the 

Ghanaian economy. The share of the value of gold and cocoa exports dropped from above 

40% and 20% respectively in 2012 to 30% and 19% respectively in 2013. The share of 

exports of the two commodities however rebounded in 2016, rising back to the 40% and 20% 

ranges respectively. 

 

It is important to note however that, a number of fiscal and monetary policy reforms have 

been carried out especially over the past three years, and are being implemented, which are 

expected to transform the economic performance of Ghana. Key policy initiatives by the 

current government include one-district-one-factory, one-village-one-dam, planting for food 

and jobs, national electronic payment system, digitization of taxation, digital property 

addressing system, among others. The “One-District-One-Factory” initiative for instance, is 

expected to take advantage of the agricultural and natural resources endowments in the 

various districts of the country to ensure an even spatial spread of industries and promote 

rapid industrialization at the district level (Government of Ghana Budget Statement, 2017). 

The new policy reforms are expected to further lead to an improvement of the Ghanaian 

economy in general and the financial sector in particular, which include increased access to 

financial services, financial deepening, increased competition and efficiency.  
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Table 2. 1: Annual Real GDP Growth Rate - Ghana compared with others, 2008 - 2017 
 

Year Ghana Tanzania Ethiopia SSA World 

2008 8.4 5.6 11.2 5.5 3.0 

2009 4.0 5.4 10.0 2.8 -0.5 

2010 7.9 6.4 10.6 5.0 2.0 

2011 14.0 7.9 11.4 5.5 3.9 

2012 9.3 5.1 8.7 4.8 3.2 

2013 7.3 7.3 9.9 5.2 3.4 

2014 4.0 7.0 10.3 5.0 3.4 

2015 3.9 7.0 10.4 3.1 2.8 

2016 3.6 7.0 8.0 1.5 2.4 

2017 8.5 6.0 10.9 2.6 3.1 

Average 7.1 6.4 10.1 4.1 2.7 
Source: IMF World Economic Outlook Database, April 2018 and World Bank Global Economic Prospects, June 2018 

Note: 1. SSA - Sub-Saharan Africa    

           2. Ethiopia is the fastest growing economy in SSA over the past ten (10) years 

 

 

Table 2. 2: Selected Macroeconomic Indicators of Ghana, 2007 – 2016 
 

Year Overall 

GDP 

Growth 

(%) 

CPI 

Inflation 

(yr-on-yr) 

(%) 

BOG 

Policy 

Rate (%) 

Gold Share 

of Exports 

(%) 

Cocoa Share 

of Exports 

(%) 

Nominal 

GHS/USD 

Exch. Rate 

Overall 

Budget 

Deficit (% of 

GDP) 

2007 6.5 12.7 13.5 41.6 27.1 1.0 4.9 

2008 8.4 18.1 17.0 42.6 28.2 1.3 6.6 

2009 4.0 15.9 18.0 43.7 32.0 1.4 5.6 

2010 7.9 8.6 13.5 47.8 27.9 1.5 6.3 

2011 14.0 8.6 12.5 38.5 22.5 1.6 4.3 

2012 9.3 8.8 15.0 41.6 20.9 1.9 11.5 

2013 7.3 13.5 18.0 36.1 16.5 2.2 9.2 

2014 4.0 17.0 21.0 33.2 19.8 3.2 10.2 

2015 3.9 17.7 26.0 31.1 26.4 3.8 6.7 

2016 3.6 15.4 25.5 44.2 23.1 4.2 8.7 

Average 6.9 13.6 18.0 40.0 24.4 2.2 7.4 
Source: Bank of Ghana and Ghana Statistical Service Reports 

Note: BOG - Bank of Ghana; GHS – Ghana Cedis 
   

2.2.2 The Structure of Ghana’s Economy 

Ghana is endowed with substantial natural resources including gold and other minerals, 

favourable climate and land for the cultivation of important cash crops like cocoa, timber 

resources, and quite recently, crude oil, among others. Gold, timber, inward remittances and 

cocoa production are the major sources of foreign exchange. The economy of Ghana 

continues to revolve around subsistence agriculture, which employs over 50% of the work 

force (mainly small landholders) but accounts for just an average of 25% of GDP over the 

study period, with the annual contribution to GDP dropping from a high of 32% in 2009 to a 

low of 19% in 2016. The declining contribution of Ghana’s agricultural sector to GDP has 

been attributed to extreme weather, resulting in extreme precipitation and drought; falling 
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world price of cocoa; declining public spending on the agricultural sector especially from the 

year 2011 onwards; and quite recently, possible negative impact of extractive industries such 

as oil (World Bank, 2018). Even though the impact of the oil and mining sectors on Ghana’s 

non-resource economy has not been fully researched, it is instructive to note that the sharp 

decline of Ghana’s agricultural sector’s contribution to GDP coincided with the 

commencement of oil production in Ghana from 2010 as seen in figure 2.1. The declining 

trend in the contribution of the agricultural sector to GDP, which coincided with the 

production of oil in commercial quantities, appears to suggest an emerging sign of the Dutch 

Disease (World Bank, 2018). 

 

The services sector is the leading contributor to GDP with an average of 52% in the past ten 

years (Ghana Statistical Service, 2018) as shown in figure 2.1. Prior to 2011, the agricultural 

sector was the second largest contributor to Ghana’s annual GDP but has since fallen behind 

the industrial sector, the reasons for which have been adduced above. Mining and oil 

contributed an annual average of 10% of GDP over the past ten years, while the 

manufacturing sub-sector of industry accounted for 6% of GDP over the same period as 

shown in figure 2.1.  

 

 

*Provisional 

Source: Ghana Statistical Service 2017 Annual GDP Report, April 2018 

 

     Figure 2. 1: Sectoral Contribution to GDP (%): 2008 – 2017 
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*Provisional  

Source: Ghana Statistical Services 2017 Annual GDP Report, April 2018 
 

   Figure 2. 2: Services Sector and Components (% of GDP): 2008 – 2017 

 
 

Figure 2.2 provides the distribution of the services sector share of GDP. As can be observed 

from figure 2.2, in terms of individual sub-sectors’ contributions to GDP, the financial 

services sub-sector is only second to the transportation sub-sector. However, the financial 

services sub-sector witnessed the most improved performance over the study period, with its 

contribution to GDP rising from a low of 4% at the beginning of the period to a high of 9% at 

the end of the period. This shows the growing importance of the financial services industry to 

the overall economic growth and development of Ghana. Data from the Ghana Statistical 

Services (2018) also indicate that the share of financial services sub-sector as a percentage of 

the services sector as a whole has witnessed significant improvement over the period 2007 to 

2016, rising from a low of just 6.8% in 2007 to a high of 16.5% in 2016. In terms of annual 

growth, on average, the financial services sector has outperformed both the services sector 

and the economy as a whole over the period under review.  

 

2.3 Overview of Ghana’s Financial Services Sector 

 2.3.1 Ghana’s Financial System 

The 4x2 matrix of financial system characteristics, introduced in the 2013 World Bank’s 

Global Financial Development Report provides a basis for comparing Ghana’s financial 

system with the rest of the world. The World Bank’s criteria provided four variables for 
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measuring access, depth, efficiency and stability of both financial institutions and financial 

markets5. Table 2.3 provides data on these four variables on Ghana compared with the rest of 

the world. In terms of access, Ghana outperformed the Sub-Saharan African (SSA) average, 

almost equaled the average for developing economies but underperformed when compared 

with the average for the five largest (in terms of GDP) SSA economies, which comprise 

Nigeria, South Africa, Angola, Kenya and Ghana. In terms of depth, Ghana performed below 

the averages of both SSA and developing economies. With respect to efficiency of financial 

institutions, Ghana equaled the average of SSA but fell below the average for developing 

economies as well as the average for the five largest SSA economies. In terms of stability of 

both financial institutions and financial markets, measured by Bank-Z-scores and stock price 

volatility respectively, Ghana recorded relatively lower figures compared with the rest of the 

world over the reference period, indicating that generally, the financial system in Ghana was 

more stable when compared with SSA and the rest of the world during the period under 

review. 

 

Table 2. 3: Basic Data on Financial System Characteristics, Averaged over 2013 - 2015 

 
 Access Depth Efficiency Stability 

 Financial 
Institutions 

Financial 
Markets 

Financial 
Institutions 

Financial 
Markets 

Financial 
Institutions 

Financial 
Markets 

Financial 
Institutions 

Financial 
Markets 

World 49.8 45.7 51.4 72.4 6.7 30.6 12.9 15.5 

Developed Economies 87.1 43.8 89.6 110.8 4.1 42.2 14.4 15.6 

Developing Economies 33.4 48.2 34.9 44.8 7.9 21.3 12.1 15.4 

Sub-Saharan Africa (SSA) 23.4 48.5 21.3 46.7 9.1 5.0 9.5 10.9 

Five Big SSA Economies 43.9 52.7 29.2 72.6 8.2 11.5 11.6 11.9 

Ghana 32.9  16.0 7.5 9.1 1.7 7.2 8.1 

Source: Financial Development Report (2017/2018)       
Note: The indicators are averages computed from data over the period 2013-2015      
Access: Financial institutions - Account at a formal financial institution (% age 15+)     
            : Financial Markets - Market Capitalization excluding top 10 companies to total market capitalization (%)   
Depth: Financial institutions - Private credit by deposit money banks to GDP (%)     
           : Financial markets - Stock market Capitalization to GDP (%)      
Efficiency: Financial institutions - Bank lending-deposit spread (%)      
                 : Financial markets - Stock market turnover ratio (value of shares traded to market capitalization) (%)   
Stability: Financial institutions - Bank Z-score (measures the probability of default of the banking system)    
               : Financial markets  - Stock price volatility       

 

2.3.2 Evolution and Structure of Ghana’s Banking Sector 

Prior to the 1990s, Ghana’s banking sector was driven largely by deliberate effort of 

government particularly in the establishment of banks, where capital was provided directly by 

                                                 
5 Financial institutions include banks, insurance companies and other non-bank financial institutions while 

financial markets include stock exchanges, bonds, and financial derivatives markets (World Bank, 2018) 
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central government or public institutions such as the Bank of Ghana (BOG), the Social 

Security and National Insurance Trust (SSNIT) and the State Insurance Company (SIC). In 

the late 1980s, Ghana began the implementation of financial sector reforms as part of the then 

Economic Recovery Programme (ERP). This led to the introduction of capital adequacy 

requirements by a Legislative Instrument (LI 1329) in 1988 and eventual replacement of the 

Banking Act (1970) with the Banking Law (1989) (Antwi-Asare and Addison, 2000). A key 

component of the reforms was the Financial Sector Adjustment Programme (FINSAP), which 

was launched in 1989 to among other objectives, restructure distressed banks, reform the 

prudential regulatory and the supervisory system, allow the entry of new public and private 

financial institutions and generally develop both the money and capital markets of Ghana. 

The pre-reform repressive financial policies led to the collapse of financial depth 

(Brownbridge and Gockel, 1998). Immediately following the implementation of the reforms, 

several other banks including Cal Merchant bank (1990), Ecobank (1990), The Trust Bank 

(1994), First Atlantic Merchant Bank (1995), Prudential Bank (1996), among others were 

licensed to operate especially in the area of merchant Banking. 

The achievements of the FINSAP can be discussed under the three main objectives of the 

programme namely bank prudential reforms, bank restructuring, and the liberalization of 

financial markets (Brownbridge and Gockel, 1998). Prudential regulatory reforms resulted in 

the introduction of the new Banking Act in 1989, which introduced minimum paid-up capital 

requirements for both Ghanaian and foreign-owned banks, and gave the BOG the authority to 

revise the capital requirements from time to time as they deem it appropriate. The new 

banking law also introduced exposure limits for secured credit to a single non-bank customer 

of 25% of a bank’s net worth, and unsecured credit of 10% of a bank’s net worth. The new 

law also introduced exposure limits for credit to customers who have links with banks such as 

staff and directors in order to restrict insider lending and promote sound credit practices. 

The restructuring of public sector banks, which included reforms to management and 

operating procedures, and in particular, the removal and replacement of non-performing 

assets on the balance sheets of insolvent public sector banks with Bank of Ghana bonds 

enabled the banks to meet the then minimum capital requirement ratio of 6% in 1990. 

Management reforms including the appointment of new boards of directors and executive 

management as well as key changes to operating procedures of these banks led to improved 

financial performance, and by 1990 all but one of the public banks began to record profits. 
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Key measures that were carried out to liberalize financial markets included the removal of 

controls on interest rates, removal of credit controls, the introduction of market based 

monetary control instruments, and the licensing of new banks and other financial institutions. 

The removal of maximum lending rates and minimum deposits rates, and the abolishing of 

sectoral credit guidelines gave banks the freedom to price deposits and loans and to allocate 

loans according to market criteria (Brownbridge and Gockel, 1998). Market-based system of 

indirect monetary control involving the weekly auctioning of Government of Ghana (GOG) 

and BOG securities such as treasury bills and notes was also introduced.  

The liberalization of interest rates and the removal of credit controls allowed banks the 

freedom to compete for customers. The granting of new licenses allowed new banks and 

other financial institutions to enter the banking and financial services industry, and this 

brought about diversification of product offerings and a reduction in concentration in the 

banking industry, which was apparent in the immediate post reforms period as the share of 

the four largest banks in total deposits dropped from 76% in 1988 to 70% in 1994 

(Brownbridge and Gockel, 1998). The financial sector reforms led to significant 

improvement in the Ghanaian banking sector particularly in the areas of financial depth and 

stability. For instance, financial deepening, measured by the ratio of private credit by banks 

to GDP improved from 2.84% in 1988 to 4.51% in 1995 and within ten years, it more than 

doubled to 13.50% by 2005, and rose further to 18% by 2016. 

Hitherto, banks in Ghana were licensed to operate as focused banks in the areas of 

commercial, development, or merchant banking. However, the concept of universal banking 

license was introduced in the Ghanaian banking sector in 2003. A universal banking licensing 

regime allow banks to offer the entire range of financial services including commercial 

banking, investment banking and selling of insurance (Benston, 1994). All deposit money 

banks (also known as class one banks) in Ghana now operate under a universal banking 

licensing regime though not all the banks offer the full range of universal banking services. 

In terms of structure, Ghana’s financial services sector may be categorised as informal, made 

up of ‘susu6’ collectors and individual moneylenders; semi-formal, comprising financial non-

governmental organisations (FNGOs) and credit unions; and the formal sector, comprising 

                                                 
6 A traditional informal form of funds mobilization in Ghana and other parts of Africa, which involves regular 

and periodic collection of fixed amounts of deposits that are made available to the owners after a specified 

period of time or when required or to borrowers within the scheme at a fee (Alabi et al, 2007). 
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banks and other financial institutions. Operators in the informal sector are not organised 

under any recognised legal framework and transactions that occur, rarely use legal 

documentation to enforce contracts, while semi-formal operators are incorporated under 

Ghana’s Companies Act (Act 179) as companies limited by guarantee (Steel and Andah 

2003). Formal financial institutions are incorporated under the Companies Act (Act 179) as 

companies limited by shares and depending on the nature of business, are licensed by the 

various regulatory bodies in the financial sector namely the Bank of Ghana (BOG), the 

Securities and Exchange Commission (SEC), the National Insurance Commission (NIC), and 

the National Pensions Regulatory Authority (NPRA). 

 

The structure of Ghana’s formal financial services sector is shown in figure 2.3. As indicated 

in figure 2.3, formal financial institutions are organised under four regulatory bodies namely 

the Bank of Ghana responsible for the regulation of all deposit and non-deposit taking 

financial institutions; the Securities and Exchange Commission responsible for the regulation 

of the capital market; the National Insurance Commission, responsible for insurance 

businesses; and the National Pensions Regulatory Authority, responsible for the regulation of 

state and private pension institutions. 

 

Source: Bank of Ghana 

Note: SSNIT – Social Security and National Insurance Trust 

Figure 2. 3: Structure of Ghana's Formal Financial Services Sector 
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With total assets in excess of ninety billion Ghana cedis (GHS 90 billion) in 2017, the 

banking sector is the largest sub-sector of Ghana’s financial services industry. As of 

December 2017, the banking sector comprises 34 universal banks compared with 33 in 2016. 

Three new Ghanaian controlled universal banks were granted licences by the Bank of Ghana 

to operate banking businesses, while two were taken over by Ghana Commercial Bank ( GCB 

bank) in 2017, bringing the number of Ghanaian controlled banks to seventeen (17), while the 

number of foreign controlled banks also stood at seventeen (17). The number of 

rural/community banks stood at 141 at the end of 2017. There were also four representative 

offices of foreign banks including Citibank N.A., Ghana International bank plc, Exim bank of 

Korea, and Bank of Beirut within the reference period. 

 

2.3.3 Performance of Ghana’s Banking Sector 

Total assets rose from GHS42.52 billion 2013 to GHS93.60 billion in 2017, indicating an 

average annual growth of 24% over the period (2013 – 2017). Total liabilities on the other 

hand grew by an annual average rate of 25% from GHS36.19 billion in 2013 to GHS81.04 

billion in 2017 as shown in figure 2.4. However, profitability and efficiency of the banking 

industry has deteriorated especially over the past three years, with return on equity declining 

from 33% in 2014 to 21% and 17% in 2015 and 2016 respectively. Cost to income ratio also 

rose consistently from 48% in 2013 to 57% at the end of 2016. 

 

Nevertheless, the Ghanaian banking industry continued to be generally stable, solvent and 

liquid over the period 2007 to 2016, with the industry average capital adequacy ratio well 

above the regulatory limit of 10% throughout the period as indicated in table 2.4, and liquid 

assets to total deposits improving from 74% in 2015 to 85% at the end of 2016 (BOG Annual 

Report, 2016). 
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Source: Bank of Ghana Annual Reports, Various years 

Figure 2. 4: Assets and Liabilities of Ghana's Banking Sector (in Billions Ghana Cedis) 

 

Table 2.4 provides historical data on basic characteristics of Ghana’s banking sector, in terms 

of access, depth, efficiency and stability over the period 2007 to 2016. The data shows that 

access to banking services, measured by the number of depositors with banks per 1000 adults 

improved consistently from a low of 220.2 in 2007 to a high of 599.3 in 2015, averaging 

376.2 over the period. Financial depth measured by private credit by deposit money banks to 

GDP rose from 11.6% in 2007 to 14.8% in 2009. It then declined to 13.1% in 2011 before 

rising consistently to 17.5% in 2015. Efficiency measured as bank cost to income ratio 

improved from about 63% in 2007 to 47% in 2013 but deteriorated to 70% in 2015, resulting 

in an average of 61% over the period 2007 to 2015. The Ghanaian banking sector however 

has seen relative stability over the period under review, with bank Z-score, which measures 

the probability of default of the banking system averaging 7% over the 2007 - 2015 period. 

 

Table 2. 4: Basic Characteristics of Ghana's Banking Sector 
         

Year Access Depth Efficiency Stability Non 
performing 
Loans Ratio  

Return 
on Equity 

(%) 

Cash 
reserve 

ratio (%) 

Capital 
Adequacy 
ratio (%) 

2007 220.2 11.6 62.8 6.0  25.8 10.0 14.8 
2008 247.2 13.6 63.7 5.3  23.7 9.0 13.8 
2009 271.6 14.8 63.8 6.0  17.5 8.2 18.2 
2010 282.9 13.8 57.5 6.7 16.1 20.4 13.0 19.0 
2011 346.4 13.1 61.7 6.5 14.1 19.7 10.6 17.4 
2012 456.3 13.4 52.9 7.4 13.2 25.8 9.1 18.6 
2013 458.1 14.2 47.1 8.0 12.0 30.9 9.7 18.5 
2014 504.0 16.2 65.4 7.5 11.0 33.1 10.6 17.9 
2015 599.3 17.5 69.7 7.1 14.7 21.4 10.4 17.8 
2016     17.3 17.3  18.0 

Average 376.2 14.3 60.5 6.7 14.1 23.6 10.1 17.4 
Source: Global Financial Development Database, June 2017 and Bank of Ghana Annual Reports, various years 

Access: Number of depositors with banks per 1000 adults (15+)   

Depth: Private credit by deposit money banks to GDP (%)    

Efficiency: Bank cost to income ratio (%)     

Stability: Bank Z-score (measures the probability of default of the banking system) 
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It is important to note however that, as indicated in section 2.2, both global and domestic 

macroeconomic developments and challenges such as high electricity tariffs, exchange rate 

volatility, among others continue to pose threats to the stability of the Ghanaian financial 

system in general and the banking sector in particular. For instance, total impaired assets of 

the banking sector rose by 39% from GHS4.42 billion in 2015 to GHS6.17 billion in 2016. 

This translates into non-performing loans (NPLs) to total loans ratios of 14.7% and 17.3% in 

2015 and 2016 respectively (see table 2.4). An Asset Quality Review carried out by the Bank 

of Ghana in 2016 indicated that the deterioration in the quality of banks assets was 

attributable to high funding costs and high exposure to the energy sector. A recent report 

(PWC, 2016) indicated that, unpaid energy price subsidies as well as foreign exchange losses 

resulted in public energy sector institutions and the Bulk oil Distribution Companies (BDCs) 

defaulting in paying loans they procured from banks on schedule and hence the rise in banks’ 

NPLs.  

 

2.3.4 The Changing Regulatory Environment of Ghana’s Banking Sector 

The regulation of banking services in pre-independence Ghana was carried out through 

various enactments of company ordinances and directives of the West African Currency 

Board (WACB). The WACB was established by the British government in 1912 to issue 

currency in the British colonies in West Africa including, the Gold Coast (now Ghana), 

Nigeria, the Gambia and Sierra Leone (Antwi-Asare and Addison, 2000). After independence 

in 1957, the Bank of Ghana took over the regulatory duties of the banking sector and has 

since undergone various legislative changes as shown in table 2.5. Various Banking Laws as 

well as Bank of Ghana Acts have been passed over the years to give more regulatory and 

supervisory powers to the Bank of Ghana and to generally deepen the financial sector of the 

country. 

Until 1970 when an explicit Banking Law (Act 339) was promulgated for Ghana, the key 

objectives of the immediate post-independent regulations were to ensure that banks complied 

with the government flagship policy of rapid industrialization as well as ensure that surplus 

funds of banks were kept in the country (Antwi-Asare and Addison, 2000). Act 339 brought 

together various references to banking and banking institutions in various acts to a single 

document, which made provisions for the assurance of bank solvency, liquidity and enhanced 
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supervisory powers of the Bank of Ghana. Act 339 was augmented by a Legislative 

Instrument (LI 1329), which introduced capital adequacy requirements in 1988.  

Following the introduction of the financial sector reforms in the late 1980s, a new Banking 

Law (PNDC7 Law 225) was introduced in 1989 to replace the Banking Law of 1970 (Act 

339). The key features of PNDC Law 225 included new minimum paid-up capital for both 

Ghanaian-owned and foreign owned banks, new capital adequacy ratio (CAR), with the 

formula for computing the CAR clearly laid down in the law, as well as credit limits on 

secured and unsecured loans or advances to a particular borrower. In order to ensure 

regulatory compliance and ensure effective supervision, PNDC Law 225 made provision for 

a Manual of Accounting, which provided a standardised accounting system for all banks. 

In order to increase the independence and hence give more regulatory and supervisory 

powers to the Bank of Ghana, PNDC Law 225 was repealed and replaced with a new 

Banking Law (Act 673) in 2004. Act 673 made provisions for dealing with issues relating to 

licensing of banks, capital and liquidity reserves requirements, bank credit and other exposure 

limits, corporate governance, the BOG’s powers of supervision and control, and the accounts 

and audit standards requirements for banks. For instance, Act 673 did not only raise the 

minimum capital adequacy ratio to 10% but also gave the BOG the power to increase capital 

adequacy ratio if the BOG deems it necessary. 

In addition to maintaining the credit exposure limits provided in PNDC Law 225, the 

Banking Law of 2004 introduced more restrictions on exposures to related parties as well as 

limitations on banks investments in subsidiary companies and gave the BOG the powers to 

vary prudential exposure limits for all banks or a particular bank as the BOG may deem it 

necessary. Act 673 also gave powers to the BOG to issue directives to all banks or a 

particular bank regarding proper management of banks, in line with the BOG’s own policy, to 

protect the interest of depositors, and to generally ensure a sound banking system. Act 673 

was amended by Act 738 in 2007 to among other things, attract foreign direct investments 

through expansion in the use of investment banking instruments. 

Also, the Bank of Ghana Act, 2002 (Act 612) and the Bank of Ghana Amendment Act, 2016 

(Act 918) were enacted by the Parliament of Ghana to consolidate the laws of the Bank of 

                                                 
7 PNDC – Provisional National Defence Council. The PNDC was the military government that ruled Ghana 

from December 1981 to January 1993. 
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Ghana and to strengthen the Bank’s functional autonomy, governance and ability to respond 

to banking sector crises. The Banks and Specialized Deposit-Taking Institutions Act (Act 

930) was also passed in September, 2016 to among other things, build a safety net for small 

savers through the introduction of deposit insurance scheme in Ghana. The various banking 

laws and acts that have been passed since 1957 to enhance the regulation of Ghana’s banking 

sector in particular and the financial services industry in general are summarised in table 2.5. 

Table 2. 5: Key Legislative Changes in Ghana's Banking Sector 

 
Year Key Legislation Key Purpose 

1957 The Bank of Ghana Ordinance, 1957 

(No. 34) 

To formally establish the Bank of Ghana 

1963 The Bank of Ghana (BOG) Act, 1963 

(Act 182) 

To repeal the BOG Ordinance (No. 34) to give the BOG 

more regulatory control over the financial system 

1965 The Bank of Ghana (Amendment 

Act), 1965 (Act 282) 

To repeal the BOG Act 182 

1970 The Banking Act 1970 (Act 339) To bring together numerous references to banking 

institutions in various laws to one document 

1988 Legislative Instrument, 1988 (LI 

1329)  

To augment the Banking Law of 1970 by introducing 

capital adequacy requirements 

1989 The Banking Law, 1989 (PNDCL 

225) 

To replace Act 339 and LI 1329 to give more regulatory 

powers to the BOG 

1992 The Bank of Ghana Law, 1992 

(PNDCL 291) 

To repeal the Bank of Ghana Acts 182 and 282 

2002 The Bank of Ghana Act, 2002 (Act 

612) 

To repeal the BOG Law of 1992 (PNDCL 291) by 

amending and consolidating the law to the BOG 

2003 The Payment Systems Act, 2003 (Act 

662) 

To provide for the establishment, operation and 

supervision of electronic and other payment systems 

2004 The Banking Act, 2004 (Act 673) To repeal PNDCL 225 by amending and consolidating 

the laws relating to banking, among related matters 

2006 The Foreign Exchange Act, 2006 

(Act 723) 

To provide for the exchange of currency and regulate 

foreign exchange business and related matters 

2007 

The Banking (Amendment Act), 

2007 (Act 738) 

To amend Act 673 to attract foreign direct investment 

and expand the use of investment banking instruments 

The Central Securities Depository 

Act, 2007 (Act 733) 

To establish central securities depositories to regulate 

dealings in securities and provide for related matters 

The Credit Reporting Act, 2007 Act 

(726) 

To provide a framework for credit bureaus, to establish 

the conditions for credit reporting  

2008 

Borrowers and Lenders Act, 2008 

(Act 773) 

To provide the legal framework for credit, to improve 

standards of disclosure by borrowers and lenders 

The Anti-Money Laundering Act, 

2008 (Act 749) 

To prohibit money laundering, establish a Financial 

Intelligence Centre and provide for related matters 

The Home Mortgage Finance Act, 

2008 (Act 770) 

To regulate home mortgage financing and for related 

matters 

The Non-Bank Financial Institutions 

Act, 2008 (Act 774) 

To provide for the regulation of non-bank financial 

institutions and for related matters. 

2016 

The Bank of Ghana Amendment Act, 

2016 (Act 918) 

To amend the Bank of Ghana Act, 2002 (Act 612) and 

provide for related matters, to strengthen the Bank of 

Ghana’s functional autonomy, governance and ability to 

respond to banking sector crises 

Banks and Specialised Deposit-

Taking Institutions Act, 2016 (Act 

930) 

To amend and consolidate the laws relating to deposit-

taking. 



 

 

26 

2.4 Conclusion 

This chapter reviewed the operating environment within which banks operate and provided 

the background for understanding the banking industry of Ghana. The review indicated that 

the Ghanaian economy has performed creditably, with annual real GDP growth averaging 7% 

over the period under review. The chapter also reviewed the financial services industry with 

particular reference to the banking sector. We have seen that the Ghanaian banking sector has 

been fairly profitable, stable, liquid and solvent over the period under review. However, 

recent challenges to the Ghanaian economy as a whole including high cost of electricity, 

unfavourable commodities prices among others have led to declining profitability and rising 

NPLs of banks. These current challenges as well as the macroeconomic instability observed 

over the study period may have impacted the efficient operations of banks and the stability of 

Ghana’s banking industry in general, which this study seeks to investigate further, among 

other issues. Nevertheless, recent government policies including the issuing of bonds to pay 

off the energy sector debts are expected to restore stability in the banking sector. 

 

The review of the evolution of the Ghanaian banking landscape has shown that the immediate 

post-independence period to the late 1980s was characterised by state domination in the 

establishment of banks, which were focused on providing the financing needs for rapid 

development of the industrial and agricultural sectors of the economy. However, the control 

measures imposed by the regulatory authorities on interest rates, exchange rates and credit, 

among others prior to the late 1980s led to the collapse of financial depth, necessitating the 

FINSAP to address the institutional weaknesses and to generally liberalize the financial 

markets of the country. However, as to whether the liberalization of the Ghanaian banking 

industry, which resulted in several new entrants into the industry, particularly foreign banks 

may have increased competition in the banking industry and hence bank efficiency, can only 

be ascertained by a thorough analysis of competition using various measures and relating 

same to bank efficiency.  The review of the legislative and regulatory environment has shown 

that the Bank of Ghana has undergone several legislative changes since independence in 

order to increase its regulatory and supervisory powers as well as generally develop and 

deepen the Ghanaian financial system. As to whether the various regulatory changes 

particularly in the areas of capital adequacy and liquidly reserve requirements have impacted 

positively or negatively on bank efficiency will be investigated further in subsequent 

chapters. 
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Chapter Three 

 

Literature Review 

3.1 Introduction 

This chapter reviews both theoretical and empirical literature relating to efficiency analysis in 

general and bank efficiency in particular. The chapter begins with various constructs of 

efficiency, including technical efficiency, allocative efficiency, cost efficiency, revenue 

efficiency and scale efficiency. The various techniques in assessing the performance of banks 

and the measurement of bank efficiency, including basic conventional methods and more 

advanced frontier techniques, are discussed. The chapter also discussed the concept of bank 

efficiency as it relates to bank competition and regulation. This chapter then concludes by 

reviewing scholarly work on bank efficiency from the global perspective to the African 

context and Ghana in particular. 

 

3.2 Definition and Concepts of Efficiency 

 

Theoretically, economic agents and in our case, banks are said to be efficient if they can 

produce maximum output attainable at the minimum cost possible, given a set of inputs and 

input prices. Therefore, measurement of efficiency or inefficiency is the empirical estimation 

of the extent to which observed agents achieve or fail to achieve the theoretical ideal (Greene, 

2007). 

 

The basic microeconomic theory treats producers as capable optimisers. They are successful 

in maximising output or minimising cost and maximising profits for given sets of inputs and 

applicable technology. Empirical studies using conventional econometric techniques, among 

others, build on economic theory by applying, for instance, regression analysis to estimate 

parameters of production, cost and profit functions. In conventional regression analysis, all 

deviations from optimal choices are modelled as statistical noise. However, although every 

producer may attempt to optimise, not all succeed. It is, therefore, possible that for the same 

sets of inputs at given prices and technology, some producers may produce more output or 

allocate the given inputs more cost-effectively than others. In effect, some producers may be 
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more technically or cost-efficient than others. Therefore, it is argued that estimation 

techniques should allow for the fact that there is statistical noise (random shocks) and 

inefficiency (Kumbhakar and Lovell, 2000). 

 

The theoretical literature on productive efficiency dates back to the 1950s with the works of 

Koopmans (1951), Debreu (1951), Shephard (1953) and Farrell (1957). According to 

Koopmans, "a producer is technically efficient if, and only if, it is impossible to produce 

more of any output without producing less of some other output or using more of input" 

(Kumbhakar and Lovell, 2000: 6). Drawing from the earlier works of Koopmans and Debreu, 

Farrell (1957) was the first to measure productive efficiency and showed how to define 

productive efficiency by decomposing total efficiency into technical and allocative 

components.  

 

Farrell (1957) proposed two components of productive efficiency, namely technical 

efficiency and allocative efficiency. Technical efficiency reflects the ability of a firm to 

obtain maximal output from a given set of inputs. In contrast, allocative efficiency reflects the 

firm’s ability to use its inputs in optimal proportions, given their respective prices and the 

production technology (Coelli et al., 2005). The Debreu-Farrell definition of efficiency has an 

input conserving orientation as well as an output augmenting orientation. The input-oriented 

efficiency measures how much input quantities can be proportionally reduced without 

changing the output quantities, while the output-oriented efficiency measures how much 

output quantities can be proportionally expanded without changing input quantities employed 

(Coelli et al., 2005). Using illustrations and notations in Coelli et al. (2005), the Debreu-

Farrell ideas, based on both input-oriented and output-oriented measures, are explained 

further in sections 3.2.1 to 3.2.3. 

3.2.1 Output and Input Distance Functions. 

Distance functions enable us to describe a multi-input, multi-output technology without 

requiring the specification of behavioural objectives, such as cost minimisation or profit 

maximisation, and hence provide a good foundation for measurement of productive 

efficiency (Coelli et al., 2005). The concept of distance functions has gained popularity in the 

literature since it was independently introduced by Malmquist (1953) and Shephard (1953). 

To define the output or input distance functions, we assume an input vector x, made up of K 
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inputs, such that x = (x1, x2, …., xK) and an output vector q, made up of M outputs, such that 

q = (q1, q2, ……, qM). Hence, the technology set can be defined as: 

  
T ={(x,q) : x ÎR

+

K ,q ÎR
+

M }        (3.a) 

where 
 
R

+

K
and 

 
R

+

M
 are sets of non-negative, real K and M tuples, and x produces q. 

We can then define the output distance function in terms of the output set, P(x) as: 

  
d

o
(x,q) = min{d : (q /d ) ÎP(x)}       (3.b) 

where 
  
d

o
(x,o) = 0 for all non-negative x; 

  
d

o
(x,q)  is non-decreasing in q and non-increasing 

in x, linearly homogenous in q, quasi-convex in x and convex in q. 
  
d

o
(x,q) £1if   q ÎP(x) 

and 
  
d

o
(x,q) = 1 if q belongs to the frontier of P(x). The concept of the output distance 

function is illustrated in figure 3.1 (a), assuming two outputs q1 and q2 are produced using the 

input vector x. The production possibility set, P(x) is the area bounded by the production 

possibility frontier, PPC-P(x). At point A, the ratio   d = 0A / 0B  gives the distance function 

value for firm A, which employs input vector x, to produce output quantities q1A and q2A. The 

value of the distance function (  d = 0A / 0B) for a firm operating at point A is less than 1 (i.e., 

  d = 0A / 0B <1), indicating the proportion by which observed output is below potential 

output while the value of the distance function for firms operating at points such as B and C 

will be equal to 1 (i.e.,   d = 0A / 0B =1) since such points lie on the production possibility 

frontier, and hence an indication of technical efficiency.  

Similarly, we can define the input distance function for the input set, L(q) as: 

  
d

i
(x,q) = max{r : (x / r) ÎL(q)}       (3.c) 

where 
  
d

i
(x,q) is non-decreasing in x and non-increasing in q, linearly homogenous in x, 

concave in x and quasi-concave in q. 
  
d

i
(x,q) ³1 if x is a member of the input set (i.e., 

  x ÎL(q)) but 
  
d

i
(x,q) = 1 if x is on the frontier of the input set (i.e., the isoquant of q). The 

input distance function where two inputs x1 and x2, are used to produce an output vector q, as 

illustrated in figure 3.1(b).  The area bounded by the isoquant, Isoq-L(q) from below, 

represents the input set, L(q). At point A, the value of the distance function is the ratio 
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  r = 0A / 0B , where firm A employs x1A of input 1 (x1) and x2A of input 2 (x2) in the 

production of output vector, q. Again, the value of the input distance function for firms 

operating at points such as B and C, which lie on the isoquant, isoq-L(q) will be equal to 1 

(i.e.,
  r = 0A / 0B =1). 

Output and input distance functions are related as follows: 

i. If 
  q ÎP(x), then 

  x ÎL(q); 

ii. If both inputs and outputs are weakly disposable, then 
  
d

i
(x,q) ³1 if and only if 

  
d

o
(x,q) £1; and 

iii. Under constant returns to scale, the input distance function is the reciprocal output 

distance function (i.e. 
  
d

i
(x,q) = 1/ d

o
(x,q)) for any (x, q). 

Output and input distance functions provide a foundation for measuring various efficiencies, 

as illustrated in sections 3.2.2 to 3.2.4. 
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Source: Coelli et al. (2005) 

 
Figure 3. 1: Output and Input Distance Functions 
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3.2.2 Input-Orientated Measurement of Technical and Allocative Efficiencies 

Input-oriented inefficiencies arise from sub-optimal utilisation of inputs. Overall input-

oriented inefficiency can be broken down into technical and allocative components. Input-

oriented technical inefficiency occurs when a firm utilises more of each input than required to 

produce the given level of output, while input-oriented allocative inefficiency results from a 

sub-optimal combination of inputs in the production of the given level of output. It is 

important to note that the factors responsible for technical and allocative inefficiencies may 

not be the same. While technical inefficiencies may be caused by factors that are generally 

under management control, the factors that cause allocative inefficiencies such as regulation 

may not necessarily be under the control of management. To illustrate the input-orientated 

measures of technical and allocative efficiencies using an input distance function, we assume 

a situation in which a given firm (or Decision-Making Unit, DMU) uses two inputs (x1 and 

x2) to produce a single output (q), under the assumption of constant returns to scale as 

illustrated in figure 3.2. The isoquant SSI indicates fully technical efficient combinations of 

inputs x1 and x2. Therefore, if a firm employs inputs quantities represented by point P to 

produce a unit of output, then the distance QP, the amount by which all inputs could be 

proportionally reduced without a reduction in output, represents technical inefficiency. 

 

 

Source: Coelli et al. (2005) 

Figure 3. 2: Measuring Technical and Allocative Efficiencies from an Input Orientation 

 

 

The ratio QP/OP represents the percentage by which all inputs need to be reduced to achieve 

technically efficient production. Hence, the technical efficiency (TE) of a firm is measured by 

the ratio: 
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TEi = OQ/OP = 1 - QP/OP       (3.1) 

 

where 0 ≤ TE ≤ 1 and hence indicates the degree of technical efficiency with a value of 1, 

implying a fully technical efficient situation like a firm operating at point Q, which is situated 

exactly on the isoquant curve SSI. The input-oriented measure of allocative efficiency in 

figure 3.2, on the other hand, is given as: 

 

AEi = OR/OQ         (3.2) 

 

where 0 ≤ AE ≤ 1, with a value of 1 implies a fully allocative efficient situation and a value of 

zero indicating that the firm is totally inefficient in combining its inputs. 

 

The Debreu-Farrell input-orientated measure of technical efficiency of a firm can be 

expressed in terms of input-distance function di (x, q) as: 

 

TEi = 1/di (x, q)        (3.3) 

 

where x and q are vectors of inputs and outputs, respectively. Equation 3.3 implies that the 

Debreu-Farrell index is the inverse of the Shepard distance function, which measures the 

maximum amount by which an input vector can be reduced along a ray without changing the 

output level. The firm under consideration is fully technically efficient if it is on the frontier, 

where TE = 1 and the distance function value also equals unity if and only if observed inputs 

equal minimum potential inputs. 

 

3.2.3 Output-Orientated Measurement of Technical and Allocative Efficiencies 

Output-oriented technical inefficiencies arise when for a given level of input quantities, a 

firm is not producing an optimal level of output, while output-oriented allocative 

inefficiencies occur when a firm produces a non-optimal mix of outputs, given its input 

quantities and its price level. To illustrate the output augmenting orientation of technical 

efficiency8, let us assume that a single input (x) is employed by the DMU in the production of 

two outputs (q1 and q2), again, under the assumption of constant returns to scale as shown in 

                                                 
8 See Fare et al., 1985, 1994 for detail discussion 
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figure 3.3, where ZZI represents the unit production possibility curve and point A 

corresponds to an inefficient firm.  

 

 

 

Source: Coelli et al. (2005) 

Figure 3. 3: Measuring Technical and Allocative Efficiencies from an Output Orientation 

 

 

The distance AB, which is the amount by which outputs could be increased without 

increasing input, represents technical inefficiency. Hence the output-orientated technical 

efficiency is represented as: 

 

TE0 = OA/OB = do(x, q)       (3.4) 

 

where do(x, q) is the output distance function at the observed input and output vectors x and 

q, respectively. The output-oriented measure of allocative efficiency is represented in figure 

3.3 as: 

AE0 = OB/OC         (3.5) 

 

Again, both the output-oriented measures of technical and allocative efficiencies are bounded 

by zero and one. 

 

3.2.4 The Concepts of Cost, Revenue and Profit Efficiencies 

Cost inefficiencies can arise due to hiring an excess amount of inputs or having a sub-optimal 

mix of inputs (Isik and Hassan, 2002). In other words, cost inefficiencies are the result of 
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either technical inefficiencies or allocative inefficiencies. On the other hand, revenue 

inefficiencies can arise when a firm makes too little or suboptimal mix of outputs for a given 

amount of inputs and prices. Profit inefficiencies arise due to errors from either the output 

side or the input side of production. Hence, profit efficiency measures the extent to which a 

firm is close to producing optimal profit, given its inputs and outputs, quantities and prices. 

Therefore, profit efficiency is a more inclusive concept than cost efficiency as it considers 

both cost and revenue effects (Akhavein et al., 1997). 

 

Weill (2004) defines cost efficiency (CE) in banking as a measure that provides how close a 

bank’s cost is to what a best practice bank’s cost would be for producing the same bundle of 

outputs. In the Debreu-Farrell input-orientated framework above, it is possible to measure the 

cost efficiency of the firm under consideration if we have price information (Coelli et al., 

2005). For example, let w and x represent the vectors of input prices and observed inputs 

employed respectively associated with a firm operating at point P, in figure 3.2. Also, let x0 

represent the input vector associated with the technically efficient point Q, and x* represent 

the input vector associated with the cost-minimising point QI. The cost-efficiency of the firm 

can then be expressed as the ratio; 

CE  =   
w ' x *

w 'x
  =  OR/OP       (3.6) 

Given that the input price ratio represented by the slope of the isocost line AAI in figure 3.2 is 

known, then both allocative efficiency (AE) and technical efficiency (TE) measures can be 

expressed as follows: 

AEi  =  
w ' x *

w ' x0
  =  OR/OQ       (3.7) 

 

TEi  =  
w ' x0

w 'x
  =  OQ/OP       (3.8) 

It follows from the above analysis that the distance RQ in figure 3.2 depicts the reduction in 

production costs if production were to occur at point QI (both allocative and technical 

efficient point) as against point Q, which represents only technical but not allocative efficient 

production. The total overall cost efficiency can be expressed as the product of technical and 

allocative efficiency measures as: 

CE =  {OQ/OP} x {OR/OQ} = (OR/OP) = TEi x AEi.   (3.9) 
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It must be noted again that the three measures, TE, AE and CE, all take a value between 0 and 

1, and CE is always less than or equal to TE. Hence, CE  ≤  1/di (x, q).  

 

Also, using the Debreu-Farrell output-orientated framework in figure 3.3, revenue efficiency 

(RE) can be defined for any observed output price vector p represented by the isorevenue line 

DD1 (Coelli et al., 2005) as follows: 

RE =
p 'q

p 'q*
=

OA

OC         (3.10) 

where q is the observed output vector of a firm associated with point A, q0 is the technically 

efficient production vector associated with point B, and q* represents the revenue efficient 

vector associated with point B1. Overall revenue efficiency can be expressed as a product of 

output-oriented measures of technical and allocative efficiencies as follows: 

 

RE =  {OA/OC} x {OB/OC} = (OA/OB) = TE0 x AE0    (3.11) 

 

The Debreu-Farrell measures of efficiency are strictly defined in terms of production. Hence, 

they provide the natural starting point for analysis of efficiency and satisfy several good 

properties since they are the reciprocals of distance functions (see Shepard, 1970, Rusell, 

1988, 1990). According to Farrell (1957), the most obvious measure of a firm’s efficiency is 

its costs since 'its costs are proportional to its overall efficiency. Farrell (1957) stated further 

that the lowest cost firm must be technically perfectly efficient when analysing any specific 

group of firms. 

 

3.2.5 The Concepts of Scale Elasticity and Scale Efficiency 

In the single-input case, scale elasticity is measured by the ratio of the proportionate change 

in output to a small proportionate change in the quantity of the input; while in the multiple 

inputs case, scale elasticity measures the ratio of the proportionate change in output to small 

equi-proportionate change in all inputs. The production function is said to exhibit increasing, 

constant or diminishing returns to scale when scale elasticity is greater than 1, equal to 1 or 

less than 1, respectively. Frisch (1965) described an input bundle where scale elasticity is 

equal to 1 as the technically optimal scale of production for that input combination, while 

Banker (1984) described the same as the most productive scale size (MPSS). On the other 
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hand, scale efficiency measures the ratio of the average ray productivity at the observed input 

scale to what is attainable at the MPSS.  At the MPSS, both scale efficiency and scale 

elasticity are equal to 1. Elsewhere (i.e. whenever the observed input bundle is not an MPSS), 

scale efficiency is less than 1, irrespective of whether scale elasticity is greater than or less 

than 1 (Ray, 1998).  Ray (1998) provided formal definitions of the concepts of scale elasticity 

and its efficiency as follows: 

 

Let 
  q = f (x) be a concave twice-differentiable continuous production function, where  q  is a 

single output produced from a single input  x . Then for any given input level 
  
x

0
, the scale 

elasticity is 

 

       (3.12) 

 

 

Average productivity AP, on the other hand, is  

 

              (3.13) 

     

 

At the 
  
MPSSx

*
, average productivity reaches a maximum, and by the first order condition for 

a maximum, 

 

  
x

*
f '(x

*
) - f (x

*
) = 0

         (3.14)
 

 

Therefore, at the MPSS, 

  
e(x

*
) = 1

          (3.15)
 

At a given level of input 
  
x

0
, scale efficiency is the ratio of the average productivity at that 

level of input to the average productivity attained at the 
  
MPSSx

*
. Hence, scale efficiency is 

 

      (3.16) 

 

  

e(x
0
) =

d ln f (x)

d ln x
=

x
0
. f '(x

0
)

f (x
0
)

  

AP(x
0
) =

f (x
0
)

x
0

  

SE(x
0
) =

AP(x
0
)

AP(x
*
)

=
f (x

0
) / f (x

*
)

x
0

/ x
*

£1
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Output-orientated and Input-orientated Measures of Scale Efficiency 

Both the output-orientated and input-orientated measures of scale efficiency in the single-

input single-output case are illustrated with the aid of figure 3.4 as follows: 

 

 

   Source: Ray (1998) 

Figure 3. 4: Measuring Scale Efficiency from Output and Input Orientations 

 

     

The production frontier is represented by the curve TT. The point 
  
A(x

0
,q

0
) shows the actual 

input-output combination, which lies below the frontier. The point 
  
B(x

0
,q

0

*) shows the 

efficient output-orientated projection of point A, while the point 
  
C(x

0

*,q
0
)  shows the input-

orientated projection of point A. the maximum average productivity is attain at point 

  D(x*,q*). For an output-orientated measure of scale efficiency, we compare the average 

productivity at point B with point D. Hence the output-orientated measure of scale efficiency 

is  

      

         (3.17) 

For an input-orientated measure of scale efficiency, we compare point C with point D. Hence 

the input-orientated measure of scale efficiency is 

  

SE
I
=

q
0

/ x
0

*

q* / x*

          (3.18)

 

 

  

SE
O

=
q

0

* / x
0

q* / x*
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In general, the measurement of efficiency can be categorised based on the assumptions and 

techniques employed in constructing the efficient frontier. The main methods available in the 

literature to measure bank efficiency are discussed in section 3.3. 

 

3.3 Techniques for Measuring Bank Efficiency  

3.3.1 Conventional Measures of Bank Performance 

The conventional approach to measuring bank performance may be categorised into 

traditional accounting ratios, economic and market-based measures (ECB, 2010). The most 

widely used traditional performance measures include return on Assets (ROA), measured as 

the ratio of net income to total assets; return on equity (ROE), measured as the ratio of net 

income to shareholders funds; and the cost-to-income ratio, which indicates the profit-

generating ability of a bank from a given stream of revenue. The ROE has become the most 

popular ratio in the traditional ratio analysis framework because it only relies on public 

information, which is readily available to analysts'. It allows for direct measurement of 

shareholders' financial investments and enables inter-company as well as inter-industry 

comparison (ECB, 2010). 

 

The economic measures of bank performance focus mainly on efficiency as a central element 

of performance. ECB (2010) identify two sets of indicators as economic measures of bank 

performance. These include indicators related to the total return on an investment in a bank, 

as well as those related to the underlying level of risk associated with the activities of a bank. 

The most popular indicator of total return on investment is the economic value added (EVA) 

measure. The EVA measures the extent to which the economic rate of return generated by a 

bank covers its cost of invested capital. 

 

The third category of conventional techniques for assessing bank performance is the market-

based approach. Market-based measures indicate how capital markets value the performance 

of a bank. The most commonly used market-based indicators are the price-to-earnings (P/E) 

ratio and the price-to-book value (P/B) ratio. The P/E ratio is the ratio of the market value of 

a bank to the total earnings of the bank, while the P/B ratio is the market value of a bank 

divided by the total shareholders' funds of the bank. The lower these ratios are of a bank; the 

more attractive the bank is to investors, all other things being equal. This is because lower 
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market multiples of a bank indicate higher operational performance relative to the market 

price of the bank, making the bank more valuable fundamentally. 

 

Conventional measures of bank performance are easy to compute and provide a quicker way 

of assessing a bank's performance (Jones, 2002). Conventional measures such as accounting 

ratios provide significant information about a bank's financial performance and allow for 

inter-bank and inter-period comparison. However, accounting ratios are limited in many ways 

(Sherman & Gold, 1985). A typical limitation is that, accounting ratios analysis is static and 

hence tends to overlook the impact of current decisions and actions of a bank’s leadership on 

the bank's future performance. For instance, “a bank that defers marketing and new product 

development costs can appear to be performing well based on accounting ratios even though 

these actions may impair future performance” (Sherman & Gold, 1985: 298). Also, 

traditional ratios analysis tend to be univariate and involve only two dimensions, say a single 

output relative to a single input (Smith, 1990). Yet banks produce multiple outputs using 

multiple inputs. Other limitations of traditional ratios analysis include the implicit assumption 

of constant returns to scale, the assumption of a linear relationship between variables and the 

difficulty in treating outliers (Smith, 1990).  Due to the numerous limitations of conventional 

analysis of bank performance and efficiency, frontier techniques have been applied in the 

literature as an alternative (to) or in combination (with) conventional measures to measure the 

efficiency of banks. The two most popular frontier techniques, namely Data Envelopment 

Analysis (DEA) and Stochastic Frontier Analysis that have been extensively used in 

empirical bank efficiency studies are discussed below. 

 

3.3.2 Frontier Techniques 

To measure the efficiency of a productive unit, one needs to compare the actual performance 

of that productive unit with optimal performance located on the relevant frontier, and since 

the true frontier is not known, there is the need to estimate such a frontier. Several references 

in the literature (see Fare and Lovell, 1978, Forsund and Hjalmarson, 1979, Fare et al., 1985, 

1994, Kumbhakar, 1987, Lovell, 1993) have built on the initial framework laid by Farrell 

(1957) and have provided alternatives ways of specifying the technological set of a 

productive unit. 
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The techniques that are widely applied in the measurement of efficiency of production can be 

categorised into (i) parametric methods (where the functional form of the efficient frontier is 

pre-defined or imposed a priori) and (ii) non-parametric methods (where no functional form 

of the efficient frontier is pre-defined or imposed a priori). The parametric techniques can be 

sub-divided into deterministic and stochastic methods, while non-parametric approaches are 

deterministic. Nevertheless, recent developments have introduced some level of stochastic 

analysis into non-parametric methods. Deterministic methods assume that all deviations from 

the efficient frontier are under the control of the productive agent, while stochastic techniques 

assume that not all deviations are under the agent's control. It is intuitive to assume that; 

several factors such as regulation, competition, weather, economic and demographic factors, 

among others, are out of the control of productive agents. Therefore, while deterministic 

techniques consider specification errors as inefficiency, stochastic frontier techniques model 

both specification errors and uncontrollable factors independently from inefficiency by 

introducing a double-sided random error term in the specification of the frontier model. A 

further classification can be made based on the tools employed in the estimation of the 

models. In this regard, we can distinguish between mathematical programming and 

econometric modelling techniques. Deterministic models can be estimated either by 

mathematical programming or econometric modelling, while stochastic models can only be 

estimated using econometric methods. 

 

3.3.3 Non-Parametric Approach: Data Envelopment Analysis (DEA) 

Following Farrell (1957)’s seminal work on the application of the piece-wise-linear convex 

hull approach to the estimation of frontiers, other authors like Shepard (1970) and Afriat 

(1972) have suggested the use of mathematical programming methods to measure frontiers. 

However, in the study by Charnes, Cooper and Rodes (1978), the term Data Envelopment 

Analysis (DEA) was used for the first time. “DEA involves the use of linear programming 

methods to construct a non-parametric piece-wise surface (or frontier) over the data” (Coelli 

et al., 2005: 162).  DEA allows analysis of the relative efficiency of decision-making units 

(DMUs) without the imposition of a priori weights on inputs and outputs. The model 

proposed by Charnes et al. (1978) was input-oriented and assumed constant returns to scale 

(CRS). In the context of banking system efficiency analysis, it is argued that the assumption 

of constant returns to scale is too strict and would only be appropriate if all the banks in the 

study were operating optimally (Alexander et al., 2016). Therefore, works by Fare et al. 
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(1983) and Banker et al. (1984) proposed models that assume variable returns to scale (VRS). 

Most studies on banking sector efficiency using DEA have employed the VRS specification.   

 

Measuring Cost Efficiency under DEA 

Banks are multi-product firms and hence produce multi-outputs, qi
using multi-inputs, xi

 at 

given prices, wi
 to minimise total cost, C (Sealey and Lindley, 1977). Using notations in 

Coelli et al. (2005), the DEA approach may be intuitively introduced as a ratio of outputs to 

inputs for all I firms as u 'q / v 'x  where the i-th firm, qi  and xi  are column vectors of outputs 

and inputs respectively and u and v are M×1 and N×1 vectors of output and input weights 

respectively. For the case of the VRS, we can define the cost- minimising DEA model as 

follows: 

minl ,xi*
 wi 'xi *, 

st          -qi +Ql ³ 0, 

  xi *-Xl ³ 0 , 

  P'l = 1 

  l ³ 0          (3.19) 

 

where wi
 is an N×1 vector of input prices for the z-th firm and xi * is the cost- minimising  

vector of input quantities for the i-th firm given the input prices wi
and the output level qi

. 

The convexity constraint P'l = 1accounts for VRS and P  is an I×1 vector of ones. The 

convexity constraint ensures that inefficient firms are benchmarked against firms of similar 

size.     

 

The total cost efficiency (CE) expressed as the ratio of the minimum cost to observed cost, 

for the i-th firm is computed as 

 

CE =
wi 'xi *

wi 'xi

         (3.20) 
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Measuring Technical and Scale Efficiency under DEA 

Using notations in Coelli et al. (2005) again, the constant returns to scale (CRS) linear 

programming (LP) DEA problem for the computation of technical efficiency (TE) can be 

specified as follows: 

 

 
min

q ,l
q , 

 st       
  
-q

i
+ Ql ³ 0,  

 
  
qx

i
- Xl ³ 0, 

  l ³ 0,          (3.21) 

where for the i-th firm, qi  and xi  are column vectors of outputs and inputs respectively, M×1 

and N×1 are vectors of output and input weights respectively, q  is a scalar and l  is Ix1 

vector of constants. The value of q  is the technical efficiency score for the i-th firm and 

takes values between 0 and 1 (inclusive), with a value of 1 indicating a point on the frontier. 

As indicated earlier, the CRS-DEA assumed that all firms and in this case all banks operate at 

an optimal scale, which is not realistic because factors such as imperfect competition, 

government regulations, differences in financial constraints, among others, may cause a firm 

to operate at sub-optimal scale (Coelli et al. 2005). Therefore, the use of CRS specification 

when some firms may not be running at optimal scale would produce TE estimates that are 

confounded by scale efficiencies (SE) (Coelli et al. 2005). The CRS linear programming 

problem in (3.21) can be modified into a variable return to scale (VRS) specification by 

adding the convexity constraint, ( I1'l =1) as follows: 

 
min

q ,l
q , 

 st       
  
-q

i
+ Ql ³ 0,  

 
  
qx

i
- Xl ³ 0, 

  I1'l =1 

  l ³ 0,          (3.22) 

 

where I1is an Ix1 vector of ones, while other notations are as defined in (3.21). The convexity 

constraint ( I1'l =1) ensures that an inefficient bank is benchmarked against a bank of similar 

size (Coelli et al., 2005). In other words, the convexity constraint ensures the formation of a 

convex set of points, allowing more DMUs to be technically efficient even if they are scale 

inefficient. Hence, the VRS linear programming problem enables computation of pure 

technical efficiency estimates (i.e. TE devoid of SE effects). 
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Coelli et al. (2005) show how scale efficiency estimates can be derived from the estimates of 

TE based on both CRS and VRS assumptions. The computation of scale inefficiency in the 

one-input and one-output case can be illustrated in figure 3.5. 

 

 

Source: Coelli et al. (2005) 

Figure 3. 5: Measuring Scale Efficiency from CRS DEA and VRS DEA 

 

From figure 3.5, the input-orientated CRS technical inefficiency measured from point P is the 

distance PPC, while VRS technical inefficiency, also measured from point P, is only the 

distance PPV. It is clear from the diagram that the distance PPC > PPV. The difference PCPV 

is due to scale inefficiency. Figure 3.5 also indicates that TE from the CRS-DEA (TECRS) is 

less than TE from the VRS-DEA (TEVRS). The relationships among these three measures (i.e. 

TECRS, TEVRS and SE) can be expressed in ratio form as flows: 

 

  
TE

CRS
= AP

C
/ AP         (3.23) 

  
TE

VRS
= AP

V
/ AP         (3.24) 

  

SE = AP
C

/ AP
V

=
TE

CRS

TE
VRS

       (3.25) 

where 
  
0 £ TE

CRS
£1, 

  
0 £ TE

VRS
£1 and   0 £ SE £1. 
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Additional Methods in DEA – Stochastic DEA 

Although the original DEA approach has been praised for its flexibility, it also has a number 

of shortcomings. Developed within the framework of management science (MS), DEA 

originally did not consider the specification of statistical noise, which may include 

measurement and specification errors or sample noise, and hence attributes all deviations of 

DMUs from the best practice frontier as inefficiencies (Olesen and Petersen, 2015). However, 

some studies have shown that it is possible to provide a statistical foundation for DEA 

Methods. This led to the concept of stochastic DEA, which relates to approaches that provide 

a statistical underpinning for DEA models. Stochastic DEA models extend the MS DEA 

models in three directions, namely, the ability to disentangle inefficiency from random noise, 

the ability to handle random noise in the form of measurement errors (i.e. errors in variables) 

and specification errors (i.e. errors in equations) and the ability to handle sampling noise 

(Olesen and Petersen, 2015). 

 

 The first attempt to extend DEA was initiated by Banker (1993), where a statistical model 

and a sampling process are included in the DEA framework to provide a consistent estimator 

of the frontier but under some restrictive assumptions. This approach has, however, been 

criticised for a number of reasons: First, the approach is underpinned by some restrictive 

assumptions such as the requirement that the deviations from the frontier should be iid 

distributed with one-sided error support; that the corresponding density function is 

monotonically decreasing in residuals; and that only one output is involved. Secondly, the 

approach produces a consistent but biased estimator of the true frontier (Olesen and Petersen, 

2015). Subsequently, studies such as Banker and Chang (1995), Banker (1996), among 

others, showed how parametric assumptions on the distribution of the residuals of 

inefficiency can be used to conduct a statistical test of hypotheses. However, series of studies 

by Simar and Wilson (1998, 2000, 2001, 2002) criticised the methods suggested by Banker 

and coauthors for the inability of such approaches to extract information on the confidence 

intervals for the estimators of estimated efficiencies. Simar and Wilson, therefore, developed 

models that use bootstrapping techniques to provide stronger statistical foundations for DEA 

methods.  

 

Bootstrapping is a re-sampling technique that allows hypothesis testing and the construction 

of confidence intervals of estimated efficiency scores. It involves using pseudo estimates 
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from randomly selected thousands of pseudo samples to approximate the actual underlying 

empirical distribution for the estimator of interest (Coelli et al., 2005). Bootstrapping 

techniques are generally not easy for the average researcher, though the increasing 

availability of computer programs has significantly simplified and facilitated the easy 

application of these methods (Coelli et al., 2005). Moreover, the one-sided nature of the 

inefficiency distribution may produce inconsistent and bias estimates in what Coelli et al. 

(2005), termed 'naive implementation of bootstrapping methods’ (p. 202). To address the 

problem of naive bootstrapping, Simar and Wilson (2000 and 2007) provided a reasonable 

data-generating process for constructing confidence intervals using bootstrap estimates of 

bias to correct the DEA estimators’ bias. This, however, addresses the problem of naive 

bootstrapping but further complicates the estimation process. One remaining challenge noted 

by Simar and Wilson (2000) and Coelli et al. (2005) is the assumption of the absence of data 

noise. Coelli et al. (2005) noted that the premise of the non-existence of data noise makes 'the 

height of the DEA frontier biased downwards in finite samples, and hence the efficiency 

scores are biased upwards’ (p. 202).  

 

The second approach that also extends the MS DEA is the Chance Constrained DEA 

(CCDEA). This approach was pioneered by studies such as Land et al., (1993); Olesen and 

Petersen (1995); and Cooper et al. (1998) and specifies a random frontier technology, where 

the observed input and output are replaced by specific DMU-distributions, such that the 

performance of each DMU is not seen as a random draw but is represented by DMU-specific 

distribution (Olesen and Petersen, 2015). Opponents of CCDEA models argue that CCDEA 

may require large data compared with semi-parametric SFA (SPSFA) models. It is more 

difficult for a coherent data generating process involving specific random input and output to 

be identified. Also, although CCDEA models incorporate management judgements in the 

analysis, they may impose assumptions that may be inconsistent in structure (Olesen and 

Petersen, 2015).   

 

The above discussion has highlighted that Stochastic DEA models, subdivided into semi-

parametric SFA and CCDEA, have narrowed the gap in terms of efficiency measurement 

between the traditional DEA approach in the management science framework and SFA 

approach in the statistical (econometric) framework. Advocates of the semi-parametric SFA 

approach argue that the SPSFA approach has a more solid statistical foundation as well as 
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consistent with basic assumptions of the theory of production. On the other hand, advocates 

of CCDEA argue that CCDEA models are able to easily handle both DMU-specific 

distributions and inefficiency. 

 

3.3.4 Parametric Approach: Stochastic Frontier Analysis (SFA) 

As stated at the introductory stage of section 3.3, parametric approaches can be categories as 

deterministic or stochastic based on the specification of the error term. The deterministic 

parametric approach employs the technological framework of mathematical programming 

approaches to ‘estimate’ rather than ‘calculate’ parameters of the frontier models. Moreover, 

statistical inferences can be made on parameter estimates of deterministic econometric 

models. However, deterministic econometric frontier models assumed that deviation of an 

observation from the theoretical maximum is attributed solely to the firm’s inefficiency 

(Greene, 2007). 

 

Aigner et al. (1977), Meeusen and van den Broeck (1977) simultaneously but independently 

proposed a stochastic frontier model, which in addition to the random variable of inefficiency 

incorporated in the deterministic model, also includes a random error term that captures the 

effects of exogenous shocks that are out of the control of the decision-making unit. This 

formulation, which has now become the platform for stochastic frontier analysis, is motivated 

by the fact that deviation of production outcomes from the ideal should not entirely be 

attributable to inefficiency on the part of decision-making units because not all factors are 

under the control of such production units. For instance, natural occurrences such as 

earthquake and bad weather, which may negatively impact production outcomes, should not 

be attributed to inefficiency as decision-making units may not have control over such factors. 

Moreover, errors in the model specification or measurements may also affect inefficiency 

scores. 

 

The Stochastic Frontier Production Function 

Greene (2007) specified the production function f (x) for the single output and actual input 

choice case under the assumption of constant returns to scale and linear homogeneity as;  

q = F[ f (x)]        (3.26) 
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where F(t) is a continuous and monotonically increasing function when t is positive. Greene 

(2007) further specified the deterministic production frontier from 3.26 as, 

                     
q

i
= f (x

i
,b)TE

i        (3.27) 

where 0 < TE (qi, xi) ≤ 1, β is the vector of parameters of the production function to be 

estimated. The production function in 3.27 can be expressed in linear form as, 

lnq
i
= ln f (x

i
,b) + lnTE

i
= ln f (x

i
,b) - u

i             (3.28) 

where ui ≥ 0 is a measure of technical inefficiency. From 3.28, ui = - ln TEi ≈ 1−TEi. 

Therefore, TEi = exp(-ui ).         

 A typical formulation of the stochastic frontier production model is of the form: 

lnqi = ¢xib + vi - ui
 i = 1, 2, …… , I      (2.29) 

 

where qi
 represents the output of the i-th firm; xi is a Kx1 vector of the logarithms of inputs; 

b  is a vector of unknown parameters; vi
 defines the random error term that accounts for 

statistical noise and ui is a non-negative random variable that captures technical inefficiency. 

The error term vi, which may take any value, is assumed to be normally distributed 

[ vi ∼ iidN(0,s v

2 )]. The distribution of one-sided (inefficiency) error term ui, on the other 

hand, is thought variously in the literature as half-normal [ ui ∼ iidN +(0,s u

2 )], exponential 

[ ui ∼ iidG(l,0)], truncated normal [ ui ∼ iidN +(m,s u

2 )], and gamma [ ui ∼ iidG(l,m)]. Coelli 

et al. (2005) noted that the choice of a particular distributional specification might be 

influenced by computational convenience and theoretical considerations. For instance, the 

half-normal and exponential distributions are sometimes avoided because of the assumption 

of zero modes, which implies that most inefficiency measures are near zero, while the related 

efficiency measures tend to be closer to one. The truncated normal and gamma models are 

therefore preferred because of their flexibility resulting from a wider range of distributional 

shapes, although these models are more complex in terms of computation as the number of 

parameters tends to increase. 
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The Stochastic Frontier Cost Function 

Greene (2007) illustrates an alternative representation of the production technology as the 

cost function,  

C(q, w) = min{wTx: f (x) ≥ q}      (3.30) 

 

where x is a vector of inputs and w is the vector of exogenously determined input prices. The 

cost function gives the minimum cost required to produce a given output, q. This implies that, 

for the technically inefficient producer, the actual cost must exceed the theoretical minimum. 

Greene (2007) therefore argue that it is natural to consider a frontier cost function as an 

alternative to the frontier production function model.  

The corresponding cost function from the Shephard (1953) fundamental result is 

C(q,w) = F-1(q)c(w)        (3.31) 

where c(w) is the unit cost function.  

The alternative stochastic cost function of the stochastic frontier production function; 

qi = f (xi )TEie
vi         (3.32) 

 is given as, 

Ci = F-1(q)c(wi )
1

TEi

é

ë
ê

ù

û
úe-vi        (3.33) 

The above corresponds to Farrell’s (1957) original efficiency measure, that is, the cost 

savings that would be realised if output were produced efficiently (Greene, 2007). In logs, the 

cost frontier is, 

lnCi = lnF-1(q)+ lnc(wi )- lnTEi - vi
     (3.34) 

or 

lnCi = lnF-1(q)+ lnc(wi )-vi + ui
      (3.35) 

where vi
 represents the random error term that accounts for statistical noise while ui

captures 

inefficiency. 
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If we assume that there are economies of scale in production, then using  the simplest case of 

a Cobb-Douglas production function with a degree of homogeneity γ, the stochastic frontier 

cost function will be  

lnCi = A' +b lnw1i + (1- b )lnw2i +
1

g
lnqi +

1

g
(-vi )+

1

g
ui    (3.36) 

Therefore, the composed disturbance on the cost frontier is  

e i

' =
1

g
(-vi + ui )        (3.37) 

Multiple-Output Stochastic Frontier Functions 

It is argued that banking is a multi-output industry, so it is not feasible to specify a production 

function. Hence, Greene (2007) noted that the significant advantage of analysing efficiency 

on the cost side is the ease with which multiple outputs can be accommodated. Consider a 

transformation function  

T (q, x) = 0,             (3.38) 

where q is a vector of M outputs and x is a vector of K inputs. Assuming that production 

satisfies the necessary regularity conditions (including monotonicity, smoothness, and quasi-

concavity), we may deduce that the cost function is of the form  

lnCi = lnC(q1,...,qM ,w1,...,wK )      (3.39) 

where the cost function is monotonic in outputs, monotonic in each input price, linearly 

homogeneous in the input prices, and so on. Many studies on bank efficiency have employed 

the multi-output translog stochastic cost function of the form: 

lnCi = a + b lnwik

k=1

K

å +
1

2
g kl

k=1

K

å
k=1

K

å lnwik lnwil + d ln
m=1

M

å qim +
1

2 r=1

M

å fmr

m=1

M

å lnqim lnqir  

+ Kmk

k=1

M

å
m=1

M

å lnqim lnwik + vi + ui           (3.40) 
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Stochastic frontier models in panel data framework and Heterogeneity 

The stochastic cost frontier model in a panel data framework may be specified as 

lnCit = C(qit ,wit ;b)+ vit + uit
       (3.41) 

where   vit ∼ N[0,s v

2 ] while uit
has some distribution characterised by a constant mean m  and 

a constant variance s 2 . 

Heterogeneity in the model may include, among other features, heteroskedasticity in the 

random parts of the model and shifts in the technology that is explainable in terms of 

variables that are neither inputs nor outputs (Greene, 2007). Heterogeneity may be 

categorised as observable (non-stochastic) and unobservable (stochastic). Observable 

heterogeneity is reflected in measured variables and includes factors that shift the cost 

function or the inefficiency distribution. There are some ways to account for non-stochastic 

or observable environmental variables in the stochastic frontier model. Coelli et al. (2005) 

noted that non-stochastic environmental variables could be incorporated directly into the non-

stochastic component of the cost or production frontier. Greene (2007) reported that little is 

changed in the model by adding exogenous shifts such as environmental variables, technical 

change, among others to stochastic cost frontier as in 

lnCit = c(qit ,wit ;b)+ g(zit ,d )+ h(t)+ vit + uit
     (3.42) 

where zit
is a vector of observable environmental variables and d  is a vector of unknown 

parameters. It can be observed that (3.42) has the same error structure as the conventional 

stochastic frontier model and hence can be estimated using the same estimating methods. 

Unobserved heterogeneity, which is usually viewed fundamentally as a panel data 

phenomenon, enters the stochastic frontier model in the form of “effects” and might always 

reflect missing variables in the model (Greene, 2007). Unobserved heterogeneity (Stochastic 

environmental factors or production risk) can be accounted for by adding another random 

variable to the stochastic frontier model to capture any unobserved environmental variables at 

the time production decisions are made (Coelli et al., 2005). Even though this way of 

accounting for production risk is statistically convenient, there are some challenges. Coelli et 

al. (2005) noted, for instance, that if the additional random variable is assumed to be 

symmetrically distributed, then it will be difficult to separate the production risk effect from 
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the pure noise. On the other hand, if it is assumed that the random risk variable has non-

negative distribution, then it will be difficult to separate it from the inefficiency effect. 

Measuring Scale Elasticity and Scale Efficiency from a Translog Production function 

Ray (1998) show how to scale elasticity and scale efficiency estimates can be derived from 

the translog production function as follows: 

 

  

lnq = a
0
+ a

i
ln x

i
i=1

n

å + 1
2

b
ij

j=1

n

å
i=1

n

å ln x
i
ln x

j
-q

    (3.43)

 

 

where  
  q

* = f (x)  is the frontier production function, 
  q = f (x)e-q ;  q ³ 0  show how the 

actual output,  q  deviates from the frontier due to technical inefficiency, and the matrix B = 

 
b

ij
é
ë

ù
û
 is symmetric and assumed to be negatively defined. 

 

The scale elasticity at any input bundle x is  
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For the observed input bundle   x
0 , 
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So that the scale elasticity at the observed input bundle   x
0  is 
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If the MPSS for the observed input mix,   x
0  is given as   x

* = t*x0 , then 
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      (3.47)

 

 

But 
  
x

j

* = t*x
j

0    ( j =1,2,....,n). Therefore, 
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which implies 

 

  

e(x0 ) + b
ij

j

n

å
i

n

å
æ

è
ç
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ø
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       (3.49)

 

or 

  

ln t* =
1- e 0

b          (3.50)

 

where 
  e

0 = e(x0 ) and 

 

b = b
ij

j

n

å
i

n

å  

 

Since the matrix B = 
 

b
ij

é
ë

ù
û
 is negative define, 

  

b = b
ij

j

n

å
i

n

å £ 0 , then if  e
0 >1 (i.e. if 

increasing returns to scale holds at   x
0 ),   lnt* > 0 and   t

* >1, which implies that we need to 

radially expand   x
0  to reach the MPSS. On the other hand, if  e

0 <1 (i.e., diminishing returns 

to scale holds at   x
0 ),   lnt* < 0 and   t

* <1, which requires that the observed input-mix,  x
0 is 

radially scaled down to attain the MPSS. 

 

The output-orientated measure of scale efficiency can be expressed in a natural log as 

 

  
lnSE

O
(x0 ) = lnt* + ln f (x0 ) - ln f (t*x0)

     (3.51)
 

 

For the translog case, 
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and 
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Therefore, 
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This simplifies to 
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But from equation (3.50) 
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where  b < 0 , which ensures that 
  
lnSE

O
(x0 ) £ 0 and 

  
SE

O
(x0 ) £1. Hence, when   x

0 is an 

MPSS, then 
  e(x0 ) = 1, 

  
lnSE

O
(x0 ) = 0 and 

  
SE

O
(x0 ) = 1.      

 

To derive the input-oriented scale efficiency measure, we first obtain the scale factor 
  
t
0

<1 

such that the bundle 
  
(t

0
x0 ,q0)  becomes an efficient projection of the observed bundle 

  (x0 ,q0 ) on the frontier. In the absence of technical inefficiency, the input-oriented measure 

of scale efficiency is  

 

  

ln SE
I
(x0 ) =

(1- e 0 )2

2b
= ln SE

O
(x0 )

       (3.57)

 

 

In the presence of technical inefficiency, 

 

  

SE
I
(x0 ) = e

1- e
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2 - 2bq( )
2

2b         (3.58)

 

 

Both measures of scale efficiency measures can be estimated from the estimated parameters 

of a fitted translog function frontier9. 

 

Time-Invariant and Time-Variant Inefficiency Models 

Stochastic frontier models in the panel data framework may be categorised based on whether 

                                                 
9 Balk (2001) generalised this result obtained by Ray (1998) for the case of multi-outputs using a translog 

output distance function, while Ray (2003) also extended the Ray (1998) model to the multi-outputs case. 
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inefficiency is fixed over time or varies with time. Time-invariant inefficiency models, which 

assumed that inefficiency does not change with time, are not very intuitive as it is expected 

that efficiency will improve over time as managers of productive units or firms learn from 

experiences. It is also expected that the longer the period of observation, the more noticeable 

would be the changes in efficiency. Therefore, it is intuitive to expect efficient firms to 

remain reasonably efficient over time and inefficient firms to improve their levels of 

efficiency over time (Coelli et al., 2005).  

The treatment of uit
 determines whether inefficiency is assumed to be time-invariant or varies 

with time. Therefore, we can impose the restriction 

uit = ui
  i = 1, 2, ……., I and t = 1, 2, ……., T    (3.59) 

where ui
may be treated as a fixed parameter or a random variable. If ui

 is treated as a fixed 

parameter, the resulting model is described as fixed effects time-invariant model. On the other 

hand, if ui
 is treated as a random variable, then we have the random effects time-invariant 

model. 

The fixed-effects model may be estimated by the standard regression framework using 

dummy variables where the ui
s are treated as productive units or firm-specific constants. 

Schmidt and Sickles (1984) interpreted the fixed effects model within the linear regression 

framework as: 

qit = ai + ¢xitb + vit
         (3.60) 

where a i = (a - ui ) is the fixed effect normalised to accommodate the non-zero constant. 

The productive inefficiency of productive units in the sample can be compared as; 

ûi = maxi(âi )-â i ³ 0         (3.61) 

Using the Schmidt and Sickles’ (1984) approach as a foundation, some subsequent works 

(Hollingsworth and Wildman, 2002; and Sickles, 2005) have provided various approaches 

and interpretations to the basic model. The fixed effects model has some advantages such as 

the assumption of uncorrelated inefficiencies with input level, and there is no need for 

normality assumption. However, the estimated model can only measure efficiency relative to 

the most efficient firm in the sample rather than to an absolute standard. Consequently, 
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inefficiency estimates may be unreliable if the number of firms in the sample is small (Coelli 

et al., 2005). 

The time-invariant random effects model can be specified as; 

qit = a + ¢xitb + vit + ui
   i = 1, 2, ……., I and t = 1, 2, ……., T  (3.62) 

where ui
is independent of xit

,  and vit
, ui

 and t are independent. The random-effects model 

may be estimated using the standard two-step generalised least squares (see Greene, 1997) or 

the maximum likelihood technique.  

Some studies have proposed models in which the inefficiency term is allowed to vary over 

time. Prominent among these are the Kumbhakar (1990) model and the Battese and Coelli 

(1992) model, where in both cases, the time-varying inefficiency takes the form: 

uit = f (t) ×ui
          (3.63) 

where f (×) is a function that defines the variation in inefficiency over time. 

The Kumbhakar (1990) and Battese and Coelli (1992) specifications are shown in equations 

3.64 and 3.65, respectively  

f (t) = [1+ exp(at + bt 2 ]-1         (3.64) 

f (t) = exp[h(t -T )]         (3.65) 

where a , b , and h  are unknown parameters to be estimated (Coelli et al., 2005). In the 

Kumbhakar (1990) model, f (t) lies in the unit interval and can be non-increasing, non-

decreasing, concave or convex depending on the signs and magnitudes of a  and b . In the 

Battese and Coelli (1992) model, f (t) ³ 0  and f (T ) = 1, can be non-increasing or non-

decreasing depending on the sign of the only parameter h , but it is convex for all values of 

h  (Coelli et al., 2005). Even though both (3.64) and (3.65) can be estimated in either the 

fixed effects or random effects frameworks, Kumbhakar (1990) and Battese and Coelli 

(1992) propose the method of maximum likelihood in the random effect framework. Both 

models can be estimated under the assumption of either  ui ∼ iidN +(0,s u

2 ) 

or ui ∼ iidN +(m,s u

2 ). 
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Evolution of SFA Models 

Table 3. 1: Econometric Specification of Stochastic Frontier Models 

 

Model Firm Effects 

a i
 

Full Random Error  

e it
 

Transient 

Inefficiency 

Persistent 

Inefficiency 

Model I None eit = ui + vit
 

 ui ∼ N +(0,s u

2 ) 

 vit ∼ N(0,s v

2 ) 

 

E (uit eit ) None 

Model II 

(RE) 

a  eit = ui + vit
 

 ui ∼ N +(0,s u

2 ) 

 vit ∼ N(0,s v

2 ) 

 

None E(ui ei1,......T )  

Model III 

(FE) 

fixed  

e it = vit
 

 

None ui = min(a i )-a i
 

Model IV 

(B & C) 
 ui ∼ N +(0,s u

2 ) eit = uit + vit
 

 uit = ui iexp[-h(t -T )] 

 uit ∼ N +(0,s u

2 ) 

 vit ∼ N(0,s v

2 ) 

E (uit eit ) None 

Model V 

(TFE) 

Fixed 

(group 

dummies a i
) 

eit = uit + vit
 

 uit ∼ N +(0,s u

2 ) 

 vit ∼ N(0,s v

2 ) 

E (uit eit ) None 

Model VI 

(TRE) 
N(a,s w

2 ) eit = wi + uit + vit
 

 uit ∼ N +(0,s u

2 ) 

 vit ∼ N(0,s v

2 ) 

 wi ∼ N(0,s w

2 ) 

 

E (uit eit ) None 

Model VII 

(GTRE) 
N(a,s w

2 ) eit = wi + hi + uit + vit
 

 uit ∼ N +(0,s u

2 ) 

 hi ∼ N + (0,s h

2 ) 

 vit ∼ N(0,s v

2 ) 

 wi ∼ N(0,s w

2 ) 

 

E(uit yi )  E (hi yi ) 

Model VIII 

(MGTRE) 

a i = ¢f xi + wi
 

 wi ∼ N(a,s w

2 ) 

eit = wi + hi + uit + vit
 

 uit ∼ N +(0,s u

2 ) 

 hi ∼ N + (0,s h

2 ) 

 vit ∼ N(0,s v

2 ) 

 wi ∼ N(0,s w

2 ) 

E(uit yi )  E (hi yi ) 

 



 

 

57 

We present, for comparison purposes, eight different stochastic frontier models that have 

evolved over the period. The differences result from the various assumptions and behaviour 

imposed on the inefficiency component uit
 and firm-specific effects, as shown in table 3.1. 

 

We begin with Model I, the basic pooled frontier model proposed by Aigner et al. (1977), 

estimated by maximum likelihood method. The model assumes that the distribution of the 

random error term is normal while that of the inefficiency term is half-normal; hence, this 

model is sometimes referred to as the normal-half normal model. The model does not assume 

any bank-specific effects, and therefore, cannot distinguish inefficiency from unobserved 

heterogeneity. 

 

Model II is the basic random effect (RE) panel data stochastic frontier model proposed by Pitt 

and Lee (1981) as follows and can be estimated by maximum likelihood: 

cit = a + ¢xitb + vit + ui
         (3.66) 

Schmidt and Sickles (1984) suggested that the time invariance of the one-sided inefficiency 

term, ui
can be used to avoid making distributional assumptions of u. Hence, they proposed 

the basic fixed effects (FE) model (Model III) of the form 

cit = a i + ¢xitb + vit
, a i = a - ui

       (3.67) 

It is argued that Model III is somehow restrictive due to two main weaknesses. First, the 

model absorbs all unmeasured heterogeneity and assumes that inefficiency is uncorrelated 

with the variables. Hence, any time-invariant heterogeneity will be absorbed into a i
and 

eventually into ûi
Secondly, the model assumes that the inefficiency itself is time-invariant, 

which may be reasonable within short time intervals but questionable over longer periods, say 

five years (Greene, 2005a).  

Model IV is the famous Battese and Coelli (1992, 1995) time decay model, which is an 

extension of the RE model, by relaxing the assumption of time-invariant inefficiency with the 

introduction of an additional term as follows: 

cit = ¢xitb + vit + uit
         (3.68) 
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 uit = ui iexp[-h(t -T )] 

where the cost inefficiency is said to decrease or increase at an increasing rate if h > 0or 

h < 0  respectively. Since the time variation of the inefficiency term in (3.68) is not stochastic 

but assumed to follow a more or less restrictive form, any time-invariant unabsorbed 

heterogeneity may also be absorbed into the inefficiency component (Greene, 2005b, 2007). 

Models V and VI, known as the “true” fixed effect (TFE) and “true” random effects (TRE) 

models, were proposed by Greene (2004b, 2005a) to deal with the problem of unobserved 

heterogeneity by disentangling the unobserved heterogeneity from the inefficiency 

component. 

Model V is specified as  

cit = a i + ¢xitb + vit + uit
        (3.69) 

where a i
is bank-specific fixed effect parameter that captures unobserved heterogeneity 

while uit ³ 0  measures inefficiency. Therefore, the model can distinguish between 

unobserved heterogeneity and time-varying inefficiency and is estimated by the brute force 

maximum likelihood by creating dummy variables for each bank. The TFE model places the 

unmeasured heterogeneity in the cost function and hence produces a neutral shift of the cost 

or production function of bank i in a log-linear model. However, it is argued that the TFE 

model is over-specified and hence has the opposite problem of the Schmidt and Sickles 

(1984) basic FE model because any persistent inefficiency is now wholly absorbed in the 

bank-specific constant term, which measures time-invariant heterogeneity and is left out of 

the inefficiency component. Therefore, whereas the FE model would tend to overestimate the 

inefficiency effects, the TFE model would underestimate it. 

Model VI (TRE model) is specified as 

cit = (a + wi )+ ¢xitb + vit + uit
        (3.70) 

where (a + wi ) is the time-invariant random constant term that captures unobserved 

heterogeneity among banks, vit
is the symmetric error term and uit

is the one-sided 

inefficiency component that now varies freely across banks and through time. The TRE 
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model is estimated by Maximum Simulated Likelihood (MSL) using the Monte Carlo 

method. Greene (2005a) noted that this model overcomes the two main problems mentioned 

earlier; however, the model assumed that any unobserved output or cost differences across 

banks that are persistent over time are attributable to unobserved heterogeneity rather than 

inefficiency. 

Some recent studies (Kumbhakar and Tsionas, 2012; Kumbhakar et al., 2014; Colombi et al., 

2014; Chen et al., 2014; Amsler & Scmidt, 2015) provide a theoretical framework to 

distinguish persistent inefficiency from transient inefficiency. They extended and generalised 

the basic TRE model to what is now known as the “generalised” true random effects (GTRE 

model (Model VII). The model is specified as 

cit = ai + ¢xitb + vit + uit + hi
        (3.71) 

where 
 a i ∼ N(0,sa

2 ),  vit ∼ N(0,s v

2 ),  uit ∼ N +(0,s u

2 ),  hi ∼ N + (0,s h

2 ) and all four are 

independent of each other and of the explanatory variable vector xit
. a i

captures time-

invariant heterogeneity, vit
is the idiosyncratic error term, uit

measures transient inefficiency 

and hi
is time-invariant (persistent) inefficiency term. Therefore, in this model, there is clear 

distinction between time-invariant heterogeneity and time-invariant inefficiency based on 

distributional assumptions. 

Nevertheless, it is argued that much as the model in (3.71) above has successfully 

distinguished heterogeneity from both short-run and persistent inefficiency; this has been 

achieved under strong and rather large number of distributional assumptions, and hence the 

estimating approach employed by these studies is cumbersome, complex and time-consuming 

(Filippini and Greene, 2015). Filippini and Greene (2015), therefore, suggest a practical full 

information maximum likelihood estimator, which they described as a very straightforward 

and transparent empirical estimation method that is simple to apply. They empirically use 

their technique to a study of the cost efficiency of Swiss railways and show that the transient 

and persistent parts of productive inefficiency are relatively different in absolute value and 

not correlated. They refer to their model as the “Mundlak adjusted GTRE” (MGTRE) to 

differentiate it from the earlier GTRE.   
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3.4 Theoretical Link between Bank regulations and Bank Efficiency 

Bank regulations normally refer to the rules that govern the behaviour of banks, while bank 

supervision refers to the oversight provided by the regulatory authorities to ensure 

compliance with the prescribed rules (Chortareas et al., 2011). It is argued that even though 

efficient financial intermediation is necessary for economic growth, the financial sector needs 

to be regulated to keep the system stable (BIS, 2012). 

 

It is important to note that banks operate under conditions of uncertainty, and therefore risk 

factors should be considered when assessing the efficiency of banks (Siudek, 2008). The aim 

of bank regulation and supervision by the regulatory authorities is to ensure the minimisation 

of systematic risk and ensure the soundness of the banking system as a whole. Nevertheless, 

it is also argued that bank regulation and supervision is not free of cost as it may result in 

unintended consequences such as the inefficient operation of the banking system 

(Elliehausen, 1998). 

 

The argument for or against more bank regulation and supervision has become even more 

intense in the wake of the 2008 financial crisis. While some attribute the financial crisis to 

excessive and or misplaced financial regulation, others saw it as a manifestation of the 

existing regulatory framework’s failure. It is argued that since banks play a vital role in the 

clearing and payment system in the economy, the banking system should be regulated and 

supervised not only to protect investors and consumers but also to safeguard the banking 

industry against systemic risk, which may arise from possible opportunistic behaviour of 

owners and managers of banks. However, there is no consensus on the impact of regulation 

on the efficiency of the banking industry. For instance, while capital adequacy rules may 

specify the minimum capital requirement of each bank, the regulatory capital may not reflect 

the risk associated with each bank. Hence a bank may hold too little or too much capital. Too 

little capital may increase the risk of bank failure, while too much capital may lead to 

inefficient allocation of bank resources and hence a weak banking system. Also, economic 

theory is not conclusive on the impact and direction of regulatory and supervisory policies on 

the performance of banks (Barth et al., 2004). 

 

The existing theoretical and empirical literature has analysed the effects of capital adequacy 

requirements and the behaviour of banks. It is argued that capital serves as a buffer and hence 
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increases the ability of banks to absorb losses consequently reducing the possibility of bank 

failure. Yet, researchers have no consensus on whether regulatory actions such as the 

imposition of minimum capital adequacy requirement reduce the risk-taking incentives of 

banks (Blum, 1999). While studies such as Furlong and Keeley (1989) argue that capital 

requirements reduce risk-taking incentives, others such as Flannery (1989) show that capital 

requirements may increase risk-taking incentives. Furthermore, Besanko and Kanatas (1993) 

argue that the imposition of capital requirements may reduce monitoring incentives, and 

consequently, the quality of banks’ portfolios. Blum (1999) argues that most theoretical 

studies on the relative importance of capital adequacy requirement have concentrated on 

static effects. Therefore, the study proposed a dynamic model, which considers the dynamic 

nature of the banking business. Blum (1999) argues further that capital adequacy rules may 

increase a bank’s riskiness and concludes that under binding capital requirements, an 

additional unit of equity tomorrow is more valuable to a bank. 

 

On the one hand, the public interest approach to banking regulation and supervision argues 

that given the severity of market failures, a regulatory and supervisory authority that monitors 

and disciplines banks can reduce corruption in lending and hence enhances the efficiency of 

capital allocation, engenders competition among banks and consequently improves the 

efficiency of financial intermediation. On the other hand, however, the private interest 

approach argues that even in the presence of market failures such as information and 

enforcement costs, powerful supervisory authorities may not have incentives and ability to fix 

market failures to ensure socially efficient operation of banks since official supervisors may 

tend to maximise their private welfare rather than social welfare (Barth et al., 2008). 

Therefore, many researchers argue that market-monitoring measures are more effective than 

official supervisory measures, although some have also doubted the effectiveness of this 

approach in developing economies (Chortareas et al., 2011).  

 

Llewellyn (2006) identified four areas of financial regulation and supervision. These include 

(1) prudential regulation (focused on the safety and soundness of individual financial 

institutions); (2) systemic regulation and supervision (aimed at ensuring the stability of the 

financial system as a whole); (3) consumer protection (aimed at the conduct of business 

arrangements to protect consumers from market failures such as incomplete information, 
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wrong practices by financial institutions, among others); and (4) competition (focused on 

ensuring an appropriate degree of competition in the financial system).  

 

It is important to note that different countries have different financial sector structures and 

hence operate under different legal and political institutional arrangements. Generally, 

financial businesses in many jurisdictions may be categorised into three areas: banking, 

insurance, and capital market (including securities trading, fund management, and investment 

advisory services). Therefore, depending on the institutional arrangements, the four areas of 

regulation may be addressed differently. For instance, in Ghana, three different authorities are 

responsible for the three different financial businesses: the Bank of Ghana for banking 

business, the Insurance Commission for the insurance business, and the Securities and 

Exchange Commission for the capital market. There is also the unified agency model (as in 

the United Kingdom), where a single agency is responsible for all financial institutions. The 

institutional arrangements for regulation and supervision may be categorised into three, 

namely, by institution, by functions, or by objectives. Whatever the agreement, the ultimate 

criterion is the one that will enable regulatory agencies to achieve effective and efficient 

regulation. Effectiveness ensures the achievement of set objectives, while efficiency ensures 

the accomplishment of the objectives cost-efficiently (that is, without imposing an 

unnecessary cost on consumers and regulated institutions) (Llewellyn, 2006). 

 

The Basel Committee of Banking Supervision (BCBS) under the Bank for International 

Settlements (BIS) provides a single standard and cooperation on global banking supervision 

and regulatory issues. The first accord of the BCBS, Basel I was signed in 1988, where 

initially, G-10 central banks adopted minimum capital requirements. Over 100 central banks 

have now implemented the accord across the world. Capital regulations under Basel I came 

into full force in December 1992, requiring banks to maintain 8% of Tier 1 capital to ensure 

that banks were sufficiently cushioned against unforeseen losses that may cause systemic 

instability and reduce competitive inequalities among banks of different countries.  

 

After over a decade of implementation of Basel I some problems was identified. These 

include lack of risk differentiation, a divergence between Basel I weights and actual 

economic risks, regulatory risk arbitrage and inadequate recognition of advanced credit risk 

mitigating techniques. Consequently, Basel II was introduced in June 2004 to address the 
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identified problems of Basel I. Basel II has three pillars, namely, minimum capital 

requirement, the supervisory review process, and market discipline. Pillar 1 introduced 

operational risk charge, made risk-weighted assets for credit more risk-sensitive, and 

provided risk management incentives for the computation of minimum capital. Pillar 2 

enabled bank supervisors to evaluate a bank's assessment of its risks and determine whether 

such assessment is reasonable, while pillar 3 was intended to strengthen incentives for 

prudent risk management by creating greater transparency in banks’ financial reporting to 

enable market participants to reward well-managed banks better and penalise poorly managed 

banks (BIS, 2012). 

 

The Basel II framework was also bedevilled by several problems, including a non-

comprehensive and incoherent definition of risk capital, overestimation of risk during good 

periods and underestimation of risk in bad times, the inability of the risk-weighted formula to 

recognise the importance of diversification and hence did not penalise portfolio 

concentration, among others. The deficiencies of Basel II, which were partly blamed for the 

2008 financial crisis, culminated in the introduction of Basel III. What has been learnt after 

the financial crisis is that the quantum and quality of regulation matters much more than was 

thought before the crisis. Therefore, Basel III entails a much higher level of quality and 

quantity of capital and much stiffer liquidity requirements (BIS, 2012). 

 

Over the past two decades, many emerging market economies and developing countries have 

liberalised their financial markets as part of a broader financial sector reform in the 1980s and 

1990s, funded by the World Bank and other multilateral agencies. Prudential reforms relating 

to bank regulation and supervision, modelled along with that of the western world, were 

essential requirements for funding these reforms by the World Bank. Key among these was 

the Basel capital regulations and other risk management guidelines (BIS, 2012). Ghana, for 

instance, began the liberalisation of its financial sector in the late 1980s as part of a general 

structural adjustment programme. Ghana also adopted the Basel I capital accord and is 

currently in the process of full adoption of the Basel II/III capital framework to improve on 

the quality of risk management, corporate governance and internal practices in the banking 

industry in Ghana. Therefore, the timing of the present study is most appropriate to enable us 

to assess the impact of the implementation of the regulatory framework of the BCBS on the 

efficiency of Ghana’s banking industry. 
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3.5 Theoretical Link between Competition and Bank Efficiency 

There is no consensus in the literature on the relationship between competition and bank 

efficiency. Hicks (1935) Quiet Life Hypothesis (QLH) postulates a positive relationship 

between competition and efficiency. According to Hicks, monopoly power creates a 

condition of a quiet life, free from competition for managers. However, the reduction in 

competition increases concentration, resulting in increased market power, which provides few 

incentives to managers of banks to be efficient. Instead, managers will exploit the market 

power to achieve higher profits. Supporting the QLH, Leibenstein (1966) argued that 

increased competition provides incentives to managers to exert more tremendous effort and 

hence, competition reduces inefficiencies. 

On the other hand, the Efficient Structure Hypothesis (ESH), pioneered by Demsetz (1973) 

and Peltzman (1977) proposes a negative relationship between competition and efficiency. 

According to the ESH, more efficient firms operate at lower costs and achieve higher profits 

than less efficient ones. Therefore, more efficient firms gain market share at the expense of 

their less efficient counterparts, leading to higher market concentration. This implies that 

higher efficiency leads to higher concentration, which means lower competitiveness and an 

inverse relationship between competition and efficiency. 

 

3.5.1 Measuring Bank Competition 

Measures of competition may be divided into two main categories, namely structural methods 

and non-structural methods. Structural models link competition to concentration, where a 

higher level of concentration in the banking industry reduces competition. In comparison, a 

lower level of concentration increases the degree of competition in the market. The structural 

approach can be subdivided into two categories: non-formal structural methods and formal 

structural methods. The Non-formal structural measures are not derived theoretically but are 

chosen at will, while the formal structural measures formally derive the relationship between 

concentration and competition (Bikker and Haaf, 2002). The two most commonly used non-

formal structural approaches are the structure-Conduct-Performance Paradigm (SCP) and 

efficiency hypothesis, while the two most frequently used formal structural methods include 

popular concentration measures such as the k-bank Concentration Ratio (CRk) and the 

Herfindahl-Hirschman Index (HHI).  
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The non-structural measures of competition were developed due to the theoretical and 

empirical deficiencies of the structural models (Bikker and Haaf, 2002). The non-structural 

measures of competition include the Lerner index (1934), the Iwata (1974) model, the 

Bresnahan (1982) model, the Panzar and Rosse (1987) H-Statistic, and the Boone (2008) 

Indicator. Non-structural methods measure competition as the inverse of market power. The 

most commonly used non-structural measures of competition in recent banking empirical 

literature are the Lerner Index and the Boone Indicator. 

 

3.6 Related Empirical Literature on Banking Efficiency 

3.6.1 Global Perspective 

Empirical studies on bank efficiency date at least six decades back with seminal works such 

as Benston (1965) and Greenhaum (1967). Banking efficiency studies across space and 

through time have typically applied any of the two (parametric and non-parametric) frontier 

methods or both discussed above. Still, most of these studies have been on the developed 

world, especially in the United States of America and in Europe.10 In recent years, however, 

there have been a significant number of empirical studies on bank efficiency in emerging 

market economies and developing countries, especially following the implementation of 

financial sector reforms in many of these countries since the late 1980s. 

A number of studies (both country-specific and cross-country) on bank efficiency have a 

focus on emerging market economies in post-communist Europe (Weill, 2003; Fries & Taci, 

2005; and Staikouras et al., 2007); Asia-Pacific (Hao et al., 2001; Chen et al., 2005; and Ab-

Rahim et al., 2012) and central and south America (Estrada and Osorio, 2004; Wezel, 2010; 

and Garza-Garcia, 2012). Most of these studies have produced results consistent with similar 

studies in developing countries such as India and Pakistan, the Middle East and Africa, that 

financial sector liberalisation generally improves the efficiency of banks. The findings of all 

three cross-country studies (Weill, 2003; Fries & Taci, 2005; and Staikouras et al., 2007) in 

post-communist Eastern Europe and Turkey show overall efficiency gains in private banks 

following banking reforms with private foreign-owned banks recording higher efficiency 

                                                 
10 For comprehensive survey of some early literature on bank efficiency in developed countries, see Berger and 

Humphrey (1997) and Bikker and Haaf (2002) 
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scores compared with domestic banks, although the relationship between progress in banking 

reform and cost efficiency is non-linear, as costs tend to reduce at early stages of reform but 

rise at more advanced settings (Fries and Taci, 2005).  However, Wezel (2010) finds that 

foreign banks are not necessarily more efficient than their domestic counterparts for the 

Central American Region. 

Empirical studies on bank efficiency in developing countries have produced mixed results 

(Chen et al., 2005). For example, while studies on banking efficiency in Indian such as 

Shanmugam and Das (2004) found that the state bank group and foreign banks are more 

efficient than their counterparts, similar studies such as Ataullah et al., (2004) and Ataullah & 

Le (2006) found a negative relationship between the presence of foreign banks and bank 

efficiency. Ataullah et al. (2004) saw an improvement in the overall technical efficiency of 

banks in both Indian and Pakistan over the post-financial reform period, but that public sector 

banks were more efficient in Indian than in Pakistan. 

 

3.6.2 Bank Efficiency in Sub-Saharan Africa 

Notwithstanding the enormous literature on bank efficiency studies in the developed and 

emerging markets, such studies are still limited in Sub-Saharan Africa (SSA), both in terms 

of cross-country and country-specific. Among the cross-country studies on bank efficiency in 

Africa include Cihak and Podpiera (2005) for three East African countries (Kenya, Tanzania 

and Uganda); Kirkipatrick et al. (2007) for nine SSA countries; Kaplan (2007) for the West 

African Monetary Union (WAMU); and Oluitan (2014) for forty-seven African countries. 

Using 35 banks over the period 1996 – 2004 for the WAMU zone, Kablan (2007) found that 

the average overall cost efficiency score of banks in the region is 67%. He also found that 

estimated efficiency levels increased during the study period in all zones except for Cote 

d’Ivoire and Burkina Faso. The study also indicated that local private banks and foreign 

banks were more efficient than state-owned banks.  A more recent study by Oluitan (2014) 

covering 329 banks in 47 African countries found that the inefficiency of the financial sector 

ranges from 10% - 26% and that much of the inefficiency in the financial sector of the 

continent may be attributable to poor intermediation and low skill labour.  

There are also a number of country-specific studies, including Hauner and Peiris (2005) for 

Uganda; Ikhide (2008) for Namibia; Mlambo and Ncube (2011) for South Africa; Raphael 
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(2013) for Tanzania; and Kisaka et al. (2014) for Kenya.  Raphael (2013) investigated the x-

efficiency of Tanzanian commercial banks over the period 2005 – 2007. He found an overall 

efficiency score of 53.2%, which he concluded was low compared with the world mean 

score. He also found that large domestic banks were more efficient than large foreign banks. 

Kisaka et al. (2014) applied SFA on 33 banks in Kenyan for the period 2000 to 2005. They 

found that the average inefficiency was 23% and that inefficiency was more persistent in the 

average large bank than the average small bank. 

The relatively limited number of studies on bank efficiency in Africa has been mainly 

attributed to a lack of data, but since the implementation of financial sector reforms in almost 

all of these countries, research on banking efficiency in SSA has received a lot of attention in 

recent years.  

 

3.6.3 Banking efficiency in Ghana 

Like the rest of Sub-Sahara Africa, relatively little empirical work has been done on banking 

efficiency in Ghana. The few studies on bank efficiency in Ghana have employed mostly 

non-parametric techniques such as the DEA and have concentrated chiefly on technical 

efficiency analysis.  A search of banking efficiency literature indicates that the earliest 

published work on the efficiency of the Ghanaian banking industry is that of Korsah et al. 

(2001). Using 135 Ghanaian banking observations, they employed the Herfindahl-Hirschman 

Index and the Lorenz curve to assess competition and DEA to measure efficiency in the 

banking industry and find a positive relationship between competition and efficiency. The 

study also finds a positive correlation between efficiency and profitability level. The 

incidence of allocative inefficiency is smaller than that of technical inefficiency, which 

implies that bank managers do better in allocating resources than in utilizing allocated 

resources.  

Subsequent studies (Akoena et al., 2009; Ohene-Asare, 2011; Isshaq and Bokpin, 2012; and 

Saka et al., 2012) provide empirical analyses of primarily technical efficiency of Ghanaian 

banks using non-parametric techniques (with the exception of Isshaq and Bokpin, 2012). A 

recent paper (Adjei-Frimpong et al., 2014) analyses the cost efficiency of Ghanaian banks 

using DEA to estimate efficiency scores. Their findings indicate that Ghanaian banks are 

generally inefficient, with well-capitalized banks being more cost-inefficient. They conclude 
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that size has no influence on the cost-efficiency of Ghanaian banks, and hence larger banks 

have no cost advantage over smaller banks. The evidence provided by Adjei-Frimpong et al. 

(2014), especially concerning the average overall efficiency of the Ghanaian banking 

industry, are inconsistent with earlier studies such as Ohene-Asare (2011) who found that the 

average Ghanaian bank is operating close to the efficient frontier. In their recent study on the 

determinants of efficiency, Danquah and Quartey (2015) applied a combination of the latent 

class stochastic frontier model with complex time decay model to form a single-stage 

approach that accounts for unobserved technological differences on a panel of 27 Ghanaian 

banks over the period 2006 - 2010 to estimate efficiency and the determinants of efficiency. 

They find that the inefficiency effects on the productive unit, in this case, banks are specific 

to the class structure of the bank. They, therefore, conclude that accounting for unobserved 

technological differences across banks is very important for the accuracy and effectiveness of 

policy in addressing efficiency challenges in the banking industry. 

Considering the mixed results reported by previous studies on banking efficiency in Ghana 

and since efficiency scores vary considerably across different studies (Bauer et al., 1998), and 

also the fact that there is no broad consensus on the preferred approach in banking efficiency 

measurement, we take a cue from other studies that employed both parametric and non-

parametric techniques to identical banking dataset. This allows for the comparison of results 

across the different frontier techniques as a way of methodological crosschecking. As 

indicated earlier, only a few studies across the world have employed two or more different 

frontier techniques in bank efficiency studies, and none has been cited in Ghana so far (see 

table A3.1 in the appendices section). Therefore, applying both DEA and SFA to identical 

Ghanaian banking dataset for methodological consistency purposes is the first significant 

contribution of this current study. It is argued that while it is not necessary for a consensus on 

the best frontier technique for efficiency analysis, the application of two or more frontier 

approaches to the same dataset enables us to be aware of the potential conflicting information 

that may arise from the different techniques (Bauer et al., 1998; Fiorentino et al., 2006). 

This study’s second significant contribution is to investigate the relationship between banking 

regulations and bank efficiency in Ghana. The review of the banking efficiency literature 

indicates that no prior study has explicitly employed regulatory factors as determinants of 

bank efficiency in Ghana. Therefore, the explicit inclusion of regulatory factors as covariates 

of bank efficiency in this study is unique and hence very relevant in the financial sector in 
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Ghana, since it would help policymakers be aware of the unintended effects of regulatory 

actions of the Central Bank. Much as bank regulations may result in the creation of a better 

business environment such as reduction in transaction cost, which intend can enable bank 

managers to be more efficient, regulations may, on the other hand, impose constraints on 

banking activities resulting in inefficiencies (Kumbhakar and Gabriel, 2008). It is therefore 

important from a policy standpoint to evaluate the possible unintended consequences of bank 

regulations on the performance and efficiency of banks. Therefore, the present study 

addresses this need by incorporating regulatory factors in the modelling of determinants of 

bank efficiency in Ghana to enhance policy focus. 

 

3.6.4 Banking efficiency Studies Comparing Two or More Frontier Techniques 

Despite the vast banking efficiency literature, little empirical works have focused on applying 

two or more analytical methods to similar banking datasets (Weill, 2004). Earlier studies in 

this field began in the US with the seminal work by Ferrier and Lovell (1990). They apply 

DEA and SFA on a sample of 575 US banks for 1984 and find a higher average overall 

efficiency score for DEA (80%) than SFA (74%). They, however, find a weak rank-order 

correlation between SFA and DEA efficiency scores, which indicates that other factors not 

controlled for may have accounted for the insignificant correlation of efficiency scores 

between the two methods (Fiorentino et al., 2006). Resti (1997) applies DEA and SFA 

techniques on a common panel of 270 Italian banks for the period 1988–1992 and finds that 

econometric and linear programming results do not differ significantly and that if differences 

arise at all, they can be explained by resorting to the intrinsic features of the models. Unlike 

earlier studies such as Ferrier and Lovell (1990), Resti (1997) reports higher efficiency scores 

for SFA (81% - 92%) compared with DEA (60% -78%). 

Perhaps the most significant among the studies comparing two or more efficiency 

measurement techniques to common banking data is Bauer et al. (1998). This study not only 

applies four different techniques [DEA, SFA, Thick Frontier Analysis (TFA), and 

Distribution Free Analysis (DFA)] but also tests the consistency of efficiency measures 

across six consistency criteria. The study finds that efficiency scores for the parametric 

techniques (SFA, TFA and DFA) average 83%, while that of the non-parametric technique 

(DEA) is 30%, which is consistent with the findings of Resti (1997). The study also finds that 

all three parametric methods produce efficiency scores consistent with one another, but 
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efficiency scores from the non-parametric approach are not consistent with the parametric 

methods. They conclude that there is no single preferred approach to specify an efficient 

frontier. Therefore, applying different methods can help policymakers be aware of the 

different information on efficiency measures obtained from alternative techniques.  

Other more recent banking efficiency studies comparing parametric and non-parametric 

frontier techniques include; Casu and Girardone (2002), Weill (2004), Beccalli et al. (2006), 

and Fiorentino et al. (2006). Weill (2004) investigates the consistency of efficiency frontier 

methods on a sample of 688 banks from five European countries using DEA, SFA and DFA. 

The study compares efficiency scores and correlation coefficients across the three approaches 

and with standard measures of performance and finds that even though there are similarities 

between parametric techniques, there is a lack of consistency between approaches. However, 

the study finds a correlation between all three-frontier techniques with standard measures of 

performance. Fiorentino et al. (2006) apply DEA and SFA approaches on 34,192 

observations for German universal banks for 1993 – 2004 to determine the consistency of 

efficiency measures according to five of Bauer et al. (1998) consistency criteria. As expected, 

their findings indicate that non-parametric methods are susceptible to measurement errors and 

outliers. They also find that accounting for different sub-groups among banks is vital to avoid 

misinterpretation of the efficiency of the entire banking sector.  Table A3.2 in the appendices 

section summarises some empirical studies on banking sector efficiency comparing two or 

more frontier methods. 

 

3.6.5 Relevant Empirical Studies on Banking regulations and Bank efficiency  

Most recent empirical studies on the relationship between banking regulations and bank 

efficiency have been based on the Basel Core Principles of banking supervision, especially 

Basel II’s three pillars, namely Capital Adequacy Requirement; Supervisory Review; and 

Market Discipline. Earlier empirical studies (Barth et al., 2004; Demirguc-Kunt et al., 2004; 

Fernandez and Gonzalez, 2005; Beck et al., 2006; Barth et al., 2008; among others) have 

concentrated on bank performance as measured by accounting ratios. Perhaps, Barth et al. 

(2001a, 2001b, 2004. 2006) are the first to provide empirical evidence on the relationship 

between bank regulation and bank performance using a World Bank-funded survey data on 

about 275 regulatory and supervisory practices over 150 countries across the world. This 

database then became the key source for many subsequent studies on the relationship 
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between banking regulations and supervision and financial intermediation worldwide. Using 

a sample of 1400 banks across 72 countries, averaged over the period 1995-1999, 

Demirgguc-Kunt et al. (2004) examine the impact of bank regulations, market structure, and 

national institutions on bank net interest margins and overhead costs and found evidence that 

suggests that tighter regulations on bank entry and bank activities boost the cost of financial 

intermediation. They found further evidence, that bank regulations become insignificant 

when controlled for national indicators of economic freedom or property rights protection and 

therefore conclude that bank regulations cannot be viewed in isolation. 

 

Pasiouras (2008) argue that even though most of the earlier studies employed regression 

techniques (OLS, GLS, 2SLS), financial ratios such as return on assets, net margin and 

overheads ratios have been used as dependent variables. Therefore, he noted that these 

studies concentrated on bank performance as measured by financial ratios rather than bank 

efficiency as measured by frontier techniques. A number of studies (including Berger and 

Humphrey, 1997; Bauer et al., 1998; Halkos and Salamouris, 2004; and Pasiouras, 2008) 

have argued that frontier techniques are superior to traditional financial ratio approaches in 

bank efficiency analysis. Therefore, a number of recent studies (Pasiouras, 2009; Chortareas 

et al., 2011; and Barth et al., 2013, among others) on banking regulations and bank efficiency 

have focused on frontier techniques. The following is a review of some selected studies that 

apply parametric or non-parametric techniques to examine the relationship between bank 

regulations and bank efficiency11.   

 

Using a sample of 715 banks from 95 countries and a two-stage DEA, Pasiouras (2008) 

investigated the impact of regulations and supervision approaches on banks’ technical 

efficiency. The study’s findings provided evidence in favour of all three pillars of Basel II, 

but only the third pillar is significant in all four different specifications used in the study. In 

another study, Pasiouras et al. (2009) applied a parametric frontier approach to a sample of 

615 publicly listed commercial banks from 74 countries over the period 2000 – 2004 to 

investigate the impact of banking regulations on banks’ cost and profit efficiency. They found 

evidence suggesting that robust supervision and enhanced market discipline increase both 

                                                 
11 See table A3.3 in the appendices section for more information on selected empirical studies on the 

relationship between bank regulations and bank efficiency. 
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cost and profit efficiency. At the same time, the findings on capital requirements and 

restrictions on bank activities were inconclusive.  

 

In a study using an unbalanced panel of 5,286 commercial bank observations from 22 EU 

countries over the period 2000-2008, Chortareas et al. (2011) examined the relationship 

between bank performance and regulatory and supervisory practices under Basel II’s three 

pillars. The study employed an input-oriented DEA technique to compute efficiency scores 

and a traditional accounting ratios approach to estimate bank performance measures. Their 

findings suggest that more robust capital requirements and official supervisory power are 

associated with lower inefficiencies, while enhanced restrictions and market monitoring 

appear to decrease efficient operations of banks. In a more recent study, Barth et al. (2013) 

used a sample of unbalanced panel data from 4,053 banks in 72 countries over 1999-2007 to 

examine the effects of bank regulation and supervision on bank operating efficiency. They 

apply a DEA to obtain bank efficiency scores and performed second-stage regressions to 

investigate the relationship between bank regulation, supervision and monitoring and bank 

efficiency. They find that regulation, supervision and market monitoring all exert significant 

impacts on bank efficiency. Notably, their findings suggest that stringent capital requirement 

exert marginally positive effects on bank efficiency, while more substantial official 

supervisory power is not significantly related to greater bank efficiency. The study also finds 

that market-based monitoring of banks in terms of more financial transparency is more 

positively associated with bank efficiency. Therefore, the study concludes that there are 

potential trade-offs between bank safety or soundness and efficiency. 

 

The literature on the relationship between banking regulations and bank efficiency in Africa 

is limited to just a few African countries in large cross-country studies. A few country-

specific studies, such as (Naceur and Kandil, 2009 for Egypt; and Mathuva, 2009 for Kenya), 

have focused on capital requirements and bank performance using financial ratios analysis. 

Using a sample of 28 banks from Egypt over 1989 – 2004, Naceur and Kandil (2009) 

investigated the impact of capital requirements on banks’ cost of intermediation and 

performance. They find that higher capital adequacy is associated with a higher cost of 

intermediation and profitability. In his study on capital adequacy, cost-income ratio, and the 

performance of commercial banks using a sample of 41 banks from Kenya over 1998 – 2007, 

Mathuva (2009) finds that bank profitability is positively related to core capital ratio and tier-
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1 risk-based capital ratio but negatively related with equity capital ratio. Using a sample of 

173 banks from ten the Middle East and North Africa (MENA) countries (including Egypt, 

Tunisia and Morocco) over the period 1988 – 2005, Naceur and Omran (2011) examined the 

effects of bank regulations, competition, and financial reforms on banks’ performance. Their 

findings suggest that bank-specific characteristics such as capitalization and credit risk 

positively impact banks’ net interest margin, cost efficiency, and profitability.  

 

It is clear from the empirical literature reviewed so far that in terms of scope, most research 

on the link between banking regulations and bank efficiency are cross-country studies using 

samples mainly from countries in the developed world. Only in limited cases have a few 

African countries (particular north Africa) been included in the cross-country samples. In 

terms of methodology, as earlier noted, most of the earlier studies have employed the 

accounting ratios approach to analyse the relationship between banking regulations and 

efficiency. However, with the advent of Basel II and following the recent financial crises 

resulting in a lot of attention being focused on tighter bank regulations, a number of recent 

studies have concentrated on the use of frontier techniques to analyse the impact of banking 

regulations and bank efficiency. This current study will add to the somewhat limited literature 

on banking regulations and efficiency on Africa in general and the non-existent literature on 

the application of frontier techniques to the analysis of the relationship between banking 

regulations and efficiency in Africa in particular.  

 

3.6.6 Relevant Empirical Studies on Competition and Bank efficiency 
 

Empirical evidence on the relationship between competition and efficiency is not conclusive. 

While studies such as Schaeck and Cihak (2008), Paleckova and Stavarek (2013), among 

others found evidence of a positive relationship between competition and efficiency, others 

such as Weill (2004), Ab-Rahim et al. (2012), William (2012), have reported a negative 

relationship between competition and efficiency12. Yet, other studies such as Moyo (2018) 

show that the impact of competition on efficiency depends on the measure of competition 

used. Using bank-level data of 17 banks operating in South Africa over the period 2004-2015, 

Moyo (2018) reported a negative relationship between competition and efficiency using the 

Lerner index but a positive relationship between the two using the Boone indicator. However, 

due to the highly concentrated nature of the South African banking sector, the study 

                                                 
12 See table A3.4 in the appendices section for summary of these studies. 
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concluded in favour of the results of the Boone indicator, suggesting that competition 

enhances bank efficiency in South Africa. On the other hand, studies such as Casu and 

Girardone (2009) provide no clear evidence on the relationship between competition and 

efficiency. Using bank-level data for the banking sectors of five EU countries, the study did 

not find clear evidence supporting either Hick’s (1935) quiet life hypothesis or the efficient 

structure hypothesis. 

 

 Empirical studies on the relationship between competition and efficiency using data from 

Ghana are minimal. Among the few studies in Ghana that analyse the relationship between 

competition and bank efficiency are Adjei-Frimpong et al. (2013); and Alhassan and Ohene-

Asare (2016). Using annual data over the period 2001-2010, Adjei-Frimpong found evidence 

suggesting that cost efficiency positively Granger-causes market power, hence a negative 

relationship running from efficiency to competition. The study, however, did not support a 

reverse causality running from competition to cost efficiency. Using annual data of 26 

Ghanaian banks over the period 2004 -2011 and the Boone indicator to measure competition, 

Alhassan and Ohene-Asare (2016), on the other hand, provided evidence that suggests that 

competition exerts a positive influence on cost efficiencies of Ghanaian banks. Given the 

conflicting evidence provided by the two studies on the relationship between competition and 

bank efficiency in Ghana, the present study adds to the somewhat limited literature on the 

link between competition and efficiency in Ghana by employing both structural and non-

structural measures of competition.     

 

3.7 Literature on Economies of Scale and Technological Progress  

Scale efficiency and economies of scale are closely related concepts. While scale efficiency 

measures how far a bank is from its most productive scale size (MPSS), the economies of 

scale of a bank can be measured by the elasticity of its total cost with respect to the scale of 

production. Ray (1998) noted that, at the MPSS, both scale efficiency and economies of scale 

are equal to 1, while elsewhere, scale efficiency is less than 1. Hence, knowledge of 

economies of scale enhances our discussions on scale efficiency and the efficiency of the 

Ghanaian banking industry in general. Economies of scale exist when a proportionate 

increase in the levels of output results in a smaller proportional increase in a bank’s cost of 

production.  On the other hand, technological progress captures the cost savings arising from 

the adoption of new technologies over time. 
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Earlier studies show an inverted-U-shaped relationship between economies of scale and bank 

size, indicating that economies of scale first increases with size but are exhausted beyond a 

certain size threshold (McAllister and McManus, 1993; Hughes et al., 2001). However, later 

evidence such as Feng and Serlities (2010), Hughes and Mester (2011), Wheelock and 

Willson (2012), among others, show the existence of economies of scale even in larger banks. 

The continued existence of economies of scale even among larger banks may be attributed to 

some factors, key among which is the adoption of information technology (IT) in banking 

activities (Marinc, 2013). Berger (2003) argues that technological progress in banking can 

enhance economies of scale in four ways. First, the adoption of information technology may 

facilitate the creation of new services that enhance scale economies than traditional services; 

secondly, technological progress may enable better delivery of existing banking services, 

which may create larger scale economies compared with traditional delivery methods; thirdly, 

technological progress can enhance scale economies by facilitating and improving the risk 

managing systems of large banks; and fourthly, technological progress may reduce 

managerial diseconomies of scale. Also, Marinc (2013) argues that IT enhances scale 

economies by improving business processes in both transaction banking and relationship 

banking. The study further contends that IT improves scale economies by facilitating the 

scalability of transaction banking activities and increasing the geographical reach of banks. 

 

Empirical studies abound on economies of scale and technological progress in banking, but 

only a few studies focus on sub-Saharan Africa. Studies such as Kasman (2002), Carbo et al. 

(2002), Margono and Sharma (2004), Tadesse (2005), and Beccalli et al. (2015) have found 

evidence of the existence of widespread scale economies and technological change among 

Turkish banks, European saving banks, Indonesian banks, Japanese banks, and European 

listed banks respectively. Empirical evidence on the presence of scale economies in bank 

efficiency analysis is very limited in Africa. A literature review shows only very few studies, 

such as Simpasa (2010) on Zambian banks and Asongu and Odhiambo (2019) on 162 African 

banks. Simpasa (2010) found widespread scale economies but decreased among Zambian 

banks over 1998 - 2006. The findings of Asongu and Odhiambo (2019), on the other hand, 

suggests an inverted U-shaped nexus in the relationship between bank size and inefficiency 

and that market power and economies of scale do not increase or decrease interest rate 

margins of African banks significantly over the period 2001 – 2011. Table A3.5 in the 



 

 

76 

Appendices section summarises selected studies on economies of scale and technological 

progress. 

 

3.8 Conclusion 

The chapter reviewed the various concepts, theories, and methods for assessing productive 

efficiency in general and bank efficiency in particular and empirical studies on bank 

efficiency across the world intending to lay a firm foundation for achieving the objectives and 

answering the research questions of the study. Various techniques of measuring bank 

performance and efficiency, including parametric and non-parametric approaches, have been 

discussed. Parametric methods require the specification of the functional form of the frontier, 

while non-parametric techniques are generally deterministic and do not require specification 

of the functional form of the frontier. The review of these techniques now sets the stage for 

identifying and adopting the appropriate methods and choosing the suitable models for the 

data analysis.  

 

The chapter also reviewed scholarly work on bank efficiency across the world with particular 

reference to studies that employed two or more frontier techniques to an identical dataset. 

The review of empirical literature shows that even though bank efficiency studies abound 

across the world, only a few apply two or more techniques to an identical dataset. 

Furthermore, the empirical studies reviewed also indicate that few studies incorporated the 

effects of bank regulation in bank efficiency analysis. In a nutshell, the review shows the 

gaps in the literature in terms of methodology and scope. 
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Chapter Four 

 

Research Methodology 

4.1 Introduction 

 

The previous chapter provided the economic definition and the various constructs of 

efficiency and reviewed both theoretical and empirical literature relating to efficiency 

analysis in general and bank efficiency in particular. Based on the key findings from the 

literature review, the present chapter presents the methods used in this study for the empirical 

analysis of bank efficiency in Ghana.  The chapter begins with the choice of a banking model 

and hence the definition and classification of inputs and outputs employed in this study and 

adopts specifications from both stochastic frontier analysis (SFA) and data envelopment 

analysis (DEA) techniques for methodological cross-checking purposes. The SFA 

specifications for the measurement and determinants of efficiency employs the one-step 

Battese and Coelli (1995) model, which is the most preferred and widely used SFA model in 

the banking efficiency literature because of its advantages over the two-stage approach as 

discussed in section 4.3.2. In the DEA specification for the measurement of efficiency, we 

consider input-oriented measure with variable returns to scale (VRS) as against constant 

returns to scale (CRS) since the former will ensure that a bank is compared with only banks 

of similar size. To obtain scale efficiency estimates under the DEA approach, we first 

compute overall technical efficiency (OTE) from a CRS DEA and Pure technical efficiency 

(PTE) from a VRS DEA and then express the former as ratio of the latter. 

 

4.2 Definition of inputs and outputs for a Bank 
 

Banks are complex business entities as they employ the same set of inputs to produce 

multiple products and services (outputs). There is no consensus in the banking efficiency 

literature as to what constitute inputs and outputs of a bank. The central point of the 

controversy in the literature is whether bank deposits should be classified as outputs or 

inputs. Consequently, the two main models that have dominated the literature are the 

production approach (Benston, 1965; Berger & Humphrey, 1991) and the intermediation 

approach (Sealey and Lindley, 1977). 
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The production model regards banks as producers of deposits and loans for account holders 

using inputs such as labour and physical capital (branches, equipment, among others) and 

therefore treats both loans and deposits as outputs. On the other hand, the intermediation 

model sees banks primarily as financial intermediaries channelling funds from surplus 

spending units (savers) to deficit spending units (investors) and therefore treats deposits 

primarily as inputs. It is worthy to note however that, there are subdivisions of the 

intermediation approach, which classify deposits either as inputs or outputs. Therefore, in the 

intermediation approach, opinion is divided on the treatment of deposits (Santos and Dyson, 

1998). For instance, the asset approach proposed by Sealey and Lindley (1997) classifies 

deposits as inputs while the user-cost approach proposed by Donovan (1978) and Banrnett 

(1980) and empirically applied to financial institutions by Hancock (1985, 1986) treats 

deposits as outputs. The value-added approach (Berger et al., 1987; Berger and Humphrey, 

1992), also a variant of the intermediation approach treats deposits either as inputs or outputs. 

This study adopts the asset approach, which has been widely employed in the literature in 

efficiency studies of banks and hence treats bank deposits as inputs. Bank deposits are raw 

material used to create bank assets such as loans and investments and hence are treated as 

inputs. In accordance with other studies such as Fiorentino et al. (2006), this study postulates 

that to produce output bundle yq
, Ghanaian banks demand input quantities x j

 at given prices 

of w j
 that minimises total operating cost, C or maximises total output, Y.  

 

4.3 Specification of the Stochastic Frontier Model 
 

In order to estimate a stochastic cost frontier, we are required to specify a functional form for 

the relevant production function, but since banking is a multi-output industry, specification of 

a production function is not feasible (Fiorentino et al., 2006). This study therefore employs 

duality13 to specify the stochastic cost frontier in the general log form as 

 

  
lnC

it
= f [(ln w

j it
,ln y

qit
,T ),b]+ e

it
      (4.1) 

 

                                                 
13 See Beatie and Taylor (1985); and Fare and Primont (1995) for detailed discussions on multi-output 

production and duality. 
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where Cit  is total operating cost for the i-th bank at time t, yqit  measures the q-th output of 

bank i at time t, w j it
is the price of the j-th input of bank i at time t, 

 
x

jit
 measures j-th input of 

bank i, T denotes time trend common to all banks and intended to measure technical progress 

over time and b  is an unknown parameter to be estimated14.  

 

The stochastic multi-output distance function in the general log form can be stated as follows:  

 

ln y
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it         (4.2) 

where 
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, T and b  are as defined under (4.1). 

 

The error term e it
is composed of two components ( vit

and uit
).  The symmetrical random 

error term vit  is assumed to be i.i.d., with 
  
N (0,s

v

2)  and independent of the explanatory 

variables, while the distribution of the one-sided inefficiency term uit
 is assumed to be 

truncated at zero, with 
  
N (u

it
,s

u

2 )  and independent of the error term vit
. The mean of 

 
u

it
 is 

defined as  

 
u

it
= z

it
d ,  

where the 
 
z

it
s are the determinants of (in)efficiency and measure the s-th exogenous variable 

affecting the i-th bank at time t. 

 

4.3.1 The Empirical Stochastic Cost/Production Frontier Model 

The first step in estimating the stochastic frontiers in (4.1) and (4.2) above is the choice of an 

appropriate functional form because different functional forms give rise to different models.  

In line with other studies on efficiency of banks such as Fiorentino et al., (2006), Pasiouras et 

                                                 
14 See section 4.5.1 for description of variables 
15 To ensure linear homogeneity of degree 1 in outputs, we randomly divide other outputs by one of the outputs 

(say 
 
y

Qi
 as shown in the model above) so that 

  
y

qi

* = y
qi

/ y
Qi

. This also means that all summations in the 

empirical model in (4.4) below involving (
  
y

qi

* s ) are now over q-1 and not q. 
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al. (2009), Moyo (2018) among others, this study adopts the one-step approach proposed by 

Battese and Coelli (1995), which provides efficiency estimates as well as the determinants of 

inefficiency in single-step.  

 

Estimating Cost Efficiency – The SFA Approach 

To estimate cost efficiency, we specify a multi-product translog cost frontier with three 

outputs and three input prices and non-neutral technology as follows: 
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where all variables are as defined under (4.1). The use of duality implies that the cost frontier 

must be monotonically increasing in outputs and input prices, and concave in input prices, 

which necessitates an imposition of symmetry and linear homogeneity in input prices 

resulting in the following restrictions in line with Beatie and Taylor (1985); Kasman (2004); 

Fiorentino et al. (2006); among others: 

 

b jk = bkj
 for all j, k; b jc = bcj

 for all j, c 

bq

q=1

3

å = 1; b jc

c=1

3

å = 0; b j

j=1

3

å = 0  

 

Therefore, in accordance with Lang and Welzel (1996), Fiorentino et al. (2006), Pasiouras et 

al. (2009), we normalize total cost and input prices with the price of labour as the numeraire 

input. The (in)efficiency scores of the individual bank are estimated as 
  
CE

kt
= exp(u

i
)  while 

the index of cost efficiency is estimated as 
  
CEF

kt
= 1/ CE

kt
, with values closer to 1 indicating 

higher level of efficiency (Coelli et al., 2005).  

 

Estimating Technical and Scale Efficiency – The SFA Approach 

To estimate technical efficiency, we specify a translog output distance function with three 

inputs and three outputs and non-neutral technology as: 
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where all variables are as defined under (4.2).  

 

As discussed in chapter 3, section 3.3.4, Ray (1998) proposed a model for the computation of 

scale elasticity and scale efficiency estimates from the estimators of the translog production 

frontier, which was later generalised by Balk (2001) and Ray (2003) for the multi-product 

case. Therefore, from the multi-product translog output distance function in (4.4), scale 

elasticity at any given input and output bundles x and y is given as 
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while scale efficiency in the presence of technical inefficiency, q  is given as 

  

SE(x, y) = e
1- e 2 - 2bq( )

2

2b
             (4.6) 

where SE measures scale efficiency, e is exponential function,  is scale elasticity as specified 

in (4.5), and

  

b = b
jq

q

Q-1

å
j

J

å  and  b < 0 . 

 

4.3.2 The Inefficiency Model 

To examine the determinants of (in)efficiency, which include regulatory variables, bank 

specific characteristics, controls for competition and market structure, and controls for the 

macroeconomic environment, we specify the inefficiency effects ( uit
) in equations (4.3) and 

(4.4) as: 
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where uit
is inefficiency estimate of bank i at time t; CARit is capital adequacy ratio for bank i 

at time t; OPPCOSTit is opportunity cost of mandatory cash reserve for bank i at time t; HHIit 
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is Herfindahl-Hirschman index for bank i at time t, which measures competition through 

concentration; A-Lernerit is the adjusted Lerner index for bank i at time t, which measures 

competition through market power, Boonet is a the Boone (2008) indicator, which measures 

competition in the banking sector at time t; CRit is credit risk for bank i at time t; FRit is 

funding risk for bank i at time t; SIZEit is bank size, represented by total assets for bank i at 

time t; AGEit is age of bank in years for bank i at time t; LOCFORi is an ownership dummy, 

which takes a value of 1 if bank is locally-owned and 0 if bank is foreign owned; PUBPRIVi 

is an ownership dummy, which takes a value of 1 if bank is public owned and 0 if bank is 

private owned; INFLt is year-on-year inflation rate at time t; and
  
w

it
is a random variable with 

mean zero, and constant variance (
 
s

w

2
). More detailed definitions and explanations of the 

determinants of inefficiency are provided in section 4.5.1. 

Since this study employs the Battese and Coellie (1995) specification of the stochastic 

frontier model, the parameters of equations (4.3) and (4.7) for the cost efficiencies as well as 

(4.4) and (4.7) in the case of the technical efficiency estimates are estimated in single-step by 

maximum likelihood using frontier 4.1 in the R Software (Coelli and Henningsen, 2013). 

A two-step estimation procedure would have required that (in)efficiency scores are estimated 

in the first-step and then the estimated (in)efficiency scores are regressed on the 

environmental variables (the determinants of inefficiency) to determine the effects of the 

environmental variables on efficiency in the second-step. However, in the case of SFA 

models that require the specification of a particular functional form in the estimation of 

efficiency scores, the two-step approach is bedeviled by a number of problems and therefore 

not recommended for the following three reasons: First, opponents of the two-step approach 

argue that if environmental variables are excluded in the first-step, then the estimation 

procedure will suffer from omitted variables problem and hence estimators obtained from the 

deterministic part of the frontier will be biased resulting in biased efficiency estimates. The 

second problem that has been identified is that, the first-step efficiency estimates are likely to 

be seriously under-dispersed, and consequently, the second-step regression will result in 

downward biased estimates of the effects of the environmental variables on efficiency (Wang 

and Schmidt, 2002). Finally, as shown in (4.7) predicted inefficiencies are a function of 

environmental variables; hence the inclusion of such variables in the first-step estimation 

makes a second step unnecessary. 
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4.4 Specification of the DEA Model 

Charnes et al (1978) were the first to use the term Data Envelopment Analysis (DEA). DEA 

employs linear programming (LP) methods to construct a non-parametric piece-wise surface 

(or frontier) over the data (Coelli et al., 2005). The model proposed by Charnes et al. (1978) 

was input-oriented and assumed constant returns to scale (CRS).  Some studies (Hackeltal, 

2004, Fiorentino et al. 2006, Alexander et al., 2016) have argued that the assumption of 

constant returns to scale is particularly inappropriate for banking system efficiency studies. 

This present study will therefore adopt the specification of variable returns to scale (VRS) 

proposed by Fare et al. (1983) and Banker et al. (1984) since that envelops the data more 

tightly and produces efficiency scores that are greater than or at least equal to models that 

assume CRS.  

 

Estimating Cost Efficiency – The DEA Approach 

We assume that banks in Ghana minimise cost and consider an input-oriented cost 

minimising DEA formulation, similar to that in Fiorentino et al. (2006) as follows: 

 

  min w jo

j=1

m

å x jo
 

st x jo ³ x ji

i=1

n

å li ,( j = 1,..., m) 

yqo £ yqi

i=1

n

å li ,(q = 1,..., p) 

li

i=1

n

å = 1 

li ³ 0          (4.8) 

 

 

where i = 1, … , n are the number of banks, x ji
 (j = 1, … , m) is the j-th input employed by 

the i-th bank, yqi
 (q = 1, … , p) is the q-th output produced by bank i, and  w jo

 is the 

benchmark unit cost of input j of the benchmark bank or decision making unit (DMUO). The 

above linear programming problem is solved once for each bank in the sample by identifying 

and generating a benchmark combination of inputs and cost for each bank. In this study we 
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assume variable returns to scale, hence we impose the restriction li

i=1

n

å = 1. Given an optimal 

solution (x*,l*) to the linear programme problem above, the total cost efficiency of DMUO 

is given as 

CEo =
wox*

woxo

        (4.9) 

where CEO is the ratio of minimum cost to the observed cost, for the o-th bank. 

 

Estimating Technical and Scale Efficiencies – The DEA Approach 

As discussed in section 3.3.3 of chapter three, technical efficiency scores are estimated as the 

ratio of weighted outputs to weighted inputs (Charnes et al., 1978). To obtain scale efficiency 

estimates we first compute technical efficiency from CRS-DEA (OTE) and technical 

efficiency from VRS-DEA (PTE) and then express the former as a ratio of the latter. Suppose 

that, there are n banks in Ghana, each with m inputs and producing p outputs, then the 

objective function defined by 
 
q

i
 (efficiency score of the i-th bank) is to be maximised subject 

to the constraint that the efficiency score of no other bank can exceed 1 as in (4.10). 
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st       
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q
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with        
  
u

q
,v

j
³ 0 

where 
 
y

qi
= the amount of output q produced by bank i 

 
 
x

ji
= the amount of input j utilized by bank i 

 
 
u

q
= weight given to output q 

 
 
v

j
= weight given to input j 

 

The above objective function can be transformed into a linear programming CRS-DEA by 

restricting the denominator to 1 (i.e. adding the constraint, 

  

v
j
x

ji
j=1

m

å = 1) as follows: 
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where all notations are as defined in (4.10). 

 

The DEA linear programming problem in (4.11) above is known as the multiplier form. 

Using the duality in linear programming, the CRS-DEA model can be specified as follows: 

 minq  
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³ 0;i = 1,2,..,n       (4.12) 

where 
 
l

i
is the Lagrange multiplier and indicates the efficient peer bank while all other 

variables are as defined in (4.10). The DEA model in (4.12) can be transformed into the VRS 

DEA model by adding the constraint 

  

l
i

i=1

n

å = 1. Hence, we compute overall technical 

efficiency (TECRS) using model 4.12 and pure technical efficiency (TEVRS) by adding the 

constraint 

  

l
i

i=1

n

å = 1. We compute scale efficiency (SE) as 

 

SE =
TE

CRS

TE
VRS

         (4.13) 

4.4.1 Estimating the Determinants of Efficiency under DEA  

To account for exogenous variables under the DEA technique, the present study adopts the 

two-stage approach. This implies that the efficiency scores obtained from the above linear 

programmes are regressed upon the exogenous or environmental variables, where standard 

hypothesis tests can be used to assess the strength of the relationships between efficiency and 

the exogenous factors. We use the R Software procedure (Coelli and Henningsen, 2013) to 
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estimate the efficiency scores for each bank based on the DEA models discussed above, and 

Stata version 14 (StataCorp, 2015) in the second stage to estimate the determinants of 

efficiency. 

 

In the previous section, we discussed a number of limitations of a two-stage approach in the 

case of SFA models. However, in the case of DEA, Coelli et al. (2005) identified four reasons 

why the two-stage approach is preferred to the single-stage approach: First, to accommodate 

exogenous variables directly in a DEA model in a single-stage, we need to make prior 

assumptions regarding the direction of the influence of such exogenous factors, however, in 

many instances, the direction of influence between efficiency and such exogenous factors is 

not known. Secondly, the two-stage approach not only accommodates more than one variable 

but also all types of variables (both continuous and categorical). Thirdly, the two-stage 

approach makes it possible for hypothesis testing to determine whether such exogenous 

factors have significant influence on efficiencies. Finally, the two-stage approach is simple 

and transparent to apply. 

 

The present study adopts Simar and Wilson (2007) two-stage truncated regression method. 

Simar and Wilson (2007, 2011) argue that conventional two-step DEA approaches such as 

censored (Tobit) specification and OLS specification commonly used in the literature do not 

yield consistent estimation in the second stage. They argue further that while the log-linear 

OLS model proposed by Banker and Natarajan (2008) may yield consistent OLS estimates in 

the second stage, the consistency of such estimates only occur under restrictive assumptions 

that are not expected to hold in general (Simar and Wilson, 2011). Simar and Wilson (2007) 

therefore proposed a two-stage truncated regression model, estimated by maximum 

likelihood and developed a bootstrap approach that yields consistent estimates and valid 

inferences in the second-stage. The Simar and Wilson (2007) model is presented in (4.14) as 

follows: 

  
q

it
=y (z

it
,d ) +x

it
³1               (4.14) 

where 
 
q

it
are the efficiency scores estimated from the first stage, y is a smooth, continuous 

function, 
 
z

it
is a vector of the exogenous factors, d is a vector of parameters to be estimated  

 
x

it
is a random variable independent of  

 
z

it
and is distributed 

  
N (0,s

x

2) with left truncation at 

  
1-y (z

it
,d )for each bank. 
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The Simar and Wilson (2007) procedure, which will be employed in this study, is explained 

as follows: 

  

First, using the already estimated efficiency scores (
 
q

it
), we obtain  d̂ and 

 
ŝ

x
 by fitting 

  
q̂

it
= ¢d z

it
+x

it ,
 using truncated regression.  

Next, we loop over the following three steps B times (b = 1,...,B) 

i. Draw bootstrap random errors (
 
x

it

b
) from 

  
N (0,s

x

2)  with left truncation or right 

truncation for output or input orientations respectively at (
  
1- ˆ¢d z

it
). 

ii. Compute the bootstrap efficiency scores 
  
q

it

b = ˆ¢d z
it

+x
it

b . 

iii. using the artificial efficiency estimates ( 
 
q

it

b
) computed in (ii), obtain maximum 

likelihood bootstrap estimates,   d̂
b and   ŝ

b  using truncated regression. 

 

The final stage involves the construction of confidence intervals and standard errors for 

 d̂ and 
 
ŝ

x
  from the bootstrap distribution of   d̂

b and   ŝ
b . 

 

The above procedure will be carried out using the Simar and Wilson (2007) command in 

Stata (StataCorp, 2015). 

 

4.5 Data and Variables 

The study employed 220 unbalanced annual panel data observations extracted from balance 

sheets and income statements of 27 out of the 33 class-one banks, made up of 12 locally-

owned banks and 15 foreign-owned banks operating in Ghana over the period 2007 to 2016. 

five of the six banks exempted were new, licensed in 2015/2016 and hence did not have full-

year financial information, while the sixth though an old bank, did not provide information on 

employees on their annual reports and hence was also excluded. The data was sourced largely 

from the banking supervision department of the Bank of Ghana. Supplementary data was 

sourced from publicly available audited annual reports of the banks, sourced mainly from the 

websites or directly from the various banks.  
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A panel data could be balanced or unbalanced. A balanced panel is where all individuals are 

observed during the entire time period. In contrast, an unbalanced panel data has at least one 

individual not observed during the time period. In other words, an unbalanced panel is one 

where individuals are observed a different number of times because of missing data. The 

missing data could be random or non-random. The panel employed in this study is 

unbalanced because the number of banks in the sample have varied over the sample period 

due mainly to new entrants.  It is instructive to note that the sample period witnessed some 

regulatory changes in the Ghanaian banking industry as well as a mixed macroeconomic 

performance of the Ghanaian economy. It is therefore expected that these changes in the 

banking industry and the economy over the sample period may have affected the behaviour of 

banks in terms of resource allocation, which could reflect in the evolution of efficiency levels 

of Ghanaian banks over the study period. 

 

4.5.1 Description of Variables 

Total Cost 

The total cost C is made up of all interest and non-interest expenses derived from the banks’ 

annual consolidated income statements. This definition of total cost is standard in the 

empirical literature16. 

 

Inputs 

The inputs in this study include physical capital (x1), labour (x2), and financial capital (x3). 

The physical capital is represented by the net book value of fixed assets including plant, 

machinery, equipment, fixtures and fittings as stated on the annual balance sheets or 

statements of financial position of banks. The labour input is measured as the average number 

of permanent employees on payroll for the year. All customer deposits including demand 

deposits, savings and time deposits, fixed deposits as well as other borrowed funds represent 

the finance input. Several other studies (Fiorentino et al., 2006; Simpasa (2010); Barth et al, 

2013; Alhassan and Ohene-Asare, 2016; and Moyo, 2018) also employed similar inputs. 

However, especially in the absence of data on number of employees, a number of studies 

such as Ohene Asare (2011); Barth et al, (2013); and Adjei-Frimpong et al. (2014) have 

defined the labour input as total personnel expenses. 

                                                 
16 See for instance Fiorentino et al. (2006); Simpasa (2010); Barth et al, (2013) Alhassan and Ohene-Asare 

(2016); Moyo (2018); among others. 
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Outputs 

The outputs are made up of interbank loans (y1), customer loans (y2), and investments in 

securities (y3). Interbank loans for a bank refer to all placements and fixtures with other 

banks. Customer loans are made up of outstanding term loans and overdraft facilities granted 

to businesses and individuals less provision for bad or doubtful debts or impairment losses. 

Investments in securities include short-term investments such as government treasury bills, 

medium-term investments such as treasury notes and long-term investments like treasury and 

other bonds and equities. As more output is produced, more resources are required and hence 

it is expected that banks’ outputs would be positively related to banks’ total cost of 

production. Studies such as Fiorentino et al., 2006; and Barth et al, 2013 have employed 

similar outputs; while studies such as Simpasa (2010); and Moyo (2018) combined all three 

outputs above into a single output, and hence employed only a single output in their 

estimations. 

 

Input prices 

The price of physical capital input is represented by the ratio of depreciation expenses to the 

net book value of fixed assets defined above, while the price of the finance input is 

represented by all interest expenses divided by customer deposits and other borrowed funds. 

The price of labour is represented by staff or personnel expenses including wages and 

salaries, social security and provident fund contributions, training and other staff costs all 

divided by the number of employees during the year. A rise in input prices is expected to 

impact positively on cost of production; hence coefficients on input prices are expected to be 

positive. The definitions of input prices above are standard in the empirical literature. 

However, especially in the absence of information on number of employees, some studies 

such as Ohene Asare (2011); Barth et al, (2013); Adjei-Frimpong et al. (2014) among others 

have defined the price of labour as the ratio of personnel expenses to total assets.   

 

Determinants of Efficiency 

Regulatory Factors and Efficiency 

Much as regulatory and supervisory actions of bank regulatory authorities are meant to 

safeguard the banking system by ensuring the safety and robustness of the banking sector to 

withstand shocks, such measures may have unintended effects on the performance and 
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efficiency of banks. This study therefore employs two regulatory variables used in other 

empirical studies such as Simpasa (2010), namely capital adequacy ratio (CAR) and the 

opportunity cost of mandatory cash reserves (OPPCOST) to capture regulatory intensity on 

the performance and efficiency of Ghanaian banks. Other studies such as Pasiouras et al, 

(2009), Barth et al, (2013) among others have employed regulatory indices, that capture 

capital stringency (CAPITRQ), official supervisory power (OFFPR), market discipline 

(MDISCIP), and restrictions on banks’ activities (ACTRS) to measure the efficiency response 

of banks to the unintended effects of regulatory actions. However, these studies employed 

cross-country data mainly from the bankscope database to construct the said regulatory 

indices, which reflect different regulatory environments in different countries. Therefore, 

such indices are not appropriate for the current study, which is country specific across time 

and bank. Further explanation of the two regulatory variables used in this study is provided 

below: 

 

Capital Adequacy Ratio (CAR)  

CAR is the ratio of total regulatory capital to total risk-weighted assets of a bank. In Ghana, 

banks are required to maintain a minimum CAR of 10% at all times. However, the actual 

ratios employed may vary across banks and time.  According to the public interest view on 

the effects of capital regulation on bank performance, official capital adequacy regulations 

play an important role in ensuring more careful lending by banks and better bank 

performance (Barth et al., 2006; 2013). Proponents of the public interest view argue further 

that higher capital adequacy requirements improves operational efficiency of banks by 

reducing the moral hazard problem between shareholders and debtholders since shareholders 

have less incentive to take excessive risks, if they are required to increase capital to match 

such risks (Allen et al., 2011; Mehran and Thakor, 2011; Pessarossi and Weill, 2013). The 

private interest view however, argues that the public interest view tends to ignore the possible 

regulatory costs in the form of higher barriers to entry as well as agency problem on bank 

performance, and hence efficiency. Proponents of the private interest view therefore suggest a 

negative impact of capital adequacy requirements on efficiency since higher capital 

requirements may increase agency costs between managers and shareholders (Calomiris and 

Kahn, 1991). Due to these mixed views therefore, the effect of capital regulation on bank 

efficiency ultimately is an empirical question (Barth et al, 2013), which this study 

investigates. 
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Opportunity Cost of Mandatory Reserves (OPPCOST)  

OPPCOST is the interest income forgone on mandatory cash reserves expressed as ratio of 

total interest expense. We follow the approach adopted in Simpasa (2010) and apply the 1-

year17 Treasury bill rate on mandatory cash reserves to compute interest income forgone, 

which is the opportunity cost of mandatory reserves. Prior to April 2014, banks operating in 

Ghana were required to keep 9% of all customer deposits with the Central Bank as mandatory 

reserves. The ratio was however increased initially to 11% in April 2014 but reduced to 10% 

by the end of that year and has since been maintained at the 10% level. It is generally 

believed that mandatory cash reserves act as an implicit tax on banks and hence the 

compliance of such reserve requirements has a negative impact on the performance and hence 

the efficiency of banks (Simpasa, 2010). We therefore expect a positive relationship between 

inefficiency and OPPCOST. 

 

Bank Specific Characteristics and Efficiency 

Size (SIZE)  

Size in this study is measured by the natural logarithm of total assets. The use of total assets 

as a proxy for bank size is consistent with many other studies in the literature such as 

Altunbas et al. (2007); El Moussawi and Obeid (2011); Rozzani and Abdul Rahman (2013); 

Adjei-Frimpong (2014); and Alhassan and Ohene-Asare (2016). Empirical studies on the 

relationship between bank size and efficiency is mixed. For instance, while studies such as 

Ab-Rahim et al. (2012) found large banks in Malaysia to be more technically efficient but 

cost inefficient, Alhassan and Ohene-Asare (2016) found large Ghanaian banks to be 

technically inefficient but cost efficient compared with small banks. The relationship between 

bank efficiency and size is therefore an empirical question, which this study investigates. 

 

Credit Risk (CR)  

CR, which captures the quality of the loan output, is represented by the ratio of loan loss 

provisions to gross loans, and it is expected to be positively related to inefficiency, indicating 

that the higher the credit risk, the lower the efficiency. Previous empirical studies such as 

Carvallo and Kasman (2005) and Simpasa (2010) reported a positive relationship between 

                                                 
17 Note that Simpasa (2010) applied the 91-day Treasury bill rate on quarterly data. However, since the present 

study employs annual data, it would be appropriate to apply the 1-year Treasury bill rate. 
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risk and inefficiency and hence support the view that higher credit risk is associated with 

higher bank inefficiency. 

 

 Funding risk (FR)  

FR is measured as the ratio of bank deposits to loans and is included to capture banks’ 

exposure to the use of deposits to finance bank assets relative to equity capital. Since deposits 

are generally a more expensive source of funding bank assets compared with equity, we 

expect banks that rely more on deposits as source of funding assets to be more exposed to 

funding risk and hence less efficient than those that rely proportionally more on equity 

capital. Therefore, the expected sign of funding risk in the estimated inefficiency model is 

positive indicating that increased funding risk exacerbates bank inefficiency. 

 

Bank Ownership  

Two ownership dummy variables are used to capture the relationship between the ownership 

type of a bank and efficiency. First, we used the ownership dummy variable, LOCFOR, 

which takes the value of 1 if bank is over 50% locally–owned and zero otherwise (i.e. if bank 

is over 50% foreign-owned) to capture the relationship between bank efficiency and whether 

a bank is locally-owned or foreign-owned. Secondly, we include the variable PUBPRIV, 

which takes the value of 1 if bank is over 50% public-owned and zero if bank is over 50% 

private-owned to capture the relationship between bank ownership and efficiency. 

Conventional economic wisdom suggests that if all banks were faced with the same 

opportunities to combine inputs to produce almost identical outputs like banking services, 

managers who were monitored effectively by owners would choose the best input-mix or 

lowest cost to produce the given outputs (Altunbas et al., 2001, Simpasa, 2010). It is also 

argued that, due to ineffective monitoring and supervision in the public sector, managers of 

public sector banks face less intense performance pressures compared with their private 

sector counterparts leading to a moral hazard problem in the public sector and hence less 

efficient performance compared with the private sector. Nevertheless, competition and hard 

budget constraints can induce public sector banks to eliminate the performance gap between 

them and private sector banks (Bhaumik and Dimova, 2004). Therefore, with less a intense 

competitive environment in the banking system in Ghana and with generally weaker 

corporate governance structures within locally-owned banks compared with their foreign 

counterparts as revealed by recent Bank of Ghana report (BOG, 2018), we expect foreign-
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owned banks and private-owned banks to be more efficient than locally-owned banks and 

public-owned banks respectively. 

 

Bank Age (AGE) 

We use the number of years the bank has been in operation in Ghana to represent the age of a 

bank. Based on learning and surviving theories, older banks are expected to have relatively 

higher efficiency than younger ones. This is because, all other things being equal, the older 

the bank is in the industry, the more experienced it becomes in terms of its knowledge on cost 

structure, nature of competition, among others and hence the ability of the bank to adapt to 

challenges in the industry and manage its resources better to attain a higher level of efficiency 

compared with younger ones, with a longer learning curve. Empirical studies in Africa on the 

relationship between the age of a bank and efficiency is mixed. While Alber (2015) shows 

that older banks are more efficient than younger banks in Egypt, Moyo (2018) reported a 

negative relationship between bank age and efficiency in the South African banking industry. 

We therefore include age to provide empirical evidence on the relationship between bank age 

and efficiency in the Ghanaian context. 

 

Competition and Efficiency 

Measuring Bank Competition through Concentration 

Concentration indices capture the structural features of the banking industry. The two most 

frequently used concentration measures in empirical studies of banks are the k-bank 

Concentration Ratio (CRk) and the Herfindahl-Hirschman Index (HHI). CRk is discrete in 

structure and is one of the most commonly used concentration measures in the empirical 

literature because of its simplicity and limited data requirements (Bikker and Haaf, 2002). It 

is computed by summing only over the market shares of the k largest banks in the market as 

follows: 

CR
kt

= s
it

i=1

k

å
              (4.15) 

where 
 
s

it
 is market share of bank i at time t, and k is the number of the leading banks in the 

banking industry, which are given weights of unity while the remaining banks in the industry 

are given zero weights. There is no rule of thumb for the determination of the value of k, 

hence the choice of k in a particular study is therefore an arbitrary decision (Bikker and Haaf, 
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2002). In Ghana, over the sample period, four banks dominated the industry in terms of assets 

and deposits. This study therefore employs a 4-bank Concentration ratio. 

 

The Herfindahl-Hirschman Index (HHI) is the most widely used among the cumulative 

measures of market concentration. In this study, we construct the HHI of market 

concentration of deposits as: 

  

HHI
t
= s

it

2

i=1

n

å ; 
  (1/ n) < HHI <1         (4.16) 

where 
 
s

it
 is market share of bank i at time t, n is the number of banks in the sample. The 

normalized  HHI ranges from 0 to 1 with lower values indicating lower concentration of bank 

deposits and higher values indicating higher concentration and hence greater monopoly 

power. A key advantage of the Herfindahl-Hirschman Index over other commonly used 

concentration indices such as k-Bank concentration ratios is that the HHI captures features of 

the whole distribution of all bank sizes (large or small). 

 

Measuring Competition through Market Power – The Lerner Index 

Competition can be measured as the inverse of market power, where higher market power is 

associated with lower level of competition and vice versa. The Lerner index is the most 

widely used measure of bank market power in empirical studies because of its simplicity, its 

straightforward interpretation, and the fact that it does not pose stringent data requirements 

(Clerides et al., 2014). The Lerner index is defined as 

Lerner
it

=
P

it
- c

it

P
it                                      (4.17) 

where Pit and cit are bank i’s price and marginal cost at time t respectively. The index ranges 

from 0 to 1, with higher values indicating higher market power and hence lower level of 

competition while a value of 0 indicates perfect competition. The standard Lerner index 

defined in equation (4.17) has been criticized for its restrictive assumption of full efficiency, 

which makes the index deficient in measuring the true extent of market power. Koetter et al. 

(2012) therefore proposed the efficiency adjusted Lerner index as follows: 

 

A- Lerner
it

=
p

it
+ C

it
- c

it
´ Y

it

p
it

+ C
it       (4.18) 
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where A-Lernerit is the adjusted Lerner index of bank i at time t, 
 
p

it
 are profits of bank i at 

time t, Cit is total cost of bank i at time t, 
 
c

it
 are marginal costs of bank i at time t and Yit is 

total output of bank i at time t. Just like the conventional Lerner index, the adjusted Lerner 

index also takes values from 0 to 1.  

 

Both the Lerner index in equation (4.17) and the adjusted Lerner index in equation (4.18) can 

be computed using price, represented by the ratio of total revenues (interest and non-interest 

income) to total assets; marginal cost; profit before tax; total operating cost; and total output 

(in our case; the sum of interbank loans, customer loans and investments in securities). The 

marginal costs (
 
c

it
) can be computed from the total cost function in equation (4.3) by taking 

the sum of derivatives with respect to the three outputs as follows: 
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where all variables are as defined in (4.1) and (4.18). 

 

Measuring Competition using the Boone (2008) Indicator (BOONE) 

The Boone (2008) indicator, an index that gauges the level of competition, is included in the 

inefficiency model to capture the relationship between competition and bank efficiency. 

Following earlier empirical research by Berger (1995) on the link between bank efficiency 

and competition, several subsequent studies (Berger and Hannan, 1998; DeYoung et al., 

1998; Stiroh and Strahan, 2003; Koetter et al., 2012; and Schaeck and Cihak, 2014) show that 

competition enhances bank efficiency. The Boone (2008) indicator is based on the efficient 

structure hypothesis that relates bank performance with differences in efficiency (Schaeck 

and Cihak, 2014). The indicator is estimated using the Boone (2008) model as applied in 

Schaeck and Cihak (2014) as follows: 

  

p
it

= a
i
+ b

k1
k=1

T

å d
kt

ln(c
it
) + b

k 2
d

kt
k=1

T -1

å + u
it
            (4.20) 

where 
 
p

it
are the profits of bank i at time t, T is the total number of periods (years), 

 
d

kt
is a 

time dummy where 
  
d

kt
= 1 if  k = t  and zero otherwise, b  is the Boone (2008) indicator, 

 
c

it
 

are marginal costs and 
 
u

it
is a random error term. The larger the value of b , in absolute 

terms, the stronger is the competition in the banking industry. Higher profits are associated 
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with banks with lower marginal costs (i.e., 
 b <1), hence increased competition in the 

banking sector raises profits of more efficient banks relative to the less efficient ones. We 

estimate equation (4.20) using a generalised method of moments (GMM)-style estimator. The 

GMM estimator is preferred to the traditional instrumental variables’ estimator due to 

concerns that bank performance and cost are jointly determined (Schaeck and Cihak, 2014). 

The Boone indicator measures the extent to which differences in efficiencies are reflected in 

differences in bank performance, such that a reduction in bank profits arises from cost 

inefficiencies (Schaeck and Cihak, 2010). 

 

The Boone (2008) indicator is preferred to other measures of competition such as the Panzar 

and Rosse (1987) H-Statistic, the Lerner index, the Herfindahl-Hirschman Index, and the k-

Bank concentration ratio because it overcomes the shortcomings of such measures (Degryse 

et al., 2009). The Panzar and Rosse (1987) H-Statistic for instance, requires restrictive 

assumptions about long-run equilibrium of the market, while the Lerner index does not 

capture product substitutability. Also, the H-Statistic is not appropriate in the present study 

since we are measuring competition at bank level. The Boone (2008) indicator on the other 

hand neither makes restrictive assumptions about long-run equilibrium of the market nor 

suffers from the problem of product substitutability (Schaeck and Cihak, 2014).  

Furthermore, bank concentration ratios such as Herfindahl-Hirschman Index, and the k-Bank 

concentration ratio, are poor proxies for measuring competition because empirical research 

revealed a weak link between concentration and competition in the banking sector (Claesens 

and Laeven, 2004).  

 

Macroeconomic Environment and Efficiency 

Inflation (INFL) 

The year-on-year inflation rate (INFL), measured as the year-on-year percentage change in 

the consumer price index (CPI) has been included to capture the impact of macroeconomic 

volatility and policy stance on banks’ efficiency. Inflation is expected to have a positive sign 

with inefficiency, indicating that higher inflation increases a bank’s cost of doing business 

and hence reduces efficiency. For instance, high inflation may lead to high interest rates and 

general business uncertainty, which may increase banks costs of doing business and hence the 

efficient operations of banks. Studies such as Pasiouras et al. (2009), Simpasa (2010), Bart et 

al. (2013), among others have all reported that higher inflation reduces bank efficiency. 
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4.6 Measuring Economies of Scale and Technological Progress 

Economics of scale and technological change enable us analyze the efficient performance of 

Ghanaian banks from a different perspective. Although scale economies and scale efficiency 

are somehow related, they are two distinct concepts. The presence of large-scale economies 

does not necessarily imply large scale efficiencies and vice versa (Evanoff and Israilevich, 

1995). Also, apart from inputs, input prices and output levels, production and costs are also 

influenced by technological changes in the banking industry. Hence dynamic efficiency takes 

into account technological progress, which leads to shifts in the production or cost frontier 

(Simpasa, 2010). This section therefore extends the analysis of Bank efficiency to include 

scale economies and technological change to provide a broader understanding of the dynamic 

efficient performance of Ghanaian banks over the sample period.   

 

Economies of scale can be measured from the translog cost frontier function in equation 

(4.3), by estimating the rate of change of total cost with respect to proportional changes in all 

outputs, holding input prices constant. Therefore, the measure of economies of scale (ES) is 

as follows: 
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 (4.21) 

 

where ES>1 implies economies of scale, which indicates that equi-proportional increases in 

all outputs result in less than proportional increase in total cost, signifying decreasing long-

run total average cost. On the other hand, if ES=1, then we have constant returns to scale, 

where proportional increases in outputs lead to the same proportional increase in total cost, 

while ES<1 implies diseconomies of scale, which means increasing output results in greater 

proportional increase in total cost, signifying rising long run total average cost. Knowledge 

on scale economies enables us understand the structural changes that have occurred in the 

Ghanaian banking industry over the study period, which could form the bases for regulatory 

policies on consolidation. 
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Technological progress allows the same or more output to be produced using lower amounts 

of inputs at lower cost. It is measured as the rate of change of total cost with respect to time. 

Again, from the translog cost function in equation (4.3), technological progress (TP) can be 

defined as follows: 
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¶lnC
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Where TP<0 implies technological progress, which means that technological advancement 

results in reduction in total cost over time, while TP>0 indicates technological regress, 

meaning the adoption of new technologies results in increased total cost over time. TP can be 

broken into three components namely pure technological change represented by the sum of 

last two terms in equation (4.22); input-biased (non-neutral) technological change, 

represented by the second term; and scale-augmenting technological change represented by 

the first term (see Altunbas et al., 1999; Tadesse, 2005). Pure technological change refers to 

the rate of cost reduction independent of the shares of inputs in the total cost build-up and 

efficient scale of production. However, technological change can be biased with respect to 

both inputs and scale of production (Tadesse, 2005).  

 

4.7 Conclusion 

We have discussed the various methods employed in the present study for bank efficiency 

analysis. In selecting the specific models for the empirical analysis, we were mindful of the 

relative strengths and weaknesses of the various methods and provided justifications where 

necessary for our choices. We noted for instance that the Battese and Coellie (1995) single-

stage approach is the most appropriate and most widely used method for the estimation of 

efficiency scores and the determinants of inefficiency in the SFA model, while the two-stage 

Simar and Wilson (2007) approach is preferred in the case of DEA. The chapter also 

discussed the data employed and reviewed the various exogenous factors included as 

determinants of inefficiency. In our choice of the determinants of inefficiency, we considered 

the findings of similar studies across the world with particular reference to empirical studies 

on bank efficiency in Africa. Table A4.1 presents the descriptive statistics of the variables 

used in the empirical analysis in the next chapter. 
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Chapter Five 

 

Analysis of Empirical Results 
 

5.1 Introduction 
 

The present chapter presents the empirical results generated from the application of the 

methods discussed in chapter four. The chapter begins with a comparative analysis of 

efficiency estimates generated by both SFA and DEA models across time and bank-specific 

characteristics. This is followed by a comparison of efficiency scores of the two techniques 

along with some consistency conditions adopted in similar studies such as Ferrier and Lovell 

(1990), Resti (1997), Bauer et al. (1998), Weill (2004), and Fiorentino et al. (2006). In 

chapter three, we saw few empirical studies on the application of both parametric and non-

parametric methods to a single banking data set, and the few that did reported different results 

between the two approaches. While Resti (1997) found a very high-rank order correlation 

(73% - 89%) between SFA and DEA, Ferrier and Lovell (1990) found a deficient and 

insignificant (2%) rank-order correlation between the two methods.  

 

In line with prior similar studies, the present study adopts the five consistency criteria 

pioneered by Bauer et al. (1998) to compare SFA and DEA efficiency scores generated using 

data on Ghana’s banking industry across three efficiency concepts, namely technical, cost and 

scale. It is important to note however that the prior studies indicated above applied the two 

frontier techniques (SFA and DEA) to the measurement of only cost efficiency while the 

present study apply the two frontier methods to measure not only cost efficiency but technical 

and scale efficiencies as well. The chapter concludes by examining the empirical results on 

the determinants of (in)efficiency from both SFA and DEA models across the three concepts 

of efficiency adopted in this study and a discussion on economies of scale and technological 

progress in the Ghanaian banking industry over the study period. 

 

To identify the appropriate SFA model specification that best fit our sampled data, we have 

applied both Cobb-Douglas and Translog functions and have carried out a statistical test to 

validate the empirical results. The results of likelihood ratio tests based on the estimated 
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translog output distance function and the translog cost function using the Battese and Coelli 

(1995) single-stage approach are presented in table 5.1. A significant difference between the 

Translog functional form and the Cob-Douglas functional form is that the former has an 

intercept and an interactive term, while the latter does not. The likelihood ratio test in both 

the normalized output distance and cost functions, that the restrictive Cobb-Douglas 

specification would have been an adequate functional form for our data's cost and production 

functions, is rejected at 1% level of significance. We have therefore chosen the results of the 

translog functional form over that of the Cobb-Douglas. Secondly, the fact that  = 0.96 for 

the translog output distance function and =0.62 for the translog cost function are both 

significant at 1% level indicates that the composite error terms of the two translog functions 

are dominated by inefficiency. Hence, ordinary least squares (OLS) estimation will also not 

yield consistent estimates of parameters since OLS ignores the bank-specific inefficiency 

term (uit).  

 

       Table 5. 1: Likelihood Ratio Test for the SFA Models 

 
 LR Statistic 

  

Output Distance Function 138.99*** 

  

Cost function 123.24*** 

  
*, p<0.1; **, p<0.05; ***, p<0.01 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

5.2 Comparison of Efficiency Distributions Between SFA and DEA 
 

Table 5.2 provides some distributional characteristics of the efficiency scores generated by 

the two approaches adopted in this study. The mean efficiency scores across the three 

concepts of efficiency, namely technical efficiency (TE), scale efficiency (SE) and cost 

efficiency (CE) generated from the SFA models average 88%. In contrast, that of the DEA 

models averaged 76%, which means that the parametric approach yielded efficiency scores 

on average 12 percentage points higher than that of the non-parametric method. All three 

efficiency concepts yielded higher mean efficiency estimates under SFA than under DEA, as 

shown in table 5.2. The average standard deviation of the three concepts based on DEA 

efficiency scores is about 25% above SFA. The higher mean efficiency scores recorded under 

SFA compared with DEA as well as, the lower standard deviations of SFA efficiency scores 
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compared with that of DEA are consistent with other studies such as Bauer et al. (1998), 

Weill (2004) and Fiorentino et al. (2006). As indicated in earlier studies such as Fiorentino et 

al. (2006), the significant differences between DEA mean efficiencies and standard 

deviations and that of SFA could be due to the sensitivity of the former to outliers as it 

neglects a random error. Hence, the DEA tends to overestimate inefficiencies since it treats 

all deviations, including the random error, as part of inefficiency.  

 
Table 5. 2: Descriptive Statistics of Efficiency Scores by Concept and Technique 

       

  Obs. Mean Std. Dev. Min. Max. 

       

SFA 

TE 220 0.8815 0.1365 0.2397 0.9852 

SE 220 0.9264 0.1151 0.2267 0.9996 

CE 220 0.8232 0.1539 0.2442 0.9798 

DEA 

TE 220 0.8298 0.1483 0.3878 1.0000 

SE 220 0.8090 0.1641 0.3624 1.0000 

CE 220 0.6538 0.1949 0.2816 1.0000 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

 

It can also be observed from table 5.2 that, for each approach, mean technical and scale 

efficiency scores are higher than cost efficiency. However, while the SFA approach recorded 

higher (about 4 percentage points more) mean scale efficiency scores than technical 

efficiency, the DEA approach recorded lower (2 percentage points less) mean scale efficiency 

scores than technical efficiency. The lower mean scale efficiency scores compared with 

technical and cost efficiency scores recorded under DEA in the present study are consistent 

with other previous studies on bank efficiency in Ghana, such as Alhassan and Ohene-Asare 

(2016) and Akoena et al. (2009), who also employed the DEA approach. For instance, 

Alhassan and Ohene-Asare (2016) apply DEA to 26 Ghanaian banks over the period of 2004 

to 2011 and find mean efficiency estimates of 95%, 92%, and 46% for technical, scale, and 

cost efficiencies respectively. Also, an earlier study by Akoena et al. (2009) found average 

technical and scale efficiency estimates of 98% and 97%, respectively, for Ghanaian banks 

from 2000 to 2006.  With the SFA mean technical, scale and cost efficiency scores of 88%, 

93% and 82%, respectively, as indicated in table 5.2, it implies that on average Ghanaian 

banks need to improve their efficiencies by 12%, 7%, and 18% to be entirely technical, scale 

and cost-efficient respectively. On the other hand, the DEA recorded mean technical, scale 

and cost efficiency scores of 83%, 81%, and 65%, respectively, which means that on average 

Ghanaian banks need to improve their technical, scale and cost efficiencies by 17%, 19% and 
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35% to be on the technical, scale and cost efficiency frontiers respectively. The differences in 

mean efficiency scores across different studies on bank efficiency in Ghana may be 

attributable to a number of factors, including the period of study, sample size, and the choice 

of the analytic approach. 

 

5.3 Stylized Facts about the Sampled Banks 
 

We adopt a style similar to that of Moyo (2018) and present a summary of annual average 

efficiencies and measures of competition of the sampled banks in tables 5.3 to 5.4.  Table 5.3 

shows an overview of efficiency scores and competition indices of all the sampled banks over 

the period  of 2007 to 2016, while table 5.4 presents a summary of the same statistics but for 

only the four largest banks. It can be observed from tables 5.3 and 5.4 that there are no 

significant differences between the average efficiency scores of all the sampled banks and 

that of only the four big banks across both SFA and DEA methods, indicating that the overall 

average efficiency scores of Ghanaian banks are mainly driven by the four largest banks 

namely Ecobank, GCB Bank, Standard Chartered Bank and Barclays Bank. Other banking 

sector studies in other jurisdictions, such as that of Moyo (2018), also found that average 

bank efficiencies scores in South Africa are primarily driven by the four largest banks in that 

country. However, over the ten-year period, the four big banks recorded slightly higher 

average technical efficiencies than the lower scale and cost efficiencies under both SFA and 

DEA compared with the industry. 

 

In terms of the evolution of efficiency over the study period, it can be observed from the two 

tables that based on the SFA approach, technical efficiencies of Ghanaian banks are generally 

stable, with an evolution of just -2%, indicating an only marginal reduction in technical 

efficiency over the ten years. On the other hand, scale efficiency saw significant 

improvement, while cost-efficiency shows generally a declining trend, with evolutions of 

19% and -12% respectively over the ten years. The trend in the annual efficiency scores by 

SFA are shown in figure 5.1. In the case of the DEA approach, however, the evolution of 

efficiency shows improved technical and cost efficiencies of 16% and 31%, respectively but a 

decline in scale efficiency of about 23%.  The evolution of efficiency scores by the DEA 

approach is shown in figure 5.2. The reduction in scale efficiency and the improvement in 

cost efficiency by the DEA approach is consistent with the findings of Alhassan and Ohene-
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Asare (2016). They also applied a DEA approach to Ghanaian banks and recorded a decline 

in scale efficiency of 3% and an improvement in cost efficiency of 21% over the period of 

2004 to 2011. The sharp contrast between the evolution of efficiency under SFA and under 

DEA in the present study indicates that frontier technique is relevant in determining the 

evolution of bank efficiency in Ghana. 

 

Table 5. 3: Summary of Statistics of All Sampled Banks 
Variable 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Evolution18 

SFA-technical 0.8850 0.8991 0.8438 0.8661 0.8589 0.8952 0.8995 0.8931 0.8987 0.8694 -0.02 

SFA-Scale 0.7812 0.8079 0.9115 0.9260 0.9499 0.9275 0.9475 0.9632 0.9633 0.9713 0.19 

SFA-Cost 0.8814 0.8521 0.8579 0.8334 0.8029 0.8068 0.8630 0.8440 0.7792 0.7609 -0.12 

            

DEA-Technical 0.7015 0.8146 0.7379 0.7869 0.7670 0.8440 0.8814 0.8925 0.9038 0.8656 0.16 

DEA-Scale 0.9360 0.9173 0.8572 0.8139 0.8197 0.8214 0.7861 0.7767 0.7703 0.7081 -0.23 

DEA-Cost 0.4815 0.6450 0.5665 0.5524 0.5266 0.6165 0.6874 0.7404 0.7918 0.7890 0.31 

            

4-Bank CR 0.6941 0.5998 0.5391 0.4805 0.4349 0.4105 0.3974 0.3386 0.3426 0.3423 -0.35 

HHI 0.1397 0.1123 0.0938 0.0803 0.0706 0.0678 0.0655 0.0583 0.0589 0.0582 -0.08 
Adjusted Lerner index 0.4041 0.4039 0.3963 0.3877 0.3913 0.3745 0.4329 0.4254 0.4001 0.3904 -0.01 

Boone -0.0961 -0.0898 -0.0837 -0.0687 -0.0589 -0.0702 -0.0488 -0.0480 -0.0247 -0.0142 0.08 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

            

Table 5. 4: Summary of Statistics of the 4 big banks (Ecobank, GCB, Standard Chartered, and Barclays) 

Variable 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Evolution 

SFA-technical 0.9556 0.9124 0.9046 0.9203 0.8884 0.8876 0.9323 0.9139 0.9363 0.9388 -0.02 

SFA-Scale 0.6748 0.6435 0.8751 0.9427 0.9742 0.9075 0.9380 0.9563 0.9328 0.9861 0.31 

SFA-Cost 0.9176 0.8297 0.8334 0.8448 0.7577 0.7397 0.7961 0.8063 0.6398 0.6716 -0.25 

            

DEA-Technical 0.7740 0.8258 0.8939 0.8989 0.9068 0.9280 0.9880 0.9533 0.9620 0.9550 0.18 

DEA-Scale 0.8633 0.8717 0.6637 0.5690 0.5106 0.5890 0.5793 0.6276 0.6349 0.5477 -0.32 

DEA-Cost 0.4433 0.5530 0.6060 0.5170 0.5050 0.5141 0.6256 0.6696 0.7032 0.9163 0.47 

            

4-Bank CR 0.6941 0.5998 0.5391 0.4805 0.4349 0.4105 0.3974 0.3386 0.3426 0.3423 -0.35 

HHI 0.1397 0.1123 0.0938 0.0803 0.0706 0.0678 0.0655 0.0583 0.0589 0.0582 -0.08 
Adjusted Lerner index 0.4116 0.2584 0.2668 0.4071 0.3704 0.3653 0.4888 0.5043 0.3969 0.5185 0.11 

Boone -0.0961 -0.0898 -0.0837 -0.0687 -0.0589 -0.0702 -0.0488 -0.0480 -0.0247 -0.0142 0.08 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

 

 

 

 

 

 

 

                                                 
18 Evolution measures the percentage change in efficiency over the period 2007 to 2016 
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                Figure 5. 1: Trend of Annual Efficiency Scores by the SFA Approach 

 

 

 

Figure 5. 2: Trend of Annual Efficiency Scores by the DEA Approach 

 

 

The trends in annual average efficiency scores for each method across the three efficiency 

concepts are presented in figures 5.1 and 5.219. Generally, the average yearly SFA efficiency 

scores for technical and scale exhibit a more stable trend over the study period, while cost 

exhibits a declining trend. In the case of DEA, scale efficiency shows a decreasing trend, 

while technical and cost efficiency indicates an increasing trend over the study period. We 

also present the trends in average efficiency scores by concept in figures 5.3 to 5.5. It can be 

observed that while the difference between technical efficiency scores by SFA and DEA 

narrowed in the last three years of the sample period, that of scale efficiency widen 

significantly within the said period. Also, the difference between cost efficiency scores by 

method narrowed in the last two years, as shown in figure 5.5. 

                                                 
19 Average efficiency scores by bank are presented in appendix A5.1 
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Figure 5. 3: Trend of Technical Efficiency Scores by Method 

 

 

 

Figure 5. 4: Trend of Scale Efficiency Scores by Method 

 

 

 
Figure 5. 5: Trend of Cost Efficiency Scores by Method 

 

 

Figures 5.6 to 5.8 present comparison between annual average efficiency scores for the four 

big banks against that of the rest of the banks. Generally, across the two techniques, the four 
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big banks' annual technical and cost efficiency scores are higher than the other banks, while 

scale efficiency scores for the four big banks are lower than that of other banks. Therefore, 

we may conclude that the four big banks were more technically and cost-efficient but less 

scale efficient than the rest of the banks over the study period. 

 

 

Figure 5. 6: Trends in Technical Efficiency, the Four big banks against the others 

 

 

Figure 5. 7: Trends in Scale Efficiency, the Four big banks against the others 

 

 

Figure 5. 8: Trends in Cost Efficiency, the Four Big banks against the others 
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The second parts of tables 5.3 and 5.4 present annual average measures of concentration, 

market power and competition over the study period. Two commonly used measures of 

concentration, namely the 4-bank concentration ratio (CR4) and the Herfindahl-Hirschman 

Index (HHI) have been computed and presented in table 5.3 to capture the structural features 

of the Ghanaian banking industry over the study period. The evolution of the CR4 of bank 

deposits indicates a declining trend throughout the study period, from a high of 69% in 2007 

to a low of 34% in 2016. This means that the market share of deposits of the four largest 

banks has declined over the study period. This could be attributed to the increase in the 

market shares of smaller banks and the growing number of banks in the industry, with the 

number of banks in our sample increasing from 14 banks in 2007 to 27 banks in 2016. As 

indicated in section 4.5 of chapter four, the CR4 is discrete in structure and hence limited in 

that it assigns weights of unity to the four largest banks while the rest of the banks in the 

sample are given zero weights. We, therefore, include the HHI, which is cumulative in 

structure and hence overcomes the limitations of the CR4 by capturing features of the whole 

distribution of all banks, large or small. As indicated in table 5.3, the HHI shows a generally 

declining, trend dropping from a high of 14% in 2007 to a low of 6% in 2016. This again 

shows that the level of concentration in the Ghanaian banking industry has reduced over the 

study period. Concentration indices such as the CR4 and the HHI measure the degree of 

competition through the level of concentration, where a lower level of concentration is 

associated with a higher degree of competition, while a higher level of concentration is 

associated with a lower degree of competition. Hence, the decreasing trend in the 

concentration indices in table 5.3 suggests an increasing degree of competition in the banking 

industry over the study period.  

 

The trend of the adjusted Lerner index20 is also presented in table 5.3. The Lerner index 

measures competition through market power, with a higher Lerner index indicating higher 

market power and hence a lower degree of competition. The computed adjusted Lerner index 

did not show a very clear trend except that it was generally stable over the study period, as 

indicated in table 5.3. For instance, the index declined marginally from 40% at the beginning 

of the study period to a low of 37% in 2012, indicating that, the level of competitiveness in 

                                                 
20 We employed the Koetter et al. (2012) adjusted Lerner Index to correct for the limitations of the standard 

Lerner index such as the assumption of full profit and cost efficiency. 
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the Ghanaian banking industry has improved. It then rises again to a high of 43% in 2013, 

showing a deterioration in competition before declining marginally to end the period at 39%. 

The Boone indicator, on the other hand, has become generally less negative over the study 

period showing that competition in the banking industry has deteriorated over the period. 

Figure 5.9 shows the trends in the CR4, the HHI, the adjusted Lerner index and the Boone 

indicator over the study period. Generally, the evolution of CR4, HHI and the Adjusted 

Lerner index indicates that the Ghanaian banking industry experienced an improvement in 

competitiveness by 35%, 8% and 1%, respectively over the study period, while the evolution 

of the Boone indicator suggests that competition in the industry deteriorated by 8% over the 

study period. Our findings on bank concentration, market power and competition are 

consistent with statistics from the Global Financial Development database of the World Bank 

(2017/2018), which also shows declining trend in CR5, inconsistent trend in the Lerner index, 

and less negative trend in the Boone indicator in the banking industry in Ghana over the 

period 2007 to 2014.  

 

The conflicting picture given by the Lerner index and the Boone indicator regarding the trend 

in competition could be due to the differences in the assumptions underlining the construction 

of these measures and significant changes in the Ghanaian banking industry over the study 

period. For instance, the Lerner index does not account for product substitutability (Schaeck 

and Cihak, 2014), while the Boone indicator assumes that banks generally transfer some of 

their efficiency gains through competition to their customers (Van Leuvensteijn et al., 2007). 

Also, the Banking sector in Ghana saw key regulatory changes, particularly regarding 

capitalisation, which might have impacted the level of competitiveness during the study 

period. For instance, the uncertainties that smaller banks faced regarding their ability to meet 

the minimum capital requirements might have resulted in a loss of some customers to larger 

banks, hence reducing competition, especially in the last five years of the study period. 

Therefore, the Boone indicator appears to have captured this probable scenario better than the 

Lerner index since the former indicated a deterioration in competition. At the same time, the 

latter showed an improvement in competitiveness over the study period. Furthermore, since 

our sample is relatively small (just 220 observations from 27 banks), the Boone indicator 

should be a more reliable measure of competition over time compared with other measures 

such as the Lerner index, which require larger datasets to provide reliable trend of 

competition over time (Van Leuvensteijn et al., 2007).   
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Figure 5. 9: Trend of the CR4, HHI, Adjusted-Lerner Index and Boone Indicator 

 

 

 

Figure 5. 10: Trends of Efficiency Scores and Competition Measures 

 

 

Figure 5.10 shows the trends of efficiency scores and some competition measures over the 

study period. It can be observed from table 5.3 and figure 5.10 that the relationship between 

efficiency and competition is not apparent. Therefore there is a need for further investigation 

through more rigorous econometric analysis. 

 

We have also presented descriptive statistics in table 5.5 to explain the relationship between 

bank efficiency and competition on one hand and bank characteristics such as bank size 

(measured by total assets), bank age (measured by number of years in existence), and bank 
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ownership on the other hand. Based on the SFA approach, table 5.5 suggests that older and 

larger banks are more technically efficient but less scale and cost-efficient than younger and 

smaller banks. The DEA approach also suggests that older and large banks are more 

technically efficient than younger and smaller banks. The higher average technical efficiency 

scores recorded for larger and older banks compared with their smaller and younger 

counterparts may be explained by the fact that the former are more capitalised and better 

resourced and hence able to hire high quality management as well as adopt new technologies 

in their operations that yield greater efficiency gains compared with the latter. On the other 

hand, the lower scale efficiencies recorded for larger and older banks may be because, as 

noted in Akoena et al. (2009), these banking categories may be too remote from their lowest 

average cost curves, which makes them less scale efficient compared with their smaller and 

younger counterparts. 

 

Nevertheless, table 5.5 also shows that there exist no marked differences between the 

efficiencies of older and larger banks on the one hand and younger and smaller banks on the 

other hand under both SFA and DEA. Therefore, a more rigorous econometric analysis is 

needed to determine a clear relationship between efficiency on one hand and age and size on 

the other hand. It can also be observed from table 5.5 that the relationship between efficiency 

and bank ownership is not clear cut. In terms of the SFA approach, foreign-owned banks are 

more scale efficient but less technical and cost-efficient compared with locally-owned banks, 

while private banks are more scale and cost-efficient but less technically efficient than public 

or state-owned banks. The DEA approach, on the other hand, suggests that local and private 

banks are more scale and cost-efficient but less technically efficient than foreign and public 

banks, respectively. Again, the differences between the SFA and the DEA may be due to the 

neglect of random error by the latter. We can also observe from table 5.5 that the level of 

competition among the four largest banks is higher than the industry as a whole, as shown by 

the relatively lower average adjusted Lerner index of the four big banks compared with the 

average adjusted Lerner index of the industry as a whole.  Table 5.5 also suggest that foreign-

owned banks have more market power than locally-owned banks. This is not surprising 

because only one (GCB Bank) out of the four largest banks in Ghana is locally-owned. 
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Table 5. 5: Bank Characteristics, Efficiency and Competition 
Variable 

size < 

896m 

size > 

896m 

age ≤ 

15yrs 

age > 

15yrs foreign local public private 

Average         

(big 4 

banks) 

Average 

(all banks) 

SFA-technical 0.8465 0.9165 0.8542 0.9093 0.8776 0.8864 0.8880 0.8808 0.9190 0.8815 

SFA-Scale 0.9294 0.9234 0.9484 0.9040 0.9587 0.8861 0.8247 0.9365 0.8831 0.9149 

SFA-Cost 0.8305 0.8160 0.8489 0.7971 0.7948 0.8586 0.6914 0.8364 0.7837 0.8232 

           

DEA-Technical 0.7566 0.9031 0.8097 0.8504 0.8300 0.7651 0.9327 0.8196 0.9086 0.8298 

DEA-Scale 0.9031 0.7148 0.8445 0.7728 0.8297 0.8636 0.7076 0.8191 0.6457 0.8090 

DEA-Cost 0.6014 0.7061 0.6823 0.6247 0.6385 0.6728 0.5665 0.6625 0.6053 0.6538 

           

4-Bank CR 0.4800 0.3923 0.4288 0.4435 0.4580 0.4339 0.4209 0.4551 0.4580 0.4580 

HHI 0.0843 0.0670 0.0741 0.0772 0.0805 0.0752 0.0722 0.0799 0.0805 0.0805 
Adjusted Lerner index 0.4343 0.3676 0.4333 0.3680 0.4527 0.3366 0.2486 0.2037 0.3988 0.4007 

Boone -0.0667 -0.0452 -0.0543 -0.0576 -0.0529 -0.0597 -0.0139 -0.0168 -0.0603 -0.0603 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

Note: The medians of bank size and bank age have been used to divide the banks into large or small and old or young banks respectively. 

 

In conclusion, the analysis of the distributional characteristics of the efficiency scores 

generated by the two methods shows that the parametric technique (SFA) yields relatively 

higher efficiencies across the three concepts of scale, technical and cost compared with the 

non-parametric method (DEA). However, as noted in Bauer et al. (1998), to determine which 

method is more beneficial for regulatory or other purposes, we must move further to evaluate 

other consistency conditions. 

 

5.4 Correlation of Efficiency Scores 
 

We have seen in section 5.3 that efficiency levels and distributional characteristics of 

efficiency scores generated by SFA and DEA differ. However, it is still possible that the two 

methods may generate a similar ranking of banks. We, therefore, present the Spearman rank-

order correlation coefficients in table 5.6 to show how close or otherwise the ranking of 

banks by each of the two methods across the three concepts of efficiency are. As expected, 

there is a weak correlation between the methods, and in some instances, the two methods 

produce the opposite ranking of banks. The failure of the two methods to consistently rank 

banks similarly may be attributable to the inability of the non-parametric methods to account 

for heterogeneity and therefore interpret differences among banks purely as inefficiency 

(Fiorentino et al., 2006). Therefore, as noted in Bauer et al. (1998), parametric and non-

parametric methods cannot be relied upon to consistently rank banks in similar order and 

hence may give conflicting results, which is also the case in the present study. Nevertheless, 
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the two methods better rank technical and cost efficiencies than scale efficiency, as shown by 

the positive and significant correlation coefficients between the two concepts. 

 
Table 5. 6: Spearman Rank-Order Correlations among Efficiency Scores 

       

 SFA-TE SFA-SE SFA-CE DEA-TE DEA-SE DEA-CE 

SFA-TE 1.0000      

SFA-SE -0.0785 1.0000     

SFA-CE 0.2493*** -0.1973*** 1.0000    

DEA-TE 0.4078*** 0.0711 0.0752 1.0000   

DEA-SE -0.0356 -0.2415*** 0.1916*** -0.2439*** 1.0000  

DEA-CE 0.2490*** 0.1895*** 0.3739*** 0.6961*** -0.0343 1.0000 

*, p<0.1; **, p<0.05; ***, p<0.01 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

5.5 Identification of Best and Worst Practice Banks 

We have seen in table 5.6 that parametric and non-parametric techniques are not consistent in 

ranking efficiency scores. However, the two methods may be consistent in identifying the 

most efficient and least efficient banks. Table 5.7 presents the correspondence of best 

practice and worst practice banks across methods and concepts. 

 

The upper right triangle in table 5.7 presents the percentage of banks identified by SFA as the 

most efficient 50% of banks that the DEA also identifies as part of the most efficient 50%21. 

On the other hand, the lower left triangle shows the proportion of banks identified by SFA as 

the least efficient 50% of banks that are also identified by the DEA as the least efficient 50%. 

For instance, of the banks identified as the top 50% most efficient banks by SFA-SE, only 

38.5% of these banks were also identified by DEA-SE as being among the top 50% most 

efficient banks. Also, of the banks identified as the bottom 50% least efficient banks by SFA-

SE, only 30.8% of these banks were identified by DEA-SE as among the bottom 50% least 

efficient banks. Bauer et al. (1998) indicated that random chance alone would yield an 

expected value of 50% correspondence between the two techniques in identifying the most 

efficient or least efficient banks. Hence the value of 38.5% correspondence between SFA and 

DEA in identifying the top 50% most efficient banks, as shown in table 5.7, is not statistically 

significantly different from the random chance figure of 50%. Overall, the average 

                                                 
21 Although some studies such as Bauer et al. (1998), used the upper quartile and lower quartile for the 

identification of best and worst practiced banks, in the present study, the sample size is quite small such that the 

quartiles contained only an insignificant number of banks to make any meaningful comparison. 
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correspondence between SFA and DEA concepts to identify the best and worst efficient 

banks is 51.3% and 53.8%, respectively, which are both not statistically different from the 

random chance expected value of 50%. This implies that parametric and non-parametric 

techniques do not generally identify extreme performance consistently. The results in the 

present study are consistent with similar previous studies such as Bauer et al. (1998) and 

Fiorentino et al. (2006). These findings imply that regulatory policies aimed at either efficient 

or inefficient banks might hit different targets depending on which frontier technique was 

applied in the policy formulation process. Nevertheless, it can be observed from table 5.7 that 

the two approaches do better in ranking cost efficiency scores, with correspondence between 

SFA and DEA of 61.5% and 69.2% for best and worst efficient banks, respectively. This 

suggests that the two approaches are somewhat more reliable in identifying the best and least 

cost-efficient banks in Ghana than the other two concepts of efficiency, namely, scale and 

technical.  

  

   Table 5. 7: Best Practice and Worst Practice Banks by Technique and Concept 
       

 SFA-TE SFA-SE SFA-CE DEA-TE DEA-SE DEA-CE 

SFA-TE  0.462 0.462 0.538 0.308 0.462 

SFA-SE 0.385  0.462 0.385 0.385 0.462 

SFA-CE 0.385 0.538  0.462 0.538 0.615 

DEA-TE 0.615 0.385 0.462  0.462 0.692 

DEA-SE 0.308 0.308 0.462 0.462  0.692 

DEA-CE 0.462 0.462 0.692 0.615 0.692  

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 
 

Note: Each number in the upper triangle is the proportion of banks that are identified by one technique and concept as having 
efficiency scores in the most efficient 50% of banks that are also identified by other techniques and concepts 

 

Each number in the lower triangle is the proportion of banks that are identified by one technique and concept as having 
efficiency scores in the least efficient 50% of banks that are also identified by other techniques and concepts 

 

5.6 Stability of Measured Efficiency Over Time 

From a regulatory policy standpoint, efficiency estimates need to be reasonably stable over 

time. It is argued that, although the changing business operating environment, including 

changes in the macroeconomy, market competition, technology, among others may result in 

changes in operational efficiencies of banks, it is unlikely that a bank that is very efficient in 

one year would become very inefficient in the next year. Hence, efficiency estimates by an 

acceptable approach should be reasonably stable over time so that regulatory policies aimed 
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at either efficient or inefficient banks should hit their targets after normal policy 

implementation lags (Bauer et al., 1998). 

 

To examine the year-to-year SFA and DEA efficiency scores over time, we present the 

Spearman rank-order correlations of efficiency scores generated for each of the three 

efficiency concepts by method between each pair of years over the study period (2007 to 

2016) in table 5.822. For example, each figure in the first column of table 5.8 shows for each 

efficiency measure the average correlations of efficiencies in 2007 with 2008, 2008 with 

2009, …., 2015 with 2016, an average of 9 correlations in all. Over the study period of 10 

years, the t-year apart figures, as depicted in table 5.8, are averages of 10-t correlations 

between efficiencies that are t years away from each other. 

 

Table 5. 8: Stability of Measured Efficiencies Over Time 
          

 One 

Year 

Apart 

Two 

Years 

Apart 

Three 

Years 

Apart 

Four 

Years 

Apart 

Five 

Years 

Apart 

Six 

Years 

Apart 

Seven 

Years 

Apart 

Eight 

Years 

Apart 

Nine 

Years 

Apart 

SFA-TE 0.3636 0.2652 0.3190 0.2586 0.1960 0.2955 0.1672 0.3109 0.3231 

SFA-SE 0.4951 0.4901 0.3331 0.3996 0.2988 0.3677 0.5015 0.2115 0.2356 

SFA-CE 0.8189 0.6622 0.6083 0.5533 0.4797 0.3243 0.3520 0.2325 0.1939 

DEA-TE 0.6496 0.5123 0.5140 0.4050 0.3756 0.2893 0.1697 0.2930 0.1470 

DEA-SE 0.7674 0.6930 0.6358 0.6236 0.6132 0.5495 0.4011 0.3846 0.4176 

DEA-CE 0.5749 0.4693 0.3920 0.3150 0.3124 0.2051 0.2259 0.2971 0.0084 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 
 

 

It can be observed in table 5.8 that the year apart average correlation coefficients under DEA 

are relatively high compared with those under SFA. Overall the DEA approach recorded 

averages of 57%, 37% and 31% for scale, technical and cost efficiencies, respectively, while 

the SFA recorded averages of 37%, 28% and 47% scale, technical and cost efficiencies, 

respectively over the sample period. Our results are consistent with other studies such as 

Bauer et al. (1998) and Fiorentino et al. (2006), who also reported higher year apart 

correlations among DEA approaches than SFA approaches. We can also observe from table 

5.8 that the evolution of the average year apart correlations of all three concepts of efficiency 

under SFA over the study period is -31% compared with -47% recorded under DEA. This 

suggests that correlations of later years up to the end of the sample period under SFA are 

more highly correlated with initial years compared with those under DEA, making the SFA 

                                                 
22 Efficiency scores of only the 13 banks that have operated consistently over the period 2007 to 2016 have 

been included in the analysis of stability of efficiency scores over time. 
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approach more stable in the long run than the DEA approach. Figure 5.11 presents a pictorial 

view of the year apart average correlations over the study period. 

 

 

          Figure 5. 11: Stability of Measured Efficiencies Over Time 

 

 

5.7 Consistency with Standard Non-Frontier Bank Performance Measures 

Generally, we do not expect efficiency scores generated by frontier techniques to be perfect 

or even highly correlated with non-frontier accounting-based performance measures since the 

latter are not necessarily based on microeconomic theory and may not account for additional 

information about performance such as input prices, output mix or the market value of a bank 

(Fiorentino et al., 2006). Nevertheless, we expect efficiency scores to be reasonably 

correlated with accounting ratios commonly used by bank regulators, management and 

financial analysts for bank performance evaluation. Therefore, if efficiency scores generated 

by frontier techniques are at least significantly correlated with accounting ratios, it would 

ensure that frontier techniques are not just artificial products of microeconomic theory based 

on the underlying assumptions made regarding the chosen optimisation concept (Bauer et al., 

1998). We present correlation coefficients between efficiency scores generated by SFA and 

DEA and four non-frontier accounting ratios in table 5.9. 
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Table 5. 9: Consistency with Standard Non-Frontier Performance Measures 

 

 SFA DEA 

 TE  SE   CE   TE SE CE 

ROE 0.3630*** -0.0313 0.3084*** 0.3339*** -0.2551*** 0.1783** 

ROA 0.3818*** 0.0291 0.2715** 0.4109*** -0.2113*** 0.2356*** 

(TC/TR) 0.1670** 0.0454 0.0999 0.0946 0.1707** 0.0003 

(TC/TA)  0.1373** 0.1289* 0.0503 0.1464** 0.2740** 0.0118 

*, p<0.1; **, p<0.05; ***, p<0.01 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

 
Table 5. 10: Identification of Best and Worst Banks by Efficiencies and Accounting Ratios 

 Top 50% of Banks  Bottom 50% of Banks  

 roe roa TC/TR TC/TA roe roa TC/TR TC/TA 

SFA-TE 0.615 0.538 0.462 0.538 0.615 0.538 0.462 0.462 

SFA-SE 0.462 0.462 0.615 0.692 0.538 0.538 0.615 0.692 

SFA-CE 0.615 0.538 0.385 0.385 0.538 0.538 0.385 0.385 

DEA-TE 0.615 0.692 0.615 0.538 0.615 0.692 0.692 0.615 

DEA-SE 0.154 0.231 0.154 0.154 0.154 0.231 0.154 0.154 

DEA-CE 0.462 0.538 0.462 0.462 0.308 0.462 0.385 0.385 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

Note: Each number in the left-hand side of the table is the proportion of banks that are identified by each accounting ratio as having 

efficiency scores in the most efficient 50% of banks that are also identified by each efficiency 
 

Each number in the right-hand side of the table is the proportion of banks that are identified by each accounting ratio as having 

efficiency scores in the least efficient 50% of banks that are also identified by each efficiency 

 

The non-frontier accounting-based measures as indicated in tables 5.9 and 5.10 include return 

on assets (ROA), return on equity (ROE), the total cost to total assets (TC/TA) and total cost 

to total revenue (TC/TR). As shown in table 5.9, the results indicate that neither the 

efficiency scores generated by SFA nor those by DEA are highly correlated with the non-

frontier accounting-based measures of bank performance in Ghana. The weak correlation 

between frontier efficiency measures and traditional accounting-based performance measures 

reported in the present study confirms that accounting-based measures may not account for 

additional bank performance information such as the effects of differences in input prices, 

among others, making these traditional methods weak measures of efficiency. Our results are 

consistent with earlier studies such as Bauer et al. (1998) and Fiorentino et al. (2006). 

Nevertheless, fifteen (15) of the twenty-four (24) correlations are significant (at 5%), 

indicating that efficiency scores of banks in Ghana are reasonably correlated with accounting 

ratios commonly used by bank managers and regulators for decision-making purposes.  
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Also, even if efficiency scores are not highly correlated with accounting ratios, they may still 

be useful for regulatory purposes if the two sets of measures are consistent in identifying the 

most efficient and least efficient banks. We, therefore, present the correspondence of best 

practice and worst practice banks between accounting ratios on the one hand and the 

efficiency scores on the other hand in table 5.10. From table 5.10, the average 

correspondence between the SFA efficiency measures and the accounting-based measures in 

identifying the top 50% and bottom 50% is 53%, while that of the DEA measures and the 

accounting ratios is 41%. This suggests that even though frontier-based efficiency measures 

are not highly consistent with accounting-based measures in identifying best or worst practice 

banks, the SFA approach yields efficiency measures closer to accounting-based measures in 

bank performance analysis than efficiency scores generated by the DEA approach. 

 

 

5.8 Determinants of Technical and Cost Efficiencies of Banks in Ghana 

 

The relationship between the two efficiency concepts, namely technical and cost across the 

two frontier techniques and the determinants of bank efficiency, which include the Boone 

Indicator (BOONE), Adjusted Lerner index (A-Lerner), Herfindahl-Hirschman Index (HHI),  

capital adequacy ratio (CAR), the opportunity cost of mandatory cash reserves (OPPCOST), 

credit risk (CR), funding risk (FR), ), bank size (SIZE),  bank age (AGE), a dummy for 

majority local ownership (LOCFOR), a dummy for majority public/state ownership 

(PUBPRIV) and year-on-year inflation rate (INFL) are presented in tables 5.11 to 5.14. The 

SFA approach presents determinants of inefficiency in tables 5.11 and 5.12, while the DEA 

approach presents determinants of efficiency in tables 5.13 and 5.14.  The determinants of 

technical and cost inefficiencies under the SFA approach were obtained from the Battese and 

Coelli (1995) single-stage model as discussed in chapter four. On the other hand, the 

determinants of efficiency under the DEA approach were obtained using the Simar and 

Wilson (2007) two-stage truncated regression method as discussed in section 4.4.1 of chapter 

four of this study. To controlpotential heteroscedasticity, the estimation was done using 

bootstrap standard errors. 
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Table 5. 11: Determinants of Bank Technical Efficiency in Ghana - The SFA Approach 
 

Variable  TE(I )(with only HHI) TE(I) (with only Lerner) TE(I) (with only Boone) 

 coef. std. err. coef. std. err. coef. std. err. 

ln(HHI) -1.0006** 0.4391     

A-Lerner   -0.4822 0.3249   

Boone     -3.2597 2.3706 

ln(CAR) 0.0811 0.0886 0.1364 0.0917 0.1779* 0.0978 

ln(OPPCOST) 0.2394** 0.0974 0.1838 0.1157 0.2116** 0.0897 

ln(CR) 0.0656 0.0611 0.0686 0.0586 0.0852* 0.0500 

ln(FR) 0.9607*** 0.1492 1.0129*** 0.1878 0.9543*** 0.1839 

ln(SIZE) -0.1885*** 0.0724 -0.0243 0.0199 -0.0236 0.0239 

ln(AGE) 0.1795*** 0.0676 0.0855 0.0704 0.0396 0.0823 

LOCFOR 0.1497 0.1061 0.1040 0.1050 0.1491 0.0998 

PUBPRIV 0.1933 0.1994 0.1358 0.1274 0.1425 0.1724 

ln(INF) 0.1148 0.1608 0.1659 0.1132 0.2426 0.1854 

Time Variable Yes Yes Yes Yes Yes Yes 

Constant Yes Yes Yes Yes Yes Yes 

Gamma 0.9467*** 0.0323 0.9532*** 0.0318 0.9760*** 0.0286 

No. of obs. 220  220  220  

No. of banks  27  27  27  

Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Note: T(I)E – Technical Inefficiency 

Source: Author’s own computation using Battese & Coelli (1995) Model in the R Software (Coelli & Henningsen, 2013) 

 
 

Table 5. 12: Determinants of Bank Cost Efficiency in Ghana - The SFA Approach 
    

Variable  CE(I) (with only HHI) CE(I) (with only Lerner) CE(I) (with only Boone) 

 coef. std. err. coef. std. err. coef. std. err. 

ln(HHI) -0.9433** 0.3958     

A-Lerner   -0.8352*** 0.2409   

Boone     13.579*** 4.3136 

ln(CAR) 0.0479 0.0711 0.0900* 0.0538 -0.0551 0.0898 

ln(OPPCOST) 0.3565*** 0.0814 0.3885*** 0.1089 0.4584*** 0.1296 

ln(CR) 0.1573*** 0.0507 0.0778* 0.0469 0.1362** 0.0653 

ln(FR) 0.8287*** 0.1663 0.0514 0.1037 0.2001 0.2247 

ln(SIZE) -0.8461*** 0.2177 -0.2326*** 0.0529 -0.5362** 0.2281 

ln(AGE) 0.6835*** 0.1844 0.0581 0.0481 0.3159** 0.1552 

LOCFOR 0.0320 0.1737 -0.0190 0.0876 0.0007 0.1575 

PUBPRIV 0.6444*** 0.2194 0.2624** 0.1171 0.4522 0.2763 

ln(INF) 0.0376 0.1622 0.0517 0.1593 -0.2552 0.1887 

Time Variable Yes Yes Yes Yes Yes Yes 

Constant Yes Yes Yes Yes Yes Yes 

Gamma 0.6193*** 0.1355 0.8891*** 0.0961 0.8639*** 0.0694 

No. of obs. 220  220  220  

No. of banks  27  27  27  

 Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Note: C(I)E – Cost Inefficiency 

Source: Author’s own computation using Battese & Coelli (1995) Model in the R Software (Coelli & Henningsen, 2013) 
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Table 5. 13: Determinants of Bank Technical Efficiency in Ghana - The DEA Approach 
       

Variable  TE (with only HHI) TE (with only Lerner) TE (with only Boone) 

 coef. bootstr 

std. err. 

coef. bootstr 

std. err. 

coef. bootstr 

std. err. 

ln(HHI) 0.1546 0.1118     

A-Lerner   0.1630*** 0.0576   

Boone     -1.4360 1.0619 

ln(CAR) 0.0053 0.0328 0.0036 0.0315 0.0053 0.0357 

ln(OPPCOST) -0.0112 0.0266 -0.0156 0.0262 -0.0112 0.0259 

ln(CR) -0.0330*** 0.0126 -0.0300** 0.0122 -0.0330*** 0.0123 

ln(FR) -0.1019*** 0.0233 -0.1035*** 0.0232 -0.1019*** 0.0246 

ln(SIZE) 0.0956*** 0.0159 0.1021*** 0.0162 0.0956*** 0.0161 

ln(AGE) -0.0118 0.0168 -0.0110 0.0170 -0.0118 0.0168 

LOCFOR -0.0415 0.0252 -0.0276 0.0257 -0.0415 0.0257 

PUBPRIV 0.1704*** 0.0554 0.1704*** 0.0554 0.1704*** 0.0516 

ln(INF) 0.7199** 0.3027 0.0127 0.3105 0.6267 0.2521 

Time Variable Yes Yes Yes Yes Yes Yes 

Constant Yes Yes Yes Yes Yes Yes 

Wald chi2(17) 145.33  150.30  143.29  

No. of bootstr. reps 1000  1000  1000  

No. of obs. 178  178  178  

No. of banks 27  27  27  

Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Note: TE – Technical Efficiency 
Source: Author’s own computation using the Simar & Wilson (2007) Approach in Stata 14 (StataCorp 2015) 

 

Table 5. 14: Determinants of Bank Cost Efficiency in Ghana - The DEA Approach 
       

Variable  CE (with only HHI) CE (with only Lerner) CE (with only Boone) 

 coef. bootstr 

std. err. 

coef. bootstr 

std. err. 

coef. bootstr 

std. err. 

ln(HHI) 0.0582 0.1173     

A-Lerner   0.1588*** 0.0616   

Boone     -0.5404 1.0629 

ln(CAR) 0.0178 0.0138 0.0178 0.0132 0.0178 0.0130 

ln(OPPCOST) -0.0997*** 0.0257 -0.1035*** 0.0256 -0.0997*** 0.0262 

ln(CR) -0.0292** 0.0122 -0.0271** 0.0123 -0.0292** 0.0122 

ln(FR) -0.0085 0.0258 -0.0137 0.0233 -0.0085 0.0241 

ln(SIZE) 0.0897*** 0.0150 0.0939*** 0.0152 0.0897*** 0.0152 

ln(AGE) -0.0463*** 0.0168 -0.0449*** 0.0166 -0.0463*** 0.0167 

LOCFOR 0.0176 0.0264 0.0276 0.0271 0.0176 0.0266 

PUBPRIV -0.0888** 0.0394 -0.0783** 0.0398 -0.0888** 0.0392 

ln(INF) 0.7172** 0.3178 0.4724 0.3269 0.6821*** 0.2558 

Year Yes Yes Yes Yes Yes Yes 

Constant Yes Yes Yes Yes Yes Yes 

Wald chi2(17) 153.34***  179.22***  160.01***  

No. of bootstr. reps 1000  1000  1000  

No. of obs. 201  201  201  

No. of banks 27  27  27  

Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Note: CE – Cost Efficiency 
Source: Author’s own computation using the Simar & Wilson (2007) Approach in Stata 14 (StataCorp, 2015) 
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5.8.1 Test for Multicollinearity 

We present a pairwise correlation matrix in the appendix section, table A5.2, to detect any 

possibility of multicollinearity among the variables included in the study as determinants of 

(in)efficiency.  Multicollinearity in a multivariate regression analysis is a phenomenon where 

two or more of the covariates are highly correlated, implying that some variables may be 

redundant, the effect of which is increased standard errors leading to biased estimation of 

parameters and incorrect interpretation of the relationship between the covariates and 

(in)efficiency. A number of diagnostic tools can be used to detect the seriousness or 

otherwise of multicollinearity, including the variance inflation factor (VIF), which measures 

the extent to which the variance is inflated, and a pairwise correlation matrix of the 

covariates. The present study applies the pairwise correlation matrix as shown in table A5.2 

as a means of detecting possible multicollinearity. Multicollinearity is a severe problem when 

the pairwise correlations are above 0.7 (Krehbiel, 2004; Kennedy, 2008). However, as shown 

in table A5.2, the pairwise correlations are very low, with only the correlation coefficient 

between HHI and Boone above 0.7 while all other correlations among the covaries are below 

0.5. This suggests that the inclusion of any of the above variables in the estimation of the 

determinants of in(e)fficiency will not result in any serious problem of multicollinearity. 

Nevertheless, the relatively high association between HHI and Boone require further 

investigation about the possibility of multicollinearity, which could lead to biased estimation 

of parameters. Furthermore, since the three variables, HHI, Lerner and the Boone indicator, 

are measuring the same thing (competition), we have modelled the impact of competition on 

efficiency by including one competition measure at a time, as shown in tables 5.11 to 5.14. 

 

5.8.2 Bank Efficiency and Regulation 

The two regulatory variables included capturing regulatory intensity on the performance and 

efficiency of Ghanaian banks are CAR and OPPCOST. The empirical results presented in 

table 5.11 and 5.12 show that there is a positive and significant (at 10%  level) relationship 

between CAR and the two concepts of inefficiency, namely technical and cost based on the 

SFA approach. This suggests that increases in regulatory capital may exacerbate inefficiency 

and hence lower bank efficiency in Ghana. Also, OPPCOST has a positive and significant (at 

5% level and 1% level) under technical and cost inefficiency, respectively. This suggests that 

holding large cash reserves helps banks meet the Bank of Ghana’s mandatory reserve 

requirement, but that may have significant operational and cost implications for banks 



 

 

121 

operating in Ghana and lower their efficiency. The efficiency losses from more significant 

amounts of reserves may result from the foregone opportunity by banks to lend these reserves 

to customers to earn interest. The negative relationship between cost efficiency and 

mandatory reserve requirements, which tends to restrict banks’ lending activities, is 

consistent with other prior studies such as Pasiouras et al. (2009), who also found that 

restrictions on banking activity lead to lower-cost efficiency. The DEA results reported in 

table 5.13 and 5.14 show that only the coefficient of OPPCOST is significant (at 1% level) 

and corroborates the finding under the SFA approach that higher mandatory cash reserves 

requirement lower the cost efficiencies of Ghanaian banks.  

 

In conclusion, the positive and significant relationship between CAR and bank inefficiency, 

which implies that higher capital requirements lower bank efficiency, supports the private 

interest view that official capital adequacy regulations may lead to unintended consequences 

in the form of higher barriers to entry among others on bank performance, and hence the level 

of efficiency. The positive relationship between CAR and inefficiency reported in the present 

study is inconsistent with the findings of studies such as Berger and Bonaccorsi (2006); 

Simpasa (2010); and Pessarossi and Weill (2013); but conforms with the hypothesis that 

higher agency costs between bank managers and shareholders when capital requirements are 

higher exacerbates bank inefficiency. Also, the positive/(negative) and significant 

relationship between cost inefficiency/(efficiency) and OPPCOST supports the hypothesis 

that mandatory cash reserves act as an implicit tax on banks and hence the compliance of 

such reserve requirements may have a negative impact on the performance and the cost 

efficiency of Ghanaian banks.  

 

5.8.3 Bank Efficiency and Competition 

We employed three indicators, namely the HHI, Lerner Index and Boone Indicator, to analyse 

the relationship between competition and efficiency. The HHI measure competition through 

market concentration, and hence a higher HHI is associated with a lower degree of 

competition and vice versa. The Lerner index measure competition through market power, 

where a higher Lerner index, which means higher market power, is associated with lower 

competitiveness and vice versa. The Boone indicator is negative, where a more immense 

absolute value is associated with more robust competition. This implies that a higher 
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numerical Boone indicator (i.e. less negative) is associated with lower competition, while a 

lower numerical Boone indicator (i.e. more negative) signals more competition.  

 

The results presented in table 5.11 indicate a negative relationship between technical 

inefficiency and the three measures of competition, namely HHI, A-Lerner and Boone. This 

implies that higher HHI (less competition), higher A-Lerner (less competition) and higher 

Boone (less competition) is associated with lower technical inefficiency (or higher 

efficiency). However, only the coefficient of HHI is significant at 5% level, which implies 

that according to the HHI, there is a negative and significant relationship between bank 

competition and technical efficiency, supporting the efficient structure hypothesis. The results 

in table 5.12 also show that cost inefficiency is negatively and significantly related to the HHI 

and the A-Lerner index (at 5% and 1% levels, respectively) but positively and significantly 

related to the Boone indicator (at the 1% level), indicating a negative and significant 

relationship between competition and cost efficiency according to the HHI and the A-Lerner 

index but a positive and significant relationship between competition and cost efficiency 

according to the Boone indicator. This means that using the Lerner index, our results support 

the efficient structure hypothesis while using the Boone indicator, the results support the 

quiet life hypothesis. The finding in the present study is similar to other previous studies such 

as Weill (2003) and Casu and Girardone (2009), both using EU banks as well as Moyo 

(2018) using South African banks. 

 

Using the DEA approach, we find that the results (as presented in tables 5.13 and 5.14) are 

generally consistent with those under the SFA approach. There is a significant positive 

relationship between the Lerner index on both technical and cost efficiency, showing that 

higher levels of the Lerner index (i.e. lower competition) are associated with higher levels of 

efficiency, which implies a negative relationship between competition on both cost and 

technical efficiencies of Ghanaian banks at 1% level and 5% level of significance 

respectively, again supporting the efficient structure hypothesis. On the other hand, the 

results in tables 5.13 and 5.14 show a negative relationship between the Boone indicator on 

both technical and cost efficiency, although insignificant. This implies that lower numerical 

values (higher negative values) of the Boone indicator (i. e. higher level of competition) are 

associated with higher levels of efficiency, which again also support the quiet life hypothesis 

that competition improves efficiency in the Ghanaian banking industry. This finding is 

consistent with Alhassan and Ohene-Asare (2016), who also apply the DEA approach and 
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found a positive relationship between competition and cost efficiency of Ghanaian banks 

from 2004 to 2011, using the Boone indicator to the measure of competition. Therefore, we 

may conclude that both the SFA and the DEA approaches arrived at similar conclusions 

regarding the relationship between competition and efficiency.  

 

For consistency purposes, we also present regression results in table A5.6 in the appendix 

section, using the two key competition measures, namely the A-Lerner index and the Boone 

indicator as the dependent variables and the efficiency measures as well as the other 

determinants of efficiency such as regulatory factors, risk factors, size, age, ownership and 

macroeconomic factors as the explanatory variables. The results in table A5.6 shows a 

positive/(negative) and significant relationship between A-Lerner index/(competition) and 

cost efficiency (at 1% level) but a negative/(positive) and significant relationship between the 

Boone indicator/(competition) and cost efficiency (also at 1% level).  This generally confirms 

that according to the Lerner index, there is a negative relationship between competition and 

efficiency, supporting the efficient structure hypothesis, while according to the Boone 

indicator, there is a positive relationship between competition and efficiency, supporting the 

quiet life hypothesis.  

 

Also, we followed the approach in other prior studies such as Casu and Girardone (2009); and 

Moyo (2018) and used the Generalised Methods of Moments (GMM) to take care of possible 

endogeneity problems in our estimated model. The GMM results as presented in the 

appendices section in tables A5.4 - A5.5 generally confirm the above results, indicating a 

negative and significant relationship between competition and cost efficiency according to 

the Lerner index but a positive and significant relationship between competition and cost 

efficiency according to the Boone indicator. Thus, the Lerner index indicates that competition 

leads to a decline in efficiency, while the Boone indicator suggests that competition improves 

efficiency. It is argued in the literature that the Boone (2008) indicator is preferable to other 

measures of competition such as the Lerner index because it overcomes the shortcomings of 

such measures (Degryse et al., 2009; Schaeck and Cihak, 2014).  The Lerner Index, for 

instance, does not capture product substitutability and hence may not be as robust as the 

Boone indicator. Also, the efficient structure hypothesis supported by the Lerner index in this 

study may suggest that increased market power through acquisitions or mergers may lead to a 

decrease in competitiveness and improved efficiency through scale economies, among others. 

However, our study period recorded very few mergers or acquisitions. Rather, there has been 



 

 

124 

many new entrants with the number of banks in our sample, increasing from 14 at the 

beginning of the study period to 27 at the end of the study period. On the other hand, the 

finding of the Boone indicator in this study supports Hicks’ (1935) Quiet Life Hypothesis, 

which suggests that improvement in efficiency can be achieved through competition due to 

bank managers motivation to improve their performance in terms of product offerings, 

competitive pricing, improve customer care among others, which appears to be the case in 

Ghana over the study period. Therefore, the theoretical weaknesses of the Lerner index, as 

well as the evidence in the Ghanaian banking industry over the study period, makes the 

Boone indicator a more robust and more attractive measure of the relationship between 

competition and bank efficiency in Ghana. 

 

5.8.4 Bank Efficiency and Risk 

Credit risk (CR) and funding risk (FR) have been included in both the SFA and DEA models 

to capture the quality of the loan output as well as banks’ exposure to the use of deposits to 

finance bank assets relative to equity capital. Both SFA and DEA efficiency models report a 

negative relationship between risk and efficiency. For instance, both SFA and DEA report a 

negative ( at 10% cent and 1% levels of significance respectively) relationship between CR 

and technical efficiency, indicating that poor loan quality resulting in higher credit risk lower 

the operational efficiency of the Ghanaian banking industry. Also, both SFA and DEA results 

show a negative and significant relationship between CR and cost efficiency at 1% and 5% 

levels, respectively, which again indicate that a deterioration in the quality of loan assets 

negatively impacts the cost efficiency of Ghanaian banks. This finding is consistent with 

previous empirical studies such as Carvallo and Kasman (2005) and Simpasa (2010), who 

also found a negative relationship between risk and cost-efficiency of Latin America and 

Zambian banks, respectively. The results presented in tables 5.11 to 5.14 also show a 

negative and significant (at 1% level) relationship between FR and technical and cost-

efficiency. The negative relationship between FR and efficiency suggests that less capitalized 

banks, which rely more on deposits to finance their loan assets relative to equity, exacerbate 

their inefficiency. 
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5.8.5 Bank Efficiency and Size 

Tables 5.11 to 5.14 present an unambiguous relationship between bank size and efficiency. 

Both SFA and DEA approaches report a positive and significant relationship between bank 

size and technical efficiency, and cost efficiency (at 1% level). This implies that both 

parametric and non-parametric techniques are consistent in determining the relationship 

between efficiency and bank size in Ghana. The results suggest that large banks in Ghana are 

more technical and cost-efficient than small banks. These results also confirm the descriptive 

statistics presented in table 5.5. The positive relationship between bank size and bank 

efficiency may be due to the exploitation of scale economies and technological progress in 

the Ghanaian banking industry (see table 5.16). The findings in the present study are partly 

consistent with Alhassan and Ohene-Asare (2016), who also found large Ghanaian banks to 

be cost-efficient but technically inefficient compared with smaller banks, while Adjei-

Frimpong et al. (2014) found no influence of bank size on cost efficiency in Ghana. However, 

our results are inconsistent with Alber (2015) and Moyo (2018). They found that larger banks 

are less technically efficient than smaller banks in Egypt and South Africa, respectively. 

 

Regarding studies that examine the relationship between size and efficiency across different 

frontier techniques, we find that our results are inconsistent with that of Weill (2004), who 

found mixed conclusions about the link between efficiency and size across SFA and DEA 

among European banks. Studies such as Karray and Chicti (2013); Asongu and Odhiambo 

(2019), among others, have found an inverted U-shaped relationship between bank size and 

inefficiency, suggesting that there is an optimal threshold for bank size beyond which 

inefficiency increases with size due to scale diseconomies. To test for a possible non-linear 

relationship between bank efficiency and bank size in Ghana, and hence a likely inverted U-

shaped scenario between efficiency and bank size in Ghana, we have estimated models 

including the square of the size. The results of the models with a square of size as presented 

in the appendices section, table A5.3 indicate that the signs of size and its square are still 

negative (albeit insignificant) for both technical and cost inefficiencies. The signs of all other 

variables also remained unchanged. This suggests that there may not have existed a non-

linear, and hence an inverted U-shape relationship between efficiency and bank size in Ghana 

over the study period. 
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5.8.6 Bank Efficiency and Age 

The empirical results presented in tables 5.11 to 5.14 indicate a negative relationship between 

bank age on both technical efficiency and cost efficiency across both SFA and DEA. The 

relationship between age and efficiency (both technical and cost) is significant at 1% level 

under SFA, while under DEA, it is only cost that is significant, also at 1% level. The 

evidence of a negative relationship between age and efficiency in the present study is 

consistent with Moyo (2018), who also found that older banks in South Africa are less 

technically efficient than younger ones using the SFA approach but inconsistent with Alber 

(2015), who employed a DEA approach on Egyptian banks and found a positive relationship 

between age and efficiency. According to Moyo (2018), new banks can only survive in a 

highly concentrated banking industry like that of South Africa through innovation and 

differentiated products and competitive pricing. In the case of Ghana, many of the younger 

banks are subsidiaries of well-established banks from the West African Sub-region, 

particularly Nigeria and other parts of Africa such as South Africa. The parent banks of these 

subsidiaries are well established and well- capitalised banks with sophisticated and state-of-

the-art systems of operation that are often transferred to their subsidiaries to enable them to 

offer a variety of products and services at competitive prices, which makes them more 

efficient compared with the already existing banks in Ghana. Just like in the case of bank 

size, we have also included the square of age and re-run the regressions to test for a possible 

non-linear relationship between bank age and bank efficiency. The results in table A5.3 show 

that both the age variable and its square still show a negative association with both technical 

and cost efficiency, while the signs of all other variables remain unchanged, suggesting that 

there is no non-linear relationship between age and efficiency, and hence no optimal bank age 

in Ghana over the study period. 

 

5.8.7 Bank Efficiency and Ownership 

Tables 5.11 and 5.12 present the results of the relationship between bank efficiency and two 

ownership dummies, LOCFOR for majority local ownership and PUBPRIV for majority 

public/government ownership. The SFA results in table 5.11 and 5.12 show a positive 

relationship between both LOCFOR and PUBPRIV on both technical and cost inefficiency, 

indicating that, relative to local and public banks, foreign and private banks are more 

efficient, which confirms the moral hazard problem in the public sector in Ghana. It is, 

however, essential to note that, only the relationship between cost inefficiency and the 
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estimated coefficient on PUBPRIV is significant at 1% level of significance, indicating that 

ownership is an essential determinant of only cost efficiency in Ghana. The DEA results in 

table 5.14 confirm the negative and significant relationship between public/government 

ownership and cost efficiency, but the coefficient of PUBPRIV is now significant at 5% 

level. The finding in the present study is consistent with previous studies on Ghana such as 

Ohene-Asare (2011), Saka et al. (2012) and Bokpin (2013) who also found that foreign banks 

were more efficient than local banks in Ghana but inconsistent with the findings of studies 

such as Simpasa (2010) on Zambian banks and Moyo (2018) on South African banks, who 

found local banks to be more efficient than foreign banks.  

 

As noted in similar studies such as Pasiouras et al. (2009), the positive impact of foreign 

banks on efficiency may be explained by the fact that foreign banks in Ghana are better 

resourced and have access to state-of-the-art technology that helps them screen and monitor 

costs better and hence achieve a higher level of efficiency compared with the locally-owned 

less-resourced banks. Also, as indicated in section 4.5 of chapter four of this study, recent 

reports by the bank of Ghana (BOG, 2018) revealed weak corporate governance structures 

within locally-owned and government-owned banks compared with their foreign-owned and 

privately-owned counterparts, which affected the performance of the former, resulting in the 

collapse of nine (9) locally-owned banks between 2017 and 2018. It is therefore not 

surprising that the results of the present study show that majority locally-owned banks and 

majority public/government-owned banks are less cost-efficient compared with their foreign-

owned and private-owned counterparts.  

 

5.8.8 Bank Efficiency and Macroeconomic factors 

The SFA results presented in tables 5.11 to 5.12 show an insignificant relationship between 

inflation and technical and cost inefficiency. The DEA results presented in tables 5.13 to 

5.14, on the other hand, offer a positive and significant relationship between inflation and 

both technical and cost efficiencies, both at 5% level of significance. The positive 

relationship between inflation and cost efficiency is consistent with Saka et al. (2012), who 

applied the DEA approach to Ghanaian banks over 2000-2008 and found that cost efficiency 

rises with higher inflation. A priori expectation of the relationship between inflation and cost 

efficiency is negative since higher inflation increases a bank’s cost of doing business and 

reduces cost efficiency. However, as also noted in Saka et al. (2012), although the positive 
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relationship between inflation and cost efficiency was not expected, the finding in the present 

study may be due to the wide interest rate spread between lending and deposit rates in Ghana. 

In Ghana, lending rates tend to rise with inflation while deposit rates hardly change with 

inflation, hence resulting in higher net interest margins during inflationary periods. However, 

our results are contrary to studies such as Simpasa (2010), who reported that higher inflation 

prevents Zambian banks from operating close to the efficiency frontier. It is evident from the 

findings that, even though, generally, there is a positive relationship between inflation and 

efficiency, the fact that the SFA reports an insignificant relationship between inflation and 

efficiency while the DEA approach said the opposite implies that parametric and non-

parametric techniques present mixed conclusions on the relationship between inflation and 

efficiency in Ghana. This suggests that the choice of analytical method may be relevant in 

determining macroeconomic changes on bank efficiency. 

 

5.9 Scale Efficiency, Economies of Scale and Technological Progress 

5.9.1 Determinants of Scale Efficiency 

The previous section discussed the factors that may influence a bank’s operational efficiency 

regarding its choice of inputs and output prices. However, a bank may also underproduce or 

overproduce, which may also lead to waste. Therefore, it is crucial for banks and other 

stakeholders in the banking industry, such as bank regulators, to be concerned with factors 

that influence waste from either underproduction or overproduction. In other words, bank 

stakeholders should also be concerned about factors that may lead to scale inefficiencies in 

the banking industry. Scale efficiency estimates enable us to know how far a bank is from its 

optimal scale size. Table 5.15 presents the determinants of scale efficiencies from both the 

SFA approach and the DEA approach. Scale efficiencies under SFA were obtained using the 

Ray (1998, 2003) approach while that under DEA were computed as the ratio of overall 

technical efficiency (i.e. technical efficiency under the assumption of constant returns to 

scale) to pure technical efficiency (i.e. technical efficiency under the assumption of variable 

returns to scale). The determinants of scale efficiency under both the DEA and the SFA 

approaches were obtained using the Simar and Wilson (2007) two-stage truncated regression 

method discussed in section 4.4.1 of chapter four of this study. To correct for possible 

endogeneity and robustness check, we have also estimated the determinants of scale 

efficiency using the GMM approach as reported in table 5.15 below.  
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Table 5. 15: Determinants of Scale Efficiency 
         

Variable  DEA - Scale Efficiency  SFA - Scale Efficiency 

 Simar&Wilson  GMM Simar&Wilson  GMM 

 coef. std. err. coef. std. err. coef. std. err. coef. std. err. 

SE_1   -0.9832 0.4399   -0.0020 0.1455 

ln(CAR) -0.0534** 0.0236 0.0086 0.0325 0.2826 0.1675 0.0129 0.0183 

ln(OPPCOST) -0.0196 0.0312 -0.0436 0.0962 0.1632 0.1604 -0.0754* 0.0409 

ln(HHI) 0.2854 0.2067 0.0683 0.3481 -1.8778 1.6536 -0.5348*** 0.1714 

ln(CR) -0.0380** 0.0169 -0.0287** 0.0270 0.1394** 0.0669 -0.0131 0.0151 

ln(FR) -0.1111*** 0.0306 -0.1914** 0.0969 0.4690** 0.2297 0.0954*** 0.0323 

ln(SIZE) -0.1419*** 0.0221 -0.2060* 0.0979 -0.1524 0.1179 -0.1127** 0.0425 

ln(AGE) -0.0045 0.0191 -0.0001* 0.0662 -0.3838** 0.1529 0.1978*** 0.0663 

LOCFOR 0.1371*** 0.0384 0.1210 0.1033 -0.5993** 0.2559 -0.0082 0.0508 

PUBPRIV -0.1150** 0.0488 -0.1199 0.0812 0.0302 0.1828 -0.1586** 0.0583 

ln(INF) 0.3595 0.3427 0.0860 0.0838 -2.0788 2.9990 0.1084** 0.0527 

Constant Yes Yes Yes Yes Yes Yes Yes Yes 

Wald chi2 145.32***     11.90   

F(14, 26)   8.32***    8120.08***  

Year dummies   Yes    Yes  

Groups/Instruments   27/19    27/21  

AR (2)   0.266    0.425  

Hansen Statistic   0.564    0.989  

No. of obs. 220  220    220  

No. of banks  27  27    27  

Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

The results in table 5.15 indicate that CAR and OPPCOST have a negative and significant 

relationship with scale efficiency under DEA and SFA, respectively, suggesting that higher 

capital and mandatory cash reserve requirement are associated with lower scale efficiency in 

the Ghanaian banking industry. It is argued that, low capital adequacy ratio may increase the 

solvency risk of the banking system, which may mean that only more efficient banks can 

afford to take higher risks,  hence a negative relationship between capitalization and 

efficiency (Berger, 1995). This appears to be the case in Ghana as the level of capitalization 

in the Ghanaian banking industry is generally low, resulting in the Bank of Ghana increasing 

the minimum capital requirement for banks to GHS120 million (USD63.67m) in 2012 and 

further to GHS400 million (USD82.99m) in 2018. 

 

Turning to the relationship between bank size and scale efficiency, the evidence of a negative 

and significant relationship between the two is consistent with Akoena et al. (2009), who 
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applied DEA to annual bank data over the period of 2000 to 2006 and also found that, smaller 

banks in Ghana have higher scale efficiencies compared with larger banks. This suggests that 

larger banks in Ghana may be more distanced from their lowest average costs than their 

smaller counterparts, which implies that mergers and acquisitions that result in the formation 

of larger banks may not improve scale efficiency in the banking industry in Ghana. The 

negative association between size and scale efficiency is supported by the fact that market 

concentration measured by the HHI is also negatively and significantly associated with scale 

efficiency, although only under the SFA approach. Also, across the two methods, public 

ownership is significantly and negatively associated with scale efficiency, implying that 

public or state-owned banks are less scale efficient than private-owned banks. This may be 

explained by the fact that employment of inputs, particularly labour by public or state-owned 

banks in Ghana, tend to be mainly driven by political considerations rather than optimal scale 

size.  

 

5.9.2 Economies of Scale and Technological Progress 

This section presents annual indices of economies of scale and technological progress (based 

on various bank characteristics) to show how banks in Ghana exploit scale economies and 

new production technologies as cost minimising or output maximising strategy. A discussion 

on economies of scale and technological progress will also enrich our initial analysis of 

Ghana's characteristics and determinants of bank efficiency. Furthermore, knowledge on 

economies of scale may be helpful for bank regulatory purposes, particularly regarding the 

formulation of policies on mergers and acquisitions. Since a bank’s costs are also influenced 

by technological changes in the banking industry over time, we present estimates of 

technological progress to show how Ghanaian banks made cost savings or otherwise as they 

adopted new technologies in the industry over the study period. 

 

Table 5.16 presents indices of economies of scale and technological progress in the banking 

industry in Ghana over the study period23. The upper part of table 5.16 presents information 

on scale economies, where figures greater than, equal to, or less than 1 suggest the presence 

of economies of scale, constant returns to scale or diseconomies of scale, respectively. On the 

other hand, the bottom part of table 5.16 shows technological progress or otherwise, where 

negative figures indicate technological progress (i.e. the reduction in banking costs due to 

                                                 
23 See table A.5.7 in the appendix section for indices of economies of scale and technological progress by bank. 
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technological advancement). In contrast, positive figures imply technological regress (i.e. the 

increase in banking cost following the adoption of new technologies). 

 

 It can be observed from table 5.16 that, although there are significant differences in the 

levels of scale economies and technological progress among various banking groups, the two 

indices generally show the existence of global scale economies and technological progress in 

the Ghanaian banking industry over the study period. As indicated in the upper part of table 

5.16, the average scale elasticity of the banking industry as a whole over the study period is 

about 1.4, suggesting that a 100% increase in output quantities leads to a rise in total cost on 

average by only 60%. Regarding the various banking groups, smaller and younger banks 

recorded higher average scale economies than larger and older banks, although the latter 

recorded increasing trends in their scale economies over the study period compared with the 

former. For instance, scale economies among large banks increased from 0.982 in 2007 to 

1.380 in 2016. The evidence of higher average economies of scale among smaller banks 

compared with larger banks in the present study is consistent with Simpasa (2010), who 

found similar evidence among Zambian banks but inconsistent with Beccalli et al. (2015), 

who investigated evidence of economies of scale for 103 European listed banks over the 

period 2000 to 2011 and found that economies of scale are larger among biggest banks. The 

higher average scale economies among smaller banks over the study period compared with 

bigger banks confirms the negative relationship between bank size and scale efficiency, as 

indicated in table 5.15. Also, on average foreign and private banks recorded higher scale 

economies than their local and public counterparts. Again, this may explain why private 

banks are more scale efficient than public banks, as indicated in table 5.15. 

 

The bottom half of table 5.16 indicates that Ghanaian banks on average documented cost 

reduction of about 4.5% over the sample period due to technological progress. The results in 

table 5.16 also show that larger and older banks recorded higher cost reduction due to 

technological progress compared with their smaller and younger counterparts over the sample 

period. In terms of ownership, foreign banks and public banks recorded higher cost gains 

while local banks recorded the most negligible cost gains due to technological progress over 

the study period. This suggests that larger, older, foreign and public banks in Ghana adapted 

faster to new technologies in the banking industry, probably because they were more 

capitalized and therefore were able to acquire and utilize new technologies such as 
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Automated Teller Machines (ATMs), electronic banking among others to provide diversified 

products and services, which contributed to cost savings for such banking groups compared 

with their counterparts. 

 

Table 5. 16: Economies of Scale and Technological Progress 
 

 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2007-2016 

Economies of Scale 

All banks 1.481 1.529 1.751 1.377 1.308 1.231 1.287 1.282 1.349 1.397 1.399 

small 1.564 1.671 1.920 1.462 1.428 1.375 1.515 1.606 1.671 1.470 1.568 

Large 0.982 1.102 1.157 1.103 1.017 1.087 1.159 1.163 1.252 1.380 1.140 

Young 1.752 1.895 2.263 1.463 1.370 1.288 1.349 1.374 1.434 1.395 1.558 

Old 1.277 1.244 1.341 1.282 1.246 1.173 1.220 1.175 1.249 1.399 1.261 

Local 1.503 1.491 1.487 1.383 1.237 1.182 1.301 1.307 1.449 1.510 1.385 

Foreign 1.441 1.591 2.080 1.371 1.350 1.260 1.278 1.264 1.286 1.326 1.425 

Public  1.155 1.134 1.178 1.042 1.034 0.939 1.044 1.085 1.153 1.511 1.128 

Private 1.535 1.585 1.822 1.412 1.333 1.257 1.308 1.299 1.365 1.387 1.430 

Technological Progress 

All banks -0.016 -0.011 0.016 -0.028 -0.070 -0.076 -0.072 -0.068 -0.064 -0.062 -0.045 

small -0.003 0.001 0.029 -0.014 -0.055 -0.058 -0.058 -0.059 -0.055 -0.049 -0.032 

Large -0.096 -0.047 -0.028 -0.075 -0.105 -0.093 -0.080 -0.071 -0.067 -0.066 -0.073 

Young 0.005 0.007 0.040 -0.020 -0.054 -0.050 -0.053 -0.046 -0.035 -0.019 -0.023 

Old -0.032 -0.024 -0.002 -0.037 -0.085 -0.101 -0.092 -0.093 -0.097 -0.113 -0.068 

Local -0.001 0.006 0.043 0.015 -0.036 -0.050 -0.037 -0.033 -0.017 -0.012 -0.012 

Foreign -0.044 -0.038 -0.017 -0.067 -0.090 -0.091 -0.095 -0.093 -0.093 -0.094 -0.072 

Public  -0.095 -0.064 0.001 -0.058 -0.113 -0.161 -0.118 -0.128 -0.102 -0.126 -0.097 

Private -0.003 -0.003 0.018 -0.025 -0.066 -0.068 -0.068 -0.063 -0.061 -0.057 -0.039 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

5.9.3 Determinants of Economies of Scale 

The previous section investigated the evidence of economies of scale among Ghanaian banks 

and found that scale economies were widespread across different banking groups over 2007 

to 2016. This section takes the discussion further by examining the key factors influencing 

the realization of economies of scale in the Ghanaian banking industry to inform regulatory 

policies that may affect bank size and structure. In line with similar previous studies such as 

Beccalli et al. (2015), this section presents regression analysis on the relationship and impact 

of relevant bank characteristics such as credit risk (CR); net interest margin (NIM), securities 

to total assets ratio (SECTA), and capitalization ratio (CAR) on economies of scale. CR is 

included to capture the risk-taking behaviour of banks. NIM, measured as net interest income 

to total loans, is included to capture bank profitability on traditional lending activities. 

SECTA, measured as securities to total assets, captures bank business model, while CAR 

captures capital strength relative to risk-weighted assets. Also, an index of technological 

progress (TP) is included to capture the impact of technology on scale economies. We also 

have bank-specific characteristics such as size, age and ownership to capture the relationship 
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between economies of scale and such variables. We perform both random-effect and fixed-

effect panel regressions and carried out the Haussmann test to determine the most appropriate 

model. The Haussmann test rejects the fixed-effect in favour of the random-effect at 5% level 

of significance. The results of the random-effect with robust heteroscedasticity-consistent 

standard errors are presented in table 5.17. 

 
 

Table 5. 17: Determinants of Economies of Scale 

Variable  Coef. 
Robust 

Std. Err. 

CR -0.0398*** 0.0158 

NIM 0.1017*** 0.0373 

SECTA -0.1627 0.1236 

CAR 0.0227 0.0599 

CAR squared -0.0021 0.0024 

SIZE -0.2488*** 0.0419 

AGE 0.0790* 0.0463 

LOCFOR -0.0085 0.0427 

PUBPRIV 0.0195 0.0605 

TP 1.0199*** 0.3684 

Constant 5.0823*** 0.7150 

Wild chi2(19) 1188.93***  

No. of obs. 220  

No. of banks  27  

Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 

We can observe in table 5.17 that the relationship between credit risk (CR) and economies of 

scale is negative and significant at 1% level, suggesting that higher credit risk reduces scale 

economies across banks in Ghana. Also, net interest margin (NIM) returns a positive and 

significant (at 1% level) relationship with economies of scale, suggesting that banks with 

greater profitability from traditional lending activities tend to experience larger economies of 

scale compared with banks with lower profitability from traditional lending. On the other 

hand, there is a negative but insignificant relationship between SECTA (investment banking 

activity) and economies of scale, suggesting that investment banking is not an essential 

determinant of economies of scale in Ghana over the study period. Regarding the relationship 

between capital strength and economies of scale, the evidence in table 5.17 implies that 

capitalisation increases economies of scale up to a point, but after that, further increases in 

capitalisation decrease economies of scale. This is because CAR's coefficient is positive 

while the coefficient of CAR squared is negative, suggesting a non-linear inverted-U-shape 
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relationship between CAR and economies of scale. The coefficients of both CAR and the 

square of CAR are, however, insignificant. The results in table 5.17 show a negative and 

statistically significant (at 1% level) relationship between economies of scale and bank size, 

suggesting that smaller banks have higher scale economies than larger banks. This again 

confirms the negative relationship between bank size and scale efficiency. On the other hand, 

the results show a positive and statistically significant (at 10% level) relationship between 

bank age and economies of scale, suggesting that older banks have larger scale economies 

than younger banks. However, the relationship between economies of scale and the two 

ownership variables is insignificant, suggesting that bank ownership is not an essential 

determinant of scale economies among Ghanaian banks over the study period. 

 

Our findings of a negative and insignificant association between investment banking and 

economies of scale as well as a positive and significant relationship between net interest 

margin and economies of scale are inconsistent with Beccalli et al. (2015), who found a 

positive and significant link between investment banking and economies of scale; and a 

positive but insignificant link between profitability from traditional lending and economies of 

scale among European banks. The results in the present study may be explained by the fact 

that unlike Europe, where banks have the opportunity to invest in a variety of investment 

banking products in both equity and debt markets, in Ghana, the investment banking sub-

sector is not yet well developed. For instance, the number of listed companies on the Ghana 

Stock Exchange totalled just 36, with an average annual market capitalization of GHS40.6 

billion (USD9.7 billion) and an average yearly value of shares traded of just GHS257 million 

(about USD61 million) over the study period, indicating low free-float. Hence, capital market 

investment opportunities are mainly in Government debt securities, which provide relatively 

lower yields than traditional core lending activities. Finally, we can observe from table 5.17 

that the relationship between economies of scale and technological progress is positive and 

significant at 10% level, suggesting that improvement in technology increases economies of 

scale. Our findings are consistent with studies such as Berger (2003) and Manric (2013), who 

also found that technological progress enhances scale economies by improving business 

processes in transaction and relationship banking. 
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5.10 Conclusion 

This chapter investigated the consistency of efficiency scores generated by two different 

frontier techniques, Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis 

(DEA), using identical datasets of Ghanaian banks. Our analysis of the distributional 

characteristics of efficiency scores across the three concepts of efficiency, namely technical, 

cost and scale, show that, on average, mean efficiency scores generated by the SFA approach 

are higher than those obtained by the DEA approach. On the other hand, the average standard 

deviation of efficiency scores under the SFA approach is lower than that under the DEA 

approach, indicating that the DEA approach is more sensitive to outliers due to its neglect of 

a random error. The analysis of annual efficiency scores generated by the two frontier 

approaches across the sample period indicates that average efficiencies of the banking 

industry as a whole are driven mainly by the four biggest banks in Ghana. We also evaluated 

efficiency scores over four other consistency criteria, including banks' ranking, identifying 

best and worst banks, stability over time, and consistency with non-frontier accounting-based 

performance measures. The results show that parametric and non-parametric techniques are 

not consistent in identifying the best and worst Ghanaian banks or rank banks in similar 

order. We also observed that there exists a weak correlation between frontier efficiency 

measures and traditional accounting-based performance measures, while efficiency scores 

generated by the SFA are relatively more stable over time compared with that of the DEA. 

 

The chapter also examined the determinants of efficiency across the two frontier techniques. 

The findings indicate that inefficiency in the Ghanaian banking industry is influenced by a 

number of factors, including regulatory capital adequacy and mandatory cash reserve 

requirements, level of competition, credit and funding risks, ownership structure, size, age, 

and macroeconomic factors such as inflation. Although in some instances, the two frontier 

techniques presented conflicting relationships between efficiency and the variables 

enumerated above, we found that generally, regulatory intensity exacerbates inefficiency in 

the Ghanaian banking industry. We also observed that while the Lerner index shows a 

negative relationship between competition and efficiency, supporting the efficient structure 

hypothesis, the Boone indicator shows a positive relationship between competition and 

efficiency, supporting the quiet life hypothesis. The empirical results also showed generally 

that in Ghana, foreign/private banks, larger banks and younger banks are more efficient than 

local/public, smaller and older banks, respectively. Also, the results of the DEA technique 
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indicateS a positive and significant relationship between inflation and cost efficiency, while 

the relationship between inflation and efficiency under the SFA approach was found to be 

insignificant. 

 

Finally, the analysis on scale economies and technological progress indicate that scale 

economies and technological progress were present in the Ghanaian banking industry during 

the study period and that the most critical determinants of economies of scale in the Ghanaian 

banking industry include profitability from traditional lending activities, credit risk, 

technology and size. In conclusion, it appears that the SFA is more superior to the DEA 

because, in instances where the two approaches produced conflicting results, the SFA 

evidence tend to be in line with a priori microeconomic theory as well as reflects the reality 

in the Ghanaian banking industry over the study period than that of the DEA. 
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Chapter Six 

 

Conclusions, Policy Implications and Directions for Future Research 

 

6.1 Introduction 
 

The main motivation for this study is the need to measure the levels and determinants of bank 

efficiency in Ghana using alternative frontier techniques to inform policy focus. In this 

regard, the study adopted a systematic approach to measure various concepts of bank 

efficiency in Ghana using the two popular frontier techniques namely: Stochastic Frontier 

Analysis (SFA) and Data Envelopment Analysis (DEA). The comparison of efficiency 

estimates generated by the two frontier approaches was done along the consistency criteria 

pioneered by Bauer et al. (1998), which include distribution of efficiency scores, correlation 

of efficiency scores, identification of best and worst practicing banks, stability of efficiency 

scores over time and consistency of efficiency estimates with non-frontier accounting-based 

measures. 

 

The study also investigated various determinants of bank efficiency in Ghana. In this regard, 

the determinants of efficiency were sub-divided into regulatory, competition and risk factors; 

bank specific characteristics such as size, age and ownership; as well as macroeconomic 

factors. It is argued that although bank regulations are aimed at ensuring stability and 

soundness of the banking system, such actions may have unintended negative effects on the 

efficiency of banks. The study therefore incorporated regulatory actions such as liquidity and 

capital adequacy requirements into the factors that influence the efficient operations of 

Ghanaian banks. These two regulatory factors are particularly important in the context of 

Ghana since there have been a number of changes in both cash reserves and capital adequacy 

requirements over the study period. Furthermore, the study included measures of competition 

as determinants of efficiency, in order to assess whether the increased number of banks 

following the liberalization of the Ghanaian banking sector has improved the level of 

competitiveness and hence, efficiency. 
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Finally, the study also investigated the existence of or otherwise, scale economies and 

technological progress among Ghanaian banks over the study period. This made room for the 

assessment of the extent to which banks in Ghana exploited scale economies and new 

banking technologies to improve their efficiency. 

 

6.2 Main Findings and Contribution of the Study 

 

This study presented an in-depth analysis of bank technical, cost and scale efficiencies in 

Ghana using both parametric (SFA) and non-parametric (DEA) techniques. The study 

employed 220 unbalanced annual panel data observations extracted from balance sheets and 

income statements of 27 universal banks operating in Ghana within the period of 2007 to 

2016. The sample period saw major financial sector reforms as well as mixed performances 

of the Ghanaian economy, which may have impacted on the performance of Ghanaian banks. 

The study employed three inputs and three outputs of Ghanaian banks in the analyses of 

efficiency. The study adopted the intermediation approach, which sees banks primarily as 

financial intermediaries channeling funds from surplus spending units of the economy to 

deficit spending units. In this regard, the study treated bank deposits as inputs. A number of 

variables were also included in the efficiency models to capture the relationship between 

bank efficiency and various factors including bank regulation, competition, risk, 

macroeconomic environment as well as bank-specific characteristics. The key findings that 

came out from the empirical analyses are summarised below. 

 

The mean efficiency scores across the three concepts of efficiency, namely: technical 

efficiency, scale efficiency and cost efficiency generated from the SFA models averaged 

88%; while that of the DEA models averaged 76%, which means that the parametric 

approach yielded efficiency scores that are on average 12 percentage points higher than that 

of the non-parametric method. The average standard deviation of the three concepts based on 

the DEA efficiency scores was about 25% above that of the SFA. The higher mean efficiency 

scores and lower standard deviation recorded under the SFA approach compared with that of 

the DEA approach is consistent with the assumptions underlying the DEA that it neglects a 

random error, which means that, DEA treats all deviations as inefficiencies, and hence tends 

to overestimate average inefficiencies. A t-test comparing efficiency scores of each of the 

three concepts of efficiency namely: technical efficiency, cost efficiency and scale efficiency 
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across the two techniques also indicated that, the differences between efficiency scores 

generated under SFA and DEA are statistically significant (at 1% level). 

 

Also, the two frontier techniques produced conflicting conclusions on the evolution of 

efficiency over the study period. While the SFA approach indicated a decline in technical and 

cost efficiencies but an improvement in scale efficiency over the period, the DEA approach 

produced opposite results (i.e. an improvement in technical and cost efficiencies but a 

deterioration in scale efficiency over the study period). Nevertheless, the evolution of 

technical and cost efficiencies under the DEA approach were consistent with that of Alhassan 

and Ohene-Asare (2016) who also applied a DEA approach to 26 Ghanaian banks over the 

period of 2004 to 2011, suggesting that the choice of frontier technique is relevant in 

determining the evolution of bank efficiency in Ghana. The results of the present study 

suggest that the SFA approach appears to be superior to the DEA since in instances where the 

two approaches produced conflicting results, the SFA evidence tends to be more in line with 

a priori microeconomic theory as well as the reality in the Ghanaian banking industry. 

 

A key objective of this study was to measure and compare efficiency scores generated by 

both SFA and DEA, which may be useful for policy purposes. To the best of our knowledge, 

this study provides first time evidence on the application of both parametric and non-

parametric techniques to identical banking datasets to analyze three efficiency concepts 

which are: technical, scale and cost. Previous studies on the comparison of parametric and 

non-parametric techniques in bank efficiency analysis using the consistency criteria in Bauer 

et al. (1998), have concentrated on one efficiency concept, mostly, cost efficiency. As 

indicated by Fiorentino et al., (2006), methodological crosschecks are important to enable 

policymakers and market participants to be aware of possible conflicting efficiency measures 

that may result from alternative frontier techniques. The extension of methodological cross 

checking to three efficiency concepts in one study can therefore be viewed as a key 

contribution of this study. The extension of methodological cross checking to other concepts 

of efficiency, especially, scale efficiency allows methodological cross-check not only on 

inefficiencies arising from operating below the production and cost frontiers but also 

inefficiency arising from operating under an inefficient scale. The study employed five 

consistency criteria proposed by Bauer et al. (1998) to test whether the application of both 

SFA and DEA to identical banking data set in Ghana yields consistent efficiency scores. The 
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key conclusions that arose from the methodological crosschecking are summarised in the next 

two paragraphs.  

 

The first three criteria; efficiency levels, efficiency rankings and identification of best and 

worst banks, enable us determine the degree of consistency between efficiency scores 

generated by the two frontier approaches.  Based on this, the study concludes that parametric 

and non-parametric techniques neither rank nor identify best and worst practicing banks 

consistently. This implies that regulatory policies aimed at either efficient or inefficient banks 

might hit different targets depending on which frontier technique was applied in the policy 

formulation process. The low degree of consistency between the two frontier techniques may 

be due to among other factors, the neglect of random error by the DEA approach. This 

implies that the choice of frontier technique is important in policy formulation since 

regulatory policy conclusions may differ depending on which frontier technique is used. 

 

The last two consistency criteria; stability of efficiencies over time and consistency of 

efficiencies with non-frontier standard accounting measures, enable us determine the degree 

to which efficiencies generated by parametric and non-parametric techniques are consistent 

with reality and hence are believable. The results in the present study indicates that, neither 

the efficiency scores generated by SFA nor those generated by DEA are highly correlated 

with non-frontier accounting-based measures of bank performance in Ghana, although 

generally, the degree of consistency between the traditional methods and the SFA approach is 

relatively higher compared with the DEA approach. The weak correlation between frontier 

efficiency measures and traditional accounting-based performance measures reported in the 

present study is consistent with previous studies such as Bauer et al. (1998) and Fiorentino et 

al. (2006), which suggests that accounting ratios are weak measures of efficiency as they 

embodied not only efficiencies but also other exogenous variables over which bank managers 

have little or no control. Also, the analysis of stability of efficiency scores over time 

suggested that the SFA approach produced efficiency estimates that were more stable in the 

long run than that of the DEA approach. As suggested in Bauer et al. (1998), efficiency 

estimates by an acceptable approach should be fairly stable over time so that regulatory 

policies aimed at either efficient or inefficient banks should hit their targets after normal 

policy implementation lags. We may therefore conclude in line with similar studies such as 

Bauer et al. (1998) that, the possible enabler, which may help choose between parametric and 
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non-parametric techniques for regulatory policy purpose is whether efficiency scores 

generated from either SFA or DEA are consistent with reality and believable. Hence, the 

fairly stable efficiency scores under the SFA approach and the fact that the SFA efficiencies 

are more correlated with traditional accounting-based measures commonly used by 

policymakers, compared with that of the DEA approach in the present study makes, the SFA 

approach more attractive and hence, more useful for regulatory purposes in Ghana. In 

conclusion, this study takes the view that there is no need for a consensus on which frontier 

technique is the best method for analyzing bank efficiency. Rather, what is important is the 

need to employ both parametric and non-parametric methods to identical datasets to provide 

methodological crosschecking to arrive at which method yields results that are more 

consistent with reality on the ground and hence more believable by bank managers and 

policymakers. Therefore, the choice of the most suitable method in a particular study 

ultimately, should be an empirical question. 

 

The second objective of this study was to investigate various factors that influence the 

efficiency of Ghanaian banks over the study period to enhance policy focus. The key 

conclusions arising from our investigation of the determinants of bank efficiency in Ghana 

using the two frontier techniques are summarised below.  

 

In the first instance, two regulatory variables namely capital adequacy ratio (CAR) and 

mandatory cash reserve ratio (OPPCOST) were employed to capture regulatory intensity on 

bank efficiency. As indicated in Chapter Four, economic theory presents conflicting views on 

the effect of capital adequacy requirements and bank operating efficiency. The results in the 

present study showed a negative and significant relationship between CAR and efficiency 

suggesting that higher capital requirements are associated with lower bank efficiency in 

Ghana. As discussed in previous studies such as Kwan and Eisenbeis (1997), the negative 

relationship between efficiency and capitalization may be attributable to regulatory pressure 

on underperforming banks to have more capital. This appears to be the situation in Ghana 

considering the fact that the Bank of Ghana recently withdrew the licenses of 9 banks for 

various regulatory breaches including excessive risk-taking leading to bad loan books, and 

their inability to meet the new minimum capital requirements. The results also showed a 

negative and significant relationship between efficiency and OPPCOST, which supports the 

hypothesis that mandatory cash reserves act as implicit tax on banks and hence the 
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compliance of such reserve requirements may have a negative impact on bank performance 

and hence the efficiency of banks. 

 

Secondly, the study employed two key indicators namely, Lerner Index and Boone Indicator 

to analyze the relationship between competition and efficiency. The results generally showed 

that according to the Lerner index, there is a negative relationship between competition and 

efficiency, supporting the efficient structure hypothesis while according to the Boone 

Indicator, there is a positive relationship between competition and efficiency, supporting the 

quiet life hypothesis. According to the efficient structure hypothesis, which is supported by 

the Lerner index in this study, increased market power through bank mergers and acquisitions 

may lead to decreased competitiveness but improved efficiency through, for instance, scale 

economies. The study investigated the nature of the relationship between efficiency and 

competition using Granger-type causality tests. The tests show that the direction of causality 

runs from efficiency to competition.  That is, efficient banks compete out inefficient ones, 

which leads to increase in market power and hence, decrease in competition.  It is however 

interesting to note that, the study period recorded very few mergers or acquisitions. Rather, 

the number of banks in our sample, increased from 14 in 2007 to 27 in 2016. The reality is 

that, over the study period, the level of competitiveness of the Ghanaian banking industry has 

increased, with banks competing in terms of product offerings, application of technology and 

pricing. Banks have also adopted the relationship banking model in order to win and retain 

more customers. For instance, prior to the liberalization of the Ghanaian banking landscape to 

allow free entry of new banks in the early 1990s and the subsequent introduction of the 

universal banking licensing model in 2003, banks in Ghana generally waited for customers to 

walk in to open accounts and transact businesses. However, over the study period, we have 

observed banks sending out relationship officers to the market in search for customers to 

open bank accounts to transact banking businesses with them. Furthermore, it is argued that 

the Lerner index tends to misrepresent the evolution of competition in markets where the 

number of firms are few with high market concentration (Boone et al., 2007; Moyo, 2018). 

For instance, Boone et al. (2007) showed that an increase in competition arising from more 

aggressive conduct of incumbent firms can actually increase the Lerner index, signifying 

increased market power. Therefore, using the Lerner index to measure competition in such 

circumstances will signal deterioration in competition when in actual fact, competition has 

increased. The Boone indicator on the other hand is based on a solid theoretical foundation 
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and hence it is said to be a more robust measure of competition (Boone, 2008). Therefore, 

based on the theoretical limitations of the Lerner index and the fact that the results of the 

Boone indicator in the current study appear to be more realistic and hence more believable by 

market observers, it is concluded that the Boone indicator is a more attractive measure of the 

relationship between competition and bank efficiency in Ghana. 

 

Thirdly, two variables were employed; the ratio of loan loss provisions to gross loans and the 

ratio of bank deposits to loans to capture the impact of credit risk and funding risk 

respectively on bank efficiency. The study concludes that higher credit risk exacerbates 

inefficiency among banks, suggesting that poor loan quality resulting in higher credit risk 

lowers the efficiency of Ghanaian banks. A negative and significant relationship between 

funding risk and efficiency was also identified; which suggests that less capitalized banks, 

which tend to rely more on deposits to finance their loan assets are less efficient compared 

with more capitalized banks. 

 

In addition, the study employed bank specific variables such as total assets and age of bank in 

years to measure the relationship between bank size and age respectively and bank efficiency. 

The results suggested that, large banks in Ghana are more technically and cost efficient but 

less scale efficient than small banks. On the other hand, the study found a negative 

relationship between bank age and efficiency suggesting that newer or younger banks in 

Ghana are more efficient than older banks. This can be explained by the fact that many of the 

new banks in Ghana are subsidiaries of already more established and more resourced foreign 

banks, that tend to support their newly established subsidiaries in Ghana with financial 

resources and expertise to enable them operate more efficiently. Other studies such as Moyo 

(2018) reported a high correlation between bank size and age, suggesting that older banks are 

also bigger banks, which require correction for issues of multicollinearity. Although the 

present study also reported a positive and significant correlation between bank age and size in 

Ghana, the correlation coefficient of less than 0.5 was not that high to cause any serious 

problem of multicollinearity. As stated earlier in section 5.8.1 of Chapter Five, 

multicollinearity is said to be a serious problem when the pairwise correlation is above 0.7. 

The relatively low correlation between bank age and size in Ghana could be due to the fact 

that some of the bigger banks in Ghana are subsidiaries of regional banks, which entered the 

Ghanaian banking industry only a few years ago. Regarding the relationship between bank 

ownership and efficiency, the study found that foreign-owned and private banks are more 



 

 

144 

efficient than locally-owned and public banks in Ghana. This finding is not surprising since 

recent reports by the Bank of Ghana (BOG, 2018), revealed weak corporate governance 

structures within locally-owned and government-owned banks compared with their foreign-

owned and private-owned counterparts, which affected the performance of the former, 

resulting in the collapse of nine (9) locally-owned banks between 2017 and 2018. 

Furthermore, although a priori expectation of the relationship between inflation and 

efficiency is negative since higher inflation increases a bank’s cost of doing business and 

hence reduces efficiency, this study found a positive impact of inflation on bank efficiency in 

Ghana. Previous studies on Ghana such as Saka et al. (2012) also reported similar results, and 

noted that the positive relationship between inflation and bank efficiency may be as a result 

of the wide interest rate spread between lending and deposit rates in Ghana. 

 

The third objective of this study was to investigate how bank efficiency in Ghana relates to 

scale economies and technological change. As stated earlier in Chapter Three, scale 

efficiency, economies of scale and technological change are closely related concepts. Hence, 

knowledge on scale economies and technological progress enhances the understanding of 

scale efficiency. Yet to the best of our knowledge, no study on the banking industry in Ghana 

has incorporated these three concepts in a single study. This study therefore provides a first -

time investigation on the evidence of economies of scale and technological progress and how 

these two concepts are related to scale efficiency in the Ghanaian banking industry. The 

investigation showed the existence of widespread scale economies among Ghanaian banks 

over the study period. On average, a 1% increase in output quantities increases total cost by 

only 0.6%. The study found out that scale economies were higher among smaller banks than 

larger banks, which confirmed the negative relationship between scale efficiency and bank 

size. The results also indicated that foreign and private banks recorded higher scale 

economies over the study period compared with their local and public counterparts, again 

confirming the findings on the relationship between scale efficiency and these banking 

subgroups. The findings in this study also suggested that over the sample period, Ghanaian 

banks, on the average, recorded cost reduction of about 4.5% due to technological progress. 

Furthermore, the findings indicated that foreign and larger banks recorded larger cost 

reductions due to technological progress, which suggests that such banking groups adapted 

faster to new technologies in the banking industry, probably due to the fact that, they were 

better resourced compared with their local and smaller counterparts. 
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Finally, another key contribution to this study is the application of a stochastic frontier 

analysis technique in the estimation of scale efficiency. Previous bank efficiency analysis 

across the world have concentrated on the application of non-parametric approaches such as 

the DEA technique in scale efficiency analysis. The DEA approach has been widely used in 

the literature in the measurement of scale efficiency due to its simplicity and straightforward 

application. It is, however, argued that efficiency estimates obtained by DEA are technology 

invariant, and hence observed units from both ends of size (large or small) may be identified 

as inefficient for lack of other comparable units (Madau, 2012). Therefore, it will be difficult 

to detect whether scale inefficiencies of technically efficient units are real or attributable to 

the data envelopment method (Forsund, 1992; Madau, 2012). On the other hand, scale 

efficiencies from the SFA perspective are estimated from parameter estimates of a stochastic 

production or cost frontier. Also, although scale elasticity and scale efficiency are closely 

related concepts, one can estimate scale elasticity without reference to scale efficiency under 

the SFA approach, whereas scale elasticity is scarcely measured using a non-parametric 

approach like the DEA (Madau, 2012). Furthermore, as in the case of other efficiency 

concepts, the SFA allows for statistical inferences to be made from the estimated scale 

efficiencies (Kumbhakar and Tsionas, 2008). Notwithstanding these advantages of the SFA 

approach over that of the DEA technique in measuring scale efficiency, scale efficiency is 

hardly measured in the literature using the former, because of its computational complexities. 

Although Ray (1998) proposed a model for estimating scale efficiencies in the SFA 

framework, especially using the more flexible and popular translog frontier functional form, 

the application of SFA in the measurement of scale efficiency is still very limited especially 

in the banking industry, where the use of multiple products makes the process even more 

complex.  The search for the banking efficiency literature indicates that, so far, no study in 

Africa has employed the Ray (1998) approach to measure bank scale efficiency. The 

application of Ray (1998, 2003) approach to the measurement of bank scale efficiency in 

Ghana is therefore a key contribution to the present study. This can help policymakers to be 

aware of the possible differences in scale efficiencies and scale properties arising from 

inherent differences between parametric and non-parametric techniques. 
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6.3 Policy Implications and Recommendations 

The recent crisis in Ghana’s banking industry resulting in the collapse of nine banks 

necessitate the formulation of appropriate regulatory reforms to ensure that this large-scale 

crisis do not reoccur in future. It is argued that poorly managed banks are prone to failure, 

where poor management quality is a reflection of productive inefficiency. Hence, empirical 

studies have shown that managerial inefficiency increases the probability of bank failure 

(Wheelock and Wilson, 1995). The policy implications and recommendations in the present 

study will therefore provide valuable information for bank regulators and evaluators to enable 

them formulate policies that can help minimise the probability of bank failures in Ghana. The 

findings in the present study therefore provide useful policy implications and lessons for bank 

regulators in Ghana, in shaping policies in the financial sector of Ghana in general and the 

banking industry in particular. A summary of these policy implications and recommendations 

have been presented.  

 

• First, the results of this study generally support prior studies in the USA and Europe 

on low consistency between parametric and non-parametric techniques in bank 

efficiency studies. However, in this study, the SFA results appear to be more 

consistent with microeconomic theory, relatively stable in the long run, as well as 

more consistent with non-frontier bank performance measures such as ROE and ROA, 

among others, commonly used by bank managers, evaluators, and regulators. The 

parametric approach therefore appears to be more attractive for policy purposes since 

it produced results that are more consistent with both economic theory and reality, and 

hence may be more believable and acceptable by regulators and other stakeholders of 

banks. There is very little literature about the comparison of parametric and non-

parametric techniques in bank efficiency analysis especially on Africa. Therefore, the 

application of both parametric and non-parametric techniques may be useful for 

policy purposes. This is because, alternative techniques can be tested against the five 

consistency conditions to see which method is more stable and more realistic. 

 

• The recent crisis in the Ghanaian banking industry has been partly attributed to 

regulatory breaches by banks and partly to regulatory lapses on the part of the Bank of 

Ghana. Therefore, the relevance of a study of this nature, that examined the 

relationship between bank regulation and bank efficiency cannot be over emphasised. 
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As indicated in Chapter Four, since there are two opposing schools of thought (the 

moral hazard problem and the agency costs problem) on the relationship between 

capitalization and bank efficiency, the effect of capital adequacy on bank efficiency is 

often an empirical question. This study established that higher capital requirements 

lower bank efficiency, supporting the private interest view that official capital 

adequacy regulations may lead to unintended consequences, which may affect the 

efficient operations of banks. The Bank of Ghana should therefore be mindful about 

the effects of its policy of increasing the minimum capital requirement from GHS120 

million (USD63.67m) to GHS400 million (USD82.99m) and the capital adequacy 

ratio from 10% to 13% on bank efficiency. This is because, the policy may result in 

unintended consequences such as the holding of too much capital by some banks, 

which may lead to inefficient allocation of resources and hence inefficient operations 

of banks. The Bank of Ghana therefore needs to strike a delicate balance between 

ensuring that banks are well capitalized to minimise the risk of bank failure and at the 

same time minimising the unintended effects of capital regulations such as barriers to 

entry, which tend to lower competition and reduce bank efficiency. The results of this 

study also show a negative relationship between mandatory cash reserves and cost 

efficiency of banks. Recent regulations regarding mandatory cash reserves for banks 

in Ghana saw the Bank of Ghana increasing the primary reserve requirement ratio 

from 9% to 11% in April 2014 before reducing it to 10% currently. The effect of 

mandatory cash reserves on bank efficiency may even be more severe following the 

change in regulation by the Bank of Ghana, which now requires that banks cover all 

kinds of deposits (both domestic currency and foreign currencies) with only domestic 

currency cash reserves. Considering the relative higher cost of funds on domestic 

currency deposits compared with foreign currency deposits in Ghana, it means that 

banks now need to use higher cost deposits reserves to also cover low-cost deposits, 

which may lead to an increase in effective cost of mandatory cash reserves, and hence 

cost inefficiency of banks. The Bank of Ghana may therefore consider reducing the 

cash reserve ratio or at least allow banks to provide mandatory cash reserves for each 

currency in the respective currencies to minimise the opportunity cost of required 

reserves and improve cost efficiency of banks.  
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• Also, the conclusion of this study is that, competition improves bank efficiency in 

Ghana. Therefore, the Bank of Ghana can enhance bank efficiency by pursuing 

policies that will improve the competitiveness of Ghana’s banking industry. The 

World Bank identified three drivers of bank competition, which include: entry and 

exit policies, underlying information and institutional environment, and competitive 

pressures in the financial sector, which the regulatory authorities have direct control 

over (World Bank, 2013). The threat of entry and exit keeps incumbent banks on their 

toes and enhances competition by compelling banks to be concerned about the 

provision of variety of products at competitive prices and the provision of good 

customer services, among others. Entry policies are regulations on bank licensing 

procedures and minimum entry capital requirements while exit policies relates to 

regulations on bank closures.  The Bank of Ghana, for instance, can facilitate entry 

and exit by pursuing policies that promote greater transparency in the licensing 

process, speeding up the approval of licenses, as well as pursuing flexible minimum 

capital requirement regime. The Bank of Ghana has been criticized by market 

participants for lack of transparency and insufficient guidelines in the implementation 

of the new capital requirements, which resulted in the closure of some banks between 

2017 and 2018. Some market participants have also criticized the central bank for the 

blanket implementation of the new minimum capital requirements for all banks in 

Ghana, instead of considering a flexible system, which could have saved some of the 

collapsed banks since not all banks require the new capital of GHS400 million 

(USD82.99m) to operate efficiently. Two of the exited banks were taken over by an 

existing bank while the rest were merged into a single bank. Such an action can lead 

to increased concentration and hence decreased competition.  Therefore, much as the 

recent banking crisis in Ghana may have necessitated the increase in minimum capital 

requirement to improve solvency in banks among others, the Bank of Ghana should 

be mindful that higher capital requirements may serve as a barrier to entry into the 

banking industry and hence may reduce competitiveness and efficiency of the 

Ghanaian banking industry. The Bank of Ghana may therefore consider implementing 

a two-tier minimum capital requirement regime, and rather limit the size of 

transactions tickets for banks in the lower tier in order to minimise risk but increase 

entry and hence competition in the banking industry. The Bank of Ghana can also 

promote competition in the banking industry by ensuring that both banks and 
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consumers have increased access to information. Therefore, the passage of the Banks 

and Specialized Deposits-Taking Institutions Act (2016); the establishment of the 

Collateral Registry; the licensing of private credit reference bureaux; and the recent 

restructuring of the Bank of Ghana website to facilitate access to information, are all 

in the right direction to increase access to information to market participants and 

promote competition. 

 

• Finally, one of the key reasons that has been advanced for the recent banking crisis in 

Ghana is poor quality risk assets of banks. This study established that higher credit 

risk exacerbates the inefficiency of banks in Ghana. The regulatory authority should 

therefore pursue policies that will not only improve credit regulations but also ensure 

increased monitoring of risk assets of banks by the Banking Supervision Department 

of the Bank of Ghana to minimise deterioration in the quality of loans and hence, 

improve efficiency of banks. The Bank of Ghana’s new corporate governance 

guidelines for banks as well as the new tighter credit regulations are therefore in the 

right direction to ensure improvement in the quality of loans and advances of banks to 

customers and hence a reduction in non-performing loans and impairment losses. For 

instance, the new restrictions on credit such as limitations on credit to insiders and 

related parties, the prohibition of the use of a company’s own shares as collateral 

security, restriction on aggregate exposures to connected parties, among others, can 

help improve the quality of risk assets and thus, reduce credit risk and improve bank 

efficiency. Also, the increased powers of bank examiners, provided under the new 

Banks and Specialized Deposit-Taking Institutions Act (2016), to have a right of 

access to books and other relevant records of banks and their financial holding or 

subsidiary companies and to call upon any director, key management personnel, 

external auditor for questioning, will strengthen the monitoring of credit, which can 

contribute to the reduction of credit risk that leads to improvement in bank efficiency. 

Finally, considering the fact that poor supervision by bank examiners contributed to 

the high non-performing assets of banks and hence the banking crisis, the Bank of 

Ghana can improve the quality of its supervision by retraining and re-orienting 

existing bank examiners as well as tightening its policies on the recruitment of new 

examiners, so that only those with the requisite professional qualifications and high 

integrity are hired for supervisory roles. 
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6.4 Limitations of the Study and Directions for Future Research 

The key limitations of this study, which also provide possible areas for future research are 

summarised below:  

 

The present study sets out to provide country-specific analysis of bank efficiency. As such, 

the study did not give room for cross-country comparison of efficiency estimates. Future 

research on the comparison of parametric and non-parametric techniques in bank efficiency 

analysis in Africa may therefore explore the application of identical cross-country datasets 

particularly, a sample of sub-Saharan African countries, since many of these economies also 

went through financial sector reforms similar to what happened in Ghana in the late 1980s 

and early 1990s. The application of cross-country data will also allow the use of regulatory 

indices, that capture capital stringency, official supervisory power, market discipline and 

restrictions on banks’ activities to measure efficiency response of banks to the unintended 

effects of regulatory actions under different regulatory environments in different countries. A 

study of this nature using cross-country data will also explore how bank efficiencies have 

responded to the various regulatory changes in different regulatory environments. 

 

Again, it is argued that greater bank efficiency translates into enhanced soundness and 

stability of the banking system through what is known as the Transmission Mechanism 

Hypothesis (TMH), where greater competition leads to bank stability through the efficiency 

channel (Schaeck and Cihak, 2014). However, an examination of the relationship between 

bank efficiency and soundness is beyond the scope of the present study due to limited time 

and resources. Therefore, in the face of recent banking crises in Ghana, future research on 

efficiency of the Ghanaian banking industry should explore the relationship between 

competition and bank soundness and stability through the efficiency channel. 
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Appendices 
 
Table A3. 1: Some Empirical Studies on Bank Efficiency in Ghana  

 
Author(s)/Year/Title Sample Analytical Technique Main Findings 

Korsah et al. (2001). 

Impact of financial sector 

liberalization on 

competition and 

efficiency in the Ghanaian 

banking industry 

135 

Observations 

of Ghanaian 

banks for the 

period 1988-

1999 

DEA            

Herfindahl Index 

Lorenz Analysis 

 

Incidence of allocative inefficiency is 

smaller than that of technical inefficiency; 

hence, bank managers do better in allocating 

resources than in utilising allocated 

resources. Study also finds a positive 

correlation between efficiency and 

profitability level  

Akoena et al. (2009). A 

Study of the Efficiencies 

of Banks in Ghana 

 

16 Ghanaian 

banks for the 

period 

(2000-2006) 

DEA Large and small banks have similar technical 

efficiencies but smaller banks have larger 

scale efficiencies than the big banks. 

 

Ohene-Asare (2011). 

Nonparametric Efficiency 

and Productivity Change 

Measurement of Banks 

with Corporate Social 

Responsibilities: The 

Case for Ghana. 

63 

observations 

from 24 

Ghanaian 

banks for the 

period 2006-

2008 

DEA to measure 

efficiency of banks 

that have dual goals of 

profit maximisation 

and corporate social 

responsibility 

Overall pure technical efficiency (PTE) is 

120% indicating that at current level, to be 

technically efficient, the average Ghanaian 

bank can increase output by 20% without 

altering input and technology. Therefore, the 

average Ghanaian bank is operating close to 

the technical efficient frontier. 

  

Foreign private domestic banks are more 

efficient than state banks. Universal banks 

are more efficient than focused banks and 

stock exchange listed banks are more 

efficient than non-listed banks. 

Isshaq and Bokpin (2012). 

Expansion and Efficiency 

in Banking: Evidence 

from Ghana. 

 

Unbalanced 

panel data of 

Ghanaian 

banks 

 

SFA 

Profit efficiency is worsening, while cost 

efficiency is improving in Ghanaian banks. 

Profit efficiency is not related to distance, 

size or cost while cost efficiency is 

positively related to distance. 

 

Saka et al. (2012). 

Technical Efficiency of 

Ghanaian Banking 

Industry and Effects of 

the Entry of Foreign 

Banks 

 DEA to obtain 

technical efficiency 

scores and Tobit 

regression to analyse 

determinants of bank 

efficiency. 

 

Efficiency of domestic banks has been 

positively affected by the entry of foreign 

banks and reduction in concentration.  

Adjei-Frimpong et al. 

(2014). Cost Efficiency of 

Ghana’s Banking 

Industry: A Panel Data 

Analysis. 

Unbalanced 

panel data of 

25 Ghanaian 

banks, with 

211 annual 

observations 

(2001-2010) 

DEA to estimate 

efficiency scores and 

panel data models to 

investigate 

determinants of 

efficiency. 

Ghanaian banks are generally inefficient, 

with well-capitalized banks less cost 

efficient. The study also reveals that bank 

size has no influence on cost efficiency; 

hence larger banks have no cost advantage 

over smaller banks. 

 

Danquah and Quartey 

(2015). Examining the 

Determinants of 

Efficiency using a Latent 

Class Stochastic Frontier 

Model 

A panel of 

27 Ghanaian 

banks over 

the 2006–

2010 

Latent class stochastic 

frontier model with 

complex time decay 

model 

Inefficiency effects on a productive unit, in 

this case, banks are specific to the class 

structure of the bank. 
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Table A3. 2: Some Empirical Studies on Bank Efficiency comparing Frontier Techniques  

 
Author(s)/Year/Title Sample, 

Country, 

period 

Analytical 

Technique 

Main Findings 

Ferrier and Lovell 

(1990). Measuring Cost 

Efficiency in Banking: 

Econometric and Linear 

Programming Evidence. 

575 US banks 

for year 1984 

SFA & DEA 

was used to 

analyze cost 

structure the 

banks 

Higher efficiency scores with DEA (80%) 

compared to SFA (74%). However, efficiency 

scores were not significantly correlated, 

indicating that other factors not controlled for 

may have driven the obtained wedge between the 

two measures. 

Resti (1997). Evaluating 

the Cost Efficiency of 

the Italian Banking 

System: What can be 

learned from the Joint 

Application of 

Parametric and 

Nonparametric 

Techniques? 

270 Italian 

banks over the 

period (1988-

1992) 

SFA & DEA 

was used to 

analyse cost 

efficiency of the 

sample banks 

Higher efficiency scores for SFA (81%-92%) 

compared with DEA (60%-78%). Rank 

correlation between SFA and DEA statistically 

significant at 1% and ranges between 44% and 

58%. 

 

Bauer et al. (1998). 

Consistency Conditions 

for Regulatory Analysis 

of Financial Institutions: 

A Comparison of 

Frontier Efficiency 

Methods. 

683 US banks 

for the period 

(1977-1988) 

SFA, DEA, 

Thick Frontier 

Analysis (TFA) 

and Distribution 

Free Analysis 

(DFA). 

 

Mean efficiency of the parametric techniques 

average 83% while that of non-parametric 

average 30%. The two measures give a weak 

correlation with rank-order correlation of 10%. 

All the methods stable over time but DEA show 

slightly better stability than the parametric 

techniques. They conclude that there is no single 

correct approach to specify an efficient frontier; 

hence, methodological crosschecks are important 

to ensure that policymakers are aware of the 

different information in efficiency measures in 

alternative methods. 

 

Weill (2004). Measuring 

Cost Efficiency in 

European Banking: A 

Comparison of Frontier    

Techniques. 

688 banks from 

five European 

countries 

(Germany, 

France, Italy, 

Spain and 

Switzerland) 

(1992-1998 

SFA, DEA and 

DFA 

Mean efficiency scores do not differ significantly 

across the methods but correlate positively 

between SFA and DFA. Also, no positive 

relationship between the DEA on one hand and 

the parametric methods on the other, but 

efficiency scores of all three methods correlate 

positively with standard performance measures. 

Beccalli et al. (2006). 
Efficiency and Stock 

Performance in 

European Banking. 

European Stock 

market listed 

banks for the 

period 1999-

2000  

SFA and DEA Percentage changes in stock market prices induce 

percentage changes in cost efficiency, with DEA 

scores more sensitive to changes in stock prices.  

The study also finds slightly higher efficiency 

scores (85%) for SFA compared with DEA 

(83%), with the latter more dispersed. 

 

Fiorentino et al.(2006). 

The Cost Efficiency of 

German Banks: A 

comparison of SFA and 

DEA. 

Sample of 

34,192 

observations for 

German 

Uninversal 

banks over the 

the period 1993-

2004 

SFA and DEA 

to test 

robustness of 

cost efficiency 

measures along 

five consistency 

criteria 

Non-parametric methods are more sensitive to 

measurement error and outliers than parametric 

methods. Also, efficiency rank stability is very 

high in the short run but annual estimated 

efficiency scores are less stable over a period of 

twelve years, particularly with parametric 

techniques. 
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Table A3. 3: Some Empirical Studies on Bank Regulations and Bank Efficiency  

 
Author(s)/Year/Title Sample, 

Country, period 

Analytical Technique Main Findings 

Pasiouras (2008). 

International Evidence 

on the Impact of 

Regulations and 

Supervision on Banks’ 

Technical Efficiency: 

An Application of 

two-stage Data 

Envelopment 

Analysis.   

 

715 banks from 

95 countries 

DEA was used to 

estimate scale 

technical efficiency 

and Tobit regression 

to investigate the 

impact of regulations 

on banks’ technical 

efficiency 

Results provide evidence in favour of all 

three pillars of Basel II (i.e. the adoption of 

strict capital adequacy standards, the 

development of powerful supervisory 

agencies, and the creation of market 

disciplining mechanisms). However, only 

the third pillar is significant in all four 

specifications. 

 

Pasiouras et al. (2009). 

The Impact of 

Banking Regulations 

on Banks’ Cost and 

Profit Efficiency: 

Cross-Country 

Evidence. 

 

615 publicly 

listed 

commercial 

banks from 74 

countries over 

the period (2000-

4) 

SFA was used to 

analyse cost and profit 

efficiency 

Powerful supervision and enhanced market 

discipline increase both cost and profit 

efficiency, while the findings on capital 

requirements and restrictions on bank 

activities was inconclusive. 

 

Simpasa (2010). 
Performance of 

Zambian Commercial 

Banks in Post-

Liberalization Period: 

Evidence on Cost 

Efficiency, 

Competition and 

Market Power. 

 

380 quarterly 

observations of 

15 Zambian 

banks over 1998-

2006 

SFA was used to 

analyse cost efficiency 

The findings indicate that regulatory policy 

did not exert a distortionary impact on 

banks’ efficiency performance in Zambia.  

Chortareas et al. 

(2011). Regulation 

and Bank Performance 

in Europe. 

5,286 

commercial bank 

observations 

from 22 EU 

countries over 

the period 2000-

8 

An in-put oriented 

DEA was used to 

compute efficiency 

scores and a 

traditional accounting 

ratios approach to 

estimate bank 

performance 

measures. 

 

Their findings suggest that stronger capital 

requirements and official supervisory 

power are associated with lower 

inefficiencies, while enhanced restrictions 

and market monitoring appear to decrease 

efficient operations of banks.  

 

Barth et al. (2013). Do 

Bank Regulation, 

Supervision and 

Monitoring enhance or 

impede Bank 

Efficiency? 

 4,053 banks in 

72 countries over 

the period 1999-

2007 

DEA to obtain bank 

efficiency scores and 

performed second-

stage regressions to 

investigate the 

relationship between 

bank regulation, 

supervision and 

monitoring and bank 

efficiency. 

Stringent capital requirement exerts 

marginally positive effects on bank 

efficiency, while stronger official 

supervisory power is not significantly 

related to greater bank efficiency. The 

study also finds that market-based 

monitoring of banks in terms of more 

financial transparency is more positively 

associated with bank efficiency. The study 

therefore concludes that there are potential 

trade-offs between bank safety or 

soundness and efficiency. 
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Table A3. 4: Some Empirical Studies on Competition and Bank Efficiency  

 
Author(s)/Year/Title Sample, Country, 

period 

Analytical Technique Main Findings 

Weill (2004). On the 

Relationship between 

Competition and 

Efficiency in the EU 

Banking Sector 

sample of 12 EU 

countries during 

the period 1994-

1999  

 

The Rosse-Panzar H-

Statistic was used to 

measure competition, 

while efficiency was 

estimated with 

stochastic frontier 

approach.  

 

The study provided evidence to support a 

negative relationship between 

competition and efficiency in banking, 

hence supporting the efficient structure 

hypothesis.  

 

Schaeck & Cihak 

(2008). How Does 

Competition Affect 

Efficiency and 

Soundness in 

Banking? 

20,300 annual 

observations for 

3,600 European 

banks, and 42,300 

observations for 

8,900 U.S. banks. 

Over 1995–2005 

 

The study employed 

Granger causality tests 

to establish the link 

between competition 

and measures of profit 

efficiency in banking,  

The study finds that competition indeed 

increases bank efficiency.  

 

Ab-Rahim et al. 

(2012). Determinants 

of Cost Efficiency in 

Malaysian Banking 

152 bank year 

observations of 

Malaysian banks 

over 1995-2010 

DEA was used to 

estimate efficiency and 

HHI was used as the 

measure of 

competition. 

 

The findings suggest a negative 

relationship between competition and 

efficiency and hence do not offer support 

to the quiet life hypothesis  

William (2012).  

Efficiency and Market 

Power in Latin 

American Banking 

A sample of 419 

Latin American 

commercial banks 

over 1985-2010 

Lerner index and SFA 

were used to estimate 

the degree of 

competition and 

efficiency respectively 

 

The study finds evidence that firmly 

rejects the quiet life hypothesis after 

various robustness checks. 

Paleckova & Stavarek 

(2013). Relationship 

between competition 

and efficiency in the 

Czech banking 

industry. 

Annual 

observations of 

commercial banks 

in the Czech 

Republic over 

2001–2010.  

Lerner index and DEA 

were used to estimate 

the degree of 

competition and 

efficiency respectively  

The study finds a positive relationship 

between competition and efficiency in the 

Czech banking sector, which supports the 

quiet life hypothesis that increased 

competition has a positive impact on 

efficiency.  
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Table A3. 5: Some Empirical Studies on Economies of Scale and Technological Progress  

 
Author(s)/Year/Title Sample, 

Country, period 

Analytical Technique Main Findings 

Kasman (2002). Cost 

Efficiency, Scale 

Economies, and 

Technological 

Progress in Turkish 

Banking. 

48 Turkish 

private 

commercial 

banks over 1988-

1998 

 

The study applied a 

Fourier-Flexible form 

of cost function to 

characterise the 

efficient frontier.  

The findings suggest the existence of 

significant economies of scale for all 

groups in the sample and no evidence of 

diseconomies of scale even for larger 

banks. The results also indicate the 

existence of technological progress 

between 1988 and 1991.  

 

Margono and Sharma 

(2004). Cost 

efficiency, Economies 

of Scale, 

Technological 

Progress and 

Productivity in 

Indonesian Banks 

134 Indonesian 

banks over 1993-

2000 

A Fourier-Flexible 

form of cost function 

for two output 

quantities and two 

input prices was used.  

 

The results suggest that scale economies of 

Indonesian banks varied from 0.70 to 0.87 

before the Asian crisis and from 0.88 to 

0.93 after the Asian crisis. The results also 

suggest that Indonesian banks recorded 

positive technological progress before the 

Asian crisis but negative technological 

progress after the crisis. 

 

Tadesse (2005). 

Consolidation, Scale 

Economies and 

Technological Change 

in Japanese Banking. 

113 Japanese 

banks over 1974-

1991 

The study estimated 

Economies of scale 

and technological 

change using a 

standard translog cost 

function.  

 

The findings suggest that small banks 

exhibit significant scale economies while 

average and large banks exhibit substantial 

diseconomies, and that on average, the 

degree of scale economies of the Japanese 

banking industry increased over the study 

period. The study also found evidence of 

significant technological advancement in 

the Japanese banking industry over the 

sample period. 

 

Dijsktra (2013). 

Economies of Scale 

and Scope in the 

European Banking 

Sector 

18638 annual 

observations of 

banks within the 

Eurozone over 

2002-2011  

The study estimated 

Economies of scale 

using a translog cost 

function.  

 

Economies of scale were found to be 

positive and significant for all years and at 

all asset levels, and that scale economies 

were stronger for banks that focus on 

relationship banking compared to those that 

focus on transaction banking.  

 

Beccalli et al. (2015). 

Are European Banks 

too big? Evidence on 

Economies of Scale. 

103 European 

listed banks over 

2000 -2011.  

SFA was used to 

specify the cost 

efficiency frontier. 

The results show that economies of scale 

are widespread across different size classes 

of banks and are especially large for the 

biggest banks.  

 

Asongu & Odhiambo 

(2019). Size, 

efficiency, market 

power, and economies 

of scale in the African 

banking sector. 

A panel of 162 

African banks 

over 2001–2011  

 

Instrumental variables 

and fixed effects 

regressions, with 

overlapping and non-

overlapping thresholds 

for bank size.  

The study found evidence of an inverted U-

shaped nexus in the relationship between 

bank size and inefficiency. The results also 

show that market power and economies of 

scale do not increase or decrease interest 

rate margins significantly.  
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Table A4. 1: Descriptive Statistics  

 
Variable No. of Obs Mean Std. Dev. Min Max

Total Cost ( TC or C ) (in GHS) 220 154,000,000          164,000,000          2,123,595          1,290,000,000       

Total Revenue ( TR ) (in GHS) 220 167,000,000          199,000,000          1,331,111          1,200,000,000       

Total Assets (TA) (in GHS) 220 1,360,000,000       1,400,000,000       14,000,000        8,030,000,000       

Total Equity ( E) (in GHS) 220 187,000,000          191,000,000          3,512,724          1,020,000,000       

Profit After Tax (PAT) (in GHS) 220 41,000,000            69,600,000            (79,000,000)      328,000,000          

Profit After Tax (PBT) (in GHS) 220 57,700,000            97,100,000            (106,000,000)    461,000,000          

TC/TR 220 1.4120 2.5804 0.1969 29.0597

TC/TA 220 0.1202 0.0449 0.0223 0.2900

ROE 220 0.1510 0.2039 -1.2287 0.5126

ROA 220 0.0222 0.0285 -0.1710 0.0856

Inputs

Physical capital (x1) (in GHS) 220 37,100,000            45,500,000            59,111               317,000,000          

 Labour (x2) 220 670                        512                        19                      2,314                     

Financial capital (x3) (in GHS) 220 1,100,000,000       1,130,000,000       5,061,311          6,180,000,000       

Outputs

Interbank Loans (y1) (in GHS) 220 179,000,000          258,000,000          1,559,616          2,270,000,000       

Customer Loans (y2) (in GHS) 220 567,000,000          594,000,000          2,247,845          3,480,000,000       

Investments in securities (y3) (in GHS) 220 342,000,000          434,000,000          51,000               2,630,000,000       

Input Prices

Price of physical capital (w1) 220 0.2016 0.1260 0.0215 0.9626

Price of labour (w2) (in GHS) 220 57115.80 37150.36 7268.65 209910.40

Price of financial capital (w3) 220 0.0649 0.0404 0.0133 0.2531

Determinants of Inefficiency

Size (SIZE) (in GHS) 220 1,360,000,000       1,400,000,000       14,000,000        8,030,000,000       

Credit risk (CR) 220 0.0680 0.0547 0.0044 0.2555

Funding risk (FR) 220 1.7401 1.5172 0.5136 17.6422

Ownership (LOCFOR) 220 0.4455 0.4981 0.0000 1.0000

Ownership (PUBPRIV) 220 0.0909 0.2881 0.0000 1.0000

Age (AGE) 220 28 30 2 120

Capital adequacy ratio (CAR) 220 0.3039 0.7862 0.0689 10.7600

Cost of required reserves (OPPCOST) 220 0.3383 0.2356 0.0392 1.4314

Inflation rate (INFL) 220 0.1360 0.0366 0.0860 0.1810

Herfindahl-Hirschman Index (HHI) 220 0.0757 0.0227 0.0582 0.1397

Adjusted Lerner index (A-Lerner) 220 0.4010 0.1775 -0.0877 0.8573

Boone (2008) Indicator (BOONE) 220 -0.0559 0.0250 -0.0961 -0.0142  
Note: GHS denotes Ghana Cedis 

Source: Author’s own computation based on the Financial Information of Banks 
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Table A5. 1: Average Efficiencies by Bank over the Period 2007 - 2016 
         

company 

SFA 
DEA 

Cobb-Douglas Translog 

TE CE TE SE CE TE SE CE 

ABL 80.23% 34.68% 89.53% 94.95% 92.53% 86.22% 79.27% 72.12% 

ADB 88.85% 12.52% 91.29% 85.36% 68.70% 90.61% 80.43% 51.76% 

BBG 84.48% 8.38% 92.06% 83.26% 67.84% 90.79% 62.83% 50.42% 

BOA 88.20% 22.39% 91.24% 98.75% 74.59% 81.66% 79.13% 64.14% 

BOB 88.04% 73.17% 90.03% 99.76% 73.89% 100.00% 96.55% 96.61% 

BSIC 77.86% 72.24% 80.32% 98.75% 67.32% 74.88% 86.85% 56.64% 

CAL 93.61% 28.75% 96.02% 82.86% 96.08% 86.56% 89.48% 79.57% 

EBL 35.02% 75.38% 41.96% 99.81% 67.65% 83.56% 94.20% 76.18% 

ECO 88.14% 10.59% 95.98% 95.81% 91.68% 92.01% 71.56% 72.03% 

FAB 79.20% 51.74% 83.39% 93.81% 92.70% 70.03% 86.05% 59.32% 

FBL 80.59% 31.33% 90.15% 98.40% 93.55% 74.65% 74.90% 63.15% 

FBN 82.43% 42.27% 93.33% 98.39% 68.81% 78.48% 81.25% 52.67% 

GCB 83.77% 6.76% 86.32% 79.57% 69.58% 95.93% 61.09% 61.55% 

GTB 80.30% 43.89% 88.93% 97.30% 86.30% 70.27% 82.19% 54.92% 

HFC 92.40% 35.75% 89.07% 91.72% 85.43% 83.35% 93.51% 66.12% 

OMB 80.38% 68.77% 79.17% 99.64% 78.54% 44.35% 93.26% 36.98% 

PBL 89.04% 28.99% 90.13% 93.77% 78.16% 78.68% 94.76% 66.23% 

PMB 23.71% 64.76% 38.94% 93.07% 95.94% 95.42% 93.45% 95.26% 

SBG 85.60% 7.90% 92.93% 97.45% 85.30% 88.49% 66.44% 73.05% 

SCB 77.67% 11.85% 93.25% 94.60% 84.37% 84.70% 62.79% 58.12% 

SSB 91.19% 13.62% 94.86% 91.93% 60.54% 83.40% 84.29% 47.71% 

TRB 87.40% 42.94% 92.63% 96.45% 96.11% 91.42% 90.38% 76.96% 

UBA 65.65% 27.84% 89.13% 99.56% 91.92% 80.19% 61.21% 66.12% 

UBG 89.76% 44.26% 92.96% 76.18% 93.28% 83.38% 91.86% 72.97% 

UMB 83.30% 19.80% 84.77% 94.46% 83.73% 76.40% 87.35% 68.23% 

UTB 86.79% 48.64% 90.56% 89.00% 95.04% 95.27% 96.42% 85.89% 

ZBG 75.26% 26.86% 86.22% 97.22% 87.12% 74.99% 71.35% 66.04% 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 
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Table A5. 2: Correlation Matrix 

 

Variable SIZE CR FR HHI OPPCOST AGE CAR INF Boone A-

Lerner 

PUB-

PRIV 

LOC-

FOR 
SIZE 1.000            

CR 0.188 1.000           

FR 0.006 -0.044 1.000          

HHI -0.514 -0.149 -0.088 1.000         

OPPCOST 0.317 -0.124 0.228 -0.192 1.000        

AGE 0.485 0.156 -0.132 0.151 0.389 1.000       

CAR -0.323 -0.249 0.191 -0.146 0.233 -0.254 1.000      

INF 0.193 -0.011 -0.089 -0.073 0.141 -0.029 -0.220 1.000     

Boone 0.525 0.187 0.095 -0.858 0.074 -0.150 0.066 0.313 1.000    

A-Lerner -0.227 -0.233 0.131 -0.011 0.194 -0.184 0.393 0.053 0.011 1.000   

PUBPRIV 0.234 0.166 -0.057 0.068 0.135 0.393 -0.061 0.003 -0.055 -0.233 1.000  

LOCFOR 0.000 -0.007 -0.260 0.168 -0.490 0.020 -0.407 0.044 -0.136 -0.326 0.353 1.000 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 
 

 
Table A5. 3: Determinants of Bank Inefficiency in Ghana (including squares of Size and Age) 

 

Variable  SFA – T(I)E SFA – C(I)E 

 coef. std. err. coef. std. err. 

ln(CAR) 0.1115* 0.0644 0.0385 0.0503 

ln(OPPCOST) 0.2528*** 0.0959 0.5014*** 0.0882 

ln(HHI) -1.6261*** 0.4657 0.4375 0.3447 

A-Lerner -0.6550** 0.2647 -1.1794*** 0.2033 

Boone 14.1390*** 4.6246 14.0626*** 0.0431 

ln(CR) 0.1019* 0.0566 0.0984** 0.0431 

ln(FR) 0.8790*** 0.1743 0.0487 0.1141 

ln(SIZE) -0.0494 0.8968 -0.0697 0.8969 

ln(SIZE Square) -0.0959 0.4490 -0.1350 0.4504 

ln(AGE) 0.0348 0.8946 0.0247 0.8945 

ln(AGE Square) 0.0696 0.4482 0.0495 0.4477 

LOCFOR 0.0848 0.0822 0.0102 0.0942 

PUBPRIV 0.0863 0.1348 0.2116* 0.1173 

ln(INF) 0.4805** 0.1912 -0.2450* 0.1326 

Constant Yes Yes Yes Yes 

Gamma  0.9573*** 0.0334 0.6199 0.1326 

Log likelihood 201.36  82.29  

No. of obs. 220  220  

No. of banks  27  27  

        Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Notes: C(I)E - Cost Inefficiency, T(I)E – Technical Inefficiency 
Source: Author’s own computation using Battese & Coelli (1995) Model in the R Software 
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Table A5. 4: Determinants of Bank Inefficiency in Ghana - The GMM-SFA Approach 

     

Variable  SFA – T(I)E SFA – C(I)E 

 coef. std. err. coef. std. err. 

T(I)E_1 0.0843 0.3188   

C(I)E_1   0.2626 0.1970 

ln(CAR) 0.0005 0.0150 0.0145 0.0395 

ln(OPPCOST) 0.0527** 0.0200 0.1158*** 0.0368 

ln(HHI) 0.1073 0.1347 -0.0143 0.1134 

A-Lerner -0.0638 0.0487 -0.3008*** 0.0808 

Boone 2.7605** 1.0133 3.2768*** 0.8543 

ln(CR) 0.0039 0.0078 0.0302 0.0187 

ln(FR) 0.1635*** 0.0537 0.0187 0.0402 

ln(SIZE) -0.0431* 0.0212 -0.0858*** 0.0299 

ln(AGE) 0.0219* 0.0125 0.0449 0.0299 

LOCFOR -0.0067 0.0226 0.0426 0.1577 

PUBPRIV 0.0532** 0.0193 0.0521 0.1145 

ln(INF) 0.0425 0.0386 -0.0887** 0.0417 

Constant Yes Yes Yes Yes 

F(14, 26) 8.77***  600.92***  

Year dummies Yes  Yes  

Groups/Instruments 27/24  27/18  

AR (2) 0.354  0.454  

Hansen Statistic 0.549  0.568  

No. of obs.  220  220  

        Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Notes: C(I)E - Cost Inefficiency, T(I)E – Technical Inefficiency 
Source: Author’s own computation using Random Effect in Stata 14 
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Table A5. 5: Determinants of Bank Efficiency in Ghana - The GMM-DEA Approach 

Variable  DEA – TE DEA – CE 

 coef. std. err. coef. std. err. 

TE_1 -0.1758 0.6372     

CE_1   -0.0101 0.3441 

ln(CAR) 0.0029 0.0652 0.0211 0.0886 

ln(OPPCOST) 0.0795 0.0778 0.0386 0.1224 

ln(HHI) -0.0596 0.1946 0.1548 0.2854 

A-Lerner 0.1848* 0.1027 0.2136 0.1679 

Boone 3.2156 2.6097 2.3558 3.6043 

ln(CR) -0.0120 0.0266 -0.0095 0.0425 

ln(FR) -0.1934** 0.0874 -0.0855 0.1186 

ln(SIZE) 0.1617 0.0973 0.1301 0.0888 

ln(AGE) -0.1021 0.0752 -0.0884 0.0874 

LOCFOR -0.0996 0.2683 0.2023 0.4385 

PUBPRIV 0.1673 0.1940 -0.1909 0.3073 

ln(INF) -0.0263 0.0919 0.0709 0.1020 

Constant         

F(14, 26) 8.61***  19.07***  

Year dummies Yes  Yes  

Groups/Instruments 27/18  27/18  

AR (2) 0.274  0.310  

Hansen Statistic 0.807  0.279  

No. of obs.  220  220  

        Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 
Notes: CE - Cost Inefficiency, TE – Technical Inefficiency 

 

Table A5. 6: Competition and Efficiency 

Variable A-Lerner  Boone  

 coef. std. err. coef. std. err. 

TE -0.1591 0.1263 0.0059 0.0093 

CE 1.0722*** 0.1139 -0.0405*** 0.0083 

ln(SIZE) -0.1605*** 0.0272 0.0095*** 0.0012 

ln(AGE) 0.0461 0.0341 -0.0045*** 0.0011 

LOCFOR 0.0694 0.0495 -0.0019 0.0025 

PUBPRIV -0.0307 0.0533 -0.0032 0.0027 

ln(CR) 0.0206 0.0135 0.0011 0.0008 

ln(FR) -0.0215 0.0390 0.0012 0.0021 

ln(CAR) 0.0467** 0.0184 0.0039** 0.0017 

ln(OPPCOST) 0.2235*** 0.0345 -0.0059** 0.0026 

ln(INF) 1.5555*** 0.3953 0.1256*** 0.0127 

Year Yes Yes Yes Yes 

constant Yes Yes Yes Yes 

Wald chi2 2630.48  9263.27  

No. of obs. 220 220 220 220 

No. of banks  27  27  

Significance Level:  *, p<0.1; **, p<0.05; ***, p<0.01 

                          Notes: CE - Cost Efficiency, TE – Technical Inefficiency 
          Source: Author’s own computation using Random Effect in Stata 14 
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Table A5. 7:Average (2007-2016) Scale Economies & Technological Progress by Bank 

     

Company ES TP Rank ES Rank TP 

ABL 1.306 -0.064 14 11 

ADB 1.241 -0.087 17 9 

BBG 0.989 -0.136 27 3 

BOA 1.166 -0.085 19 10 

BOB 1.186 -0.158 18 1 

BSIC 2.371 -0.025 1 17 

CAL 1.595 0.001 8 22 

EBL 1.623 -0.109 7 4 

ECO 1.160 -0.092 20 8 

FAB 1.841 -0.019 3 18 

FBL 1.099 0.007 24 23 

FBN 1.327 -0.060 13 12 

GCB 1.015 -0.106 26 6 

GTB 1.503 -0.041 10 14 

HFC 1.283 -0.007 16 19 

OMB 1.593 0.049 9 27 

PBL 1.144 0.016 22 24 

PMB 2.252 -0.004 2 20 

SBG 1.041 -0.154 25 2 

SCB 1.147 -0.097 21 7 

SSB 1.290 -0.106 15 5 

TRB 1.714 0.001 5 21 

UBA 1.641 -0.047 6 13 

UBG 1.821 0.040 4 26 

UMB 1.368 -0.040 11 15 

UTB 1.357 0.034 12 25 

ZBG 1.127 -0.035 23 16 

Note: ES – Economies of Scale; TP – Technological Progress 

Source: Author’s own computation based on the Financial Information of Ghanaian Banks 

 


