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Abstract

This study examines whether the quality of the regulatory environment affects the technical efficiency of banking systems in the
Franc Zone, where two monetary unions (WAEMU and CEMAC) share a common currency arrangement and supranational
banking supervision but differ in the quality of their national regulatory environments. Using a panel of the fifteen Franc Zone
countries over 2000-2023, the technical efficiency of each national banking system is first estimated with an input-oriented Data
Envelopment Analysis (DEA) model under variable returns to scale, and its determinants are then analysed with a fractional logit
model with country fixed effects, suited to scores bounded between 0 and 1. Regulatory quality is measured by the World Bank's
Worldwide Governance Indicators. Franc Zone banking systems operate on average at 68% of the best-practice frontier, which
implies that the same outputs could be produced with about 32% fewer inputs. Regulatory quality has a positive average marginal
effect on efficiency (0.125, p = 0.049), with diminishing returns: the effect is largest in countries with the weakest regulatory
environments and fades as regulatory quality improves. This effect is moderate and loses significance in some robustness checks.
Trade openness is associated with higher efficiency, whereas investment and human capital show weakly significant negative
effects. The results suggest that improving the quality and credibility of the regulatory environment, rather than deregulation,
can raise banking efficiency in the Franc Zone countries where regulation is weakest.
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1. Introduction

The banking sector remains an essential pillar of economic
development by mobilizing savings, allocating credit, and fa-
cilitating payments. In the Franc Zone, as in most developing
countries, banks represent the main channel of financial inter-
mediation, making their efficiency critical for macroeconomic
stability and inclusive growth. Banking efficiency is defined
as the capacity of institutions to optimally use their resources

to produce financial services, minimizing costs while maxim-
izing output, analyzed through comparison with a best-prac-
tice production frontier, that is, the frontier formed by the best-
performing banks in the sample rather than a theoretical opti-
mum [1]. Understanding what happens inside the "black box™
of financial institutions helps explain performance disparities
across establishments [2]. Performance is also influenced by
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the degree of diversification of banking activities [3].

Banking regulation occupies a central place in this dynamic.
Effective prudential regulation can strengthen banking system
stability by reducing insolvency risks and fostering depositor
confidence, but overly constraining regulation may increase
compliance costs and reduce the operational flexibility of
banks, potentially affecting their efficiency. Prior work has
shown contrasting results on the role of regulation: some stud-
ies show efficiency gains through increased discipline [4],
while others find that excessive regulation hinders innovation
and raises costs [5].

Recent empirical literature points to several important
trends. In Sub-Saharan Africa, banks appear broadly cost-ef-
ficient, but non-performing loans weigh on their efficiency,
which suggests that improving the regulatory and credit envi-
ronment could raise banking performance [6]. In emerging
economies, more stringent macroprudential policies have
been found to increase bank efficiency, with effects that differ
across bank types [7]. In addition, digitalization constitutes a
key structural determinant of banking efficiency: FinTech de-
velopment improves banks' cost efficiency [8], and two-stage
DEA studies that include digitalization variables find a non-
linear, U-shaped relationship between digitalization and bank
efficiency [9].

In the Franc Zone, the banking regulatory framework is
characterized by strong institutional harmonization, resting on
two principal monetary and supervisory authorities (BCEAO
and the WAMU Banking Commission for WAEMU [10], and
BEAC/COBAC for CEMAC [11]). Recent prudential reforms,
including progressive increases in minimum capital require-
ments and risk-based supervision, aim to strengthen banking
soundness while raising efficiency concerns, particularly for
small and medium-sized banks. Despite regulatory harmoni-
zation, Franc Zone banking systems remain characterized by
marked heterogeneity in capitalization, asset quality (non-per-
forming loans), sovereign exposure, and digitalization. The
Franc Zone therefore offers a distinctive setting for studying
regulation and bank efficiency. Its member countries share a
fixed exchange-rate arrangement with the euro and suprana-
tional monetary and supervisory institutions, so that monetary
policy and prudential rules are largely common within each
union. Yet the quality of national regulatory environments,
that is, the way governments design and enforce rules affect-
ing private-sector activity, varies widely across member coun-
tries. This combination makes it possible to examine how the
broader regulatory environment affects bank efficiency while
the monetary regime and the prudential rulebook are held
largely constant.

Although several studies have measured banking efficiency
in Franc Zone countries using DEA, they rarely integrate sim-
ultaneously prudential variables and structural factors. The
closest antecedent, Triki et al. [12], relates detailed regulatory
indices to bank efficiency in 42 African countries and shows
that the effect of regulation depends on bank size and risk; it
does not focus on the specific institutional arrangement of the
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Franc Zone, nor does it allow the effect of regulatory quality
to be non-linear. This gap justifies the approach of the present
study. The study's primary contribution is to jointly model the
effect of regulatory quality (proxied by the WGI Regulatory
Quality indicator) and structural control variables on DEA-es-
timated technical efficiency, using a fractional logistic regres-
sion approach appropriate for bounded dependent variables,
and to allow for a non-linear effect of regulatory quality. The
remainder of the paper is organized as follows. Section 2 re-
views the institutional setting and the literature, Section 3 pre-
sents the data and methods, Section 4 reports the results, Sec-
tion 5 discusses them, and Section 6 concludes and outlines
the limitations of the study.

2. Literature Review

Banking regulation is a central pillar of modern financial
systems. It primarily aims to ensure financial stability, protect
depositors, and limit opportunistic behavior by banks [13].
Regulatory quality refers not only to the existence of pruden-
tial rules but also to their clarity, coherence, credibility, and
effectiveness of implementation. This concept is operational-
ized through the Regulatory Quality indicator from the World
Bank's Worldwide Governance Indicators (WGI) [14], which
measures public authorities' capacity to design and implement
effective regulations favoring private sector functioning, a
particularly relevant proxy in Franc Zone countries where the
effectiveness of prudential mechanisms depends closely on in-
stitutional quality.

2.1. Institutional Setting of the Franc Zone

The Franc Zone brings together fourteen Sub-Saharan Af-
rican countries organized in two monetary unions, together
with the Comoros. The West African Economic and Monetary
Union (WAEMU) comprises Benin, Burkina Faso, C&e d'lv-
oire, Guinea-Bissau, Mali, Niger, Senegal and Togo, with the
Central Bank of West African States (BCEAO) as common
central bank and the WAMU Banking Commission as super-
visor [10]. The Central African Economic and Monetary
Community (CEMAC) comprises Cameroon, the Central Af-
rican Republic, Chad, the Republic of Congo, Equatorial
Guinea and Gabon, with the Bank of Central African States
(BEAC) as central bank and the Central African Banking
Commission (COBAC) as supervisor [11]. Both CFA francs
are pegged to the euro at a fixed parity, with convertibility
guaranteed by the French Treasury.

Three features of this setting matter for the relationship be-
tween regulation and bank efficiency. First, prudential regula-
tion is supranational: banking rules are set and enforced at the
level of each union, and both unions moved towards Basel
1/111-inspired frameworks during the study period (from Jan-
uary 2018 in WAEMU, and through the revised COBAC pru-
dential regulations adopted in 2016 and phased in thereafter in
CEMAC). Second, the fixed exchange-rate regime and the
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common monetary policy remove national monetary policy as
a source of cross-country variation in banking conditions
within each union. Third, despite this harmonization, the na-
tional institutional environment in which banks operate (con-
tract enforcement, business regulation, predictability of public
action) differs markedly across member countries, as reflected
in large differences in governance indicators. In this context,
regulatory quality measured at the country level captures the
environment in which common prudential rules are imple-
mented rather than the prudential rules themselves. This dis-
tinction motivates the empirical focus of the present study and
conditions the interpretation of its results.

2.2. Regulatory Quality and Improved Banking
Efficiency

A first strand of the literature argues that banking regulation
reduces information asymmetry between banks, depositors,
and supervisory authorities, while limiting excessive risk-tak-
ing behaviors that could destabilize the banking system [15].
Effective regulation reinforces market discipline and im-
proves transparency of financial institutions, contributing to
better banking governance [16]. These mechanisms promote
banking system stability and incentivize banks to adopt more
prudent and efficient management practices [17, 18].

In transition and developing economies, efficiency im-
provements are often correlated with deep structural and reg-
ulatory reforms [19]. Ben Naceur and Omran [20] show, for
Middle East and North African countries, that bank capitali-
zation and the regulatory and institutional environment shape
bank margins, cost efficiency and profitability. Using two-
stage DEA on an international sample, Pasiouras [21] finds
that regulations that strengthen market discipline and official
supervisory powers are associated with higher technical effi-
ciency. Kamarudin et al. [22] analyze the link between coun-
try governance and bank productivity using a DEA-based
Malmaquist index for 167 banks in four Southeast Asian coun-
tries, and find that regulatory quality and the rule of law sig-
nificantly affect the productivity of conventional banks.

2.3. Negative and Ambiguous Effects of
Regulation on Banking Efficiency

Several empirical studies also show negative or ambiguous
effects of regulation, particularly when regulation is excessive,
rigid, or ill-adapted to the institutional context. In the African
context, Triki et al. [12] find that transparency rules and price
controls mainly burden small banks and that exit restrictions
reduce their efficiency, whereas stricter capital requirements
benefit mainly large and low-risk banks; they conclude that
regulation should be adapted to the size and risk of the regu-
lated institutions. DemirgUgKunt et al. [23] show that tighter
restrictions on bank entry and activities raise the cost of finan-
cial intermediation, although these effects fade once broader
institutional quality is controlled for. Bonin, Hasan and
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Wachtel [24] show that performance and efficiency depend
strongly on ownership structure and bank size, while Thakor
[25] shows that risk-based capital requirements may lead
banks to reduce lending in favor of safer but less productive
assets.

2.4. Non-Linearities, Institutional Context and
Franc Zone Specificities

Recent literature shows that the impact of regulation on
banking efficiency depends strongly on institutional context
and level of economic development. Barth et al. [26], using
4,050 bank observations from 72 countries, find that the effect
depends on the design of regulation: activity restrictions re-
duce efficiency, whereas capital stringency, independent su-
pervision and transparency enhance it. Chortareas et al. [27]
obtain similar results for the European Union and show that
the benefits of capital requirements and supervisory powers
are larger in countries with higher-quality institutions, which
suggests that the effect of regulation may be non-linear in in-
stitutional quality. In monetary unions such as the Franc Zone,
where supervision is centralized and standardized, banks may
also prioritize formal regulatory compliance over operational
efficiency when the national institutional environment is weak.
Taken together, the literature suggests that regulation's impact
on banking efficiency depends on its intensity, quality, and in-
stitutional context, and that the Franc Zone's specific charac-
teristics call for a dedicated empirical analysis. These argu-
ments motivate the inclusion of a quadratic term in regulatory
quality in the empirical model.

3. Materials and Methods

3.1. Data and Sample

This study adopts a quantitative approach based on a coun-
try-level panel of the fifteen Franc Zone countries: the eight
WAEMU countries (Benin, Burkina Faso, C&e d'lvoire,
Guinea-Bissau, Mali, Niger, Senegal, Togo), the six CEMAC
countries (Cameroon, Central African Republic, Chad, Re-
public of Congo, Equatorial Guinea, Gabon) and the Comoros.
The decision-making units are the national banking systems,
observed annually over 2000-2023, which gives a balanced
panel of 360 country-year observations. A country-level
(macro) approach is used because consistent bank-level finan-
cial statements are not available for all Franc Zone countries
over a long period, whereas aggregate banking indicators are
published by the supervisory authorities and international da-
tabases for all of them. The period 2000-2023 is the longest
span for which all variables are available; it covers the post-
2000 restructuring of Franc Zone banking systems, the 2014-
2016 oil-price shock in CEMAC and the move of both unions
to Basel 1l/111-inspired prudential frameworks. Two observa-
tions (Republic of Congo, 2000 and 2001) are excluded from
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the estimation sample because the inflation values recorded
for them (514% and 360%) are inconsistent with the inflation
history of the Republic of Congo and appear to be data-entry
errors; the estimation sample therefore contains 358 observa-
tions. Results on the full sample of 360 observations are re-
ported as a robustness check.

3.2. Data Envelopment Analysis (DEA)

Banking efficiency is measured using the Data Envelop-
ment Analysis (DEA) method. This non-parametric approach
is well-suited for evaluating operational performance in the
banking sector as it does not require prior specification of the
functional form of the frontier [28]. The DEA model is esti-
mated under variable returns to scale (VRS) [29] with an input
orientation, and a best-practice frontier is constructed for each
year with DEAP 2.1 [30]. The frontier is formed by the na-
tional banking systems that use the smallest amounts of inputs
for their level of outputs in a given year; it is therefore an em-
pirical benchmark defined by observed best practice rather
than a theoretical optimum. Following the intermediation ap-
proach, the inputs are bank deposits (% of GDP), operating
costs (% of total assets) and the non-performing loan ratio, and
the outputs are domestic credit to the private sector by banks
(% of GDP) and the return on assets. Bank-level aggregates
are drawn from the reports of the WAMU Banking Commis-
sion and COBAC, and from the World Bank's financial devel-
opment indicators. The scores were computed by the authors.

Technical efficiency scores (TE_VRS) are bounded in (0,
1], where a score of 1 indicates that the banking system lies
on the frontier. In the input-oriented model, a score of 0.68
means that the same outputs could be produced with 68% of
the inputs actually used, that is, with an input reduction of
about 32% (1 — 0.68).

3.3. Fractional Regression Model

The estimation of technical efficiency determinants uses the
Fractional Logistic Regression model (fracreg logit), recom-
mended by Papke and Wooldridge [31] for proportional re-
sponse variables. This model is preferred over Ordinary Least
Squares (OLS) as it models the conditional mean through a
logistic link function, ensuring coherent predictions bounded
in (0, 1):

E [TE_VRS|X]=G(Bo+ BiRQ+BRQ*+7Z2) (1)
where G(J is the logistic function, RQ denotes regulatory
quality, RQ? its square (to capture non-linearity), and Z is the
vector of control variables. Estimation is performed by Quasi-
Maximum Likelihood Estimation (QMLE) with cluster-robust
standard errors clustered at the country level, and country
fixed effects are included to correct for heteroscedasticity and
autocorrelation.

Because RQ enters the model both linearly and squared, its
marginal effect cannot be read from separate coefficients. For
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country i in year t, it is

OE [TE_VRS | X]/0RQ = g(XiB) (B1 + 2P2RQir) 2)
where g(9 = G(J [1 —G(-)] is the logistic density. The average
marginal effect (AME) of RQ is the sample average of expres-
sion (2), computed jointly for the linear and quadratic terms
(margins with factor-variable notation c.RQ##c.RQ in Stata).
The slope changes sign at the turning point

RQ*=—-B1/(2B2) 3)
whose standard error is obtained by the delta method. Mar-
ginal effects of RQ are also evaluated at selected values of RQ
within its observed range. For the other regressors, which en-
ter linearly, the AME is the sample average of g(Xif) vk In-
ference relies on 15 country clusters; because cluster-robust
standard errors can be imprecise with few clusters [32], results
are interpreted with caution and complemented by several ro-
bustness checks.

3.4. Variables

The dependent variable TE_VRS is the DEA-estimated
technical efficiency score. The main explanatory variable is
Regulatory Quality (RQ), derived from the World Bank's
WGI, measuring public authorities' capacity to design and im-
plement effective regulations. Its square (RQ?) is included to
test for non-linearity. The definitions and sources of all varia-
bles are given in Table 1; English mnemonics are used
throughout. For 2001, when the WGI were not published, the
2000 value is used.

The WGI Regulatory Quality indicator has limitations that
must be borne in mind. It is a composite indicator that aggre-
gates, through an unobserved components model, the percep-
tions of firms, households, experts and non-governmental or-
ganizations drawn from a large number of underlying sources
[33]. It therefore measures perceptions rather than the content
or enforcement of specific rules, its estimates are subject to
margins of error that are large relative to cross-country differ-
ences, and its construction makes year-to-year changes diffi-
cult to interpret [34]. Moreover, it refers to regulation affect-
ing private-sector activity in general rather than banking reg-
ulation in particular. In the present study, RQ is therefore in-
terpreted as a measure of the quality of the national regulatory
environment in which supranational prudential rules are im-
plemented.

The control variables were selected according to three cri-
teria: (i) their use as determinants of bank efficiency in the
empirical literature, (ii) their availability for all Franc Zone
countries over 2000-2023, and (iii) the absence of severe col-
linearity with RQ (Section 3.6). They capture the level of eco-
nomic development (LogGDPpc), which conditions the de-
mand for banking services [6], investment and trade activity
(LogGFCF, LogOPEN), the price environment (INF), which
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affects margins and overhead costs [23], and the human capi-
tal of the labor force (HC). Average bank size (SIZE), which
conditions the effect of regulation on efficiency [12, 24], is
added in a robustness check because it is missing for one ob-
servation. Country fixed effects capture time-invariant na-
tional characteristics, such as membership of WAEMU or

CEMAC, legal origin or the structure of the banking market.
An interest-rate variable used in an earlier version of this study
was dropped because the series could not be verified against
official sources for all countries.

Table 1. Definition of variables.

Variable Definition Source Expected sign
TE VRS il;};g ni)’r:]ear;tizillji?u trencshtnolcsilalee,fﬁ(colfnll;:y score of the national banking glélffr)sz'clo)mputatlon Dependent
RQ WGI Regulatory Quality estimate (approx. —2.5 to 2.5) World Bank WGI + / non-linear
LogGDPpc  Logarithm of GDP per capita World Bank WDI +

LogGFCF Logarithm of gross fixed capital formation World Bank WDI +/—
LogOPEN Logarithm of trade openness ((exports + imports)/GDP) World Bank WDI +

INF Inflation, consumer prices (annual%) World Bank WDI -

HC Human capital indicator (education) Authors' compilation +/—

SIZE Average size of banks (total assets, billions of CFA francs) BCEAO, BEAC +/—

Source: Authors' compilation.

3.5. Descriptive Statistics

Table 2 presents descriptive statistics for all variables used
in the analysis, computed on the estimation sample of 358

country-year observations. The mean efficiency score is 0.680:

on average, Franc Zone banking systems could produce the
same outputs with about 32% fewer inputs. Scores are widely

dispersed (standard deviation 0.296), and 35.5% of the obser-
vations lie on the annual frontier (Figure 1). One score
(Guinea-Bissau, 2002) is reported as 0.000 by DEAP after
rounding. Regulatory quality is negative throughout the sam-
ple (mean —0.807), which reflects the weak regulatory envi-
ronments of Franc Zone countries relative to the world aver-
age.

Table 2. Descriptive statistics of variables.

Variable

TE VRS (Technical efficiency)

RQ (Regulatory quality)

LogGDPpc (log GDP per capita)

LogGFCF (log gross fixed capital formation)
LogOPEN (log trade openness)

INF (Inflation,%)

HC (Human capital)

SIZE (Average bank size)

Mean Std. Dev. Min Max
0.6795 0.2963 0.0000 1.0000
—0.8070 0.4169 —-1.6767 —0.0478
3.4594 0.3871 29152 4.6154
1.2966 0.1869 0.6724 1.8915
1.7895 0.1645 1.4824 2.1955
2.6168 4.0740 —8.9747 31.5226
7.9982 7.4316 0.2694 40.5960
3.2840 2.1485 0.1400 9.2900

Source: Authors' calculations from Stata 16. N = 358 (357 for SIZE). The two Republic of Congo observations for 2000-2001 are excluded

(Section 3.1).
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Figure 1. Distribution of technical efficiency scores (TE_VRS), 358 country-year observations. Source: Authors' calculations.

3.6. Multicollinearity Test

Variance Inflation Factors (VIF) were computed to verify

the absence of severe multicollinearity (Table 3).

Table 3. Variance Inflation Factors (VIF).

Variable

LogGDPpc

LogOPEN

SIZE

RQ

LogGFCF

Variable P (1}
TE_VRS 28.11
RQ 94.14
INF 119.07
LogGDPpc 21.19
LogGFCF 41.27
LogOPEN 34.95
HC 56.00

VIF

2.01
1.97
1.88
1.35
1.25

p-val

0.458
0.000
0.000
0.882
0.083
0.244
0.003

1/VIF

0.4983
0.5069
0.5320
0.7398
0.8022

Variable VIF 1/VIF
INF 1.19 0.8371
HC 1.01 0.9864
Mean VIF 1.52

Source: Authors' calculations from Stata 16. All VIF values are well
below the critical threshold of 5, confirming the absence of severe
multicollinearity.

3.7. Unit-Root Tests

Fisher-type panel unit-root tests (ADF) were conducted on
all variables to determine their order of integration and guide
the estimation specification (Table 4).

Table 4. Panel unit-root test results (Fisher-type ADF).

Z (normal)

0.107

—4.635
—6.599
1.840

—1.285
—0.659
—1.055

p-val

0.543
0.000
0.000
0.967
0.099
0.255
0.146

L* (logit) p-val Pm (%) p-val Integration
—0.073 0.529 0.015 0.494 I(1)
5.821 0.000 8.280 0.000 1(0)
8.039 0.000 11.499 0.000 1(0)
-1.735 0.957 -1.138 0.872 I(1)
1.365 0.088 1.455 0.073 I(1)
0.738 0.231 0.639 0.261 I(1)
1.901 0.031 3.356 0.000 1(0)

Source: Authors' calculations. Fisher-type tests combining country-level ADF regressions with a constant and one lag. HO: all panels contain a
unit root. TE_ VRS is bounded in (0, 1] and cannot follow a unit-root process in the strict sense; the non-rejection for TE_ VRS and some
controls is more likely to reflect the low power of these tests in panels of moderate length. The fractional logit model is therefore estimated in
levels with country fixed effects (Tables 5-7), and the unit-root results are reported for transparency.
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4. Results

Table 5 presents the results of the fractional logistic regres-
sion estimating the determinants of banking technical effi-
ciency, and Table 6 reports the corresponding average mar-
ginal effects. The model includes country fixed effects and is
estimated on 358 observations from 15 countries, with stand-
ard errors clustered by country. The pseudo-R? is 0.289 and
the log pseudolikelihood —159.65. The Wald statistic for the
joint significance of all regressors is not reported because,
with country fixed effects, the number of parameters exceeds
the number of clusters, which makes this statistic unreliable.

The individual coefficients of RQ (-0.457, p = 0.650) and
RQ?(—0.675, p = 0.254) are not significant, and their joint sig-
nificance is not established at conventional levels (¥?(2) = 3.86,
p = 0.145). However, the average marginal effect of RQ,
which combines both terms as in Equation (2), is positive and
significant at the 5% level (AME = 0.1250, standard error

0.0635, p = 0.049): a 0.1-point improvement in the WGI reg-
ulatory quality estimate is associated with an increase of about
1.2 percentage points in technical efficiency. The negative
quadratic term implies diminishing returns. The marginal ef-
fect is largest in the countries with the weakest regulatory en-
vironments (0.277 at RQ = —1.6, p = 0.098; 0.187 at RQ =
—1.2, p=0.071), declines as regulatory quality improves, and
is close to zero and not significant above RQ = —0.4 (Table 6,
Figure 2). The implied turning point (RQ* =—0.338) is impre-
cisely estimated (standard error 0.483).

Among the control variables, trade openness has a positive
and significant effect on efficiency (AME =0.4733, p = 0.029).
Gross fixed capital formation (AME = —0.2723, p = 0.053)
and human capital (AME =—0.0031, p = 0.073) have negative
effects that are significant only at the 10% level. GDP per cap-
ita and inflation have no significant effect once country fixed
effects are included.

Table 5. Fractional logistic regression results (fracreg logit).

Variable Coefficient Std. Error P> |z|
RQ (Regulatory quality) —0.457 1.006 0.650
RQ? (Regulatory quality squared) —0.675 0.592 0.254
LogGDPpc —1.596 1.186 0.179
LogGFCF —1.820 0.971 0.061*
LogOPEN 3.164 1.474 0.032%*
INF (Inflation) 0.0001 0.019 0.998
HC (Human capital) -0.021 0.012 0.075*
Constant 18.872 5.680 0.000%**
Country fixed effects Yes

Turning point RQ* = —B1/(2p2) —0.338 0.483 0.484
Joint test RQ = RQ? = 0: ¥2(2) 3.86 0.145
Observations (country-years) 358

Countries (clusters) 15

Pseudo-R? 0.2890

Log pseudolikelihood —159.65

Source: Authors' estimates from Stata 16. *** p <0.01; ** p <0.05; * p < 0.10. Standard errors clustered by country (15 clusters). Estimation
method: QMLE. Country fixed effects included (coefficients not reported). The turning point is RQ* = —B1/(22), with a delta-method standard
error.
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Table 6. Average Marginal Effects (AME).

Variable dy/dx (AME)
RQ (combined linear + quadratic) 0.1250
RQ effectat RQ =—1.6 0.2769
RQ effectat RQ =-1.2 0.1872
RQ effect at RQ =-0.8 0.0954
RQ effect at RQ =—-0.4 0.0124
RQ effect at RQ =—0.1 —0.0482
LogGDPpc —0.2387
LogGFCF —0.2723
LogOPEN 0.4733
INF (Inflation) 0.0000
HC (Human capital) -0.0031

Std. Error p-value Direction
0.0635 0.049** Positive, diminishing
0.1675 0.098* Positive
0.1037 0.071* Positive
0.0589 0.105 Not significant
0.0881 0.888 Not significant
0.1370 0.725 Not significant
0.1770 0.178 Not significant
0.1409 0.053* Negative
0.2169 0.029%* Positive
0.0028 0.998 Not significant
0.0018 0.073* Negative

Source: Authors' estimates from Stata 16. *** p < 0.01; ** p < 0.05; * p < 0.10. The AME of RQ combines the linear and quadratic terms
Equation (2). Conditional effects are evaluated at the stated value of RQ, averaging over the other covariates.

o e ©
[<p] ~ oo
1 1 1

o
)
1

Predicted technical efficiency

0.4 1

T T T
-1.6 -1.4 -1.2

T
-1.0

T T T T
-0.8 -0.6 -0.4 —-0.2 0.0

Regulatory quality (WGI estimate)

Figure 2. Predicted technical efficiency across the observed range of regulatory quality, with 95% confidence interval (other covariates at
their observed values). Source: Authors' calculations based on Table 5.

Robustness Checks

Table 7 reports five robustness checks. The positive aver-
age marginal effect of RQ is similar when the two Congo ob-
servations are retained (column 2) and when a fractional pro-
bit link is used instead of the logit (column 5). It becomes
smaller and loses significance when average bank size is
added (column 3, p = 0.204) or when RQ enters linearly (col-
umn 4, p = 0.122). Without country fixed effects (column 6),
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the effect of RQ is much larger and highly significant, which
indicates that a large part of the raw association between reg-
ulatory quality and efficiency reflects permanent cross-coun-
try differences. The positive effect of trade openness is stable
across specifications with fixed effects. Overall, the evidence
points to a positive but moderate effect of regulatory quality,
concentrated in weak regulatory environments and sensitive
to the specification.
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Table 7. Robustness checks: average marginal effects.

(1) Baseline (2)N=360 (3)+SIZE (4) Linear RQ (5) Probit  (6) No FE

0.1250%* 0.1270%* 0.1268** 0.4548%**
AME of RQ (0.0635) (0.0627) 0.1117 (0.0880)  0.0959 (0.0620) (0.0643) (0.0648)
Joint test RQ, RQ2 (p) 0.145 0.130 0.186 — 0.142 0.000

0.4733%* 0.4677** 0.4457*%* 0.4855%%*

kk

AME of LogOPEN (0.2169) (0.2158) (0.2227) 0.4950** (0.2461) (0.2110) 0.1590 (0.2752)

—0.0031* —0.0032* —0.0034* —0.0035%* —0.0053**
AME of HC (0.0018) (0.0017) (0.0018) 0.0028 (0.0017) (0.0018) (0.0027)
Country fixed effects Yes Yes Yes Yes Yes No
Observations 358 360 357 358 358 358
Pseudo-R? 0.289 0.291 0.288 0.288 0.290 0.156

Source: Authors' estimates. Standard errors (in parentheses) clustered by country. (1) Baseline (Table 5); (2) full sample including Republic of
Congo 2000-2001; (3) baseline plus average bank size; (4) RQ entered linearly; (5) fractional probit; (6) baseline without country fixed effects.

%% p < 0.01; ** p <0.05; * p <0.10.

5. Discussion

5.1. Regulatory Quality (Main Variable of
Interest)

The results indicate that better regulatory quality is associ-
ated with higher technical efficiency of Franc Zone banking
systems, but with diminishing returns: the effect is strongest
where the regulatory environment is weakest and fades as reg-
ulatory quality improves. This pattern is consistent with Pa-
siouras [21] and Chortareas et al. [27], who find that a sound
regulatory and supervisory framework improves bank effi-
ciency, and with Barth et al. [26], who show that the effect of
regulation depends on its design. A plausible interpretation is
that, in countries with very weak regulatory environments,
basic improvements in the predictability of rules and their en-
forcement reduce information and contracting frictions that
otherwise lead banks to hold idle resources and ration credit.
Once a minimum standard is reached, further improvements
of the general regulatory environment matter less for banking
efficiency than bank-specific prudential and market factors.
This interpretation is also consistent with the heterogeneous
effects of regulation reported for African countries by Triki et
al. [12]. Three qualifications apply. First, the individual and
joint tests on RQ and RQ? are not significant, and the effect
loses significance when bank size is controlled for, so the ev-
idence is moderate. Second, the comparison with the specifi-
cation without fixed effects shows that most of the cross-coun-
try correlation between regulatory quality and efficiency re-
flects permanent national characteristics rather than changes
in regulatory quality over time. Third, RQ measures the gen-
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eral regulatory environment rather than banking regulation it-
self.

5.2. Control Variables

Trade openness is associated with higher efficiency, which
may reflect the greater demand for trade finance and payment
services and the stronger competitive pressure in more open
economies. The negative, weakly significant effect of gross
fixed capital formation may indicate that periods of strong in-
vestment are financed partly outside the domestic banking
system or are accompanied by riskier lending, which raises
non-performing loans, an input of the DEA model. The nega-
tive effect of human capital (p < 0.10) is difficult to interpret
at the country level; it may reflect, as noted by Casu and
Molyneux [35], a mismatch between the cost of skilled labor
and its immediate productivity, but given its weak signifi-
cance this interpretation remains tentative. Inflation has no
significant effect once the erroneous Congo observations are
excluded and country fixed effects are included, in contrast
with the evidence that inflation raises bank margins and over-
head costs [23]; in the Franc Zone, the fixed exchange-rate
regime has kept inflation low and stable for most countries,
which leaves little variation to identify such an effect.

6. Conclusions

This study examines the effect of regulatory quality on the
technical efficiency of the banking systems of the fifteen
Franc Zone countries over 2000-2023, using input-oriented
DEA scores and a fractional logit model with country fixed
effects. The mean efficiency score of 0.680 implies that Franc
Zone banking systems could produce the same outputs with
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about 32% fewer inputs. Regulatory quality has a positive av-
erage marginal effect on efficiency, with diminishing returns:
the gains are largest in countries with the weakest regulatory
environments. For policymakers, this suggests that the priority
should be to raise the quality, clarity and credibility of the reg-
ulatory environment in the countries where it is weakest, ra-
ther than to deregulate, while recognizing that beyond a min-
imum standard other factors, such as trade integration, matter
more for banking efficiency.

The study has several limitations. First, regulatory quality
is measured by a perception-based, country-level composite
indicator that does not capture the content of banking regula-
tion itself; future work could use bank-regulation-specific in-
dicators such as the World Bank's Bank Regulation and Su-
pervision Survey. Second, the analysis is conducted at the
level of national banking systems, which masks heterogeneity
across banks; a bank-level analysis would allow the effects of
regulation to differ by bank size and ownership. Third, DEA
scores are sensitive to the choice of inputs and outputs and to
outliers, and two-stage estimates may be affected by the serial
correlation of DEA scores; bootstrap-corrected scores would
provide a useful check. Fourth, inference relies on only 15
clusters, the evidence on regulatory quality is moderate and
sensitive to the specification, and the estimates describe asso-
ciations that should not be interpreted as causal effects. Finally,
an interest-rate variable could not be included because a veri-
fied series was not available for all countries and years.
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