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Obijective: This study aimed to develop and present a generalizable fixed-cost allocation scheme
for commercial banks based on Data Envelopment Analysis while simultaneously incorporating
desirable and undesirable outputs.

Methodology: This developmental and applied study employed a descriptive-survey and cross-
sectional design. The study population consisted of Iranian commercial banks, and the empirical
application included 14 banks observed over two consecutive years, yielding 28 bank-year
observations. The model inputs were personnel expenses, net interest expenses, and non-interest
expenses, while the desirable outputs comprised net interest income, non-interest income, and
total deposits. Overdue claims were incorporated as the undesirable output. A DEA-based fixed-
cost allocation model was developed, and three allocation strategies were compared: equal
allocation, scale-based allocation, and the proposed allocation scheme. The mathematical
models and sensitivity analyses were implemented using GAMS and Python, while
complementary analyses were conducted in SPSS.

Findings: The baseline mean efficiency score before fixed-cost allocation was 0.956, with
42.86% of observations located on the efficiency frontier. Under equal allocation, mean
efficiency increased to 0.962 and the proportion of efficient observations rose to 53.57%. Scale-
based allocation increased mean efficiency to 0.981, with 67.86% of observations becoming
efficient. The best performance was obtained under the proposed scheme, assigning a weight of
0.95 to operating scale and 0.05 to the undesirable output. Under this specification, mean
efficiency increased to 0.983 and 71.43% of the observations reached the efficiency frontier.
Sensitivity analysis showed that increasing the undesirable-output weight above 0.05
progressively reduced both average and minimum efficiency.

Conclusion: The findings indicate that combining operating scale with a limited adjustment for
overdue claims provides a more efficient and balanced fixed-cost allocation mechanism than
equal or purely scale-based allocation and better reflects efficiency, credit quality, and allocation
fairness in commercial banks.

Keywords: Data Envelopment Analysis, Fixed-Cost Allocation, Commercial Banks, Undesirable
Output, Overdue Claims, Efficiency
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EXTENDED ABSTRACT
Introduction

Commercial banks operate in an increasingly complex environment in which managers must
simultaneously control operating costs, improve resource utilization, generate adequate revenues, attract
deposits, and manage the adverse consequences of lending activities. Under such conditions, conventional
single-ratio performance measures are often insufficient for evaluating banking performance because
banks employ several inputs to generate multiple desirable outputs while also producing undesirable
outcomes. Data Envelopment Analysis (DEA), as a nonparametric frontier-based technique, provides a
suitable framework for evaluating the relative efficiency of homogeneous decision-making units when
multiple inputs and outputs are involved. Its flexibility and limited dependence on restrictive assumptions
regarding the functional form of production have led to its extensive use in performance assessment,
productivity measurement, and resource-allocation problems (Mahmoudifar, 2025; Razavi, 2025; Sabet et al.,
2025). Evidence from different organizational and industrial contexts has further demonstrated that DEA
can identify efficient benchmarks, quantify performance gaps, and support managerial decision-making
when the production process cannot appropriately be represented by a single financial or operational
indicator (Alizadeh Lashkan & Ahadi, 2025).

An important extension of DEA concerns the allocation of fixed costs among decision-making
units. Fixed costs represent common expenditures whose total magnitude is predetermined but whose
distribution across organizational units remains a managerial decision. In commercial banking, such
expenditures may include centralized information technology costs, shared administrative infrastructure,
regulatory and supervisory expenses, head-office expenditures, centralized software systems, and other
common operating costs. A simple equal allocation may appear transparent but ignores substantial
differences in the size, operating capacity, efficiency, and performance quality of banks. Conversely,
allocating fixed costs solely according to scale may advantage or disadvantage particular units because
operating size does not necessarily reflect efficiency or the quality of generated outputs. Consequently,
DEA-based fixed-cost allocation has emerged as a means of linking cost allocation with relative
performance and ensuring that the resulting allocation is economically and managerially defensible
(Gerami, 2024; Hosseinzadeh Saljoudqi et al., 2024).

Recent developments have emphasized that a satisfactory fixed-cost allocation mechanism should
reflect not only system-wide efficiency but also individual rationality and fairness among participating
units. Cross-efficiency mechanisms have been proposed to balance overall fairness with the interests of
individual decision-making units, thereby reducing the likelihood that a unit will face an allocation that is
efficient for the system as a whole but excessively unfavorable from its own perspective (Chu et al., 2025).
Likewise, game-theoretic approaches have expanded the fixed-cost allocation framework by incorporating
negotiation, compensation, and interaction among units. A DEA-dual game framework can
simultaneously address fixed-cost allocation and minimum compensation and is particularly useful when
decision-making units participate in interconnected or multistage production structures (Liu et al., 2026).
Centralized allocation models developed for generalized two-stage network DEA similarly demonstrate
that allocation should account for interdependencies among production stages rather than treating each
unit as an isolated entity (Dang et al., 2025). Bargaining-based models also indicate that negotiated



allocation can reconcile the performance of individual stages with the efficiency of the overall system
(Moradipour et al., 2021).

A further methodological challenge is the presence of undesirable outputs. Production and service
processes frequently generate adverse outcomes alongside desirable outputs. In banking, overdue or non-
performing claims represent a particularly important undesirable output because they arise from lending
activities but reflect deterioration in asset quality, increased credit risk, reduced liquidity, and potential
impairment of future profitability. Ignoring such outputs can produce an incomplete assessment of
efficiency because a bank may generate substantial interest income and deposits while simultaneously
accumulating excessive overdue claims. Research on DEA technologies with undesirable outputs has
shown that explicitly incorporating adverse outcomes can materially alter efficiency scores and the
identification of benchmark units (Kao & Hwang, 2023). The broader nonparametric literature has likewise
emphasized that undesirable outputs must be modelled in a manner consistent with the underlying
production technology because their inappropriate treatment may lead to biased or economically
implausible efficiency estimates (Dakpo et al., 2016). Empirical research also confirms that alternative
procedures for incorporating undesirable outputs can result in different efficiency levels and rankings,
highlighting the importance of methodological choice (Pishgar-Komleh et al., 2020).

The integration of undesirable outputs with fixed-cost allocation therefore represents an important
extension of conventional DEA allocation models. A bargaining-game approach to fixed-cost allocation
in the presence of undesirable outputs has demonstrated that allocation mechanisms can simultaneously
consider resource use, desirable production, adverse outcomes, and conflicting interests among decision-
making units (Li et al., 2024). This perspective is especially relevant to commercial banking because the
desirable expansion of lending and revenue should not be assessed independently of deterioration in loan
quality. Furthermore, fixed costs can fundamentally alter optimal decision rules in financial systems.
Studies of dividend and risk-control policies in the presence of fixed transaction costs show that fixed
costs can change the structure of optimal control decisions (Li et al., 2025), while research on investment
and premium control under ambiguity demonstrates the importance of jointly considering returns, risk,
and uncertainty (Liu et al., 2025). Related work on optimal investment and reinsurance further indicates
that efficient financial decisions emerge from the interaction of multiple constraints and competing
objectives rather than from a single proportional rule (Jiang et al., 2024).

Despite these advances, there remains a need for a generalizable fixed-cost allocation scheme
specifically suited to commercial banks and capable of simultaneously incorporating operational scale,
relative efficiency, and undesirable outputs. This need is particularly important in the Iranian banking
environment, where commercial banks differ substantially in deposit volume, cost structure, income
generation, and the magnitude of overdue claims. Accordingly, the objective of this study was to develop
and present a generalizable DEA-based fixed-cost allocation scheme for commercial banks in the presence
of undesirable outputs and to evaluate its performance under alternative allocation strategies.

Methods and Materials

The study was developmental in purpose and applied in terms of its expected managerial
implications. Its methodological orientation was descriptive and survey-based, while the quantitative
application was cross-sectional. The principal objective was not to distribute a specific amount of fixed
cost among one particular set of banks, but to develop a mathematical allocation framework that could
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subsequently be applied to different sets of homogeneous decision-making units. Commercial banks were
selected as the empirical setting because they are relatively homogeneous with respect to their core
function of financial intermediation, profit orientation, input structure, and principal outputs. Specialized
and development banks were excluded because their policy-oriented and developmental mandates could
violate the homogeneity assumption required for meaningful DEA comparisons.

The empirical application included 14 commercial banks observed over two consecutive years,
resulting in 28 bank-year observations. Because the study developed a mathematical allocation model and
employed all eligible commercial banks for which comparable information was available, conventional
statistical sample-size determination and probabilistic sampling were not required. Each bank constituted
a decision-making unit, and annual observations were treated consistently throughout the empirical
analysis.

Variables were initially identified through a review of the DEA, fixed-cost allocation, banking
efficiency, and undesirable-output literature and were subsequently refined on the basis of expert
judgment and data availability. Three inputs were included: personnel expenses, net interest expenses, and
non-interest expenses. Personnel expenses represented salaries, wages, insurance payments, overtime,
benefits, and personnel-related bonuses. Net interest expenses represented the cost associated with funds
and interest paid to customers and depositors. Non-interest expenses covered administrative expenditures,
building and property costs, current operating expenses, information technology infrastructure, software
and hardware maintenance, and other non-interest operating expenditures.

Three desirable outputs were incorporated into the model: net interest income, non-interest
income, and total deposits. Net interest income represented revenues primarily generated through lending
and credit activities. Non-interest income included fees, commissions, electronic banking revenues,
service charges, and related income not directly derived from lending interest. Total deposits included the
main categories of funds mobilized from customers and represented the bank's capacity to attract financial
resources. Overdue claims were treated as the undesirable output because increases in overdue claims
reflect deterioration in credit quality rather than an improvement in banking performance.

Data were obtained from audited financial statements, annual reports, official financial disclosures,
and other comparable banking information sources. Variable definitions and measurement units were
standardized before analysis. The proposed allocation framework was implemented using GAMS and
Python. GAMS was used for mathematical optimization and solving the DEA-based allocation models,
while Python supported algorithmic implementation, repeated scenario analysis, data processing, and
sensitivity analysis. SPSS was subsequently used for descriptive and comparative analyses of the results.

The analytical procedure began with the estimation of baseline efficiency scores before fixed-cost
allocation. Alternative allocation strategies were then examined, including equal allocation, scale-based
allocation, and the proposed allocation scheme. In the proposed strategy, operating scale constituted the
principal allocation component, while an explicit adjustment was introduced to account for the undesirable
output. Several values for the weight assigned to the undesirable-output component were tested to identify
a configuration that improved system efficiency without imposing excessive penalties on individual banks.
A minimum acceptable efficiency threshold was also considered to prevent allocations that would
substantially deteriorate the position of particular decision-making units. Finally, sensitivity analysis was



conducted to examine the stability of the proposed solution under changes in the weight assigned to
overdue claims.

Findings

Descriptive analysis indicated substantial heterogeneity among the commercial banks in operating
scale and financial performance despite their overall functional homogeneity. The greatest relative
dispersion was observed in overdue claims, with a coefficient of variation of 47.19%, indicating
considerable differences among banks in credit-quality performance. This variability supported the
explicit inclusion of overdue claims as an undesirable output rather than treating lending outcomes
exclusively through desirable financial variables.

Before fixed-cost allocation, the mean baseline efficiency score was 0.956. Of the 28 bank-year
observations, 12 observations, corresponding to 42.86%, were located on the efficiency frontier. The
remaining 16 observations displayed different degrees of inefficiency, and the minimum baseline
efficiency score was 0.799. These findings demonstrated that the banks differed not only in scale but also
in their ability to transform personnel, interest, and non-interest costs into deposits and income while
controlling overdue claims.

Under the equal-allocation strategy, the mean efficiency score increased modestly from 0.956 to
0.962. The number of efficient observations increased from 12 to 15, equivalent to 53.57% of the 28
observations. Although this approach produced a slight system-wide improvement, it failed to reflect
differences in bank size and operational capacity.

Scale-based allocation produced a stronger improvement. The mean post-allocation efficiency
score increased to 0.981, and 19 observations, or 67.86%, reached the efficiency frontier. These results
indicated that bank size and operating capacity were important determinants of an economically
reasonable distribution of common fixed costs. Nevertheless, a purely scale-based strategy did not
explicitly differentiate between banks with similar operating scales but different levels of undesirable
output.

The proposed scheme produced the best overall results when 95% of the allocation basis reflected
operating scale and 5% represented an adjustment for the undesirable output. Under this configuration,
mean efficiency increased to 0.983, and 20 of the 28 bank-year observations, equivalent to 71.43%,
became efficient. The dispersion of efficiency scores also declined, indicating a more balanced distribution
of post-allocation performance across the banking units.

Sensitivity analysis confirmed that an undesirable-output weight of 0.05 represented the most
favorable balance. When the weight was zero, corresponding essentially to the scale-based strategy, mean
efficiency was 0.981. Increasing the weight to 0.05 raised mean efficiency to 0.983 and reduced the
standard deviation of efficiency to 0.034. Further increases in the undesirable-output weight did not
improve the model. Mean efficiency declined progressively to approximately 0.981, 0.979, 0.977, and
0.975 at weights of 0.15, 0.20, 0.25, and 0.30, respectively. At a weight of 0.30, minimum efficiency
declined to 0.813. Thus, excessive emphasis on overdue claims weakened the overall efficiency of the
allocation system.

The numerical distribution of fixed costs also demonstrated the discriminatory capacity of the
proposed scheme. The mean annual allocated fixed cost per bank was 100.00 thousand billion rials.
However, the actual allocations varied considerably according to operating scale and the undesirable-
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output adjustment. The lowest allocation was 40.46 thousand billion rials for Bank 1, whereas the highest
was 159.84 thousand billion rials for Bank 12. Banks 13 and 14 received 159.68 and 148.39 thousand
billion rials, respectively. These differences confirmed that the model did not simply reproduce an equal
division of fixed costs but generated allocations reflecting the relative operating characteristics of
individual banks.

Discussion and Conclusion

The findings demonstrate that fixed-cost allocation in commercial banking should not be treated
as a purely accounting exercise. The allocation rule directly affects measured efficiency and can alter the
number of units located on the efficiency frontier. Equal allocation produced only a limited improvement
because it ignored differences in bank size and operating capacity. Scale-based allocation performed
considerably better, confirming that larger banks possess a greater capacity to absorb common costs.
However, the superior performance of the proposed scheme showed that operating scale alone was
insufficient.

The explicit inclusion of overdue claims improved the informational quality of the allocation
mechanism. A bank generating high levels of deposits and income cannot automatically be considered
superior if those outcomes are accompanied by disproportionately high overdue claims. By introducing a
modest undesirable-output adjustment, the proposed scheme distinguished between operating volume and
operating quality. Importantly, the sensitivity analysis showed that this adjustment should remain
moderate. Excessive weighting of overdue claims reduced average efficiency and caused a deterioration
in the minimum efficiency level. Therefore, the undesirable output should influence allocation without
dominating the entire allocation mechanism.

The optimal 0.05 weight illustrates the central managerial implication of the study: a balanced
fixed-cost allocation scheme should primarily reflect the capacity and scale of each bank while
simultaneously incorporating a controlled adjustment for adverse performance outcomes. This balance
improved average efficiency from 0.956 before allocation to 0.983 after the proposed allocation and
increased the proportion of efficient observations from 42.86% to 71.43%. These changes indicate that
the allocation mechanism can itself function as a performance-management instrument rather than merely
distributing a predetermined expenditure.

The study also contributes by emphasizing generalizability. The principal output is not the specific
allocation of costs to the 14 banks analyzed, but the decision framework through which fixed costs can be
allocated among homogeneous units in the presence of desirable and undesirable outputs. The empirical
banking application serves as a validation of the model and demonstrates its practical feasibility. Because
the model can be recalculated when new financial data become available, it can support periodic cost
allocation and performance monitoring.

In practical terms, commercial banks can use the proposed scheme to improve the transparency
and defensibility of centralized cost allocation. Instead of distributing common expenditures equally or
solely according to size, managers can incorporate operating capacity and credit-quality performance
within a unified framework. This can reduce arbitrary allocation, strengthen managerial accountability,
and create incentives for units to improve both revenue-generating performance and the quality of their
credit portfolios.



In conclusion, the study showed that a DEA-based fixed-cost allocation scheme incorporating
undesirable outputs can provide a more efficient and balanced allocation framework for commercial
banks. The proposed strategy, in which operating scale constituted the dominant allocation basis and
overdue claims received a limited but explicit adjustment weight, outperformed equal and purely scale-
based allocation. The resulting improvement in mean efficiency, increase in the number of efficient units,
and greater balance across banks support the use of the proposed model as a generalizable decision-making
framework for fixed-cost allocation in banking environments characterized by multiple inputs, multiple
desirable outputs, and undesirable performance outcomes.
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