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Abstract
A key research question that remains largely unanswered especially in the African context is whether the macroeconomic 
environment and the level of financial development of a country determine the effectiveness of financial reforms. This has 
important policy implications. We choose Ghana as a case study and carry out an in-depth analysis of its comprehensive 
set of financial reforms, implemented in the 2000s, which we look at individually. We estimate a stochastic cost frontier to 
look at efficiency. This is then followed by two different models of competition on the loans market, the main target of the 
reforms. We find that only the removal of entry restrictions is significant at improving banks efficiency and that private and 
global foreign, but not regional banks, benefit from it. The results show, however, no improvements in competition, and reveal 
instead that macroeconomic and institutional weaknesses continue to exert a negative counterbalancing effect. Reforms need 
to be anchored on stronger macroeconomic fundamentals, institutional initiatives and generally stronger credit environments 
for their full potential to be revealed in the context of developing financial markets.

Keywords Bank efficiency · Financial reforms · Boone competition · Persistence of profits · African financial markets · 
Stochastic frontiers

Introduction

Banking in Africa has been undergoing gradual but notable 
changes since the turn of the 1990s, following the wide-
spread introduction of financial reforms aimed at improving 
competition and efficiency. These reforms seem, however, 
to have had a limited impact [1]. Competition and efficiency 
in banking are key drivers of financial and economic devel-
opment as they are expected to lower the cost of financial 
intermediation, improve access to banking services, facili-
tate innovation and contribute to the growth of the wider 
economy [2, 3]. In the case of Africa, banking competition 
and efficiency assume greater significance due not only to 
the dominance of the sector in the overall financial system, 

but also to its relatively low development even by developing 
economies’ standards [4]. Whether the effectiveness of cru-
cial reforms is impaired by the macroeconomic environment 
and the level of financial development is therefore a very 
important policy question—yet one only scantily analysed.

We address this research question using as a case study 
the comprehensive set of financial reforms implemented in 
Ghana in the 2000s. We first analyse the changes in the cost 
efficiency of Ghana’s commercial banks, the effectiveness of 
specific deregulation policies and the potential differences 
between ownership structures. We then estimate two sepa-
rate complementary models to evaluate the changes in the 
competitive conditions of the sector. The reasons for our 
country choice are explained at the end of this section.

We contribute to the literature in several respects. First, 
while quite a lot of work exists on other developing coun-
tries, surprisingly little has focussed on African banking, 
especially at the country level. This could be due, among 
other reasons, to the difficulty in collecting good quality 
data. This important gap needs to be filled since the effect 
of regulatory policies varies crucially with the context and 
the level of financial development—with Africa scoring at 
the lower end of the scale. Country-level case studies in this 
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respect are particularly suitable as they allow a more in-
depth analysis than aggregate cross-country comparisons. 
Secondly, unlike most of the literature, rather than looking at 
deregulation policies as a general category, we examine the 
(potentially different) impacts of specific deregulation poli-
cies on banking efficiency. To this aim we use the indexes 
produced by Barth et al. [5–8] and Abiad et al. [9]. Despite 
its informative power, this detailed approach is applied very 
seldom in the literature and it has never been followed in any 
studies on African banking. In our analysis of the determi-
nants of efficiency, we also distinguish regional from global 
foreign banks, along with state-owned and private domestic 
ones. Thirdly, in our analysis of competition we choose to 
focus on the loans market rather than on the general banking 
industry. The loans market is the largest and most impor-
tant segment of African banking and indeed the main target 
of the reforms. Fourthly, we estimate two separate models 
of competition: the persistence of profits (POP) model and 
the Boone indicator.1 Our choice is made for reasons of 
robustness (competition models can often lead to conflict-
ing results) as well as completeness (the models allow for a 
different analysis of the dynamics of competition). Finally, 
unlike previous literature we specifically model different 
macroeconomic changes in the POP framework to address 
the question of whether reforms might be hindered by politi-
cal and macroeconomic contexts [1]; and that macro-con-
texts more in general can interfere with the development of 
the positive effects of pro-competition policies [12].

There are several reasons behind our country choice, 
which we think make Ghana a very useful reference exam-
ple to draw lessons for other African countries. Ghana is a 
lower-middle-income country and the second largest econ-
omy in West Africa. The first SSA country to gain independ-
ence in 1957, it played a key role in supporting the politi-
cal independence of many SSA countries thereafter and, 
crucially, enjoyed the longest period of peace and stability; 
this facilitated the effective implementation of its financial 
reforms, offering an ideal context of analysis. The nature and 
scope of its banking regulations from the 1960s to the 1980s 
and their subsequent reforms reflected on those of many SSA 
countries. These reforms have been comprehensive and sys-
tematically pursued, helped also by the existence of a more 
reasonably autonomous central bank. Finally, we have access 
to a high-quality dataset, different from the commercially 
available ones that were shorter in time span, incomplete 
and at times also incorrect (for example, in banks classifica-
tions). Our data come from the audited financial statements 
and annual reports of banks, and it was made available to 

us by Ecobank Ghana Research, and cross-checked against 
similar information available from the Ghana Bankers Asso-
ciation. Data on regulatory indexes are obtained from the 
World Bank. Our final dataset is an unbalanced panel of 25 
commercial banks for the period 2000–2014, thus covering 
both before and after the introduction of the reforms.

Our final results show that reforms had an overall positive 
effect on efficiency, but that this is specifically attributable 
almost exclusively to the relaxation of entry restrictions and 
to the technological superiority of foreign banks (as opposed 
to domestic or pan-African banks). Furthermore, improve-
ments in efficiency cannot be ascribed to increased competi-
tive pressures, as competitive conditions did not improve due 
to the counterbalancing negative effect of macroeconomic 
weaknesses.

The rest of the paper is organised as follows: the second 
section provides a brief overview of Ghana’s banking sector 
and of its reforms. The third section summarises the main 
literature on the effects of deregulation on banking competi-
tion and efficiency. The fourth section discusses the method-
ology, models and data used. The fifth section discusses the 
empirical results, and the final section concludes.

An overview of Ghana’s banking sector 
and its reforms

The evolution of Ghana’s financial system mirrors the 
politico-economic ideologies of its governments over the 
years. The economic policy agenda following independ-
ence, for most part of the 1960s to the late 1980s, had a 
socialist orientation with a heavily regulated banking sector: 
entry restrictions were in place, with state banks dominating 
the sector, along with interest rate controls, credit ceilings, 
geographical and product restrictions, enormous reserve 
requirements and directed credit to support specific sectors 
of the economy. This meant an almost total absence of any 
competitive pressures, much like in other African countries 
[13]. The banking system was heavily concentrated with the 
top 4 banks holding 88% of deposits and 83% of total assets 
in 1981 [14, 15]. The industry was not only uncompetitive, 
but also highly inefficient and saddled with stability chal-
lenges. Strict regulation meant that banks could not indepen-
dently set interest rates to attract more deposits or grow their 
lending portfolios. The directed lending and credit ceilings 
also meant there was little commercial consideration in the 
selection and financing of projects. The long-term nature 
of some of the government projects financed, coupled with 
managerial incompetence, resulted in the sector being sad-
dled with huge non-performing loans (NPLs) and opera-
tional losses which led to financial distress in the 1980s.

It is against this background that a process of financial 
deregulation started between the late 1980s and early 1990s, 

1 Most African banking studies use the Panzar–Rosse model which is 
easy to estimate but suffers from many serious limitations. See Bikker 
et al. [10] and Goddard and Wilson [11].
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not only in Ghana but across many African countries, under 
the auspices of the IMF and the World Bank as part of 
broader structural adjustment programs.

In Ghana the first wave of financial reforms was the 
Financial Sector Adjustment Program (FINSAP), which 
started in 1988. These reforms led to a gradual liberalisation 
of interest rates and exchange rates; the abolition of directed 
lending; a clean-up of non-performing loans of banks; the 
recapitalisation or closure of insolvent banks; and the devel-
opment of other components of the financial sector, includ-
ing capital markets, insurance and other non-bank financial 
institutions. Their effect on banking competition and effi-
ciency was, however, limited, with some of the lingering 
challenges identified by the literature in the fragmented 
banking sector, the existence of a few dominant banks, high 
concentration levels, limited market contestability and the 
high reserve requirements used to accommodate govern-
ment deficit financing [13, 16, 17]. It was to address these 
challenges that the central bank initiated a second wave of 
reforms under its Financial Sector Strategic Plan (FINSSIP) 
in 2003–2006. These new deregulation policies included the 
introduction of universal banking in 2003 to remove prod-
uct and geographical restrictions on banking activities; the 
adoption, in 2006, of an open licensing policy to enhance 
contestability and competition through the licensing of new 
banks; and the abolition of very large secondary reserve 
requirements in 2006 which compelled banks to hold 35% 
of deposits in government securities, heavily constraining 
financial intermediation. The structural transformation of 
the banking sector following the new reforms appears quite 
substantial; a snapshot of this change is shown in Table 1 
that looks at key market indicators for the years 2000, 2006, 
2009 and 2014, representing the beginning and end of our 
sample period, the introduction of the reforms and their 
fuller implementation.

As we can see from the table, new banks enter the market, 
their number progressively increasing from 16 to 25. Cor-
respondingly the concentration levels of the industry decline 
as indicated by the Herfindahl–Hirschman Index (HHI) and 
the CR4 ratio; by 2014 the CR4 levels are very far from 
those of the 1980s that were higher than 80%. Along with 
the overall decline in profit levels, this could suggest at first 
sight an increase in competition. The increase in the num-
ber of banks is also accompanied by a massive growth in 
branch network (proxied by the increase in fixed assets), 
the introduction of new products such as electronic bank-
ing, assets-backed lending and mortgage financing, and a 
general expansion of the sector (showed by the increase in 
total assets). The dominance of state banks is significantly 
curtailed as a more diversified ownership base arises that 
sees the presence of state, private domestic, regional (i.e. 
pan-African) and global foreign banks operating on a uni-
fied banking platform. While these figures would suggest 
a positive effect of the reform package on the market, the 
crucial issue is to empirically verify if it were successful at 
delivering its intended improvements in the efficiency and 
competitiveness of the sector. These are the two core ques-
tions we address in this paper, for their relevance per se and 
for the important policy implications that can be drawn for 
African countries similar to Ghana.

Deregulation, banking competition 
and efficiency

There is a very vast literature, both theoretical and empirical, 
on the impact of deregulation on competition and efficiency, 
with often conflicting results. A comprehensive review goes 
way beyond the scope of this paper, so we will focus on the 
main findings and especially on those relating to Africa. In 
very general terms, deregulation is expected to incentivise 
competition with improvements arising from the reduction 
in interest margins, the reduction in market power following 
the removal of entry and activity restrictions, and from the 
positive technological spillover effects of the entry of foreign 
banks with their superior technologies and risk management 
skills. The empirical evidence is, however, mixed. Some 
studies establish a positive impact of deregulation on com-
petition in cross-country settings [13, 18–21] and in single-
country settings.2 In other studies this positive link is instead 
not found.3 The heterogeneity in results stretches from the 
effectiveness of deregulation (the size of the marginal gains 

Table 1  Changes in banking market characteristics

Means of inputs and outputs are in mil GHC, deflated. Regional 
banks are banks headquartered in other African countries. Newly 
licenced banks were included in the sample after 3 full years of oper-
ation

2000 2006 2009 2014

Banks 16 21 25 24
State 5 5 5 4
Private 4 7 7 7
Regional 3 5 8 8
Foreign 4 4 5 5
Fixed assets 53.75 41.81 79.19 163.69
Total assets 263.0 246.348 348.261 621.03
HHI 0.148 0.090 0.068 0.058
CR4 (%) 68.5 49.4 43.7 34.1
ROE 0.52 0.23 0.10 0.34

2 See, for example, for the USA [22]. For the Philippines [23]. For 
Kenya [24]. Finally for Zambia [25].
3 This is the case, for instance, for US banking systems in Zardkoohi 
and Fraser [26]. And for Mexico in Maudos and Solís [27].
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from competition); the pace of these gains (which often 
depends on the level of financial and institutional develop-
ment); the relevance of different macroeconomic and insti-
tutional factors; and the effect that competition has on the 
stability of the banking system overall. Very few studies look 
at the case of Africa, where a positive impact of deregulation 
on competition is found for South Africa, Algeria, Nigeria 
and Egypt through reduced concentration, privatisation and 
foreign bank entry (see footnote 2).

The impact of deregulation on banking efficiency is also 
not clear-cut. In most cases the effects are positive, but this is 
not always true. For example, Humphrey and Pulley (1997) 
find a negative impact for US banks; [28] their explanation 
is that the aggressive competition that followed deregula-
tion of interest rates increased funding costs and adversely 
affected profit efficiency. Still for the USA Mester (1992) 
[29] also argues that inefficiency increased due to disecono-
mies of scope in the joint production of traditional and non-
traditional banking activities. This could be due to the inex-
perience of managers in handling non-traditional banking 
activities and/or to the increase in agency costs if the joint 
production requires another layer of management. Negative 
effects were found also for Spain [30] and at least initially 
for China [31]. Among the reasons of the differential impacts 
are also the potentially opposite effects of deregulation poli-
cies, which could compensate one another [32], as we dis-
cuss in detail later. Since most studies look at deregulation as 
a whole body of reforms rather than focusing on its specific 
components, the different effects are not disentangled and 
the overall result is not fully explained. This is indeed one 
of the novel contributions of our work.

The inconsistency of results leaves the question of the 
effectiveness of deregulation policies an open issue, with the 
interaction of these policies and the stage of financial and 
economic development probably a crucial factor in deter-
mining the final outcome. This is the fundamental moti-
vation of our study and of its focus on a seriously under-
researched part of the world.

Models, estimation techniques and data

In the first part of our analysis, we estimate a stochastic 
cost frontier to evaluate the effectiveness of the reforms on 
banks cost efficiency, as well as its dynamics and determi-
nants. This also provides us with an estimate of the marginal 
cost of loans, which is necessary for the second part of the 
analysis that focuses instead on the dynamics of competi-
tion. We adopt two separate, complementary approaches: the 
persistence of profits model (POP) and the Boone indicator. 
As mentioned in the introduction we do this for reasons of 
robustness (competition models can often lead to conflict-
ing results) as well as completeness (the models allow for a 

different analysis of the dynamics of competition). The focus 
is on the loans market because it is the most important seg-
ment of the banking system in developing countries such as 
Ghana, and because the reforms were specifically targeted 
to address the challenges in this market. Our three models 
are explained below.

The stochastic cost frontier model

Given our research question we need a model that not only 
estimates efficiency and its changes over time, but also 
allows for its exogenous determinants. Our final specifica-
tion, after a careful selection process, is Greene’s true fixed 
effects model with a heteroskedastic, exponentially distrib-
uted inefficiency. The true fixed effects specification allows 
to disentangle the time varying inefficiency component from 
the individual, time invariant fixed effects. The explicit mod-
elling of heteroskedasticity allows the introduction of exog-
enous influences on the inefficiency distribution. Two things 
are worth underlying here: first, unlike in OLS, the presence 
of heteroskedasticity produces biased and not just inefficient 
estimators. Secondly, inefficiency estimates would also be 
biased in the presence of heteroskedasticity.4 The model in 
its general specification reads as follows:

Equation (1) models the stochastic cost frontier with fixed 
effects, with a dependent variable total cost (TC), a series of 
independent variables x (output levels, input prices and other 
control variables) and a vector β of parameters to be esti-
mated. Equation (1) has a composite error term εit = vit + uit 
given by the sum of statistical noise vit ~ N(0, σv

2) and inef-
ficiency uit. Inefficiency is in turn modelled by Eq. (2) as 
an exponentially distributed variable with a heteroskedastic 
variance that depends on a set of covariates  zit. Equations (1) 
and (2) are estimated simultaneously by MLDV.

In line with most of the applied literature, we adopt a 
translog flexible functional form and follow the intermedia-
tion approach in the definition of the inputs and outputs of 
banks production process [34]. Linearity in inputs prices and 

(1)ln TCit = ln TC(ln xit; �) + �it

(2)uit∼E(�uit) and �uit = exp
(

zit;wu

)

4 A full discussion of these issues is beyond the scope of this paper. 
A good, brief recent review of these topics can be found, for example, 
in Kumbhakar et al. [33].
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symmetry conditions are applied prior to estimation leading 
to the following final model specification:

In Eq. (3) TC* is the total cost of bank i at time t, given by 
the sum of interest and operating costs. Our three output 
variables are performing loans (y1, measured as the differ-
ence between total and non-performing loans), other earning 
assets (y2, given by investments in government securities 
and placements with other banks) and fee and commission 
income (y3), which is used as a proxy for off-balance sheet 
operations. Our input prices are the ratio of interest expense 
to loanable funds (the price of loanable funds, w1), and the 
ratio of operating costs to total assets (the unit price of an 
aggregate input of labour, physical capital and other expend-
iture, w2). The ratios TC* = TC/w2 and w1* = (w1/w2) are 
used to impose linear homogeneity in inputs prices. Tech-
nological change is modelled via a time trend T that enters 
the equation quadratically. The trend variable is also inter-
acted with inputs and outputs to model non-neutral and scale 
changing technology changes, respectively. The equity-to-
assets ratio (EA) is a measure of risk and at the same time an 
indication of the level of compliance with capital regulatory 
requirements. Finally, the impact of deregulation on the cost 
frontier itself (as opposed to inefficiency) is modelled via a 
deregulatory reform variable (DER) derived as the average 
of three individual deregulation policy variables modelled 
separately in the inefficiency function. DER is also inter-
acted with the time trend variable to allow for the possible 
differential impact over time of deregulation over banks 
technology. For the determinants of inefficiency modelled by 
Eq. (4), we make the following choices. While deregulation 
as an aggregate is generally expected to improve efficiency, 
the individual effects of specific policies could be different 
and even conflicting, leading to opposite results. Ideally as in 
Eq. (4), we would like to model separately the deregulation 

(3)

ln(TC∗

it
) = �i + �0EAit + �1 lnw

∗

1it
+ �11(lnw

∗

1it
)2

+
∑

r

�r ln yrit +
∑

r

∑

s

�rs ln yr ln ys

+
∑

r

�r ln yrit lnw
∗

it
+ �1T + �11T

2

+ �1 lnw
∗

1it
T +

∑

r

�rT ln yrit + �1DERt

+ �2DERtT + �3CRISIS + �it

(4)

�uit = exp(�0 + �1ACTVRt + �2ENTRYRt

+ �3CCRt + �4DOMi + �5REGi

+ �6FORi + �7 ln TAit + �8CRISISt + eit)

policies via three indexes (ACTVR, ENTRYR and CCR).5 
ACTVR measures the level of openness of banking activi-
ties. The removal of activities restrictions should in theory 
have a positive effect on the efficiency levels of banks [35], 
but results can vary depending on the development of the 
banking sector and on the ability of managers at dealing 
with activities other than traditional intermediation [32]. 
ENTRYR measures restrictions to entry, and we expect it to 
have a positive effect on efficiency via the improvements in 
competition and/or the technological spillover effects if new 
banks bring in better technologies. On the other hand, new 
entrants, especially if technologically superior, could cherry 
pick the best customers with serious detrimental effects for 
local banks [36]. CCR measures the extent of credit controls 
through reserve requirements, whose removal is expected to 
benefit efficiency. The problem we encountered with speci-
fication (4) is that the indexes are very highly correlated, 
with levels well above 90%, making estimation very difficult 
and inference meaningless. We therefore use two alternative 
approaches. First we use the same aggregate variable DER 
used in (3), to capture the overall effect of deregulation on 
efficiency. Then, we use principal component analysis to 
try and disentangle the separate effects. More details are 
provided when discussing the results.

Table 2  Descriptive statistics for the key variables of the translog 
cost frontier

Means of inputs and outputs are in mil GHC, deflated. Indexes are 
proportions

Variable Mean SD

2000 2006 2009 2014 2000–2014

TC 31.2 25.2 44.9 64.5 31.47
Loans 99.6 110.2 157.1 272.6 141.52
OEA 109.7 94.3 111.9 185.0 132.21
Fee income 17.4 10.6 15.2 28.9 14.6
Equity-to-assets ratio 0.15 0.12 0.15 0.16 0.10
Price of funds 0.11 0.05 0.10 0.06 0.04
Price of labour and 

physical capital
0.09 0.07 0.07 0.06 0.03

Cost to assets ratio 0.16 0.12 0.11 0.10 0.04
ACTVR 0.33 0.47 0.67 0.67 0.11
ENTRYR 0.33 0.67 1.00 1.00 0.28
CCR 0.33 0.50 0.67 0.67 0.15
DEREG 0.33 0.54 0.76 0.76 0.18

5 Derivation of ACTVR and ENTRYR is based on Barth et al. [5–8]. 
ACTVR measures activity restrictions and the mixing of banking and 
commerce. ENTRYR reflects the proportion of banking applications 
denied. CCR is based on the financial reform database by Abiad et al. 
[9]. All indexes are scaled to range from 0 to 1 for ease of interpreta-
tion and are all in increasing levels of liberalisation.
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Three dummy variables distinguish private domestic 
(DOM), African regional (REG) and foreign non-African 
(FOR) ownership structures, with state ownership used as the 
base category. Regional African banks have expanded quite 
substantially in recent years, and an open question in recent 
literature is to evaluate how they compare to global, non-Afri-
can foreign banks given their closer cultural and geographical 
proximity to the host country. Bank size is controlled for by the 
(log of) total assets, and finally, CRISIS is a dummy variable 
set equal to 1 for the years following the global financial crisis. 
Some basic descriptive statistics are presented in Table 2.

In Table 2, the increasing level of costs and outputs con-
firms the increase in the size of the banking sector also seen 
in Table 1, while the lower input prices and the reduction in 
the ratio of total costs to total assets suggest an improvement 
in efficiency. The progressive implementation of the deregu-
latory reforms is also apparent in the increasing values of the 
regulatory indexes, while banks remain well capitalised. Equa-
tions (3) and (4) are estimated simultaneously via MLDV.6

The POP model

The idea behind the POP model is that of markets contest-
ability: extra profits do not persist over time if a market is 
competitive. Vice versa, the less competitive is a market, the 
longer it will take for any extra profits to be eroded and reach 
a long run, perfectly competitive equilibrium. This idea can 
be captured by a partial adjustment model, whose essence 
can be written as follows [38]:

In Eq. (5) π is the ratio of price to marginal cost, a measure 
of profitability. The equation models the adjustment of prof-
itability towards its perfectly competitive long-run equilib-
rium π* where price equals marginal cost and thus the ratio 
is equal to 1 (and its natural log is 0). The parameter a is the 
speed of adjustment of this process, with 0 < a < 1 and larger 
values indicating a faster adjustment towards equilibrium. 
R is a dummy variable modelling the introduction of policy 
changes that could lead to a faster (b > 0) or slower (b < 0) 
adjustment.Rearranging Eq. (5), we get:

In Eq. (6) we can see that α = 1 − a is the persistence parameter, 
and that γ = − b. We adopt this set-up in our final specification.

Unlike previous work, instead of simply aggregating all 
other exogenous macroeconomic factors (for instance, into 
time effects or GDP growth) we specifically introduce them 
into the equation. This allows us to clearly identify which, if 
any, might play a role in determining the level of profitability 

(5)
(ln�it − ln�it−1) = a (ln� ∗ − ln�it−1) + bR(ln� ∗ − ln�it−1) + �it

(6)ln�it = � ln�it−1 + �R ln�it−1 + �it

of the industry at each point in time, besides the interplay 
of competitive forces. We are particularly interested in this 
point because there are suggestions in the literature that 
macroeconomic and/or institutional characteristics might 
be a hurdle to the full working of reform packages in the 
developing world. Our final specification reads as follows:

In Eq. (7) the dependent variable is the (log of the) loan 
overcharge of bank i at time t  (LOCit). This is a measure of 
profitability on the market of loans (the focus of our com-
petition analysis), and it is defined as the ratio of the price 
of loans to their marginal cost.7 The policy dummy variable 
R takes a value of 1 for the years following the full imple-
mentation of the deregulation reforms (2007 onwards).8 A 
non-significant γ will indicate no change in the competitive 
conditions following the reforms. A positive and signifi-
cant γ will reflect a reduction in competition and vice versa. 
The possible impact of macroeconomic policies is captured 
by the real monetary policy rate (MPR), the real treasury 
bill rate (TBR) and the fiscal balance-to-GDP ratio (FIS). 
The real growth rate of GDP aggregates all other remain-
ing factors, and the dummy variable CRISIS captures the 
years following the financial crisis. Given its dynamic panel 
structure the model is estimated using the Arellano–Bond 
GMM two-step estimator, backed up for robustness checks 
by the Arellano–Bover. Our primary focus is the result on 
the persistence parameters α and γ. The macroeconomic and 
industry-specific variables provide further insight into the 
determination of the loan overcharge and hence other deter-
minants of competition.

The Boone indicator of competition

To increase the robustness of the results and to track more in 
detail the dynamics of competition over time, we also esti-
mate the Boone indicator. The framework of analysis of the 
Boone model is a Cournot–Nash static oligopoly model of 
firms with different marginal costs. The key idea is to meas-
ure the competitive environment by examining the extent to 
which relatively more efficient firms are able to gain market 
share or increase profits at the expense of less efficient firms 

(7)

ln LOCit = � ln LOCi,t−1 + �R ∗ ln LOCi,t−1

+ �1CRISISt + �2GDPt + �3MPRt

+ �4TBRt + �5FISt + �it

7 The price of loans is in turn calculated as the ratio of interest 
income to total loans, while the marginal cost is obtained from the 
estimation of Eq. (3).
8 This is in recognition of the fact that the introduction of the full 
package of reforms was completed in 2006. To allow for possible 
lagged effects of policy reforms, we also tried different cut-off points 
for the dummy variable but the results of these alternative specifica-
tions were not significantly better.6 We run the estimations using the code provided by Belotti et al [37].
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(the so-called reallocation process) [39, 40]. The higher the 
intensity of competition, the greater the reallocation of mar-
ket shares from inefficient to more efficient firms, and vice 
versa. The model accordingly examines the relationship 
between performance and efficiency to infer competitive-
ness. In the applications of this model, the former is gener-
ally measured as profitability or market share, and the latter 
as marginal costs.9 We follow Van Leuvensteijn et al. [41] 
and specify our estimable Boone model as follows:

In Eq. (8),  MSit is the market share of loans of bank i in year 
t and  MCit is the marginal cost of loans [as estimated from 
Eq. (3)]. Dt is a vector of T year-specific dummy variables 
to allow the Boone indicator to vary over time; competition 
and its yearly evolution are measured by the resulting vec-
tor of parameters βt. A priori, β is expected to be negative 
due to the inverse relationship between marginal cost and 
loan market share. There is no threshold of reference for the 
Boone indicator, but the higher the absolute value of β, the 
greater the intensity of competition.

Due to the possible endogeneity of MC, Eq. (8) is esti-
mated using a GMM-IV estimator, using lagged values of 

(8)lnMSit = � +

T
∑

t=1

�tDt lnMCit + �it

MC as instruments. A simpler 2SLS estimator is also used 
for robustness comparisons, as is a simple fixed effects esti-
mator. As we will see, despite the endogeneity issue, the 
resulting pattern of the coefficients is the same in all 3 speci-
fications, hence further supporting our final conclusions.

Our data are an unbalanced panel dataset of 25 banks 
observed over 15 years (2000–2014) for a total of 321 obser-
vations. Bank-level data were compiled from audited finan-
cial statements of banks. Macroeconomic data are obtained 
from the Bank of Ghana annual reports and the IMF’s World 
Economic Outlook database. All the bank-level data were 
adjusted to real values using the GDP deflator with 2006 as 
the base year.

Table 3  Key estimation results of the cost frontier, Eq. (3)

Superscripts a, b and c indicate significance at 1%, 5% or 10% levels, respectively. y1, y2 and y3 are respectively loans, OEA and fee income. w1 
and w2 are the price of funds and the price of labour and physical capital

Variable Parameter Coefficient SD P value

T �
1

0.010 0.003 0.677
T2 �

11
0.000 0.005 0.807

Tlnw* �
1

0.004 0.003 0.256
Tlny1 �

1
− 0.011b 0.005 0.028

Tlny2 �
2

− 0.012a 0.004 0.002
Tlny3 �

3
0.021a 0.005 0.000

DER �
1

0.210 0.378 0.593
TDER �

2
0.038 0.045 0.406

Crisis �
3

0.097a 0.034 0.004
Equity/assets β0 − 0.642a 0.117 0.000

Elasticities State Domestic Regional Foreign All

y1 0.523a 0.533a 0.443a 0.441a 0.487a

y2 0.290a 0.299a 0.356a 0.407a 0.335a

y3 0.093b 0.063b 0.098b 0.048b 0.076b

Returns to scale 1.10 1.12 1.11 1.12 1.11
w1 0.351a 0.414a 0.329a 0.303a 0.354a

w2 0.649a 0.586a 0.671a 0.697a 0.646a

Table 4  Estimation results of the inefficiency model, Eq. (4)

Superscripts a, b and c indicate significance at 1%, 5% or 10% levels, 
respectively

Parameter Coefficient SD P value

ACTVR (PCA1) �
1

− 21.61 14.67 0.138
ENTRYR (PCA2) �

2
− 6.42a 1.600 0.000

CCRR (PCA3) �
3

8.11 8.50 0.340
DER �

0
− 5.70b 2.39 0.017

DOM �
4

− 0.99c 0.57 0.085
REG �

5
− 0.34 0.54 0.524

FOR �
6

− 1.01c 0.61 0.096
ln TA �

7
− 0.14 0.34 0.686

CRISIS �
8

0.95 0.68 0.16

9 See, for instance, Van Leuvensteijn et al. [41], Schaeck and Čihák 
[42] and Clerides et al. [43].
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Estimation results and analysis

Stochastic cost frontier and efficiency levels

Tables 3 and 4 report the key results of the estimation of the 
SFA model of Eqs. (3) and (4). The cost function parameters 
have the expected signs and meet all regularity requirements.

Inputs and outputs elasticities are positive and significant 
as expected. Loans and other earning assets are the most rel-
evant in affecting banks costs, and both enjoy technological 
progress over time.

Fee income is the least relevant, as reflected by its low 
significance, and becomes instead increasingly costly. This 
result is understandable in the context of less developed 
financial markets where banks still focus largely on tradi-
tional intermediation and the acquisition of government 
bonds; very little space is given to off-balance sheet items, for 
which managers have much less expertise (see also Table 2). 
Neutral technological change is instead not significant. All 
bank types enjoy mild but significant increasing returns to 
scale,10 consistent with a relatively small sized market. The 
introduction of deregulation as such does not have any sig-
nificant effect on the technology of production, or more pre-
cisely none that can be disentangled from the non-neutral 
technical change discussed above. It does instead have a 
significant effect on inefficiency as we discuss hereinafter.

Turning to Eq. (4), inefficiency is modelled as an expo-
nential distribution with heteroskedastic variance. Variables 
that affect the variance also affect the mean of the distri-
bution, i.e. the expected value of inefficiency. The estima-
tion as specified in (4) presented some issues due to the 
high level of collinearity between the regulatory indexes. 
We therefore adopted two alternative specifications. In the 
first one, we replaced the three separate indexes with the 
average DER variable used also in the frontier. This allows 
us to see whether changes in overall deregulatory intensity 
had a positive or negative effect on efficiency (i.e. decreased 
or increased inefficiency). In the second approach, we used 
principal component analysis to remove the correlation 
between indexes. We constructed three vectors (labelled 
PCA1, PCA2 and PCA3) which capture, respectively, the 
variation in activity restrictions (ACTVR), entry restrictions 
(ENTRYR) and credit controls (CCR).11

Our results indicate that increasing levels of deregula-
tion overall have a positive effect on efficiency (i.e. they 

significantly reduce inefficiency). More specifically the 
removal of entry restrictions is the most effective deregu-
latory tool, whereas the removal of activity restrictions is 
significant only at the 13.8% and the removal of credit con-
trols is not significant at all. We interpret the low signifi-
cance of ACTVR in light of the somewhat limited scope of 
the implementation of this policy: while universal banking 
in principle broadened the definition of banking to include 
leasing, mortgage financing and insurance business, these 
non-core banking activities did not really take off much in 
Ghana (similarly to other African countries). As we were 
saying above, banks seem to focus on their traditional bank-
ing business, with little diversification.

The relaxation of entry restrictions (ENTRYR) instead 
contributes significantly to reducing cost inefficiency. This 
improvement could be a result of increased competitive 
pressures on the market, and/or of positive technological 
spillovers if the new banks have better technologies than the 
incumbents. Given the results we discuss below on foreign 
banks, and the ones we obtain later on competition, we sup-
port the second explanation; we elaborate on this point more 
clearly in the conclusions to the work. Finally, the index 
more closely and positively related to CCR (the removal of 
credit restrictions through the reduction of reserve require-
ments) has a positive coefficient but is highly non-signif-
icant. This lack of significance might reflect the fact that 
banks were not yet “good enough” at efficiently managing 
the extra liquidity. Strong credit growth is usually accom-
panied by high non-performing loans and higher loan loss 
provisions, especially where the credit environment is not 
supportive of such loan growth. The significant growth in 
loans following the relaxation of credit constraints and the 
high resulting NPLs could have counteracted any potential 
efficiency-improving effects. However, it could also be a 
statistical effect resulting from the low variability of the 
variable itself, in turn affected by the two negative weights 
given to the other components which have a counterbalanc-
ing effect. Indeed, these index specific results have to be 
taken with some caution as the PCA vectors by construction 
do not perfectly capture the variation in the original indexes 
with the possible exception of PCA2.

Turning to the effect of ownership, global foreign and 
private domestic banks are significantly more efficient than 
state banks. This result is in line with that vast part of the lit-
erature which supports the superiority of private ownership, 
and with the so-called “global advantage” theory of foreign 
banking that finds supportive evidence especially in devel-
oping economies. The advantage does not, however, signifi-
cantly extend to African regional banks. This is in line with 
very recent literature [44] that also finds that the cultural and 
regional proximity of regional African banks do not trans-
late in cost advantages and better general performance. This 

11 The three eigenvectors are e1 (1; − 0.59; 0.42), e2 (0.37; 1; 0.52) 
and e3 (− 0.60; − 0.30; 1), and they are used in the construction of 
the 3 PCA vectors using the regulatory indexes in the order ACTR, 
ENTRYR and CCR.

10 The hypothesis of constant returns to scale at the sample mean is 
rejected at the 1% level.
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disadvantage has been attributed to the longer experience 
of foreign global competitors, their better access to fund-
ing and stronger support from headquarters in IT and risk 
management. Finally, total assets are not significant, whereas 
the financial crisis as expected has an adverse impact on 
efficiency. The general trend of efficiency over time is posi-
tive, growing quite steadily from an average of 88% before 
the reforms to one of 93% afterwards with levels as high as 
95.4% just before the financial crisis.

So overall this part of the analysis shows that deregula-
tion brought some beneficial effects in terms of efficiency 
improvements but that not all deregulatory policies contrib-
uted equally, if at all, to it. It also shows important differ-
ences between ownership types with private and global for-
eign ownerships prevailing upon public and regional ones.

Using the estimated stochastic cost frontier results, we 
next calculate the observation-specific marginal cost of 
loans, which is used to derive both the LOC variable of 
the POP model and the explanatory variable for the Boone 
model.

Results of the POP model

The specification of the POP model is reported in Eq. (7). 
The presence of a lagged dependent variable (LDV) in the 
equation prevents us from using a fixed effects estimator 
since the differencing transformation used to eliminate the 
fixed effects creates correlation between the differenced 
LDV and the differenced error (the so-called Nickell bias). 

We therefore use dynamic panel estimators. The Arel-
lano–Bond GMM difference estimator, which uses lagged 
levels of the differenced LDV as instruments, is estimated 
first. For robustness we also estimate the Arellano–Bover 
GMM system estimator, which augments the Arellano–Bond 
by adding a level equation instrumented using lagged dif-
ferences. Both estimators are implemented in their more 
asymptotically efficient two-step version, with Windmeijer-
corrected standard errors to adjust for the resulting down-
ward bias. The models produce consistent results, and both 
pass the tests for second-order autocorrelation and for overi-
dentifying restrictions, necessary for consistency. The results 
are reported in Table 5.

The key results from Table 5 are the estimated values 
of α and γ of Eq. (7). As expected, we find that α is posi-
tive and significant, with a value of 0.249. However, γ is 
highly not significant, indicating that the reforms had no 
discernible effect on the competitiveness of the industry.12 A 
similar non-significant effect was found by Poshakwale and 
Qian [45] who studied the impact of the reforms introduced 
in Egypt in the early 2000s. Their persistence coefficient 
though was much higher (0.810) as was the one found by 
Mwega (see footnote 2) for Kenya (0.451); if a comparison 
could be made, this would suggest stronger competitive con-
ditions in Ghana than in other SSA countries.

Table 5  Results of the 
estimation of the POP model, 
Eq (7) using Arellano–Bond 
and Arellano–Bover for 
robustness (SD in parenthesis)

Parameter Arellano–Bond Arellano–Bover

Estimate P value Estimate P value

lnLOCt−1 α 0.249
(0.127)

0.049 0.376
(0.104)

0.000

R*lnLOCt−1 γ − 0.025
(0.095)

0.796 − 0.049
(0.109)

0.653

CRISIS κ1 0.181
(0.051)

0.000 0.162
(0.051)

0.001

GDP κ2 − 0.010
(0.005)

0.038 − 0.017
(0.0051)

0.001

MPR κ3 2.780
(0.677)

0.000 3.703
(1.036)

0.000

TBR κ4 − 1.129
(0.502)

0.024 − 1.180
(0.524)

0.024

FIS κ5 − 0.007
(0.009)

0.430 − 0.008
(0.079)

0.283

# instruments 102 117
AR tests
 ord 1 − 2.5455 (P value 0.0109) − 2.9962 (P value 0.0027)
 ord 2 − 0.5147 (P value 0.6068) − 0.6914 (P value 0.4893)

Sargan test for 
overidentifying 
restrictions

15.490 (P value = 1.000) 15.485 (P value = 1.000)

12 This result was robust to different cut-off points for the R dummy 
variable.
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To fully understand this result, we look at the remaining 
coefficients. A significant positive effect on the loan over-
charge is exerted by changes in the real monetary policy rate 
(MPR)13 and by the financial crisis. This is in line with our 
expectations. Periodic changes in the MPR, announced by 
the central bank, feed directly into loan pricing and deposit 
rates adjustments by banks, and the MPR oscillated quite 
a lot throughout the time period, increasing quite steadily 
since 2009. Reductions in the loan overcharge are instead 
produced by increases in the treasury bill rate (TBR). We 
interpret this result in the particular context of underdevel-
oped financial markets such as Ghana’s. Increases in TBR 
increase the investment by banks in treasury bills, and this 
reduces loanable funds available for private sector lend-
ing. If the supply of loans to the private sector is severely 
curtailed, in underdeveloped financial markets banks might 

selectively restrict lending to creditworthy large corporates 
and reputable medium-sized companies all of whom call 
for lower loan overcharge rates. The reduction in loan over-
charge is also feasible if the interest income from investment 
in treasury bills more than compensates for it. GDP growth 
reduces as expected the loan overcharge, whereas changes 
in the fiscal balance have no significant effect.

In summary, although deregulation was expected to 
improve the competitiveness of the loans market, this 
effect was impaired by the overcompensating playing 
of macroeconomic developments. To double-check the 
robustness of these results, and to look more in detail at 
the dynamics of competition on the loans market, we next 
estimate as an alternative model the Boone indicator.

Results of the Boone indicator model

The Boone model of Eq. (8) expects a negative relation-
ship between marginal costs and market share via the 
so-called “reallocation process” that benefits efficient 
firms; an increase in the absolute value of this negative 

Table 6  Results of the 
estimation of the Boone 
model of Eq. (8), 2000–2014, 
GMM-IV

2000 and 2001 were omitted by GMM for collinearity reasons. The Hausman test for endogeneity com-
pares the GMM estimator with the fixed effects one

Year Coefficient SD P value Year Coefficient SD P value

2002 − 2.895 0.436 0.000 2009 − 2.808 0.401 0.000
2003 − 2.873 0.428 0.000 2010 − 2.565 0.367 0.000
2004 − 2.686 0.397 0.000 2011 − 2.403 0.336 0.000
2005 − 2.649 0.388 0.000 2012 − 2.348 0.324 0.000
2006 − 2.447 0.353 0.000 2013 − 2.395 0.331 0.000
2007 − 2.436 0.359 0.000 2014 − 2.395 0.331 0.000
2008 − 2.499 0.361 0.000 Hausman χ2(13) = 553.85

P value 0.000

Fig. 1  The annual Boone com-
petition measures, 2000–2014
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13 The large size of this coefficient reflects the fact that while MPR 
is a real rate, the LOC variable is essentially nominal since the same 
deflation factor has been applied to both numerator and denominator 
in its construction.
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coefficient indicates an increase in the competitive pres-
sures of the market. We first estimate the model using a 
simple fixed effects model. The possible endogeneity of 
MC is confirmed by a Hausman test carried out between 
the fixed effects specification and the alternative GMM-
IV specification, where lagged values of MC are used as 
instruments. A simpler 2SLS estimator is also used for 
a final robustness comparison. The results of the GMM 
estimator are presented in Table 6; their pattern along with 
that of the fixed effects and of the 2SLS estimators is plot-
ted in Fig. 1.

The pattern is depicted in Fig. 1, which shows the con-
sistency in the results across the three different estima-
tion techniques and thus the robustness of our final infer-
ence.14 In the figure for ease of interpretation, we have 
turned the negative coefficient values into positive ones so 
that increases and decreases in the pattern correspond to 
increases and decreases in competition. The figure shows 
that competitive conditions are stronger at the beginning 
of the data series and slowly worsen over time, apart from 
a short-lived mild improvement in 2009. Once again we 
find that the reform package does not seem to have had 
the desired competition-inducing effects. It is possible 
that banks found government securities more profitable, 
consistently with what we saw in the POP model; or that 
they started resenting from the higher loan defaults that 
resulted from the excessive growth in loan portfolio in 
2007–2008 in response to the scrapping of secondary 
reserves and higher interest rates. All in all, the intensity 
with which efficient banks sought to win market share in 
loans from less efficient ones dwindled, resulting in the 
low beta coefficients.

Conclusions

This paper examines the impact of deregulation reforms on 
the efficiency and competitiveness of banks in Ghana using 
a panel dataset of 25 banks for the period 2000–2014 which 
captures the pre- and post-reform periods. A stochastic cost 
frontier model with heteroskedastic inefficiency is used to 
analyse the levels and determinants of efficiency, along 
with principal component analysis to evaluate the effects of 
different policies. The resulting estimates also provide us 
with the marginal cost of loans which feeds into the model-
ling of competition. The competitiveness of the market for 
loans is evaluated by estimating two complementary mod-
els: the POP model and the Boone indicator. The empirical 

results are very interesting and shed a lot of light on the 
workings of banking markets in less developed financial 
systems. First of all we find that efficiency improved over 
time and in particular following the introduction of deregu-
lation. Crucially, however, the only policy that seems to 
really help improve banks efficiency is the relaxation of 
entry restrictions that encouraged the full development of 
the superior technology of private banks and in particular 
of global foreign banks, as opposed to African regional 
ones. The removal of activities restrictions and the reduc-
tion of reserve requirements, with the extra liquidity that 
they provide, do not instead help as much. This suggests 
that banks in Ghana (and possibly in Africa in general) 
do not really exploit the potential benefits of product dif-
ferentiation made possible by universal banking. Most 
importantly, improvements in efficiency cannot be the 
result of increased competitive pressures: the results of 
both the POP and the Boone models suggest that com-
petitive conditions do not improve after the implementa-
tion of the reforms. As suggested by other literature, this 
appears to be due to the counterbalancing negative effect 
of macroeconomic weaknesses. So while cost savings can 
be enjoyed and efficiency improved, the full benefits of 
product diversification and increased competition are not 
exploited. The policy implications are that the macroeco-
nomic and institutional contexts for African countries are 
still crucial for them to fully benefit from financial deregu-
lation. Reforms need to be anchored on stronger macroeco-
nomic fundamentals, institutional initiatives and generally 
stronger credit environments for their full potential to be 
revealed.
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