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Abstract: The objective of this study is to analyze the trend in the relative efficiency levels of Angolan com-

mercial banks, whose asset size means that they are not included in the group of the ten largest. The DEA 

methodology was adopted, applying input-oriented radial models, namely: CRS and VRS, based on the effi-

ciency averages obtained between windows. The sample included banks that, due to the small size of their 

assets, their performance has not been subject to systematic analysis. The results obtained indicate that, alt-

hough the average of the pure technical efficiency scores is higher than the average of the technical efficiency 

of scale scores, in the period (2016-2023), pure efficiency shows an upward trend, contrary to scale efficiency 

which shows a downward trajectory, and that the uncertainty associated with the observance of the identified 

trends is greater for the average scores obtained for scale efficiency than for pure efficiency. Within the scope 

of commercial policies aimed at increasing banking efficiency, this study can contribute to a more informed 

view, which allows decision-making, the basis of which goes beyond the traditional standard profit function, 

where only the profitability of banks is considered. 
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1. Introduction 

In their role as financial intermediaries, banks play an important role in any economy by al-
locating funds between different economic agents. This role, which is also one of the main sources 
of revenue for banks, represents one of the most consistent ways in which banks acquire and con-
solidate their assets over time. Thus, their size is important, as it gives them the ability to be more 
resilient to adverse events inherent in the banking business. 

The size of bank assets, such as the volume of resources held by them, from which they gen-
erate profits, i.e., seek to be efficient, is an indicator that has been the basis for assigning scores 
that classify them according to their size. However, the size of their assets does not always accu-
rately reflect the dynamics of the banks' activity, present in the levels of productive efficiency that 
they experience. 

The analysis and importance of banking efficiency, as a way of understanding how banks 
optimize productive resources, is not a recent concern, a fact attested by several pioneering studies 
(1). 

The efficiency of banks depends on factors that directly or indirectly affect cost absorption 
and service provision. Over the past 20 years, these factors have been the subject of extensive 
analytical and empirical literature, driven not only by the major financial crises of recent decades 
but also by structural changes in the sector (2). Such discoveries have led financial sector firms in 
general, and banks in particular, to resize the scale of their operations. 

In Angola, the cases of the banks BCS (Banco de Crédito do Sul) and Banco YETU, integrated 
in the SADC banking association, can be cited, which demonstrate that they are making a greater 
effort to internationalize their activities, increasingly focused on conquering new markets, aiming 
at possible gains both by optimizing their resources (operational gains) and by increasing the size 
of their operations (economies of scale), that is, seeking to be more efficient. The bibliometric 
analysis of the literature on the evaluation of the efficiency of commercial banks in Angola, in the 
period between 2008 and 2024, from authors such as: (3) (4) (5) (6) (4) (7) and (8), reveal the 
absence of studies on the evaluation of banks classified as small. This record, normally associated 
with the systemic importance attributed to banks with larger volumes of assets, and their role in the 
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stability of the financial system as a whole (9), may be the basis for the lack of research on the 
efficiency of banks with relatively smaller assets. 

In the literature related to the evaluation of commercial banks, it is common to find studies 
based on the analysis of economic and financial indexes that provide insights into efficiency levels 
based on the profitability of equity aggregates and results. However, from a non-metric approach, 
DEA emerges as a widely used alternative in several analyses on the trend of efficiency scores, 
such as: the production, asset, value-added approaches and the financial intermediation approach, 
adopted in this study. 

This growing use of the DEA methodology in the process of assessing banking efficiency is 
mentioned in several articles on bibliometric analysis of DEA production and, in this sense, the 
work of (10). Traditionally, banks were assessed only considering their financial performance in-
dicators. However, the adoption of this methodology, based on the use of aggregated indicators 
(ratios), does not always allow for the effective capture of the individualized effect of variables that 
are difficult to measure at the outset, as is the case with the measurement of the impact of manage-
ment on the operational performance of banks. Therefore, the DEA approach offers several ad-
vantages in contrast. 

The possibility that this offers to introduce several inputs and outputs simultaneously, obtain-
ing individual efficiency scores for each of the DMUs under analysis, which may have different 
units of measurement; it is capable of interacting with both qualitative and quantitative issues; it 
allows the identification of inefficiencies, constituting an effective decision-making tool by direct-
ing management's attention to areas that can be improved; it dispenses with (but can tolerate) pre-
specifications of underlying production functions; it can consider systems of preferences of evalu-
ators and managers, assigning weights to the various resources based on the calculation of effi-
ciency, which may reflect certain perceptions of decision-makers regarding the relative importance 
of certain inputs in the volume of outputs; it is based on individual observations and not on average 
values, since it uses data already observed (11) and (12). 

The objective of this study is to analyze the trend in the efficiency averages of the banks under 
analysis, based on the efficiency averages obtained between DEA windows, so that the results can 
allow a more informed understanding of the efficiency patterns of Angolan commercial banking. 
Given the more informed changes, both in the way management processes and, in the technology, 
used by banks, over time, it is expected that their performance tends to increase. Thus, the study is 
justified by the need to seek a more global understanding of the trends in commercial banking 
efficiency in Angola, providing the information base that can guarantee the taking of managerial 
and strategic decisions that make Angolan commercial banking more efficient in the long term. 

2. Literature Review 

2.1. Assessment of the relative efficiency of small banks 

It is common in the banking sector for the size of banks to be used to measure the degree of 
economies or diseconomies of scale, in a given context of efficiency assessment (13). 

Since smaller banks generally have a smaller volume of assets, it is expected that the scale of 
their operations will be more prone to changes, with an impact on the volatility of their efficiency 
levels. In this sense, the operations of small banks may be more subject to variable returns, so radial 
models that objectively assess the efficiency of DMUs, whether by minimizing costs or maximizing 
results, may allow for a better capture of variations in efficiency, based on the analysis of weights 
based on management, technology or even regulatory aspects, as mentioned in the introduction. 

Economists' concern with evaluating the performance of small banks is not new, given their 
important role in the allocation of credit to small and micro-enterprises, representing an important 
source of job creation (14). 

In Angola, the economic and financial context in which banks operate is particularly difficult, 
due to considerable levels of informalization of economic activities, financial illiteracy and asym-
metric information among economic agents. The process of evaluating smaller banks is more dif-
ficult since the aforementioned framework makes them even more heterogeneous. This framework 
is also corroborated in the financial literature, according to which the performance of small banks, 
compared to large banks, is affected by differences related to the composition of assets and liabili-
ties, expenses, revenues non-financial, capital ratios, competition and access to credit information, 
which provide a certain degree of complexity in measuring their efficiency (9). 

Considering certain conditions such as their location (rural or urban) or the type of technology 
used, small banks may be more efficient, regardless of their profitability. This finding is supported 
by (15), which states that the standard profit function treats large and small banks as if they should 
have the same variable results, in the presence of the same input and output prices. However, the 
same authors reinforce the idea that, based on this approach, there is a strong probability of a scale 
bias occurring, since larger banks have higher profits that are not explained by exogenous variables 
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(such as context variables). However, several studies evaluate banks, considering their size as an 
indicator of efficiency, as is the case of (16), (17) and (18). 

A given DMU (Decision Making Unit) is considered efficient if it is not possible to reduce 
any of the inputs without reducing other outputs or to produce more of any of the outputs without 
increasing other inputs. (19) and (20), therefore, the possibilities offered by models will be pre-
sented below, which allow the evaluation of the efficiency, based on observed data, of variables of 
interest in the banking context, outside the scope of ratios. 

2.2. Assessing the efficiency of commercial banks in Angola vs. Africa: A DEA approach 

In the Angolan context, there is not much literature on the evaluation of production units using 
a DEA approach, and it is even less extensive when the topic is related to the evaluation of the 
efficiency of commercial banks, as mentioned in the introduction. The literature review allowed us 
to subdivide the studies into five groups, taking into account the type of DEA models used, namely: 
radial (VRS and CRS), Malmquist-DEA, B-Convexity, Fuzzy-DEA and Stochastic-DEA. To pre-
sent the context of the use of DEA models in the evaluation of commercial banks in Angola, the 
main ideas contained in the reviewed articles are presented below. The bibliometric analysis did 
not allow us to find any DEA study that had analyzed the efficiency trend in the Angolan banking 
sector using a DEA window approach. In this sense, studies such as those by (5) (7) (8) evaluate 
the relative efficiency of banks in Angola using DEA CRS and VRS models. In these studies, based 
on a financial intermediation approach, the authors generally develop the research in two phases, 
first obtaining results from the CRS model and in second from the VRS model. In the Angolan 
context, studies using modified DEA models in the evaluation of banks appear in studies by Barros, 
Liang and Peypoch, (4) using an innovative production frontier model, the B-Convexity model, 
where the results indicate that efficiency increases over the observation period, taking into account 
international experience, market share and local markets; (21) who used the Fuzzy-DEA and Sto-
chastic-DEA models to assess how the randomness and imprecision underlying the data interfere 
with efficiency levels; (6) used a Bayesian stochastic frontier model to analyze the differences in 
efficiency between foreign banks, public banks, large banks and banks belonging to a local con-
glomerate; (3) who used the Malmquist-DEA model to identify the productivity growth of Angolan 
banks. 

In a complementary manner, other studies on the analysis of the efficiency of banks in Africa 
were reviewed, which, due to their scope, could in some way reflect the state of the art about the 
evaluation of banks from a non-parametric approach (DEA). Such were the cases of (22), where 
the efficiency of African banks, included in the top 100 of the African Business magazine of 2006. 
The study makes an analysis based on the CRS and VRS models, which allowed the identification 
of reference pairs between the banks and a sensitivity analysis that allowed the identification of 
slack in the optimization of the variables; (23) which estimated the relative efficiency of 58 com-
mercial banks, belonging to 5 East African countries, applying radial models (CRS and VRS), and 
arriving at results that indicate that the source of inefficiency revealed, originates in the process of 
resource optimization; (24) who assessed the financial and social efficiency of 18 small banks from 
8 member countries of the Southern African Development Community (SADC) , where, from a 
production approach, they used an input-oriented DEA VRS model, which allowed obtaining re-
sults that point to higher financial efficiency indexes than social efficiency indexes; (25), it was 
reviewed as a reference to Mozambique, with characteristics similar to Angola, with regard to the 
configuration of the economic-financial system (countries speaking the same language, independ-
ent in the same year, opted for centralized production systems after independence, which also 
changed in the same phase to market economies). The study assesses the efficiency of 16 commer-
cial banks operating in Mozambique, based on a non-radial VRS model based on slack, oriented to 
output (SBM-O). The results obtained revealed an average lower than 1, which generally classifies 
Mozambican commercial banks as inefficient. 

2.3. CRS and VRS models: An overview 

The review of the evaluation of commercial banks in Angola and the reviewed African coun-
tries makes evident the predominance of the use of radial DEA models (CRS and VRS). 

The CRS and VRS models frequently appear in research on banking efficiency, given their 
ability to capture changes in banks' operational processes. 

Considering the dynamic environment in which banks operate, the VRS model is often used 
since scale can have an impact on productivity, while the CRS may be suitable for global efficiency 
comparisons. In the study, the choice of models was based on the objectives of the analysis, i.e., 
the two radial models presented were adopted. 

The possibilities offered by DEA as a methodology that allows for the assessment of effi-
ciency have been the basis for several studies related to the evaluation of commercial banks. This 
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tool is particularly important in the Angolan context, where aggregated data on the performance of 
small banks are difficult to access and are not always validated by an independent entity, which is 
particularly relevant in the case of small banks. 

The evaluation of efficiency, based on the radial DEA methodology, allows the isolation of 
particular effects, related to how the management of banks, as well as the context in which they 
operate, influence their performance, which is why it becomes even more relevant when it comes 
to the evaluation of small banks in Angola. Thus, based on evaluations of observed data, DEA 
provides a post-factum view, useful for future findings and corrections that may contribute to im-
proving the optimization levels of commercial banks in general and of smaller banks in particular. 
From this point of view, DEA as a methodology, composed of techniques and models, aimed at 
evaluating the efficiency of DMUs, finds in the radial models (input or output-oriented), its initial 

versions which are the subject of review in this study, namely: the CRS and VRS models, initially 
proposed by (26). 

Considering the justification that appears in the topic related to the research methodology, 
only the mathematical formulations for the input guidelines will be presented, starting from (27). 

In the context of DEA, radial models are represented by a group whose orientation is consti-
tuted by the input/output matrix, and in these models, the condition is assumed that the inputs must 
be minimized and the outputs maximized (28). The aforementioned condition defines that the var-
iations that occur in the quantity of one of the components of the input/output matrix are directly 
proportional to these, that is if the quantity of input varies by one unit, the same variation will occur 
in the output and vice versa, if constant returns to scale are considered. 

According to (29) the CRS model, it represents a generalization of Farrel's definition (1957), 
based on the construction of a non-parametric linear surface, involving the data. 

The consideration of the assumption of constant returns implies the assumption that all DMUs 
operate at the same production scale, therefore, according to (30), the assumptions of the CRS 
model, based on the existence of a linear relationship between inputs and outputs, are only justified 
when all DMUs are operating at an optimal scale. 

The mathematical formulations for the CRS and VRS models were taken from (27). 
Considering that the restrictions applied to DEA models presuppose the consideration of max-

imum and minimum values, for the formulation of the CRS model with input guidance, we have 
that: 

 Maximizer hk= ∑ uryrk
                                                                                                                 (1) 

s

r=1

 

Subject to: 

∑ uryrj

m

r = 1

                                                                                                                                          (2) 

 ∑ vixik

n

i = 1

= 1                                                                                                                                   (3) 

ur , vi ≥ 0                                                                                                                                        (4) 

Where: y: inputs; x: outputs; r:1,…, m; i:1,…, n; j:1,…, N. 

Similar to other simplified representations of reality, the DEA technique, to solve the problem 
of calculating efficiency in companies, underwent several changes with the inclusion in the initial 
model of the condition of non-constant returns (8).  

In this sense, the VRS model differs from the CRS model in the type of predicted returns, this 
means that the variations that occur in one of the components of the input/output matrix do not 
result in a proportional variation in any of the components (input or output) of the matrix, that is, 
in this model the returns are variable. 

The model measures the resulting combination of observed values for inputs and outputs, 
under the condition that, not being constant, the returns to scale assume the conditions of: increas-
ing, constant or decreasing (31). 

Among some of the reasons that lead to the adoption of models that predict variable returns 
to scale is the observation of negative values in both inputs and outputs, in addition to there being 
differences between DMUs, in their operational context, resulting from changes in the technology 
used, in regulatory aspects or in the financing conditions of their activities, causing the premise of 
observing constant returns to be questioned. 

Given the maximum and minimum constraints, the formulation of the input-oriented VRS 
model is as follows: 

Maximizer hk= ∑ uryrk
m
r = 1 - uk                                                                                                       (5)  
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Subject to: 

∑ vixik
n
i = 1 = 1                                                                                                                                (6)                        

∑ uryrj

m

i = 1

 - ∑ vixij

n

i = 1

- uk ≤ 0                                                                                                              (7) 

ur , vi ≥ 0                                                                                                                                        (8) 

Wherw: y: inputs; x: outputs; u e v: pesos; r:1,…, m; i:1,…, n; j:1,…, N. 

However, like any methodology, DEA also has limitations in its use for evaluating efficiency, 
some of which can be highlighted: 

Because it is a linear programming technique, DEA observes each input and output only once, 
which can cause errors in its data, leading to biased results, since they can represent either efficient 
or falsely efficient solutions (12); 

Lack of discriminatory power between DMUs. This disadvantage of DEA is also mentioned 
by (32), who states that degeneration is a very common problem in DEA models, due to the very 
structure of their linear programming problems, where there is a large number of redundant con-
straints related to inefficient DMUs and which, in some cases, causes there to be multiple optimal 
solutions; 

According to (33) there is a consensus among operations research scholars that, because they 
do not estimate efficiency scores around an average, DEA models are sensitive to outliers and 
computation errors. 

2.4. DEA Window 

The dynamics in the trend of companies' efficiency records can reveal their causes and indi-
cate directions for improving their performance, therefore, to capture the trend of efficiency scores 
of the two models presented (CRS and VRS), the DEA window analysis technique was used. 

In addition to not requiring any assumptions to be made about the distribution of the data, 
another of the main advantages of DEA is that it works relatively well with small samples. (34), a 
situation verified in this study. 

The DEA window technique consists of grouping the DMUs belonging to a given sample into 
overlapping analysis windows. This procedure allows the sample to be subdivided according to the 
principle of moving averages, which allows new data to emerge in each window. 

 
 

 
Figure 1. Default DEA window configuration (35) 

 
 

The DEA window technique is a dynamic analysis that observes selected DMUs over a period 
of time, which allows for the increase in analyzed DMUs (36). 

Based on the ideas contained in (37), about the configuration of the (Xkw) input and output 
matrices (Ykw ) of each window (kw), these can be presented in the following forms: 

Xkw=

[
 
 
 

x1
k x2

k2 ⋯ xN
k

x1
k+1 x2

k+1 ⋯ xN
k+1

⋮ ⋮ ⋱ ⋮
x1

k+w x2
k+w ⋯ xN

k+w]
 
 
 

                                                                                                      (9) 

and 
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Ykw=

[
 
 
 
 

y
1
k y

2
k2 ⋯ y

N
k

y
1
k+1 y

2
k+1 ⋯ y

N
k+1

⋮ ⋮ ⋱ ⋮
y

1
k+w y

2
k+w ⋯ y

N
k+w

]
 
 
 
 

                                                                                                    (10) 

According to (38) in the analysis that applies the DEA window technique, carried out type analysis 
(k - p + 1) separated, in which each analysis examines new DMUs where; n: number of DMUs; k: 
number of periods to which the data refer; p = window width (p ≤ k) and w: number of windows, 
i.e. there are n DMUs × k (number of periods). Thus, Table 1 presents the mathematical formula-
tions related to the operationalization of the DEA window analysis. 

Based on the information contained in Table 1, in the topic referring to the methodological 
paths followed, the procedures adopted to define the width of the analysis windows are presented, 
as well as their justification, that is, the largest possible number of different DMUs. 

3. Materials and Methods 

To analyze the dynamics of efficiency, in this article, the two radial models presented (CRS 
and VRS) were used, both with input orientation. The orientation given to the models arises from 
the consideration that inputs are the variables over which companies have the greatest capacity for 
rationalization and, consequently, optimization. 

The CRS model was used with the intention of capturing the trend of efficiency scores in the 
process of combining productive resources by the banks analyzed, while the VRS model was used 
to capture the effect of the technology used on their efficiency throughout the period analyzed. 

Considering the theoretical assumptions for determining the width of the analysis windows, 
contained in (38) and presented in Table 1, a window width of four years was adopted. This proce-
dure allowed a considerable increase in the number of different DMUs, as opposed to the 9 (8) = 
72 DMUs that would be available if the evaluation had been carried out separately for each of the 
DMUs in each of the eight periods. Thus, the configuration of the analysis windows, presented in 
Table 2, allowed an increase in the discriminatory power for 180 different DMUs analyzed, as 
demonstrated in Table 1. 

To select the variables targeted for analysis, the typology of variables provided for in the 
financial intermediation approach was considered, seeking a balance between the number of inputs 
and outputs about the number of DMUs, to obtain a good discriminatory power of the efficiency 
scores, throughout the analysis windows, allowing the number of efficient DMUs to be as small as 
possible in each analysis window. Like other less advanced countries, whose economies are in a 
phase of transition towards industrialization, the Angolan financial system is mainly made up of 
commercial banks, whose basic function is to capture deposits and grant loans, a view corroborated 
by (39) the fact that this approach is particularly appropriate for banks whose basis of operations 
consists of transforming deposits and funds acquired from other financial institutions into loans and 
financial investment. 

In this sense, the rule suggested by was applied (40), according to which the number of DMUs 
analyzed must be at least twice the total number of inputs and outputs selected. 

Still aiming to give greater discriminatory power to the efficiency scores obtained, a correla-
tion test was carried out in order to guarantee a selection of variables with a lower degree of asso-
ciation between them, and therefore, with greater explanatory capacity between them. 

Table 1. Criteria for defining the width of analysis windows 

Window specifications Formulas p = 4 years p = 5 years 

Number of windows w = k - p +1 8 - 4 + 1 = 5 8 - 5 + 1 = 4 

Number of DMUs in each window (n) (p) 9 (4) = 36 9 (5) = 45 

Number of different DMUs (n) (p) (w) (9) (4) (5) = 180 (9) (5) (4) = 180 

Variation in the number of DMUs n (p - 1) (k - 1) (9) (3) (7) = 189 (9) (4) (7) = 252 

 

Considering the premises presented for the configuration of the DEA windows, the configu-

ration presented in Table 2 was considered. 

Although a window with a width of five years also allows obtaining the same number of 

different DMUs, it is in the case where p = 4 years that the number of DMUs registers a lower value 

in its variation, indicating greater stability in terms of the results to be obtained in this condition, 

that is, opting for a window with a width of 4 years obtains a variation in the number of different 
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DMUs, 72% lower compared to the variation that occurs when the adopted window is 5 years, as 

shown in table 1. 

Table 2. Analysis window configuration 

Periods 1 2 3 4 5 6 7 8 

Window 1 2016 2017 2018 2019      

Window 2  2017 2018 2019 2020     

Window 3   2018 2019 2020 2021    

Window 4    2019 2020 2021 2022   

Window 5           2020 2021 2022 2023 

 

4. Data and Variables 

The decision to analyze only small banks finds its theoretical justification in studies by (15), 

allowing the analysis of the efficiency trend of banks with a relatively low volume of assets, re-

gardless of their profitability, in the period studied. As in most evaluations within the scope of 

nonparametric DEA modelling, the generalization of the results obtained will be carried out within 

the strict scope of the sample, since a post-factum evaluation is carried out, that is, carried out based 

on data already observed, for each of the variables. 

Data relating to the economic and financial performance of nine Angolan commercial banks 

were analyzed, with all published data referring to the period analyzed (2020-2023). Banks whose 

volume of assets does not exceed AOA 250,000,000 were analyzed, as illustrated in graph 1. 

The data were obtained from the reports and accounts of the respective banks, from publica-

tions on their official websites, appearing referenced in: (41) (42) (43) (44) (45) (46) (47) (48) and 

(49), as shown in Table 3. 

Table 3. The set of banks analyzed 

Acronym Designation Established Swift code 

BCA Banco Comercial Angolano, S.A. 1999 COMLAOLU 

BE Banco Económico, SA 2002 BESCAOLU 

BNI Banco Internacional de Negócios, S.A. 2007 BNICAOLU 

BCH Banco Comercial do Huambo, S.A. 2010 BCHUAOLU 

BVB Banco Valor, S.A. 2010 BVBXAOLU 

YETU Banco YETU, S.A. 2015 YETUAOLU 

BCS Banco de Crédito do Sul, S.A. 2015 CDTSAOLU 

BIR Banco de Investimento Rural, S.A. 2015 BIRVAOLU 

BOCLB Banco da China Limitada - Luanda 2017 BKCHAOLU 

 
The data that make up the sample analyzed are covered by the period 2016-2023 and belong 

to Angolan commercial banks, which in the ABANC (Angolan Banking Association) classification 
(50), do not appear in the top ten positions, more specifically with an asset value not exceeding. 
Therefore, banks whose equity value is less than AOA 250,000 were included in the sample, as 
shown in graph 1. 

According to (15), except after long periods of growth, mergers and acquisitions, small banks 
can become large, so, since the period analyzed is relatively short, it would not be expected that the 
impact of these on the efficiency of banks would be significant. 

In this sense, during the time interval analyzed (2016-2023), the banking system registered 
some mergers and acquisitions between smaller banks, this being the main basis for the temporal 
delimitation of the research. This occurred between the banks Standard Chartered, S.A. and Fini-
banco Angola, acquired by Access Bank Plc., from Nigeria, in 2022, Banco Atlantico (established 
in 2016, as a result of the merger between Banco Privado do Atlantico and Millenium BCP Angola) 
and Banco da China Limitada - Luanda (established in 2017, as a result of the establishment of 
commercial relations at an institutional level between the Republic of Angola and the People's Re-
public of China), according to the information contained in (51) and (52), respectively. 

Finally, VTB Africa bank, due to the absence of published financial statements in 2023, was 
also not analyzed. However, since, within the scope of DEA, it is an assessment of the relative 
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efficiency of DMUs, the results were not affected, since their scope is exclusive to the banks in-
cluded in the sample. 

The restriction of the sample to a smaller universe, with the exclusion of larger banks, pro-
duced repercussions on its size. However, the overlapping windows technique allowed the increase 
of different DMUs, as mentioned in the topic related to the DEA window. 

The criteria followed by (50), to classify the set of commercial banks existing in the Angolan 
financial system, the size of their assets is considered as the main indicator, as can be seen in graph 
1. 

 

 

 
 
Graph 1. Size of credit financial institutions by assets in AOA´000 (50) 
 
At the time of preparation of this study, the available data referred to the year 2023. The time 

horizon of the report is also relevant, as it coincides with a period of restructuring and mergers that 
gave rise to new banks, namely: BE, BVB and BIR. In line with the literature consulted, namely, 
(53) and (34), the following variables were adopted as output (loans to customers and operating 
revenue excluding interest) and as input (customer deposits and personnel costs). 

Thus, in Table 4, the descriptive statistics of the mentioned variables are presented, highlight-
ing the presence of extreme minimum values, however compatible with the standard deviation in-
dicators, which in the set of variables, did not exceed half of the values of the corresponding aver-
ages. 

Table 4. Descriptive statistics of variables (in AOA ´000) 

Variables Minimum Maximum Average St. Deviation 

Deposits {I} 1 1,589,389,247 191,075,688 349,312,843 

Personnel costs {I} 415 16,807,226 4,274,780 4,256,062 

Loans {O} 1 178,818,324 33,126,499 45,113,393 

Operating profit without interest {O} 232 178,470,270 16,373,725,640 34,547,148 

Deposits {I} 1 1,589,389,247 191,075,688 349,312,843 

 
The results, which appear in Table 5, provide information that there is a positive correlation 

between the input and output variables. They also provide evidence of the independence between 
the input variables, which is the same for the output variables, ensuring the appropriate level of 
robustness in the efficiency scores obtained. 

Table 5. Correlation matrix between input and output variables 

Variables Deposits Personnel costs  Loans 

Operating profit without 

interest  

Deposits 1,000    

Personnel costs 0.865 1,000   

Loans 0.684 0.762 1,000  

Operating profit without interest 0.867 0.775 0.531 1,000 
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5. Results and Discussion 

The results were obtained using the Efficiency Measurement System (EMS) program (54). 
Table 6 presents an overview of the scores obtained for each of the banks in the sample, in each 
year and for each of the proposed models. 

The scores represent the efficiency averages for each of the years and for the years as a whole 
(2016-2023). 

In alignment with (55), the results obtained were as expected, since the scores under the VRS 
assumption are greater than or equal to those obtained under the CRS assumption.1 

Table 6. Overview of efficiency scores obtained 

Model Year BCA BE BVB YETU BCS 

BOCL

B BIR BCH BNI Mean 

 2016 13% 18% 9% 6% 7% 100% 3% 57% 23% 26% 

 2017 26% 25% 19% 15% 41% 51% 9% 80% 26% 32% 

 2018 69% 74% 19% 47% 72% 8% 100% 30% 50% 52% 

CRS 2019 72% 83% 17% 50% 67% 1% 34% 87% 41% 50% 

 2020 3% 59% 35% 64% 100% 100% 66% 77% 55% 62% 

 2021 14% 86% 26% 97% 45% 84% 47% 50% 62% 57% 

 2022 7% 14% 37% 92% 45% 76% 30% 29% 46% 42% 

 2023 11% 100% 18% 49% 30% 26% 32% 34% 51% 39% 

 Mean 27% 57% 23% 53% 51% 56% 40% 56% 44% 45% 

 2016 85% 100% 39% 22% 71% 100% 100% 99% 100% 80% 

 2017 67% 100% 36% 29% 62% 100% 99% 100% 94% 76% 

 2018 100% 100% 29% 69% 100% 48% 100% 48% 100% 77% 

VRS 2019 100% 100% 27% 64% 97% 43% 46% 100% 76% 73% 

 2020 13% 64% 38% 66% 100% 100% 79% 88% 92% 71% 

 2021 20% 89% 36% 98% 50% 86% 58% 74% 100% 68% 

 2022 21% 21% 41% 100% 60% 87% 33% 57% 99% 58% 

 2023 19% 100% 38% 53% 59% 61% 39% 62% 100% 59% 

 Mean 53% 84% 36% 63% 75% 78% 69% 79% 95% 70% 

 
The period analyzed covers the beginning and end of an economic recession, which lasted 

around five years and which, from 2021 onwards, began to slow down, with signs of economic 
growth beginning in 2022 (56). This scenario had a structural impact on the performance of the 
banking sector in Angola, mainly due to the impact of the depreciation of the exchange rate on the 
financial results of banks, which may be the reason why none of the banks analyzed recorded av-
erage efficiency values between 2016 and 2023. This finding is supported by (57), according to 
which, in 2019, in the Angolan banking sector as a whole, as a result of the 73% drop in exchange 
rate results, net results also decreased, as did overdue loans, which increased by 34 % in the same 
period. Some of the strategies adopted were precisely the restructuring of the banks' shareholder 
structures, either through mergers or acquisitions, as mentioned. 

5.1. Pure technical efficiency 

Graphs 2 and 3 show the pure technical efficiency scores, by bank and year. Thus, from graph 
2, it can be seen that the variations around the average, for all banks in the sample, registered their 
lowest point in 2016 and their highest point in 2020. These variations revolve around an average 
of 45%, still below the 50% that would be half the efficient average. A visual inspection of graph 
3 confirms this, allowing us to see that, during the period analyzed, no bank in the sample was 
efficient, with BE being the least inefficient. 

The results obtained are in line with those presented in (56) and (57), coinciding with the 
periods of lowest net results in Angolan banking. 

 
 
 
 
 

                                                           
1 An overview of these results can be found in appendices A and B at the end of the text. 
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Graph 2. CRS vs. Average efficiency (years)            Graph 3. CRS vs. Average efficiency (banks) 

5.2. Technical efficiency of scale 

From the observation of the results of technical and scale efficiency, presented in graphs 4 
and 5, it is possible to verify that, despite being equally inefficient over the years and for all banks, 
the average scale efficiency score is 25% higher than the average recorded in pure technical effi-
ciency. This result is due, in part, to the fact that more than half of the banks analyzed recorded 
efficiency scores above 74%, that is, very close to the efficiency frontier, indicating that about half 
of the banks analyzed operate close to their optimal size. 

          

                        

Graph 4. VRS vs. Average efficiency (years) 

 

Graph 5. VRS vs. Average efficiency (banks) 
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5.3. Comparative analysis between pure technical efficiency and technical efficiency of scale 

Regarding the combined analysis of the trend of pure technical efficiency and scale efficiency, 
two important points are worth highlighting: first, the CRS model allows us to evaluate the perfor-
mance of DMUs in the process of optimizing productive resources; and second, the VRS model 
allows us to evaluate the performance of DMUs in the process of optimizing available technological 
capacity. Thus, from graphs 6 and 7, it is possible to observe that, throughout the period analyzed, 
the VRS curve presents average efficiency scores that are higher than those recorded in the scores 
that make up the CRS curve. This behavior of the two curves indicates that, on average, the set of 
banks analyzed recorded better performance in indicators related to the optimization of the techno-
logical capacities installed in the sector, as well as the size of their operations. In contrast, the lower 
average performance recorded in the CRS scores indicates that the greatest sources of inefficiencies 
recorded in the period and for the banks analyzed are related to probable operational failures related 
to their management processes. 

However, the trend lines of the two efficiency dimensions analyzed point to long-term con-
vergence, beyond 2023. This convergence trend, which begins in the middle of the second window, 
is explained by the beginning of a downward trajectory in the average efficiency scores, both for 
pure efficiency (CRS) and for scale efficiency (VRS), from the beginning of the third window. 
Finally, it is worth noting that, despite always recording higher scores than those recorded for pure 
efficiency scores, the trend in the scale efficiency score curve was always in the direction of its 
decrease. 

 
 

 

Graph 6. Efficiency averages per year                Graph 7. Efficiency averages per window 

 
As expected, the trends in efficiency scores appear more linear across the five analysis win-

dows. However, in graphs 8 and 9, the idea of an upward trend in pure technical efficiency scores 
and a downward trend in technical efficiency scores is reinforced, albeit more gently, in the per-
spective between the windows presented. 

Considering the minimum and maximum values for the deviations in the efficiency scores, 
both pure and scale, whose results appear in graphs 8 and 9, it is possible to observe that the level 
of variation in the scale efficiency scores is greater than that recorded in the variations in the pure 
efficiency scores. This is evident by the record of higher standard deviations and, therefore, further 
away from the average of the efficiency scores (70%). These records may also indicate the existence 
of a greater degree of uncertainty regarding the trend of evolution of the pure efficiency scores, for 
the set of banks analyzed, in the coming years. 

 

 

Graph 8. Deviation from mean efficiency (CRS) 

80%
76% 77%

73% 71% 68%

58% 59%

26%
32%

52% 50%
62%

57%

42% 39%

R² = 16%

2016 2017 2018 2019 2020 2021 2022 2023

VRS CRS

Doğrusal (VRS) Doğrusal (CRS)

75% 72% 73% 70%
64%

23%

57%
60%

57%
50%

R² = 32%

W1 W2 W3 W4 W5

VRS CRS

Doğrusal (VRS) Doğrusal (CRS)

25%
32% 31% 31% 29%

45%

W1 W2 W3 W4 W5

CRS St. Deviation



Journal of Economics and Business Issues, 2025   12 of 65 
 

 
Graph 9. Deviation from mean efficiency (VRS) 

 
Unlike efficiency scores obtained annually, those obtained on a window basis allow for 

smoothing the records in the distances between the efficiency scores and their averages. This pro-
cedure allows for a more precise capture of the dynamic effects present, both in the trend of pure 
technical efficiency and in the efficiency of scale; an effect associated with the uncertainty present 
in the future behavior of the respective trends, which can serve as a predictive element for decision-
making by the banks analyzed, both at the operational level and in defining the size of their busi-
ness. 

6. Conclusions and Observations 

Although between the years (2016 and 2023) the average efficiency scores for the set of banks 
analyzed were 70% for scale efficiency and 45% for pure efficiency, the results obtained allowed 
us to identify that, while the evolution of pure technical efficiency scores tends to be decreasing, 
the opposite occurs with the trend in the evolution of technical scale efficiency scores. Thus, with 
a view to improving scale efficiency levels, one of the most suitable strategies is already underway, 
namely acquisitions and mergers, which allow for an increase in the volume of operations and a 
reduction in unit costs. However, corrective actions can be implemented, based on strategies that 
include: retaining and segmenting more customers to maximize revenue capture, improving finan-
cial management through capital restructuring, as well as taking advantage of new technologies to 
improve the customer experience in their relationship with new products and services provided by 
banks. 

The analysis of the trend in the efficiency scores of nine of the smallest Angolan banks, in 
terms of the size of their assets, allowed us to identify a convergence between the levels of effi-
ciency they achieved and the levels of risk associated with them. 

Potentially, risks such as credit risks could be identified, precisely associated with their small 
size in terms of the assets they hold, to guarantee both the deposits they collect and the loans they 
grant. 

Over the period analyzed, all banks recorded average scale efficiency levels higher than pure 
efficiency levels. However, the downward trend in scale efficiency indicates the need to develop 
actions to improve the optimization of the sector's technological capabilities. 

The fact that pure efficiency recorded an average of 45%, 25% below the average for scale 
efficiency, also indicates that, in general, inefficiencies originate from banks' operational optimi-
zation processes, despite the record of an upward trend in their scores. Some of the strategies for 
improving pure technical efficiency would involve continuous training of employees to ensure 
greater results with the same resources, adoption of innovative practices that allow the automation 
of processes and consequent minimization of operational costs, in line with the input orientation of 
the models adopted in the study, or benchmarking. to adapt operations, aligned with the new and 
best trends in the sector. 

In the period between (2016-2023) none of the banks were technically efficient, in any of the 
efficiency dimensions evaluated. 

Being a preliminary study, the research does not cover all banks, as they do not belong to the 
group of the ten largest Angolan commercial banks, either due to insufficient data or due to changes 
in their ownership that led to the change of their brand. 

As a line of action, it is proposed to use other measures that allow a better understanding of 
the performance of banks over time, such as: the Malmquist productivity index for benchmarking 
or the Luenberger index to capture operational constraints and external effects on bank manage-
ment. The two measures applied to a larger sample could allow the identification of the causes that 
influence the performance trends of these banks, between different periods, namely the parallel and 
downward trajectory of the two efficiency dimensions from the third window onwards. 

In terms of policies aimed at increasing banking efficiency, the assessment of only small banks 
in Angola, in the referenced period, can contribute to a more informed view of banking decision-
makers, which allows decision-making, whose basis goes beyond the traditional standard profit 
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function, where only the profitability of banks is considered. In this sense, because the objective is 
the strict analysis of the average efficiency, based on numerical and statistical data, other aspects 
such as operational and strategic, which can allow a global analysis of the banks analyzed, such as: 
customer service, innovation, financial stability) were not taken into account, which presents itself 
as a limitation to the study and at the same time a direction for future research, based on sensitivity 
analysis, in order to provide a more detailed discussion on the validity and accuracy of the models 
used. 
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Appendix A. CRS input orientation  

Banks 2016 2017 2018 2019 2020 2021 2022 2023 Mean St. Dev. 

 13.46% 12.17% 27.75% 24.01%     19% 8% 

  38.90% 89.76% 87.75% 3.24%    55% 42% 

BCA   89.76% 87.75% 3.24% 13.09%   48% 47% 

    88.14% 3.74% 13.12% 6.50%  28% 40% 

     3.74% 14.70% 7.45% 10.73% 9% 5% 

Mean 13.00% 26.00% 69.00% 72.00% 3.00% 14.00% 7.00% 11.00% 27% 28% 

 17.72% 17.69% 48.31% 53.46%     34% 19% 

  31.95% 81.17% 89.78% 56.48%    65% 26% 

BE   93.11% 89.78% 63.63% 96.29%   86% 15% 

    100.00% 65.95% 96.29% 13.97%  69% 40% 

     51.30% 66.49% 13.44% 100.00% 58% 36% 

Mean 18.00% 25.00% 74.00% 83.00% 59.00% 86.00% 14.00% 100.00% 57% 34% 

 9.01% 10.04% 8.26% 7.01%     9% 1% 

  28.65% 23.88% 19.31% 31.86%    26% 5% 

BVB   25.30% 20.52% 34.14% 24.05%   26% 6% 

    22.92% 36.04% 24.27% 33.72%  29% 7% 

     38.14% 28.59% 39.65% 18.21% 31% 10% 

Mean 9.00% 19.00% 19.00% 17.00% 35.00% 26.00% 37.00% 18.00% 23% 9% 

 5.99% 5.61% 13.23% 13.60%     10% 4% 

  25.08% 63.40% 62.20% 63.64%    54% 19% 

YETUI   63.40% 62.20% 63.64% 95.60%   71% 16% 

    63.30% 64.57% 96.53% 88.77%  78% 17% 

     65.82% 98.66% 95.39% 49.40% 77% 24% 

Mean 6.00% 15.00% 47.00% 50.00% 64.00% 97.00% 92.00% 49.00% 53% 32% 

 7.00% 20.49% 15.38% 17.83%     15% 29% 

  60.59% 100.00% 83.08% 99.07%    86% 29% 

BCS   100.00% 83.08% 99.07% 43.16%   81% 29% 

    84.09% 100.00% 43.31% 44.74%  68% 29% 

     100.00% 48.54% 44.81% 29.51% 56% 29% 

Mean 7.00% 41.00% 72.00% 67.00% 100.00% 45.00% 45.00% 30.00% 51% 29% 

 100.00% 2.17% 0.45% 0.36%     26% 29% 

  100.00% 9.99% 0.86% 100.00%    53% 28% 

BOCLB   14.40% 0.86% 100.00% 80.17%   49% 27% 

    0.87% 100.00% 85.40% 75.63%  65% 26% 

     100.00% 85.40% 76.36% 26.25% 72% 25% 

Mean 100.00% 51.00% 8.00% 1.00% 10.000% 84.00% 76.00% 26.00% 56% 25% 

 3.08% 6.40% 100.00% 15.55%     48% 46% 

  10.75% 100.00% 37.56% 60.65%    49% 38% 

BIR   100.00% 40.31% 64.82% 44.23%   49% 27% 

    43.66% 73.85% 51.81% 31.89%  48% 18% 

     65.31% 45.41% 28.45% 31.50% 48% 17% 

Mean 3.00% 9.00% 100.00% 34.00% 66.00% 47.00% 30.00% 32.00% 48% 31% 
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 56.92% 59.59% 16.28% 49.26%     49% 20% 

  100.00% 35.01% 100.00% 73.37%    50% 31% 

BCH   37.50% 100.00% 73.37% 47.57%   48% 28% 

    100.00% 73.48% 47.65% 26.82%  47% 32% 

     89.07% 56.24% 31.43% 33.84% 46% 27% 

Mean 57.00% 80.00% 30.00% 87.00% 77.00% 50.00% 29.00% 34.00% 45% 24% 

 22.66% 19.31% 24.58% 17.39%     21% 14% 

  33.35% 60.00% 44.62% 50.04%    47% 13% 

BNI   64.00% 47.47% 52.95% 59.43%   56% 13% 

    55.86% 63.22% 68.44% 46.57%  59% 13% 

     53.83% 58.27% 46.10% 50.98% 52% 12% 

Mean 23.00% 26.00% 50.00% 41.00% 55.00% 62.00% 46.00% 51% 44% 12% 

Mean 26% 32% 52% 50% 62% 57% 42% 39%   

St Dev 31% 23% 32% 32% 35% 32% 29% 28%   

 

Appendix B. VRS input orientation  

Banks 2016 2017 2018 2019 2020 2021 2022 2023 Mean St. Dev 

 85.35% 94.09% 100.00% 100.00%     95% 7% 

  38.92% 100.00% 100.00% 5.76%    61% 47% 

BCA   100.00% 100.00% 8.24% 16.44%   56% 51% 

    98.54% 17.80% 20.93% 19.57%  39% 40% 

     20.21% 22.78% 21.49% 19.29% 21% 2% 

Mean 85.00% 67.00% 100.00% 100.00% 13.00% 20.00% 21.00% 19.00% 53% 39% 

 100.00% 100.00% 100.00% 100.00%     100% 0% 

  100.00% 100.00% 100.00% 65.50%    91% 17% 

BE   100.00% 100.00% 65.50% 100.00%   91% 17% 

    100.00% 67.65% 100.00% 21.06%  72% 37% 

     59.34% 66.72% 20.46% 100.00% 62% 33% 

Mean 100.00% 100.00% 100.00% 100.00% 64.00% 89.00% 21.00% 100.00% 83% 28% 

 39.38% 42.32% 34.35% 25.85%     35% 7% 

  30.26% 25.09% 20.05% 33.65%    27% 6% 

BVB   27.44% 21.67% 35.33% 27.88%   28% 6% 

    41.89% 38.10% 38.27% 37.03%  39% 2% 

     45.88% 41.75% 44.03% 37.82% 42% 3% 

Mean 39.00% 36.00% 29.00% 27.00% 38.00% 36.00% 41.00% 38.00% 36% 5% 

 21.79% 24.36% 65.79% 62.22%     44% 24% 

  33.68% 67.48% 62.99% 63.94%    57% 16% 

YETUI   72.43% 64.15% 64.49% 96.36%   74% 15% 

    65.89% 66.83% 96.68% 100.00%  82% 19% 

     70.15% 99.58% 100.00% 52.59% 81% 23% 

Mean 22.00% 29.00% 69.00% 64.00% 66.00% 98.00% 100.00% 53.00% 62% 28% 

 71.25% 63.42% 100.00% 100.00%     84% 19% 

  60.84% 100.00% 100.00% 100.00%    90% 20% 

BCS   100.00% 97.68% 100.00% 50.18%   87% 25% 

    90.18% 100.00% 51.06% 62.46%  76% 23% 

     100.00% 49.15% 58.21% 58.75% 67% 23% 

Mean 71.00% 62.00% 100.00% 97.00% 100.00% 50.00% 60.00% 59.00% 75% 21% 

 100.00% 100.00% 2.85% 1.55%     74% 56% 

  100.00% 40.76% 22.54% 100.00%    74% 40% 

BOCLB   100.00% 47.86% 100.00% 85.54%   75% 25% 

    100.00% 100.00% 86.13% 83.47%  74% 9% 

     100.00% 86.53% 90.05% 60.98% 74% 17% 

Mean 100.00% 100.00% 48.00% 43.00% 100.00% 86.00% 87.00% 61.00% 73% 24% 

 100.00% 98.20% 100.00% 53.10%     88% 23% 

  100.00% 100.00% 42.67% 82.59%    81% 27% 

BIR   100.00% 43.29% 82.16% 59.60%   71% 25% 
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    43.88% 83.69% 59.62% 37.01%  56% 21% 

     66.29% 53.84% 28.59% 38.71% 47% 17% 

Mean 100.00% 99.00% 100.00% 46.00% 79.00% 58.00% 33.00% 39.00% 69% 29% 

 99.17% 100.00% 39.63% 100.00%     85% 30% 

  100.00% 46.35% 100.00% 75.71%    81% 25% 

BCH   58.12% 100.00% 81.21% 58.58%   74% 20% 

    100.00% 94.49% 79.36% 54.52%  82% 20% 

     100.00% 84.70% 58.64% 61.54% 76% 20% 

Mean 99.00% 100.00% 48.00% 100.00% 88.00% 74.00% 57.00% 62.00% 78% 21% 

 100.00% 93.24% 100.00% 80.43%     72% 9% 

  94.92% 100.00% 77.09% 100.00%    70% 11% 

BNI   99.66% 74.17% 89.56% 100.00%   67% 12% 

    74.14% 90.23% 100.00% 100.00%  65% 12% 

     89.65% 100.00% 98.35% 100.00% 62% 5% 

Mean 100.00% 94.00% 100.00% 76.00% 92.00% 100.00% 99.00% 100.00% 57% 8% 

Mean 72% 69% 69% 65% 64% 61% 52% 53%   

St Dev 30% 29% 29% 29% 30% 28% 32% 27%   
 
 

References 

1. Bank branch operating efficiency: Evaluation with data envelopment analysis. Sherman, H. D. e Gold, F. 2, 1985, Journal of Banking & Finance, 

Vol. 9, pp. 297-315. 0378-4266. 

2. What is going on with studies on banking efficiency? De Abreu, E. S., Kimura, H. e Sobreiro, V. A. Brasília : s.n., 2019, Research in International 

Business and Finance, Vol. 47, pp. 195-219. 0275-5319. 

3. Seabra, M. T. D. A eficiência e desenvolvimento do sistema financeiro angolano: Sector bancário. Instituto Superior de Economia e Gestão, 

Universidade Técnica de Lisboa. Lisboa : s.n., 2011. Dissertação. 

4. Technical efficiency in the angolan banking sector with the B‐convexity model. Barros, C. P., Liang, Q. B. e Peypoch, N. 3, 2014, South African 

Journal of Economics, Vol. 82, pp. 443-454. 

5. Macanda, N. P. J. Eficiência dos bancos angolanos. Universidade de Coimbra. Coimbra : FEUC, 2015. Dissertação. 

6. A bayesian efficiency analysis of angolan banks. Barros, C. P., et al. 3, 2016, South African Journal of Economics, Vol. 84, pp. 341-498. 

7. Silva, N. K. B. D. S. Fatores determinantes da eficiência bancária angolana. Escola Superior de Tecnologia e Gestão, Instituto Plitécnico de 

Beja. Beja : IPBeja, 2021. Dissertação. 

8. Análise da eficiência de bancos por envoltória de dados. Sanches-António, L. D. 2, Curitiba : Brazilian Journals Publicações de Periódicos e 

Editora Ltda., 5 de 2024, Brazilian Journal of Business, Vol. 6, pp. 1-10. 

9. Does size matter? Bailouts with large and small banks. Dávila, E. e Walther, A. 1, 2020, Journal of Financial Economics, Vol. 136, pp. 1-22. 

0304-405X. 

10. Gattoufi, S., et al. Epistemology of data envelopment analysis and comparison with other fields of OR/MS for relevance to applications. Socio-

Economic Planning Sciences. 2004, Vol. 38, 2-3, pp. 123-140. 

11. Marinho, A. Estudo de eficiência em alguns hospitais públicos e privados com a geração de rankings. Instituto de Pesquisa Econômica Aplicada 

(IPEA). 2001, 794. 

12. A review on the 40 years of existence of data envelopment analysis models: Historic development and current trends. Panwar, A., et al. 7, 

2022, Archives of Computational Methods in Engineering, Vol. 29, pp. 5397-5426. 

13. Bank liquidity risk and performance. Chen, Y., et al. 1, s.l. : World Scientific Publishing Co., 2018, Review of Pacific Basin Financial Markets 

and Policies, Vol. 21. 1793-6705. 

14. The profit efficiency of small US commercial banks. Akhigbe, A. e McNulty, J. E. 2, 2003, Journal of Banking & Finance, Vol. 27, pp. 307-

325. 0378-4266. 

15. Inside the black box: What explains differences in the efficiencies of financial institutions? Berger, A. N. e Mester, L. J. 7, ournal of Banking 

& Finance, : s.n., 1997, Journal of Banking & Finance, Vol. 21, pp. 895-947. 0378-4266. 



Journal of Economics and Business Issues, 2025   16 of 65 
 

16. Kassai, S. Utilização da análise por envoltória de dados (DEA) na análise de demonstrações contábeis. Contabilidade Atuária, Universidade 

de São Paulo - Faculdade de Economia, Administração e Contabilidade. São Paulo : s.n., 2002. pp. 11-39, Tese. 350. 

17. Efficiency and its determinants in the Algerian banks: Network data envelopment analysis and partial least squares regression. Achi, A. 5, 

2023, International Journal of Productivity and Performance Management, Vol. 72, pp. 1479-1508. 

18. Bank liquidity risk and performance. Chen, Y., et al. 1, s.l. : World Scientific Publishing Co., 2018, Review of Pacific Basin Financial Markets 

and Policies, Vol. 21. 1793-6705. 

19. Relative efficiency assessments using data envelopment analysis: An application to data on rates departments. Thanassoulis, E., Dyson, R. G. 

e Foster, M. J. 5, 1987, Journal of the Operational Research Society, Vol. 38, pp. 397-411. 

20. Cooper, W. W., Seiford, L. M. e Zhu, J. History, models, and interpretations. [autor do livro] W. W. Cooper. Handbook on Data Envelopment 

Analysis. 2. Boston : Springer, 2011, Vol. 164, 1, pp. 1-39. 

21. Fuzzy data envelopment analysis: Recent developments and applications. Wanke, P., Barros, C. P. e Emrouznejad, A. 2018, RAIRO-Oper. 

Res., Vol. 52, pp. 285-303. 

22. Evaluating the performance of top African banks using Data Envelopment Analysis. Mostafa, M. M. 4, Auburn, USA : Inderscience Enterprises 

Ltd., 2008, World Review of Entrepreneurship, Management and Sust. Development, Vol. 4, pp. 345-365. 

23. Efficiency of Commercial Banks in East Africa: A Non Parametric Approach. Raphael, G. 4, s.l. : Canadian Center of Science and Education, 

2013, International Journal of Business and Management, Vol. 8, pp. 50-64. 1833-3850. 

24. Efficiency of Microfinance Institutions: Analysis of Southern African Development Community (SADC) Member Countries. Agostinho, E. A. 

L. A. e Gaspar, R. M. 1, USA : Center for Promoting Ideas, 2021, Journal of Business & Economic Policy, Vol. 8. 2375-0774. 

25. Efficiency Assessment of Mozambican Banks: A Slacks-Based Measure of Efficiency Approach. Alfaiate, N. C., Özdemir, Y. A. e Alp, İ. 2, 

2023, Journal of Economics and Business Issues, Vol. 3, pp. 26-39. 

26. The measurement of productive efficiency. Farrell, M. J. 3, s.l. : Wiley-Blackwell, 1957, Journal of the Royal Statistical Society, Vol. 120, pp. 

253-290. Series A (General), Part III. 

27. Curso de análise envoltória de dados. Mello, J. C. C. B. S., et al. RS : Pesquisa Operacional e o Desenvolvimento Sustentável, 2005. XXXVII 

Simpósio Brasileiro de Pesquisa Operacional. pp. 2521-2547. 

28. Measuring the efficiency of decision-making units. Charnes, A., Cooper, W. W, e Rhodes, E. 6, US : North Holland Publishing Company, 

1978, European Journal of Operational Research, Vol. 2, pp. 429-444. 0377-2217. 

29. Cook, W. D. e Seiford, L. M. Data envelopment analysis (DEA) - Thirty years on. European Journal of Operational Research. 2009, Vol. 192, 

1, pp. 1-17. 

30. Efficiency of the Czech Banking Sector Employing the DEA Window Analysis Approach. Řepková, I. Brno : s.n., 2014, Procedia Economics 

and Finance, Vol. 12, pp. 587-596. 2212-5671. 

31. Análise envoltória de dados: Uma aplicação no polo de iundustrial de Manaus (PIM). Fernandes, A. F., Minori, A. M. e Morais, R. N. Ponta 

Grossa - PR : s.n., 2017. Congresso Internacional de Administração. 2175-7623. 

32. SIAD: Sistema Integrado de Apoio à Decisão: Uma implementação computacional de modelos de análise envoltória de dados. Meza, L. A., 

et al. RJ : s.n., 2003. Anais do Simpósio de Pesquisa Operacional da Marinha. p. 5. 

33. A new approach in the DEA technique for measurement of productivity of decision-making units through efficiency and effectiveness. Esmaeeli, 

J., Amiri, M. e Taghizadeh, H. 2, 2023, Scientia Iranica, Vol. 30, pp. 822-832. 

34. Assessing bank efficiency and performance with operational research and artificial intelligence techniques: A survey. Fethi, M. D. e Pasiouras, 

F. 2, 2010, European Journal of Operational Research, Vol. 204, pp. 189-198. 0377-2217. 

35. Window data envelopment analysis approach: A review and bibliometric analysis. Peykani, P., et al. 7, s.l. : Wiley, 2021, Expert Systems, Vol. 

38, p. e12721. 0266-4720. 

36. Measuring the efficiency and productivity of mediterranean tourism: a window dea analysis. Blecich, A. A., Samaržija, N. D. e Justinić, K. 1, 

Opatija : s.n., 2025, Tourism and Hospitality Management, Vol. 31, pp. 1-15. 1847-3377. 



Journal of Economics and Business Issues, 2025   17 of 65 
 

37. Jia, T., Yuan, H. The application of DEA (Data Envelopment Analysis) window analysis in the assessment of influence on operational 

efficiencies after the establishment of branched hospitals. BMC Health Services Research. 2017, Vol. 17, 1. 

38. Cooper, W. W., Seiford, L. M. e Tone, K. Data envelopment analysis: A comprehensive text with models, applications, references and DEA-

solver software. 2. New York : Springer, 2007. pp. XXXVIII, 492. 978-0-387-45283-8. 

39. Technical efficiency and scale efficiency in the italian banking. Favero, C. A. e Papi, L. 4, London : s.n., 04 de 1995, Applied Economics, Vol. 

27, pp. 385-395. 

40. An application procedure for DEA. Golany, B. e Roll, Y. 3, 1989, Omega, Vol. 17, pp. 237-250. 0305-0483. 

41. BCH. Relatório e Contas. Banco Comercial do Huambo, S.A. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

42. BNI. Relatório e Contas. Banco de Negócios Internacional, S.A. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

43. BIR. Relatório e Contas. Banco de Investimento Rural, S.A. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

44. BVB. Relatório e Contas. Banco Valor, SA. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

45. BCA. Relatório e Contas. Banco comercial Angolano, SA. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

46. YETU. Relatório e Contas. Banco YETU, SA. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

47. BE. Relatório e Contas. Banco Economico, SA. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

48. BCS. Relatório e Contas. Banco de Crédito do Sul, SA. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

49. BOCLB. Relatório e Contas. Banco da China Limitada - Luanda. Luanda : s.n., 2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023. 

50. ABANC. Relatório Anual. Associação Angolana de Bancos. Luanda : s.n., 2023. 

51. ACCESS. Relatório e Contas. Access Bank Angola. Luanda : s.n., 2023. 

52. DELOITTE. Banca em análise. Deloitte. Luanda : s.n., 2024. 

53. Efficiency of financial institutions: International survey and directions for future research. Berger, A. N. e Humphrey, D. B. 2, s.l. : Elsevier, 

1997, European Journal of Operational Research, Vol. 98, pp. 175-212. 0377-2217. 

54. Scheel, H. EMS: Efficiency Measurement System. 1.3 Dortmund, 15 de 8 de 2000. Software. 

55. Some models for estimating technical and scale inefficiencies in data envelopment analysis. Banker, R., Charnes, A. e Cooper, W. 9, 1984, 

Management Science, Vol. 30, pp. 1078-1092. 

56. Dionísio, T. B. Bancos angolanos. Eaglestone Securities. United Kingdom : s.n., 2023. 

57. KPMG. The challenging future for banking in Angola. KPMG Angola. Luanda : s.n., 2020. 

 


