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ABSTRACT. This study evaluates the efficiency of Lebanese commercial banks prior to the 2019
financial crisis, focusing on the structural weaknesses that contributed to the sector's collapse. Using data
for the year 2018 for 19 banks and benchmarking against 7 international peers, the research introduces a
new methodological framework that extends beyond traditional efficiency measurement techniques. It also
addresses a gap in the literature by providing a pre-crisis quantitative assessment of Lebanese banks'
performance. The study develops an Elasticity-Based Production Efficiency Optimization Model (EPEOM),
which integrates production theory and substitution elasticities to assess bank performance. The results
reveal significant inefficiencies driven by excessive exposure to government financing and poor resource
allocation. These findings provide important insights for policymakers seeking to design effective banking
sector restructuring strategies.
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Introduction

The Lebanese banking sector managed to continue operating during several periods of
political instability by adapting to national, regional, and international laws, regulations, and
financial agreements. In 2016, the Central Bank of Lebanon introduced financial engineering
measures aimed at attracting fresh USD deposits from expatriates and foreign investors by
offering high yields.! Most of these funds were placed with the central bank and used to
maintain the peg of the Lebanese pound to the US dollar and to finance the government’s
budget deficit. In May 2019, deposit growth became negative for the first time in more than a
decade, while the government faced increasing difficulty issuing new Eurobonds following multiple
downgrades by international rating agencies. In October 2019, widespread protests and road
closures disrupted economic activity and forced banks to suspend operations, triggering a
liquidity crisis as depositors rushed to withdraw their funds. The situation deteriorated further
in 2020 when Lebanon defaulted for the first time in its history on a $1.2 billion Eurobond
payment?.

Given Lebanon’s financial crisis, a systematic assessment of bank performance in the
immediate pre-crisis period is essential to fill a notable gap in the literature. Although the
sector’s collapse has been widely documented, there is a scarcity of empirical studies that
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quantify how deficiencies in risk assessment and resource management contributed to this
failure. To address this gap and improve the robustness of the analysis, this study aims to
evaluate the efficiency of Lebanese banks in 2018 while conducting a benchmarking exercise
against a selected group of international banks, thereby situating the performance of Lebanese
institutions within a broader global context. This research departs from traditional approaches
to bank efficiency analysis, such as ratio analysis, regression techniques, and frontier-based
methods, by introducing a novel methodological framework that offers deeper and more
comprehensive insights into bank performance.

The originality of this research lies in the development of a new mathematical optimization
model designed to evaluate and improve bank performance. Grounded in production theory and
efficiency analysis, the model treats banks as entities that transform inputs into financial outputs
while incorporating elasticities of substitution and weighted production plans. By estimating
these relationships, the model constructs an integrated performance indicator that provides a
comprehensive measure of efficiency and captures the underlying economic interactions between
resources and outputs.

Literature Review

Banks operate as financial intermediaries that transfer funds between depositors and
borrowers while generating returns. Investors and depositors depend on the stability and
performance of banks, making the evaluation of bank efficiency essential to ensure proper risk
management and effective resource allocation. Traditionally, ratio analysis has been a widely
employed tool for assessing banks’ performance, focusing on indicators such as liquidity,
profitability, leverage, and risk ratios. Financial ratios offer simplicity and facilitate benchmarking
across institutions; however, numerous studies have highlighted their limitations in complex
banking environments. Specifically, ratio analysis does not fully account for factors such as
economies of scale or provide a comprehensive measure of overall performance (Yang, 2009).
Ratios are primarily effective during the initial stages of performance evaluation (Whittington,
1980), and interpreting them in banking contexts can be challenging (Sherman & Gold, 1985).
Despite these limitations, financial ratios underpin the CAMELS rating system, which evaluates
banks based on capital adequacy, asset quality, management efficiency, earnings quality, liquidity,
and sensitivity to market risk. This framework has been applied to analyze the financial stability
of banks in Eastern Europe (Sargu, Roman, 2013). Regression analysis is another widely used
econometric method that examines the relationship between one output variable and one or
more input variables to estimate efficiency. However, despite allowing multiple inputs, it is
limited by typically considering only a single output for a given set of inputs. To overcome
these limitations, frontier efficiency approaches were introduced, classifying efficiency measurement
methods into parametric and non-parametric models (Farrell, 1957). The parametric approach
includes Stochastic Frontier Analysis, developed by Aigner (Aigner, Lovell, Schmidt, 1977),
while the non-parametric approach encompasses Data Envelopment Analysis, introduced by
Charnes, Cooper, and Rhodes (Charnes, Cooper, Rhodes, 1978). Many empirical studies have
used frontier approaches to evaluate banking efficiency across different countries. Oral et al.
assessed the efficiency of Turkish bank branches using Data Envelopment Analysis (DEA)
(Oral, Yolalan, 1990), Al-Faraj et al. studied bank branch efficiency in Saudi Arabia using DEA
(Al-Faraj, Alidi, 1993), and Vassaloglou et al. evaluated the relative efficiency of commercial
banks in Greece using DEA (Vassaloglou, Gaokas, 1990). In the Middle East region, Ajlouni et
al. applied DEA to measure bank efficiency (Ajlouni, Hmedat, Hemdat, 2011), while €ahin et al.
employed DEA to examine the impact of the global crisis on the Turkish banking sector (€ahin,
Gukdemir, IIzterk, 2016), focusing on factors such as bank size, ownership structure, and
capitalization.

In contrast, empirical studies on Lebanese banks are limited. Saad and Moussawi measured
bank efficiency using both DEA and Stochastic Frontier Analysis (SFA) (Saad, Moussawi,
2009), while Zreika et al. used DEA to assess efficiency changes following the global financial
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crisis (Zreika, Elkanj, 2011). Osman et al. also applied DEA to evaluate the relative performance
of Lebanese banks (Osman, Hitti, Al-Ayoubi, 2008). To address the existing gap in the literature,
this research proposes a new methodological framework for evaluating bank efficiency. Instead
of relying solely on traditional tools such as ratio analysis, regression models, or conventional
frontier techniques, the study develops a new mathematical optimization model grounded in
production theory. The model treats banks as entities that transform inputs into outputs and
incorporates concepts such as elasticities of substitution and weighted averages of production
plans to construct an integrated performance indicator for evaluating bank efficiency.

M ethodology and Data Collection

This study adopts a quantitative empirical methodology to evaluate the efficiency of Lebanese banks and to
introduce anew optimization-based performance model. The empirical analysisrelies on secondary datacollected from
Lebanese banks' annual reports, the Banque du Liban, the Ministry of Finance Lebanon, and international financial
databases. The efficiency measurement focuses on the year 2018 and covers a representative sample of 19 Lebanese
banks, whose combined assets represent 95% of the sector’s total assets, together with 7 selected international peer
banks used for benchmarking purposes. The quantitative framework of the study is based on a newly developed
logarithmic optimization model grounded in production theory and efficiency analysis. In thisframework, banks are
modeled as economic entitiesthat transform multipleinputsinto financial outputs, whilethe feasible production setis
assumed to be convex. The model introduces a logarithmic transformation of the objective function to capture
multiplicative efficiency relationships and proportional variations between inputs and outputs more effectively. In
addition, the model incorporates estimated el asticities of substitution, allowing flexible substitution among resources
and outputs whil e reflecting the economic structure of banking production. A system of linear programming equations
isintegrated into the model to estimate parameters and compute a performance indicator, while slack variables capture
deviations from optimal production. The model uses foreign banks as benchmarks to expand the production set,

enabling amore comprehensive evaluation of Lebanese banks' efficiency.

Selecting and classifying variables as inputs or outputs is a critical step in efficiency
analysis because there are no universally ideal criteria or model for determining the appropriate
number or type of variables, researchers must define selection criteria consistent with the
objectives of the study and the characteristics of the decision-making units (DMUs). In addition,
the number of variables must remain compatible with the sample size to preserve the discriminating
power of the model. According to Cooper et al., the number of DMUs (n) selected should be
greater than or equal to the maximum between; three times the sum of inputs (m) and outputs
(r), and their product mxr that is anax(mxr,3(m+r)) (Cooper, Seiford, Tone, 2006). This
constraint helps prevent the use of excessive variables, which could artificially inflate the
number of efficient units and reduce the robustness of the results.

Various methods have been developed for selecting input and output variables. Ruiz et al.
chose relevant variables based on their contribution to efficiency (Ruiz, Pastor, Sirvent, 2002).
Jenkins et al. introduced a multivariate statistical approach to reduce the number of variables
using partial correlation (Jenkins, Anderson, 2003). Ruggiero used regression analysis techniques
to identify the relevant variables (Ruggiero, 2005). Morita and Haba selected the input-output
variables using a 2-level orthogonal layout experiment (Morita, Haba, 2005). Edirisinghe and
Zhang proposed a generalized DEA approach to select inputs and outputs (Edirisinghe, Zhang,
2007). Morita and Avkiran selected the best combination of inputs and outputs using a 3-level
orthogonal layout design (Morita, Avkiran, 2009).

To determine the most appropriate variables, this study selected eight commonly used
banking indicators based on the literature. Data were collected from 19 Lebanese banks over
the period 2014-2018 and from seven international peer banks for 2018, with all amounts
converted to USD using prevailing exchange rates. The selected variables include Total Assets
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(TA), Customer Deposits (CD), Cash & Deposits at the Central Bank (CD_CB), Investments
(INV), Loans & Advances to customers (LAC), Net Interest Income (NII), Net Profit (NP),
and Net Fees & Commissions (NFC). A correlation analysis using SPSS' was conducted on
Lebanese banks over the five-year period (2014—2018) to examine relationships among these
variables and identify the appropriate classification of inputs and outputs. This analysis helped
eliminate redundant indicators, ensure meaningful input—output relationships, and account for
the significant exposure of Lebanese banks to government debt in the variable selection process.

Total Assets is strongly positively correlated with Cash and Deposits at the Central Bank
(0.9333) and with Customer Deposits (0.7461), while Customer Deposits are strongly correlated
with Loans and Advances to Customers (0.7038). Investments show weak or negative correlations
with most variables, notably a negative correlation with CD_CB of -0.2883, indicating limited
linear relationships. Net Interest Income is moderately correlated with TA (0.5758) and CD_CB
(0.5584), and Net Profit correlates with NII (0.5333) and LAC (0.3806), reflecting their influence
on profitability. Net Fees and Commissions have a low linear impact on other variables.
Correlations between any pair of inputs or outputs should not be too high, as this may indicate
proxy relationships, and each output must correlate with at least one input to ensure the model
is properly specified and yields meaningful results.

Accordingly, this study is implemented using the Elasticity-Based Production Efficiency
Optimization Model (EPEOM), specifically the industry-level optimization model in its logarithmic
form, with three inputs; Customer Deposits, Cash and Deposits at the Central Bank, and
Investments, and two outputs; Loans and Advances to Customers, and Net Profit. The average
correlation among the selected variables, together with the defined inputs and outputs and their
corresponding data in USD for the year 2018 across the 26 Lebanese and international banks,
are presented in the following tables:

Table 1
Labels of Inputs and Outputs
Output 1 Output 2 Input 1 Input 2 Input 3
Source: compiled by the author
Table 2
Average correlations between the eight variables
Correlations TA CD CD CB INV LA&C NII NP NFC
TA 1
CD 0.7461 1
CD CB 0.9333 0.686 1
INV -0.0737 | -0.0967 | -0.2883 1
LA&C 0.4706 | 0.7038 0.4538 | -0.1982 1
NII 0.5758 | 0.4551 0.5584 | -0.0721 | 0.2820 1
NP 0.3992 | 0.3538 0.3592 0.1799 | 0.3806 | 0.5333 1
NFC 0.1803 0.2643 0.1663 -0.1545 0.332 0.099 0.0246 1
Source: compiled by the author using SPSS Software
130 Benopyccknuii asxonomuueckuii xypuan  Ne 202026



Efficiency measurement of lebanese banks using an elasticity-based production efficiency optimization...

Table 3
Inputs/outputs values for the Lebanese and Foreign banks in 2018
In Million USD
Bank Input 1 Input 2 Input 3 Output 1 Output 2
Audi 31956 16447 12922 13267 501
BBAC 6315 2898 2626 1751 51.7
BEMO 1307 483 629 728 18.9
BLC 3908 1114 1820 1607 41
BLF 11315 4076 2934 4323 80.6
BLOM 26917 21980 5165 7165 512
BML 1416 817 722 401 20
BOB 13346 4735 5966 5759 207
Byblos 18467 10829 5370 5442 164
Cedrus 877 693 988 204 43.2
Credit Bank 3338 1776 206 1958 22.58
Credit Libanais 9340 4915 3177 3304 83.36
Fenicia 1432 572 533 523 14.8
FNB 3872 1713 1595 947 36.75
FB 17023 6088 6200 6740 174
IBL 5860 2503 3009 873 113
MEAB 1866 410 292 1367 4.9
MED 13334 5479 7670 3619 31
SGBL 18699 11022 6389 5810 195
City Group (USA) 1013000 188000 359000 672000 18000
Societe Generale (France) 476798 110484 502734 511585 5212
Deutsche Bank (Germany) 645623 215889 715401 457900 390
Llyods (UK) 532449 69619 263558 617515 5604
Al Rajhi (Saudi Arabia) 78376 11532 11483 62417 2746
Halk Bank (Turkey) 41645 5878 11608 49058 512
NBE (Egypt) 60633 24227 14795 28364 565

Note: Amounts are converted to USD using the exchange rate prevailing on the date corresponding to each balance

sheet figure.
Source: compiled by the author based on the Banks’ Annual Reports

Model Formulation and Empirical Results

This research introduces a new mathematical optimization model, titled «Elasticity-Based
Production Efficiency Optimization Model (EPEOM)», to enhance the valuation of bank
performance. Building upon production theory and efficiency analysis, the model incorporates
the estimation of elasticities of substitution between inputs and outputs to provide a more
comprehensive and realistic assessment of operational efficiency. By using weighted averages of
production plans and optimizing resource allocation, the model allows for deeper insights into
bank performance beyond traditional DEA approaches. The following subsections present the
detailed mathematical formulation of the model and the results obtained from its application to
the dataset.

Let’s denote:

m: the number of resources or inputs (m= 3);

X = (X,... , X) is the vector of resources (input indicators);

s: the number of products or outputs (s = 2);

y = (Y,-- » Y, isthe vector of products (output indicators);

n: The number of Lebanese and foreign banks covered in this research (n = 26);

n,: The number of domestic (Lebanese) banks (n, < n, n;=19).
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For each bank, the input and output indicators are denoted:

X, is the i" “resource: of the r” bank for r=1,n, i=1,m;

‘th <

Y, isthe j© “product” of the 7" bank for r=1n, j=1s.
Let's denote:

X = ()_clr, e X, ) Represents the vector of resources of the 7" bank for 7 = Ln:
y, = ()71r, ey, )Represents vector of products of 7" bank for 7 =1,7;

(X,,,): The “production” plan of the 7" bank for r = Ln.

The model assumes that any weighted average plan (55, )7) of individual plans ()_c,, y, ) is itself a

feasible production plan; this relationship is expressed as:
(gay)zzxr.(xr%)_/r)’ (1)
r=1

where A >0, r=1,n, and DA, =1

r=l1

Let us denote by Q) the set of all (feasible) weighted average plans ()?, )7) :

fz::{ix,-(z,y,) 20 30, 1} @

r=1
Note that C is the convex hull of the set of plans ()_cr, y,) , r= l,_n It is natural to assume that

any plan obtained by increasing the size of resources and reducing the size of products, in a feasible
production plan ()'Z, j/), is also a feasible plan. Based on this reasoning, we can define the set Q of all

feasible production plans as follows:

Q::{(x,y)| El(fc,j/)eﬁzxzfc,ygjz}. (3)

Under (2 ) and (3) assumptions, the plan (x, y) 1s feasible [i.e. (x, y) € Q], If and Only If there

exist values of A, #=1,7, such that

DX <x, 4
r=l1
¥, =z 5)
r=l1
DA, =1, (6)
r=l1
A, =0, r=1n. (7)
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It is rcasonable to assume that experts can estimate the elasticitics of substitution between

different resources and products. Based on these estimates, parameters o, and 3 ; can be calculated for
the following integral performance indicator:
5 Bj
[1v]
u(x,y)=_L (3)

2
&;
i=1

where x:(xl,...,xm) and y:(yl,...,ys).
The function u(x, y) has:
e Constant Elasticities of Substitution: u(x, y) has constant clasticities of substitution
between its variables x,and V.

e Logarithmic Maximization Equivalence: maximizing u(x, y) is equivalent to the

maximization of its logarithm:
Inu(x,y)=>B,Iny, > o, Inx . 9)
j=1 =1

e Alternative Linear Maximization: alternatively, we can maximize a lincar integral
performance indicator of the form:

u(x,y)=>by,—> ax,. (10)
=1 il

The function defined in (10) has constant rates of substitution, which can be estimated by experts;

based on these estimates, the parameters a, and bj can be calculated. However, this model will not be

implemented in this research.
Let us denote:

X::ixr , (11)
r=1
Y::Zyr, (12)
r=l1
I
U(X,Y)=L—. (13)

The expression (13) considers the overall performance of domestic companies (as an industry) as
the target to be achieved. Note that we can use the logarithm of this expression, i.c.

InU(X.Y)=>B,In¥, > o, InX, foroptimization purposes.
j=1 =1
The problem of maximizing the performance indicator (13) is as follows and can be used for
computational solving:

U(X,Y)—)max, (14)

Benopycckuit axonommuueckuii xypuan  Ne 202026 133



N.N. ZOUGHEIB

X=>x, (15)
r=1

Y:Zd:yr, (16)
r=1

(xr,yr)eQ Vre{l,Z,...,nd}, (17)

X <X Vre{l,Z,...,nd}, (18)

y, =7, Vre{l,Z,...,nd}, (19)

where X, :(xrl,...,xrm), yr:(yrl,...,yrs), X:(Xl,...,Xm), Y:(Yl,...,YS) are variables, and

X = ()_crl, e X ) , V= (frl, o .,)7rs) , are known values obtained from collected data.

Conditions (18) and (19) account for the interests of individual companies (banks) while
evaluating the overall performance of the industry. The problem defined from (14) to (19) is equivalent to
the following formulation, which is more suitable for computational solution:

an(X.Y)::ZS:lean—Zm:(xilnXi—>max, (20)
j=1 i=1
X=>x. 1)
r=l1
Y=y, (22)
r=1
X, = 3 AaX, . Vre{l,Z,...,nd}, (23)
=1
Vv, =20, Vre{l,2,...,n,}, (24)
1=1
; A, =1, Vre{l,Z,...,nd}, (25)
1=1
A, =20 Vre{l,Z,...,nd}, Vle{l,Z,...,n}, (26)
X <X, Vre{l,Z,...,nd}, 27
= Vre{l,Z,...,nd}, (28)

where X, =(X,1,...%,, ). ¥, =0, ). X=(Xph...X,). Y=(¥.....Y,).and A:=[L,]
(re {l,2,...,nd} ,le {1,2,...,11}) are variables.
The optimal vectors X and ¥ can be considered as goals for r" company (bank) (from the

view of the whole domestic country’s interest), and we can also calculate slack:
S =X —x. vrefl,2,...n,}, (29)

I

S'=y -3y Vrefl,2,...n,}. (30)

The optimal vectors X~ and Y~ can be considered as goals for the whole domestic industry, they
are used to calculate the slacks for each input and output variable:
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S,
S+

X-X", (31)
Y -7, (32)

where )?:Zd:)_cr . ?:Zd:y,.
r=1 r=1

The model formulated from (20) to (28) is a new formulation and is not a special case of
Coopman's models. The LP equations for this model can be solved using Excel. However, due to its
larger size and more complex structure, it may be more practical to solve it in AMPL*, a powerful
mathematical programming language. It was used to determine the optimal values of the model’s inputs
and outputs based on the provided dataset, and the results were then automatically stored for further
analysis and interpretation. This approach ensures consistency between data handling, model execution,
and output generation.

To estimate the parameters « o, and [3 ;» formulated in optimization problem (33)—(36):

A 2

s Y, & 'd
S = ZB]lnTI’—Zailn& —>min, (33)
j=1 Y;j i=1 Xli
Zal_ =1, (34)
i=1
o, >0.i=1m, (35)
B,20,j=1s. (36)

it is necessary to estimate at least m + s —1 pairs of equivalent vectors ()~( l,fl) and ()A( I,I;l). Ideally,

such equivalence would be based on standardized credit ratings (¢. g., AA, A+, BBB), allowing for direct
matching of banks with similar levels of creditworthiness and financial situation. However, in practice,
most Lebanese banks do not have ratings from global credit agencies, making this direct approach
infeasible. As a result, the researcher adopted an alternative matching methodology explicitly matching
the objective function in (33), this approach directly exploits the structure of the logarithmic input—output
differences embedded in the objective. For each bank, we computed the differences defined in (33),
namely, the difference between the logarithm of each corresponding ratio of outputs and the logarithm of
the ratio of the corresponding inputs, against all other banks in the sample. Importantly, these differences
were calculated without imposing any coefficients (i.c., setting all o; and B0 equal to unity at this stage).
For each pair of banks, we then calculated the standard deviation of these differences across all inputs and
outputs. Banks were subsequently paired by selecting the four pairs that exhibited the minimum standard
deviation of differences, indicating the highest degree of similarity in their input—output structures. This
methodology proved successful in yielding strictly positive estimates for all a; and PO, whereas
alternative approaches, such as matching banks based on comparable size, customer deposits, failed to
achieve this outcome. Following this methodology, we constructed four pairs of equivalent banks which
are «Audi and IBL», «Byblos and BLF», «<BLOM and BOB», «Credit Libanais and FNB». The following

table summarizes data for the four pairs of equivalent vectors ()~( I 171) and ()A( I I}l) .

* AMPL (A Mathematical Programming Language) is a high-level modeling language used to formulate
and solve optimization problems such as linear, nonlinear, and integer programming.
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Table 4
Values for ()ZI,YI) and ( AZ,I;I)
Inputs Outputs Inputs Outputs
PloX, | X | Xy | B | B | X, | X, | Xy | F | T,
1 31956 | 16447 | 12922 | 13267 501 5860 2503 3009 873 113
2 18467 | 10829 5370 5442 164 11315 4076 2934 4323 80.6
3 26917 | 21980 5165 7165 512 13346 4735 5966 5759 207
4 9340 4915 3177 3304 83.36 | 13346 4735 5966 5759 207

Source: compiled by the author based on the researcher estimation criteria for equivalent banks

Excel solver was used to calculate the estimated values of o and f3 ;- These parameters,

summarized in Table 5, were computed based on the constructed pairs of equivalent vectors (Table 4):

Table 5
Estimated Values for parameters o, and [3 i
(xl (x2 aS Bl BZ
0.15 0.7265 0.1235 0.1486 0.1981

Source: compiled by the author.

The optimization process runs as follows; data for the year 2018, for Lebanese and global banks,

and the values for o, and 3 ;are saved in an Excel file named Data_2018, this file is then accessed by the

model2.mod and model2.run applications. The optimization is carried out using AMPL and the optimal
values for the three inputs and the two outputs will be saved automatically by the AMPL code in the same
excel file Data 2018, This approach ensures a smooth integration between parameter estimation and
model implementation. The following tables present the optimal solutions for the inputs and outputs, and

the slacks, defined in (29)-(32), for the five inputs and outputs:

Table 6
Optimal values for Inputs/Outputs for Lebanese Banks in 2018 (In Million USD)
Bank Input 1 Input 2 Input 3 Output 1 | Output 2
Audi 31956.02 5039.71 5196.75 25152.96 1127.09
BBAC 6315.02 1453.56 1724 .42 4569 .42 232.85
BEMO 1307.02 483.01 629.00 728.02 18.90
BLC 3907.79 1114.01 1393.98 2638.90 148.48
BLF 11315.02 2152.86 2401.53 858321 407.23
BLOM 26917.02 4334 .95 4514.37 21107.85 951.35
BML 1416.02 548.92 722.02 781.97 30.07
BOB 13346.02 2436.92 2676.57 10213.62 478.06
Byblos 18467.02 3153.14 3370.06 14324 .54 656.66
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Cedrus 877.02 693.00 988.00 204.02 43.20
Credit Bank 333798 177591 206.02 1958.02 22.58
Credit Libanais 9340.02 1876.64 2134.07 6997.76 338.35
Fenicia 1432.03 571.81 533.02 523.65 14.80
FNB 3872.02 1111.88 1393.59 2608.28 147.65
FB 17023.02 2951.18 317451 13165.36 606.30
IBL 5860.02 1389.92 1662.80 4204.16 216.98
MEAB 1866.02 410.01 292.01 1367.02 4.90
MED 13334.02 243524 2674.94 10203.98 477.64
SGBL 18699.02 3185.59 3401.48 14510.78 664.75
Source: compiled by the author based on AMPL Solver.
Table 7
Slacks for Inputs-Outputs for Lebanese Banks in 2018 (In Million USD)
Bank Input_1 Input 2 Input 3 Output_1 Output_2
Audi 0 11407.29 772525 11885.96 626.09
BBAC 0 1444 44 901.58 2818.42 181.15
BEMO 0 0 0 0 0
BLC 0 0 426.02 1031.90 107.48
BLF 0 1923.14 532.47 4260.21 326.63
BLOM 0 17645.05 650.63 13942 .85 43935
BML 0 268.08 0 380.97 10.07
BOB 0 2298.08 328943 4454.62 271.06
Byblos 0 7675.86 1999.94 8882.54 492 .66
Cedrus 0 0 0 0 0
Credit Bank 0 0 0 0 0
Credit Libanais 0 3038.36 1042.93 3693.76 254.99
Fenicia 0 0 0 0 0
FNB 0 601.12 201.41 1661.28 110.90
FB 0 3136.82 302549 6425 .36 432.30
IBL 0 1113.08 1346.20 3331.16 103.98
MEAB 0 0 0 0 0
MED 0 3043.76 4995.06 6584 .98 446.64
SGBL 0 7836.41 2987.52 8700.78 469.75

Source: compiled by the author based on AMPL Solver.
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Analysis and Recommendations

The findings from this advanced model provide a precise diagnosis of the Lebanese banking
sector regarding their efficiency. According to the EPEOM, only five out of the nineteen banks
analyzed were found efficient, with no slack in any of their inputs or outputs. These efficiently
operating banks were BEMO, Cedrus, Credit Bank, Fenicia, and MEAB. For the remaining
fourteen banks, the analysis of slack variables powerfully confirms the objective of this research:
the primary source of inefficiency was the mismanagement of funds associated to excess deposits
with the central bank and inefficient investments. The biggest source of inefficiency was found
in Input_2, Cash and Deposits at the Central Bank, with 13 out of 19 banks maintaining excess
reserves beyond what is required for efficient operation. This misallocation was enormous; for
instance, BLOM had a slack of $17.6 billion in this input, while Audi had a slack of $11.4 billion.
Closely related was Input_3, Investments, which showed slack in 13 out of 19 banks, directly
validating the research question that excessive, non-diversifiable investments in government
bonds were a primary driver of poor performance. The consequences of these input inefficiencies
are clearly reflected in the outputs, where 13 out of 19 banks showed slack in Loans and
Advances to Customers, and 14 out of 19 showed slack in Net Profit, proving that banks failed
to translate their vast resource base into productive lending and maximum profitability.

This model introduces a novel approach to evaluating the efficiency of banks by combining
elements from optimization theory, production economics, and econometrics. Unlike traditional
efficiency models, it incorporates industry-wide constraints, providing a dual-level analysis that
captures firm-level and sector-level dynamics. A key innovation is its use of convex production
sets and elasticities of substitution, allowing the model to realistically reflect how banks can
reallocate resources in response to changing conditions, rather than assuming rigid production
relationships. It also confirms that the “competitive gap” observed against global peers was not
merely a relative phenomenon, but a reflection of deep, absolute inefficiencies inherent in the
strategies of the largest Lebanese banks, inefficiencies that only a model as sophisticated as the
EPEOM can reveal it.

Another important novelty lies in the model’s use of logarithmic transformations within its
optimization framework. This multiplicative structure departs from the typical additive
formulations seen in standard DEA models, enabling a more flexible and theoretically sound
representation of efficiency, especially when dealing with varying scales of operation across
banks. The transformation simplifies the mathematical problem while preserving important
economic relationships, making the performance indicators more robust to differences in size
and structure among financial institutions. The model further distinguishes itself by integrating
parameter estimation directly into the optimization process. The model also blends optimization
with econometric techniques to estimate key parameters (such as productivity coefficients)
within the model itself, which represents a significant step beyond conventional efficiency
analysis, where parameter values are typically assumed or externally estimated. Finally, from a
computational standpoint, the model’s design for large-scale implementation using tools like
AMPL, rather than relying solely on spreadsheet software like Excel, marks another key
advancement. This makes the model scalable and applicable to real-world financial systems with
complex datasets.

The financial collapse that began in Lebanon in late 2019 will not diminish the importance
of the findings of this study. Despite the selective default of Lebanese banks in paying back the
customers’ deposits in foreign currencies, none of those banks declared bankruptcy, therefore,
the results of this study remain a valid benchmark and reference for banks that could be used to
recognize their deficiencies in using the available inputs to produce the desired outputs efficiently,
and to avoid committing the same mistakes. This research also contributes to the academic
literature by introducing and applying a novel modeling approach in the analysis of banking
efficiency. It provides a valuable reference for future studies seeking to explore similar financial
contexts or extend the proposed methodology. Moreover, the findings offer practical insights
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not only for Lebanese banks but also for banks in other countries, helping them avoid the
structural and strategic mistakes observed in the Lebanese banking sector.

For Lebanese banks to overcome their current liquidity problems, and to adjust their
previous investment strategies, they must adhere to more strict borrowing and lending policies,
however, banks can’t overcome the crisis without a stable monetary policy, a financial restructuring
model, and an economic recovery plan. The Lebanese government must coordinate with the
Central Bank of Lebanon to take the initiative to establish and implement these reforms in
cooperation with banks and other vital sectors in Lebanon. These measures help to relieve the
pressure on banks, create an appropriate investment environment, and restore the intermediary
role for banks. At the macroeconomic level, adopting a credible economic recovery plan,
supported the International Monetary Fund, is essential to rebuild confidence, attract foreign
investments, and secure financial assistance. This should be accompanied by fiscal reforms aimed
at reducing the budget deficit, restructuring public debt, particularly Eurobonds, and improving
governance and efficiency in the public sector. On the monetary side, transitioning toward a
more flexible exchange rate regime, limiting dollarization of deposits to fresh dollar inflows, and
aligning interest rate policies with economic fundamentals are crucial to restoring monetary
stability and competitiveness. At the banking level, restructuring measures must include rigorous
solvency stress tests, followed by appropriate actions such as recapitalization, mergers, or
liquidation of non-viable institutions. Banks should also adopt prudent risk management practices,
diversify their investment portfolios away from excessive exposure to sovereign debt, and
comply with international regulatory frameworks.

Conclusion

The outbreak of the Lebanese financial crisis in 2019 underscored the urgent need for a
comprehensive and data-driven restructuring of the banking sector. A credible reform strategy
must be grounded in a clear assessment of bank efficiency and a critical evaluation of past
investment decisions. In this context, this study provides a pioneering contribution by examining
the efficiency of Lebanese banks through the lens of their exposure to public debt, an area that
has remained largely unexplored in the academic literature. The findings offer practical insights
that can support policymakers and stakeholders in assessing bank solvency and their capacity to
withstand and recover from systemic shocks.

The originality of this research lies not only in its focus but also in its methodological
design. By selecting input and output variables that explicitly capture the implications of
sovereign exposure, the study departs from conventional approaches and directly addresses the
structural weaknesses underlying bank performance. This contributes to a deeper understanding
of the role of risk concentration and highlights the importance of sound risk management
practices in safeguarding financial stability. From a methodological perspective, the adoption of
the Elasticity-Based Production Efficiency Optimization Model (EPEOM) in its logarithmic
form represents a significant advancement in efficiency analysis. The multiplicative structure of
the model allows for a more flexible and theoretically consistent representation of production
relationships, especially in the presence of heterogeneous bank sizes and operational scales. By
integrating optimization techniques with econometric estimation within a unified framework,
the model enhances both analytical rigor and empirical reliability. Furthermore, its ability to
incorporate industry-level constraints alongside firm-level behavior provides a more comprehensive
view of efficiency dynamics within the banking sector. The scalability of the model, supported
by implementation through advanced computational tools, further reinforces its applicability to
complex financial systems.

The empirical results point to the existence of deep-rooted structural inefficiencies within
the Lebanese banking sector prior to the crisis. These inefficiencies are not merely relative
when compared to international peers, but reflect fundamental distortions in resource allocation,
primarily driven by excessive exposure to government bonds. Such concentration limited banks’
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ability to perform their core intermediation function effectively, constraining lending activity
and weakening profitability. As a result, the sector’s vulnerability was amplified, leaving it ill-
prepared to absorb the shocks that materialized in the outbreak of the 2019 financial crisis in
Lebanon.
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AuHoranusda. B rannom uccreoBanuu orennuBaetcst apPeKTUBHOCTD JIUBAHCKUX KOMMEPUYECKUX OaH-
KOB 710 phurancoBoro kpusnca 2019 roza, ¢ aKIEHTOM Ha CTPYKTYPHbIE HEJOCTATKY, KOTOPBIE CTOCOGCTBOBA-
M Kpaxy cexropa. Vcmosnbsyst manubie 3a 2018 rox mo 19 Gankam W cpaBHUBasg UX C IIOKa3aTeNsIMU 7
MEKIYHAPOIHBIX aHATOTOB, UCCJAEOBAHNE TIPEICTABISIET HOBYIO METOI0JOTMYECKYIO OCHOBY, BBIXOASIIYIO
3a paMKH TPAIUIIMOHHBIX METOZOB u3Mepenus adderrusroctn. OHO Takke BOCHOIHsIET TPOOE B JIUTEPa-
TYpe, MPEOCTABJISISE KOJTMIECTBEHHYIO OIleHKY 3(heKTHBHOCTH JTMBaHCKUX OAHKOB /10 Kpu3uca. B uccieno-
BaHUM paszpaboTaHa MofIesb ONTUMU3AN 2(OEKTUBHOCTH IIPOM3BOACTBA Ha ocHOBe astactianoctu (EPEOM),
KOTOPasi MHTErPUPYET TEOPHIO MPOU3BOACTBA U IJACTHYHOCTH 3aMENIeHUs JJIsT OlleHKH 3(DdeKTuBHOCTH
6aHKOB. Pe3ynbTaThl MOKa3bIBAIOT 3HAYNTENBHYIO HEA(HEKTUBHOCTD, 00YCIOBICHHYIO YPE3MEPHON 3aBHCH-
MOCTBIO OT FOCY/IaPCTBEHHOTO (PMHAHCUPOBAHU 1 HeA(PEKTUBHBIM PaCIpeieJIeHIIeM PECYPCOB. DTH BBIBO-
JTBI TIPEIOCTABJIAIOT BAKHYIO MH(MOPMAIIUIO JIJIS TIOJUTHKOB, CTPEMSITITIXCS pa3paborarh adeKTBHbIE CTpa-
TErMU PECTPYKTYPHU3AIUU GAHKOBCKOTO CEKTOPA.

KioueBbie cioBa: juBaHckue OaHku, uaMmepenue sdGeKTUuBHOCTU, (GUHAHCOBBII KPU3HC,
TOCYJIaPCTBEHHBIH JOJT, paclpesiejieHne pPecypcoB, ONMTHMU3AINOHHAS MOesb, TEOpPUs MPOU3BOJICTBA,
3ACTIYHOCTD 3aMeIeHNSI.
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