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Abstract 

With the impact of globalization, logistics has evolved beyond mere goods transportation 

to become an indispensable component of international trade and a strategic force that 

provides a competitive advantage. Through logistics companies with strong financial per-

formance, the sector plays a decisive role in enhancing industry efficiency and supporting 

global economic sustainability. In this context, measuring and improving the financial 

performance of logistics companies has become critically important. This study introduces 

an innovative approach to evaluating the financial performance of logistics companies 

listed on the Borsa Istanbul (BIST) Transportation Index by integrating four distinct Multi-

Criteria Decision-Making (MCDM) methods. The SIWEC, MEREC, and LODECI meth-

ods, recognized for objective weighting, were used to assign weights to financial criteria 

for logistics companies. The obtained criteria weights were combined for each research 

period using the Heron mean, and then the performance rankings of logistics companies 

were determined using the CoCoSo method. The consistency of the results obtained was 

also evaluated through sensitivity analysis, and the reliability of the model was tested. It 

has been determined that the methods used are moderately to highly sensitive to changes 

in parameters. 

Keywords: logistics; financial performance; multi-criteria decision making; SIWEC;  

MEREC; LODECI; CoCoSo 

 

1. Introduction 

Currently, the expansion of free foreign trade and the facilitation of customs clear-

ance between countries have subjected numerous sectors to an environment characterized 

by intense international competition. This development compels businesses to confront 

competitive pressures in both production and distribution processes, necessitating a reas-

sessment of their existing strategies. Within this context, one of the most essential ap-

proaches to attaining and maintaining a competitive advantage is the development of 

cost-effective, high-performance production and distribution models. 
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Logistics activities—encompassing both internal logistics (such as procurement, in-

production transportation, and warehouse management) and external logistics (including 

distribution, international transportation, and customs clearance)—are essential for deliv-

ering final products and services to the market at competitive prices. Consequently, opti-

mizing costs solely in raw material procurement and production processes is insufficient; 

logistics costs must also be managed through a comprehensive approach. For businesses 

that prioritize production processes, logistics companies specializing in these services 

play a crucial role as key stakeholders in ensuring the efficient execution of logistics activ-

ities and providing these services more cost-effectively. These companies are commonly 

referred to as logistics outsourcing service providers. 

Logistics is defined as the strategic planning and management of the entire process 

encompassing the procurement, transportation, and storage of materials, components, fin-

ished products, and associated information flows across organizations and distribution 

channels [1] (p. 2). It also includes additional activities essential to the global supply chain, 

such as purchasing, handling, inventory management, distribution, customs clearance, 

insurance, and customer service management [2] (p. 19). Moreover, businesses may man-

age these processes either internally through their own logistics departments or externally 

by outsourcing to specialized logistics service providers. The types of logistics companies 

offering outsourcing services vary according to the specific services they provide [3] (pp. 

6–7). 

• Second-Party Logistics (2PL) refers to companies that primarily provide commodity 

capacity and engage in fundamental logistics functions, including transportation, 

warehousing, and transshipment. 

• Third-Party Logistics (3PL) refers to companies that offer comprehensive logistics 

services, including transportation, warehousing, cross-docking, inventory manage-

ment, packaging, and labeling. These services are more complex than those provided 

by Second-Party Logistics (2PL) providers, incorporate advanced information tech-

nology, and are frequently delivered under long-term contractual agreements. 

• Fourth-Party Logistics (4PL) represents one of the most comprehensive outsourcing 

models within logistics and supply chain management. Providers of 4PL services ex-

tend beyond operational functions such as transportation and warehousing; they as-

sume responsibility for the integration, coordination, and strategic management of 

these services. Additionally, they frequently deliver more extensive services to com-

panies across various sectors by employing virtual planning and optimization pro-

cesses. 

The classification of these companies depends on their level of specialization within 

the logistics sector and their capacity to incorporate information technologies into their 

operations. In response to globalization, logistics firms have adopted more comprehen-

sive and strategic roles, evolving into increasingly sophisticated entities over the past 

three decades to address the growing demands of the global supply chain. Although lo-

gistics companies are often favored for their service quality and process expertise, partic-

ularly when other firms concentrate on specialization or lack sufficient expertise, two crit-

ical factors for achieving competitive advantage in this sector are operational performance 

and financial performance. Financial performance is essential for all companies, as it di-

rectly influences profitability, operational efficiency, sustainable growth, and overall com-

petitiveness. Sustainable financial performance within the logistics sector is essential for 

businesses to sustain long-term competitive advantage. Effective sustainable financial 

management extends beyond merely minimizing short-term costs; it also involves the ef-

ficient allocation of resources, the consideration of environmental and social impacts in 

investment decisions, and the strategic management of associated risks. Consequently, 
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maintaining robust financial performance is a priority for logistics companies, as it is 

across all industries. 

Consequently, maintaining robust financial performance is a priority for logistics 

companies, as it is across all industries. Conversely, the robust financial performance ob-

served today is attributable not only to operational profitability but also to the enhance-

ment of investor confidence through stock market listings. Within this framework, corpo-

rate financial strategies should align with objectives aimed at augmenting market value 

and obtaining additional resources from capital markets. Numerous logistics companies 

globally are publicly traded on stock exchanges across different countries, thereby im-

proving their financial profitability and broadening both their operational diversity and 

scale. 

BIST, a fundamental component of Turkey’s capital markets, serves as a critical 

mechanism for the growth and institutionalization of companies within the logistics sec-

tor, which is characterized by high capital intensity. Presently, the BIST Transportation 

(XULAS) Index comprises 12 companies primarily engaged in transportation and ware-

housing services. 

Financial performance of logistics companies is a complex process that requires eval-

uating multiple financial criteria directly related to the company’s financial condition and 

operational efficiency. Due to the presence of multiple financial criteria that must be con-

sidered, financial performance evaluations in the literature are often conducted using 

Multi-Criteria Decision-Making (MCDM) methodologies. These methodologies enable 

the simultaneous analysis of various financial indicators, offering a more comprehensive 

and objective evaluation process. 

The primary objective of this study is to evaluate the financial performance of nine 

of the twelve companies listed on the BIST XULAS index over the past three years, con-

duct a comparative analysis, and identify trends and changes during this period. In this 

context, MCDM models have been applied; however, a novel model combining four dif-

ferent MCDM methods—an approach not previously reported in the literature—has been 

proposed. For each method (Simple Weight of Criteria (SIWEC) Method, Method Based 

on the Removal Effects of Criteria (MEREC), (Logarithmic Objective Decomposition Index 

(LODECI) method), criteria weights were calculated separately for each research period, 

and weighted values were obtained using the Heron mean. Subsequently, these weighted 

values were used to derive annual performance rankings of the alternatives with the Com-

bined Compromise Solution (CoCoSo) method. Additionally, to assess the consistency 

and reliability of the results obtained from the novel model methodology, the impact of 

changes in the criteria weights on the rankings was analyzed, and the rankings were com-

pared with those derived from different MCDM methods. These evaluations were con-

ducted through sensitivity analyses. 

This study is expected to contribute not only by offering a novel methodological ex-

ample in literature but also by providing additional contribution through the application 

of relatively newer methods compared to the MCDM models commonly used in research 

on the financial performance of logistics companies 

This study comprises five sections. Section 2 reviews research on the financial evalu-

ation of logistics companies using MCDM methods, emphasizing the necessity of this 

study and its potential contributions in light of gaps in existing literature. Section 3 offers 

a comprehensive discussion of the MCDM techniques employed in this research. Section 

4 analyzes the financial performance of logistics service providers listed on the BIST 

XULAS index by applying the established MCDM methods. Section 5 presents sensitivity 

analyses to evaluate the robustness of the proposed model. 
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2. Theoretical Framework 

It is important to note that MCDM methods are extensively employed in research 

assessing the financial performance of logistics companies in both national and interna-

tional contexts. 

Feng and Wang [4] assessed the financial performance of five transportation compa-

nies operating in Taiwan by employing a combined model integrating Grey Relational 

Analysis (GRA) and the Technique for Order Preference by Similarity to Ideal Solution 

(TOPSIS). Wong et al. [5] examined the performance of logistics companies in Singapore 

and Malaysia utilizing Data Envelopment Analysis (DEA) alongside Tobit Regression. 

Lee et al. [6] evaluated the financial performance of container shipping companies oper-

ating between Korea and Taiwan through the Entropy-GRA model, with particular con-

sideration of the global financial crisis period from 1999 to 2009. Pineda et al. [7] assessed 

firms within the U.S. transportation sector employing multiple methodologies, including 

the Dominance-based Rough Set Approach (DRSA), Decision-Making Trial and Evalua-

tion Laboratory (DEMATEL) method, DEMATEL-based analytic network process 

(DANP) method, and VIseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR). 

Rosini and Gunavan [8] examined the financial conditions of twenty transportation com-

panies in Indonesia utilizing TOPSIS and DEA techniques. Periokaitė and Dobrovolskienė 

[9] investigated the financial performance of transportation firms in Lithuania in the con-

text of the COVID-19 pandemic, ranking their performance through a relative weighting 

approach informed by expert judgments. 

Numerous studies have been conducted in the literature focusing specifically on Tur-

key. Akgün and Temür [10] analyzed the logistics performance of two airline companies 

listed on the BIST XULAS index by employing the TOPSIS method. Kendirli and Kaya 

[11] assessed the financial performance of logistics companies traded on the BIST XULAS 

index between 2010 and 2013, without differentiating between transportation modes, us-

ing the TOPSIS method. Ayaydın et al. [12] evaluated the 2011 financial performance of 

ten logistics companies included in the Fortune 500 Turkey list through GRA and ranked 

the companies according to their success. Ozbek [13] examined the 2016 financial perfor-

mance of companies within the same sample group by applying hybrid models compris-

ing GRA, Step-wise Weight Assessment Ratio Analysis (SWARA), the Complex Propor-

tional Assessment (COPRAS) method, and TOPSIS. Tufan and Kılıç [14] comparatively 

analyzed the financial performance of logistics companies traded on the BIST XULAS in-

dex from 2014 to 2018 using TOPSIS and VIKOR methods, identifying return on equity, 

return on assets, and asset turnover as the most significant criteria. Oral and Kırkıp [15] 

investigated the financial performance of eight transportation companies listed on the 

BIST during the period 2014–2018, employing TOPSIS and the Preference Ranking Organ-

ization Method for Enrichment Evaluations (PROMETHEE). Elmas and Özkan [16] ana-

lyzed the financial performance of logistics companies traded on the BIST XULAS index 

between 2015 and 2019, utilizing the SWARA and Operational Competitiveness Rating 

(OCRA) methods to rank the best-performing companies annually. Alnıpak and Kale [17] 

examined the sector’s financial development by applying the OCRA method to consoli-

dated financial ratios of companies listed on the BIST XULAS index from 2008 to 2020, 

also assessing the impact of COVID-19. Işık [18] evaluated the financial performance of 

logistics companies included in the 2018 Fortune 500 Turkey list using two integrated 

models comprising Gray Entropy, the Full Consistency Method (FUCOM) and Evaluation 

based on Distance from Average Solution in the Minkowski space (EDAS-M). Kurt and 

Kablan [19] analyzed the financial performance of airline companies listed on the BIST 

XULAS index through an integrated model combining the TOPSIS and Multi-Attributive 

Border Approximation Area Comparison (MABAC) methods, with particular attention to 

the effects of the COVID-19 pandemic. Table 1 presents a summary of the literature on 



Sustainability 2025, 17, 9243 5 of 26 
 

financial performance measurement in the logistics sector, highlighting the methods and 

criteria employed. 

Table 1. Financial Ratios Utilized in Assessing the Financial Performance of Companies in the Lo-

gistics Sector. 

Author (Year) Methodology Financial Performance Variables 

Feng and Wang [4] GRA-TOPSIS 
Labor Efficiency Measures, Fleet Efficiency, Flight Equipment Efficiency, Re-

source Efficiency, Short-Term Liquidation, Long-Term Solvency 

Wong et al. [5] 
DEA-Tobit 

Regression 

Assets, Operating Expenses, Current Liabilities, General and Administrative 

Expenses, Investments, Operating Income 

Akgün and Temür 

[10] 
TOPSIS 

Liquidity Ratios (Current Ratio (Current Assets/Short-Term Liabilities), Acid-

Test Ratio, Cash Ratio) 

Financial Structure Ratios (Leverage Ratio, Equity/Total Assets, Net Profitabil-

ity Ratio (SAV/Total Liabilities), Fixed Assets/Equity) 

Activity Ratios (Net Sales/Total Assets, Net Sales/Equity) 

Profitability Ratios (Return on Equity (Net Profit/Equity), Return on Assets 

(Net Profit/Total Assets) 

Kendirli and Kaya 

[11] 
TOPSIS 

Liquidity Ratios (Current Ratio, Acid-test Ratio, Cash Ratio, Net Working 

Capital/Assets) 

Financial Structure Ratios (Debt Ratio, Financial Leverage Ratio, Short-Term 

Liabilities/Total Liabilities, Long-Term Liabilities/Total Liabilities, Fixed As-

sets/Permanent Capital Ratio, Tangible Fixed Assets/Equity Ratio) 

Activity Ratios (Inventory Turnover (days), Average Receivables Collection 

Period, Working Capital Turnover, Current Assets Turnover) 

Profitability Ratios (Net Profit/Equity, Net Profit/Sales Ratio, Net Profit/As-

sets) 

Ayaydın et al. [12] GRA 
Equity Size, Asset Size, Sales Size, EBITDA, Active Margin, Equity Margin, 

Asset Turnover Ratio 

Ozbek [13] 

GRA, SWARA, 

COPRAS,  

TOPSIS 

Net Sales, Net Sales Change, Interest, Earnings Before Tax (EBIT), EBIT 

Change, Total Assets, Equity, Exports, Number of Employees 

Pineda et al. [7] 

DRSA,  

DEMATEL, 

DANP,  

VIKOR 

Operational profit or loss/net income, Scheduling performance, Net income, 

Operating profit/loss, Baggage fees, Reservation fees, Operating costs, Stock 

price, Labor, Fuel consumption and cost, Operational variables related to air 

transportation, etc. 

Rosini and Gunawan 

[8] 
TOPSIS-DEA Asset size, equity amount, Revenue, Net Profit 

Tufan and Kılıç [14] TOPSIS VIKOR 
Current ratio, Cash ratio, Receivables Turnover, Inventory turnover, Financial 

Leverage ratio, Return on Assets Ratio, Return on Equity Ratio 

Oral and Kıpkıp [15] 
TOPSIS 

PROMETHEE 

Liquidity Ratios (Current Ratio (Current Assets/Short-Term Liabilities), Acid-

Test Ratio, Cash Ratio) 

Financial Structure Ratios (Leverage Ratio, Equity/Total Assets, Net Profitabil-

ity Ratio (SAV/Total Liabilities), Fixed Assets/Equity) 

Activity Ratios (Net Sales/Total Assets, Net Sales/Equity) 

Profitability Ratios (Return on Equity (Net Profit/Equity), Return on Assets 

(Net Profit/Total Assets) 

Ersoy [20] GRA 

Liquidity Ratios (Current Ratio, Acid-test Ratio, Cash Ratio) 

Financial Structure Ratios (Foreign Resources/Equity, Foreign Resources/Total 

Liabilities, Short-Term Liabilities/Total Liabilities) 

Profitability Ratios (Gross Profit/Net Sales, Net Profit for the Period/Net Sales, 

Net Profit for the Period/Equity, Net Profit for the Period/Total Assets) 
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Activity Ratios (Receivables Turnover Ratio, Equity Turnover Ratio, Asset 

Turnover Ratio) 

Periokaitė and Dobro-

volskienė [9] 

Ratio Analysis, 

Correlation 

Gross Profitability, Net Profitability, Return on Assets, Return on Equity, To-

tal debt ratio, Current Liquidity Ratio, Total solvency ratio 

Elmas and Özkan [16] SWARA-OCRA 
Current Ratio, Acid-Test Ratio, Equity/Total Assets, Revenue/Total Assets, 

Return on Assets, Return on Equity, Financial Leverage Ratio 

Alnıpak and Kale [17] OCRA 

Liquidity Ratios (Current Ratio, Liquid Ratio, Cash Ratio) 

Profitability Ratios (Operating Margin, Net Margin, Return on Equity (%)) 

Growth Ratios (Asset Growth Percentage, Net Sales Growth Percentage) 

Financial Structure Ratios (Financing Expenses/Gross Sales (%), 

EBITDA/Short-Term Debt, Total Debt/Equity, Cash Cycle) 

Activity Ratios (Receivables Turnover, Trade Payable Turnover) 

Market Multiples (Company Market Value/Net Profit, Company Market 

Value/Equity) 

Işık [18] 

GRA 

FUCOM 

EDAS-M 

Number of Employees, Net Sales, EBIT Change, Total Assets, Equity, Export 

Volume 

Kurt and Kablan [19] TOPSIS-MABAC 
Current Ratio, Cash Ratio, Asset Turnover, Return on Assets, Return on Eq-

uity, Net Profit Margin, Operating Profit Margin, Financial Leverage Ratio 

Contributions of the Research to the Literature 

In the literature, methods such as TOPSIS, GRA, VIKOR, PROMETHEE, and OCRA 

are commonly used to analyze the financial performance of companies in the logistics sec-

tor. These companies’ performances are evaluated based on quantitative criteria over spe-

cific time periods. Given that BIST is frequently used as a data source in these studies, it 

is evident that reliable and standardized data are accessible for the financial evaluation of 

logistics firms. This availability enhances the objectivity and comparability of the analyses, 

thereby facilitating more robust and consistent conclusions regarding the sector. 

However, the number of firms evaluated fluctuates over time due to the varying 

number of new firms listed on or withdrawn from the BIST each year. Utilizing the most 

recent data available in this study offers one of the most current analyses in the field and 

contributes a dynamic perspective to existing literature. 

Conversely, logistics companies typically employ either a single MCDM method or, 

at most, a hybrid approach in their evaluations of financial performance. Although the 

analyses conducted in these studies are generally adequate, integrating multiple method-

ologies comparatively can improve the reliability and depth of the results, thereby yield-

ing more precise and comprehensive insights. 

This study seeks to address a gap in the existing literature by employing the SIWEC, 

MEREC, LODECI, and CoCoSo methods in combination. The integrated model proposed 

herein represents the first instance of these methods being utilized collectively in the lit-

erature, thereby providing a novel perspective for future research. Notably, the criteria 

weighting techniques applied are relatively recent developments, and the dynamic eval-

uation of the financial performance of logistics companies underscores the significance of 

this study. 

3. Materials and Methods 

This section provides a detailed examination of the SIWEC, MEREC, LODECI, and 

CoCoSo methodologies employed to evaluate the financial performance of logistics ser-

vice providers listed on the BIST XULAS index during the 2022–2024 period. For each 

research interval, the weights of the financial criteria influencing the companies’ financial 

performance were determined using the SIWEC, MEREC, and LODECI methods, 
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respectively. Additionally, the CoCoSo method was utilized to rank the companies’ finan-

cial performance for each period, offering an annual comparative analysis. 

To facilitate a clearer and more systematic understanding of the research methodol-

ogy employed in the study, the process flow diagram is presented in Figure 1. 

 

Figure 1. Flow Diagram of the Methodology. 

During the analysis phase of the studies, the decision matrix standardization process 

is initially applied to enable the comparison and evaluation of criteria that possess differ-

ent units and dimensions. Because zero or negative values in decision matrices of MCDM 

methods are excluded from the normalized matrix, these values must be transformed into 

positive values [21] (p. 1006). If the decision matrix utilized in MCDM methods includes 

zero or negative values, the Z-Score Standardization Method proposed by [22] (p. 3) is 

employed to transform it into a matrix with exclusively positive values. The initial step of 

this method is represented by Equation (1). 

 𝑥𝑖𝑗 =
𝑋𝑖𝑗 − 𝑋̅𝑖

𝑆𝑖
   (1) 

Here, 𝑥𝑖𝑗 represents the standardized value corresponding to the ith observation in 

the jth variable. The elements of the decision matrix are denoted by 𝑋𝑖𝑗. The mean value 

of the ith index is represented by 𝑋̅𝑖  and its standard deviation is denoted by 𝑆𝑖. 

𝑥𝑖𝑗
′ = 𝑥𝑖𝑗 + 𝐴  (2) 

In Equation (2), the term 𝑥′𝑖𝑗  denotes the standardized value following translation. 

The parameter 𝐴  signifies the translation amplitude, under the condition that 𝑥′𝑖𝑗 > 0. 

Specifically, 𝐴   satisfies the inequality 𝐴 > |𝑚𝑖𝑛( 𝑥𝑖𝑗)|.   Notably, as the value of 𝐴   ap-

proaches |𝑚𝑖𝑛(𝑥𝑖𝑗)|, the evaluation outcome becomes increasingly significant. 

3.1. Simple Weight of Criteria (SIWEC) Method 

Among the methods developed to enhance the effectiveness of decision-making pro-

cesses, SIWEC method, proposed by [23] provides decision-makers with a straightfor-

ward, comprehensible, and practical alternative. Although it is a relatively recent 
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approach in the literature, its applications, while currently limited, are increasing. The 

SIWEC method has been employed in a range of decision-making problems across multi-

ple sectors. In this context, the method has been applied in various studies, including 

channel selection for agricultural products [23] analysis of trade performance dynamics 

[24], material selection in mechanical production processes [25], evaluation of transporta-

tion policies [26], sustainable smart city planning within the framework of digital twin 

technologies [27], selection of social network platforms for consumer communication [28], 

assessment of solar energy investment projects [29], and selection of waste disposal tech-

nologies [30]. 

The SIWEC model provides a framework comprising six steps designed to systemat-

ically organize the decision-making process [23] (pp. 2–3); [31] (p. 756). 

• Step 1: Constructing the Initial Decision Matrix 

In the initial phase of the SIWEC method, the decision matrix is constructed. Mathe-

matically, this decision matrix is represented by Equation (3): 

𝑨 = [𝑥𝑖𝑗]𝑚𝑥𝑛  (3) 

𝑥𝑖𝑗: Performance value of the ith alternative with respect to the jth criterion 

𝒎: Denotes the number of alternatives. 

𝒏: Denotes the number of criteria. 

• Step 2: Normalization of the Initial Decision Matrix 

The normalization procedure employed in the SIWEC method diverges from that of 

traditional MCDM methods. While in classical approaches normalize each criterion ac-

cording to its individual maximum value, the SIWEC method normalizes based on the 

highest score shared across all criteria. This process is mathematically represented by 

Equation (4) below. 

 𝑛𝑖𝑗 =
𝑥𝑖𝑗

𝑥𝑖𝑗 𝑚𝑎𝑥
 (4) 

𝑥𝑖𝑗 𝑚𝑎𝑥: The maximum value across all criteria. 

𝑛𝑖𝑗: Normalized values. 

• Step 3: Calculation of the Standard Deviation for Normalized Values 

In this step, the standard deviation for each alternative is calculated based on the 

normalized values. 

• Step 4: Multiplying normalized values by their corresponding standard deviation 

values 

In this step, each element of the Normalized Decision Matrix is multiplied by its cor-

responding standard deviation value. This procedure is expressed mathematically in 

Equation (5): 

𝑣𝑖𝑗 = 𝑛𝑖𝑗𝒙 𝑠𝑡. 𝑑𝑒𝑣𝑗 (5) 

• Step 5: Calculating the Sum of Weighted Values for the Criteria 

In this stage of the SIWEC method, the aggregate of the weighted and normalized 

scores for each criterion is computed. This procedure is intended to quantify the overall 

influence of each relevant criterion on the decision-making process. Specifically, by sum-

ming the scores weighted by their respective standard deviations, the degree to which 

each criterion contributes to the decision-making process is quantitatively represented. 

The process is formalized by Equation (6) as follows: 
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 𝑠𝑖𝑗  = ∑𝑣𝑖𝑗  

𝑛

𝑗=1

 (6) 

• Step 6: Calculation of the Final Criteria Weights 

In the final step, the importance weights for each criterion are calculated in accord-

ance with the SIWEC method. Utilizing the total weighted scores (𝑠𝑖𝑗) of the criteria ob-

tained in the preceding steps, the relative importance levels of the criteria are determined 

by applying Equation (7) as follows: 

 𝑤𝑗 𝑆𝐼𝑊𝐸𝐶  =
𝑠𝑖𝑗

∑ 𝑠𝑖𝑗
𝑛
𝑗=1

  (7) 

3.2. Method Based on the Removal Effects of Criteria (MEREC) 

The MEREC approach was introduced into the MCDM literature by [32] (pp. 7–9) as 

an objective method for determining criterion weights. This method involves excluding 

the criterion under consideration from the calculation of its importance weight, thereby 

emphasizing the impact of its removal on the overall criterion weights. Additionally, the 

MEREC method is characterized by a robust mathematical foundation and straightfor-

ward, comprehensible procedural steps, which are among its notable advantages [33] (p. 

78). 

In the literature, this method has been proposed as a solution to various decision-

making problems, such as analyzing the carbon emission profiles of countries [34], evalu-

ating airline performance [35], selecting autonomous vehicles in logistics systems [36], and 

network selection for Industry 5.0 [37]. 

The calculation of criterion weights using the MEREC method comprises six steps, 

which are detailed below [32] (pp. 7–9). 

• Step 1: Developing the Decision Matrix 

In the initial step, a decision matrix comprising elements 𝑥𝑖𝑗 > 0   is constructed, 

where ∀𝒊 = 1,2,3, … , 𝑛  represents the alternatives and denotes the criteria. The resulting 

decision matrix is presented in Equation (8): 

𝑋 =

[
 
 
 
 
 
𝑥11  𝑥12 ⋯ 𝑥1𝑗 ⋯  𝑥1𝑚
𝑥21 𝑥22 ⋯ 𝑥2𝑗 ⋯  𝑥2𝑚
⋮ ⋮ ⋱ ⋮ ⋱ ⋮
𝑥𝑖1 𝑥𝑖2 ⋯ 𝑥𝑖𝑗 ⋯ 𝑥𝑖𝑚
⋮ ⋮ ⋱ ⋮ ⋱ ⋮
𝑥𝑛1 𝑥𝑛2 ⋯ 𝑥𝑛𝑗 ⋯ 𝑥𝑛𝑚 ]

 
 
 
 
 

  (8) 

• Step 2: Normalization of the Decision Matrix 

In this step, the decision matrix is normalized using Equation (9), and the elements 

of the normalized matrix are denoted as 𝑛𝑖𝑗
𝑥 .  Here, 𝐵  represents the set of benefit crite-

ria, whereas 𝐶 denotes the set of cost criteria. 

𝑛𝑖𝑗
𝑥 =

{
 
 

 
 
𝑚𝑖𝑛𝑥𝑘𝑗

𝑘

𝑥𝑖𝑗
 𝑖𝑓 𝑗𝜖𝐵 

𝑥𝑖𝑗
𝑚𝑎𝑥𝑥𝑘𝑗

𝑘

 𝑖𝑓 𝑗𝜖𝐶 

  (9) 

• Step 3: Calculation of the Total Performance Value 

The total performance value of the decision alternatives is determined as illustrated 

in Equation (10). 
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𝑆𝑖 = 𝑙𝑛(1 + (
1

𝑚
∑|𝑙𝑛 (𝑛𝑖𝑗

𝑥 |

𝑗

) (10) 

• Step 4: Determination of the Performance Values of the Alternatives 

Each criterion is evaluated independently, and the performance values of the alter-

natives are determined using Equation (11). 

 𝑆′𝑖𝑗 =  𝐼𝑛 (1 + ( 
1

𝑚
∑ |𝐼𝑛(𝑛𝑖𝑘

𝑥 )|

𝑘,𝑘≠𝑗

)) (11) 

• Step 5: Calculation of the Sum of Absolute Deviations 

The impact level of the jth criterion is determined using Equation (12), which incor-

porates the values obtained from Equations (10) and (11). 

 𝐸𝑗 = ∑|𝑆′𝑖𝑗 − 𝑆𝑖|

𝑖

 (12) 

• Step 6: Determination of Criteria Importance Weights. 

In this final step, the weight values for the criteria are calculated using the 𝐸𝑗 values 

obtained from Equation (13). The value 𝑤 𝑗 𝑀𝐸𝑅𝐸𝐶  presented below denotes the im-

portance of the jth criterion. 

𝑤𝑗 𝑀𝐸𝑅𝐸𝐶 =
𝐸𝑗

∑ 𝐸𝑘𝑘
  (13) 

3.3. Logarithmic Objective Decomposition Index (LODECI) Method 

The LODECI method, introduced to the literature by Pala [38], represents an ap-

proach that integrates the features of both the Entropy and MEREC methods. This method 

is grounded in the principle of maximum decomposition for criterion weighting. Addi-

tionally, the incorporation of a logarithmic function within the method constrains the 

weight range to an appropriate scale, thereby mitigating the issue of overestimating cer-

tain criteria observed in the Entropy and MEREC methods [38] (p. 3). LODECI assesses 

each alternative by measuring its maximum difference from other alternatives across each 

criterion. 

Recently, the number of applications utilizing the new methodology, LODECI, has 

begun to increase. Studies have demonstrated its effectiveness in addressing various de-

cision-making problems, including supplier selection [39], financial performance evalua-

tion [40,41], assessment of social progress levels in countries [42], and sustainable agricul-

tural practices [43]. 

The weighting of criteria using the LODECI method follows a systematic approach 

comprising five fundamental steps [38] (pp. 2–3). 

• Step 1: Construction of the Initial Decision Matrix 

The initial phase of the LODECI method entails structuring the data pertinent to the 

decision-making process into a well-organized matrix format. During this phase, an initial 

decision matrix 𝑋 , comprising 𝑚  alternatives and 𝑛  criteria, is derived as shown in 

Equation (14) below. 

𝑿 = [𝑥𝑖𝑗]𝑚𝑥𝑛  (14) 

• Step 2: Maximum Normalization Approach 
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This approach has been identified as the most appropriate normalization technique 

for the LODECI method when compared to alternative normalization approaches. It facil-

itates the separation of numerical values and enables a more consistent and reliable trans-

formation of the normalized matrix. Specifically, the decision matrix 𝑋 is normalized us-

ing Equations (15) and (16), depending on whether the criterion is classified as a benefit 

or a cost criterion. 

∗  𝐼𝑓 𝑥𝑗 𝑖𝑠 𝑎 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛,                        𝑎𝑖𝑗 =
𝑥𝑖𝑗

𝑥𝑗
𝑚𝑎𝑥 (15) 

∗ 𝐼𝑓 𝑥𝑗 𝑖𝑠 𝑎 𝑐𝑜𝑠𝑡 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛,                      𝑎𝑖𝑗 =
𝑥𝑗
𝑚𝑖𝑛

𝑥𝑖𝑗
 (16) 

• Step 3: Calculation of the Decomposition Value for Elements of the Normalized De-

cision Matrix. 

The Decomposition Value (DV) for each element of the decision matrix is computed 

using the normalized decision matrix elements 𝑎𝑖𝑗 according to the equation presented 

in Equation (17): 

 𝐷𝑉𝑖𝑗 = 𝑚𝑎x {|𝑎𝑖𝑗 − 𝑎𝑟𝑗|} 𝑟 ≠ 𝑖, 𝑟 = 1,2,3, … , 𝑛  (17) 

• Step 4: Determining the Logarithmic Decomposition Values for the Criteria 

The Logarithmic Decomposition Value (LDV) for each criterion is calculated using 

the following Equation (18): 

𝐿𝐷𝑉𝑗 = 𝑙𝑛(1 +
∑ 𝐷𝑉𝑖𝑗
𝑛
𝑖=1

𝑛
), (18) 

• Step 5: Determination of Criteria Importance Levels 

Finally, the importance levels of the criteria 𝑤𝑗 𝐿𝑂𝐷𝐸𝐶𝐼  are determined using Equation 

(19). 

  𝑤𝑗 𝐿𝑂𝐷𝐸𝐶𝐼 =
𝐿𝐷𝑉𝑗

∑ 𝐿𝐷𝑉𝑗
𝑚
𝑗=1

 (19) 

The results obtained from three different criteria weighting methods were integrated 

into a single value by computing the Heron mean, as outlined by [44] (p. 764), using Equa-

tion (20). 

 𝑤𝑗 𝐻𝐸𝑅𝑂𝑁 = (1 − 𝑞) ∗ √𝑤𝑠 ∗ 𝑤𝑚 ∗ 𝑤𝑙 + 𝑞 ∗
𝑤𝑠 + 𝑤𝑚 +𝑤𝑙

3
 (20) 

3.4. Combined Compromise Solution (CoCoSo) Method 

The CoCoSo method, introduced by [45] (pp. 2507–2508), is a ranking technique that 

has been incorporated into the academic literature. This method has been applied in var-

ious decision-making problems, including logistics center selection [46], rare earth indus-

try security [47], circular economy practices [48], spray painting robot selection [49], air-

port performance evaluation [35], and autonomous vehicle selection [36]. 

• Step 1: Constructing the Decision Matrix 

The decision matrix is defined as shown in Equation (21), where 𝒊 = 1,2, . . . . , 𝑚 and 

𝑗 = 1,2, . . . , 𝑛. 

 𝑋𝑖𝑗 =

[
 
 
 
 
𝑥11  𝑥12 ⋯  𝑥1𝑛
𝑥21 𝑥22 ⋯  𝑥2𝑛
⋯ ⋯ ⋯ ⋯
⋯ ⋯ ⋯ ⋯
𝑥𝑚1 𝑥𝑚2 ⋯ 𝑥𝑚𝑛]

 
 
 
 

 (21) 
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• Step 2: Construction of the Normalized Decision Matrix 

In this step, a normalized decision matrix is constructed using Equation (22) for ben-

efit criteria and Equation (23) for cost criteria. 

𝑟𝑖𝑗 =
𝑥𝑖𝑗 −

𝑚𝑖𝑛𝑥𝑖𝑗
𝑖

𝑚𝑎𝑥𝑥𝑖𝑗
𝑖

−
𝑚𝑖𝑛𝑥𝑖𝑗

𝑖

  (22) 

𝑟𝑖𝑗 =

𝑚𝑎𝑥𝑥𝑖𝑗
𝑖

− 𝑥𝑖𝑗
𝑚𝑎𝑥𝑥𝑖𝑗

𝑖
−

𝑚𝑖𝑛𝑥𝑖𝑗
𝑖

  (23) 

• Step 3: Calculation of the Weighted Comparability Values 𝑆𝑖  and 𝑃𝑖 

In this step, the weighted comparability sum is computed according to Equation (24), 

whereas the power weight sum of the comparability sets for each alternative is deter-

mined using Equation (25). 

𝑆𝑖 = ∑(𝑤𝑗𝑟𝑖𝑗)

𝑛

𝑗=1

  (24) 

𝑃𝑖 = ∑(𝑟𝑖𝑗
𝑤𝑗)

𝑛

𝑗=1

  (25) 

• Step 4: Calculation of the Relative Weights of the Alternatives 

In this step, the relative weights of the alternatives are determined using Equations 

(26)–(28). Typically, the value of 𝜆  in Equation (25) is set to 0.5. 

𝑘𝑖𝑎 =
𝑃𝑖 + 𝑆𝑖

∑ (𝑃𝑖 + 𝑆𝑖)
𝑚
𝑖=1

   (26) 

𝑘𝑖𝑏 =
𝑆𝑖

𝑚𝑖𝑛𝑆𝑖
𝑖

 +  
𝑃𝑖

𝑚𝑖𝑛𝑃𝑖
𝑖

  (27) 

𝑘𝑖𝑐 =
𝜆(𝑆𝑖) + (1 − 𝜆)(𝑃𝑖)

𝜆𝑚𝑎𝑥𝑆𝑖
𝑖

+ (1 − 𝜆)𝑚𝑎𝑥𝑃𝑖
𝑖

 ; 0 ≤ 𝜆 ≤ 1  (28) 

• Step 5: Determining the Rank Values of the Alternatives 

In the final step, the alternatives are ranked such that the alternative with the highest 

𝑘𝑖 value, as determined by Equation (29), is assigned the first rank. 

𝑘𝑖 = (𝑘𝑖𝑎𝑘𝑖𝑏𝑘𝑖𝑐)
1
3 +

1

3
(𝑘𝑖𝑎+𝑘𝑖𝑏 + 𝑘𝑖𝑐)  (29) 

4. Analysis and Findings 

4.1. Dataset 

The data utilized in this study were derived from the financial reports of companies 

included in the BIST XULAS index for the period 2022–2024. These reports were accessed 

via the Public Disclosure Platform [50] (KAP, 2025). As of March 2025, twelve companies 

were listed in the relevant index; however, only nine companies with complete data for 

the years 2022–2024 were incorporated into the analysis. While the sample provides a sig-

nificant representation of the Turkish logistics sector, it should be noted that this limited 

selection, based on a specific index, does not offer a comprehensive assessment of all lo-

gistics companies within the sector. However, the BIST XULAS index, which includes 
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large, active companies directly involved in the Turkish logistics sector, effectively reflects 

general trends and financial performance in the sector. 

Eight financial ratios—namely, Current Ratio, Asset Turnover, Financial Leverage 

Ratio, Receivables Turnover, Operating Profit Margin, Net Profit Margin, Return on As-

sets, and Return on Equity—were employed to assess the financial performance of com-

panies within the BIST XULAS Index. These ratios were categorized under four primary 

groups: Liquidity Ratios, Financial Structure Ratios, Activity Ratios, and Profitability Ra-

tios. The selection of financial ratios was informed by analogous studies in the transpor-

tation sector literature. The study’s dataset comprises nine firms as alternatives and eight 

financial ratios as criteria, which are detailed in Tables 2 and 3, respectively. 

In the analysis conducted in this study, a decision matrix was constructed utilizing 

financial data from the 2022–2024 period for companies within the sector represented in 

the BIST Transportation Index. The alternatives within the decision matrix correspond to 

the companies listed in Table 2, while the criteria comprise the financial ratios detailed in 

Table 3. These ratios were selected based on a comprehensive literature review to most 

accurately represent company performance within the sector. The resulting decision ma-

trix, developed from the collected data, is presented in Table 4. 

As shown in Table 4, the decision matrices for the years 2023 and 2024 contain nega-

tive values. However, to implement the criteria weighting methods, it is necessary to first 

transform these matrices into positive-valued decision matrices. Consequently, the Z-

score standardization method proposed by [22] (p. 3) was applied to all values in the 2023 

and 2024 decision matrices presented in Table 4. The application of Z-score standardiza-

tion directly influences the interpretation of analysis results. This method rescales each 

variable based on its mean and standard deviation, so the data reflect the relative perfor-

mance levels of companies compared to the industry average, rather than their absolute 

financial performance ([51,52]). In other words, the values obtained from the Z-score rep-

resent not the actual magnitude of a company’s performance in the relevant variables, but 

the extent to which they deviate from the industry average [53]. This approach eliminates 

the scale effects among performance indicators of varying magnitudes, enabling a more 

balanced and comparable analysis. Using this procedure, matrices containing only posi-

tive values were obtained, allowing the analysis to proceed to the second step. 

Table 2. Companies Included in the Study Registered on the BIST Transportation Index. 

Alternative Code BIST Code Company Name 

A1 BEYAZ Beyaz Fleet Car Rental Inc. 

A2 CLEBI Çelebi Air Service Inc. 

A3 GSDDE 
GSD Maritime Real Estate Construction Industry 

and Trade Inc. 

A4 GRSEL 
Gür-Sel Tourism Transportation and Service Trade 

Inc. 

A5 PGSUS Pegasus Air Transportation Inc. 

A6 RYSAS Reysaş Transportation and Logistics Trade Inc. 

A7 TLMAN Trabzon Port Management Inc. 

A8 TUREX Tureks Tourism Transportation Inc. 

A9 THYAO Turkish Airlines Inc. 

Source: https://www.kap.org.tr/tr/Endeksler (accessed 2 April 2025). 

Table 3. Financial Ratios Employed in the Study. 

Criterion 

Code 
Ratio Direction * Sources 

https://www.kap.org.tr/tr/Endeksler
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C1 Current Ratio B [10]; [54]; [16]; [20]; [11]; [15]; [38] 

C2 Asset Turnover B [10]; [54]; [16]; [20]; [55]; [15]; [38] 

C3 Financial Leverage Ratio C [10]; [54]; [16]; [11]; [15]; [38] 

C4 
Receivables Turnover Ra-

tio 
B [54]; [20]; [11] 

C5 Operating Profit Margin B [54]; [56] 

C6 Net Profit Margin B [54]; [20]; [11]; [55]; [38] 

C7 Asset Return Ratio B 
[10]; [54]; [20]; [16]; [56]; [11]; [55]; 

[15]; [38] 

C8 Return on Equity B 
[10]; [54]; [20]; [16]; [56]; [11]; [55]; 

[15]; [38] 

* B: Benefit, C: Cost. 

Table 4. Decision Matrices for the Years 2022 to 2024. 

Year 
Alternative/ 

Criteria 
C1 C2 C3 C4 C5 C6 C7 C8 

20
22

 

A1 1.164 3.234 0.780 8.049 2.607 2.962 0.096 0.347 

A2 1.492 0.899 0.596 13.011 25.939 19.005 0.171 0.469 

A3 5.381 0.272 0.257 419.018 61.127 69.168 0.188 0.409 

A4 1.175 0.997 0.407 5.605 14.381 14.672 0.146 0.260 

A5 0.998 0.574 0.812 56.516 22.642 16.615 0.095 0.570 

A6 0.946 0.447 0.627 9.293 40.245 18.059 0.081 0.223 

A7 3.423 0.741 0.224 24.779 54.931 93.922 0.696 0.910 

A8 1.056 1.606 0.410 7.183 11.088 8.869 0.142 0.229 

A9 0.877 0.668 0.686 20.114 15.686 15.243 0.102 0.349 

20
23

 

A1 1.372 4.685 0.661 13.133 2.730 0.747 0.035 0.120 

A2 1.258 0.932 0.658 11.382 25.415 16.807 0.157 0.431 

A3 2.730 0.115 0.229 168.455 15.010 −117.565 −0.135 −0.363 

A4 1.539 0.993 0.383 5.302 22.816 24.715 0.245 0.423 

A5 1.291 0.474 0.729 49.601 18.555 29.643 0.140 0.575 

A6 0.986 0.804 0.563 10.903 41.116 16.977 0.136 0.415 

A7 5.261 0.473 0.219 17.892 50.632 36.067 0.171 0.218 

A8 1.201 0.882 0.297 7.169 16.933 14.129 0.125 0.182 

A9 0.944 0.619 0.565 23.027 14.160 32.315 0.200 0.511 

20
24

 

A1 1.234 5.570 0.636 21.885 0.007 −0.250 −0.014 −0.040 

A2 1.312 1.101 0.608 11.488 22.209 18.711 0.206 0.557 

A3 3.108 0.177 0.276 186.341 44.936 −6.285 −0.011 −0.015 

A4 1.690 0.989 0.341 4.442 26.916 20.943 0.207 0.324 

A5 1.276 0.461 0.736 51.197 18.607 11.881 0.055 0.205 

A6 1.132 0.657 0.500 10.094 46.509 22.629 0.149 0.314 

A7 4.232 0.389 0.177 14.449 19.292 19.815 0.077 0.096 

A8 1.174 0.703 0.336 5.857 10.132 4.022 0.028 0.041 

A9 1.007 0.609 0.514 26.110 10.785 15.207 0.093 0.199 
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4.2. Weighting of Criteria 

The determination of criteria weights constitutes a critical step in MCDM problems. 

In the literature, both subjective and objective methods are commonly employed for this 

purpose. Subjective weighting approaches are typically utilized when secondary data are 

unavailable or when expert judgment is deemed more appropriate due to the nature of 

the criteria. Conversely, objective weighting methods yield valuable results in studies re-

lying on secondary data analysis and are generally preferred when such data are accessi-

ble. It is important to note that the application of different objective weighting techniques 

to the same dataset may produce varying results, primarily due to the distinct normaliza-

tion procedures inherent to each method. This variation significantly influences the as-

signed importance weights of the criteria. To mitigate this issue, the present study inte-

grates the outcomes derived from three distinct weighting methods by employing the 

Heron mean, as shown in Equation (20). Table 5 presents the weights obtained from the 

MEREC, SIWEC, and LODECI methods for each year, alongside their aggregated values 

computed using the Heron mean. 

Table 5. Weight Values of Criteria by Year. 

  C1 C2 C3 C4 C5 C6 C7 C8 

MEREC 

𝒘𝟐𝟎𝟐𝟐 0.051 0.169 0.054 0.138 0.253 0.213 0.064 0.058 

𝒘𝟐𝟎𝟐𝟑 0.121 0.120 0.040 0.119 0.148 0.153 0.150 0.150 

𝒘𝟐𝟎𝟐𝟒 0.130 0.132 0.032 0.124 0.149 0.159 0.135 0.139 

SIWEC 

𝒘𝟐𝟎𝟐𝟐 0.013 0.007 0.004 0.505 0.229 0.238 0.001 0.003 

𝒘𝟐𝟎𝟐𝟑 0.056 0.059 0.138 0.048 0.115 0.218 0.181 0.185 

𝒘𝟐𝟎𝟐𝟒 0.080 0.061 0.165 0.058 0.156 0.205 0.150 0.124 

LODECI 

𝒘𝟐𝟎𝟐𝟐 0.125 0.126 0.102 0.148 0.125 0.135 0.132 0.107 

𝒘𝟐𝟎𝟐𝟑 0.130 0.129 0.124 0.134 0.114 0.132 0.118 0.119 

𝒘𝟐𝟎𝟐𝟒 0.132 0.134 0.118 0.135 0.116 0.125 0.122 0.118 

Heron Mean 

𝒘𝟐𝟎𝟐𝟐 0.053 0.077 0.040 0.241 0.198 0.193 0.044 0.040 

𝒘𝟐𝟎𝟐𝟑 0.099 0.100 0.094 0.096 0.125 0.166 0.149 0.150 

𝒘𝟐𝟎𝟐𝟒 0.113 0.106 0.095 0.103 0.140 0.161 0.136 0.127 

The results presented in Table 5 indicate that the importance levels of the criteria 

exhibited fluctuations across different years and methods. Specifically, within the MEREC 

method, criteria C5 and C6 received higher weights in 2022, whereas the weights were 

more evenly distributed in 2023 and 2024. 

The SIWEC method prioritized C4, C5, and C6 in 2022, whereas C3, C6, C7, and C8 were 

assigned greater weights in 2023 and 2024. In contrast, the weights derived using the LO-

DECI method exhibited a more balanced distribution across the three years. 

An analysis of the aggregated weights, derived by averaging the Heron results from 

the three methods, indicates that criteria C5 (net profit margin) and C6 (operating profit 

margin), both categorized under the primary profitability criterion, exhibited higher 

weights in the final two years. This finding implies that these criteria were pivotal in in-

fluencing firm performance throughout the period under study. 

The net profit margin, identified as the primary criterion for profitability, holds the 

greatest weight in both 2023 and 2024. Additionally, the operating profit margin and re-

turn on assets ratio are recognized as significant factors in performance evaluation relative 

to other criteria. 

When Table 5 is examined, the use of combined weight values (Heron mean) is gen-

erally regarded as a more balanced and reliable approach. Moreover, an analysis of each 
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method individually reveals significant variations in the criteria weights across methods. 

In this context, the weights derived using the Heron means are considered to yield more 

reliable results by achieving a consensus that mitigates discrepancies among the methods. 

4.3. Firm Rankings 

This section provides a detailed explanation of the application stages of the CoCoSo 

method employed to rank the financial performance of nine companies listed in the BIST 

XULAS Index, utilizing fully accessible data from the 2023–2024 period, with a focus on 

2024 data. During the analysis, criteria weights were calculated using the Heron mean 

method and incorporated into the CoCoSo method. Subsequently, the decision matrix was 

normalized using Equations (22) and (23), with the results presented in Table 6. 

Table 6. Normalized Decision Matrix for the Year 2024. 

 C1 C2 C3 C4 C5 C6 C7 C8 

A1 0.071 1.000 0.178 0.096 0.000 0.209 0.000 0.000 

A2 0.094 0.171 0.228 0.039 0.477 0.864 0.994 1.000 

A3 0.651 0.000 0.824 1.000 0.966 0.000 0.013 0.042 

A4 0.212 0.151 0.707 0.000 0.579 0.942 1.000 0.609 

A5 0.083 0.053 0.000 0.257 0.400 0.628 0.311 0.410 

A6 0.039 0.089 0.422 0.031 1.000 1.000 0.735 0.593 

A7 1.000 0.039 1.000 0.055 0.415 0.903 0.411 0.228 

A8 0.052 0.097 0.716 0.008 0.218 0.356 0.191 0.136 

A9 0.000 0.080 0.397 0.119 0.232 0.743 0.482 0.401 

The weighted comparability sum (𝑺ᵢ) was computed by applying Equation (24) to the 

values presented in Table 6, while the power-weighted sum of the comparability arrays 

(Pᵢ) was determined using Equation (25). These results are displayed in Tables 7 and 8, 

respectively. 

Table 7. Weighted Normalized Decision Matrix and 𝑆𝑖 Values of Alternatives in 2024. 

 C1 C2 C3 C4 C5 C6 C7 C8 𝑺𝒊 

A1 0.008 0.107 0.017 0.010 0.000 0.033 0.000 0.000 0.175 

A2 0.011 0.018 0.021 0.004 0.068 0.137 0.134 0.126 0.520 

A3 0.075 0.000 0.077 0.105 0.137 0.000 0.002 0.005 0.400 

A4 0.024 0.016 0.066 0.000 0.082 0.150 0.135 0.077 0.550 

A5 0.010 0.006 0.000 0.027 0.057 0.100 0.042 0.052 0.292 

A6 0.004 0.009 0.039 0.003 0.141 0.159 0.099 0.075 0.531 

A7 0.115 0.004 0.093 0.006 0.059 0.143 0.056 0.029 0.505 

A8 0.006 0.010 0.067 0.001 0.031 0.057 0.026 0.017 0.214 

A9 0.000 0.009 0.037 0.013 0.033 0.118 0.065 0.051 0.324 

Table 8. The 2024 Exponentially Weighted Matrix and the Corresponding 𝑃𝑖 Values for Alterna-

tives. 

 C1 C2 C3 C4 C5 C6 C7 C8 𝑷𝒊 

A1 0.737 1.000 0.852 0.781 0.000 0.780 0.000 0.000 4.149 

A2 0.762 0.829 0.872 0.710 0.901 0.977 0.999 1.000 7.049 

A3 0.952 0.000 0.982 1.000 0.995 0.000 0.554 0.669 5.153 

A4 0.836 0.817 0.968 0.000 0.926 0.990 1.000 0.939 6.477 

A5 0.751 0.731 0.000 0.867 0.878 0.929 0.854 0.894 5.904 

A6 0.687 0.773 0.923 0.694 1.000 1.000 0.959 0.936 6.973 

A7 1.000 0.708 1.000 0.737 0.883 0.984 0.887 0.829 7.029 
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A8 0.711 0.780 0.969 0.600 0.806 0.849 0.800 0.777 6.292 

A9 0.000 0.764 0.918 0.799 0.813 0.954 0.906 0.891 6.045 

By applying Equations (26)–(29) to the Sᵢ and Pᵢ values presented in Tables 7 and 8, 

the relative weights and final rankings of the alternatives were calculated. The results are 

summarized in Table 9. 

Table 9. Relative Weights and Ranking Values of Alternatives in 2024. 

 𝒌𝒊𝒂 𝒌𝒊𝒃 𝒌𝒊𝒄 𝒌𝒊 Rank BIST Code 

A1 0.074 2.000 0.569 1.319 9 BEYAZ 

A2 0.129 4.678 0.996 2.779 2 CLEBI 

A3 0.095 3.537 0.731 2.080 6 GSDDE 

A4 0.120 4.711 0.925 2.724 4 GRSEL 

A5 0.106 3.099 0.815 1.984 7 PGSUS 

A6 0.128 4.723 0.987 2.788 1 RYSAS 

A7 0.129 4.586 0.991 2.738 3 TLMAN 

A8 0.111 2.743 0.856 1.876 8 TUREX 

A9 0.109 3.317 0.838 2.092 5 THYAO 

An analysis of Table 9 indicates that the leading three companies in terms of financial 

performance in 2024 are RYSAS, CLEBI, and TLMAN, respectively. Conversely, the com-

panies exhibiting the lowest financial performance are BEYAZ, TUREX, and PGSUS. The 

computed 𝑘𝑖 values and the corresponding ranking outcomes for all years encompassed 

by the study are presented in Table 10. 

Table 10. Values of 𝑘𝑖 and Ranking Results for the Period 2022–2024. 

 2022 2023 2024 

 𝒌𝒊 Rank 𝒌𝒊 Rank 𝒌𝒊 Rank 

BEYAZ 1.4937 9 1.996 8 1.319 9 

CLEBI 2.1028 3 2.335 4 2.779 2 

GSDDE 3.4388 2 1.252 9 2.080 6 

GRSEL 1.7640 5 2.371 3 2.724 4 

PGSUS 1.6681 6 2.192 7 1.984 7 

RYSAS 1.5302 7 2.390 2 2.788 1 

TLMAN 3.7797 1 2.807 1 2.738 3 

TUREX 1.8320 4 2.294 5 1.876 8 

THYAO 1.5192 8 2.229 6 2.092 5 

An analysis of Table 10 indicates notable shifts in the financial performance rankings 

of companies from 2022 to 2024. In 2022, the top three companies with the highest financial 

performance were TLMAN, GSDDE, and CLEBI; however, in 2023, this ranking changed 

to TLMAN, RYSAS, and GRSEL. By 2024, the leading position was held by RYSAS, fol-

lowed by CLEBI and TLMAN. 

The data indicate that TLMAN’s consecutive leadership in 2022 and 2023 reflects the 

company’s sustained financial stability during this period. Its continued presence among 

the top three in 2024 further demonstrates consistent performance with respect to the fi-

nancial ratios analyzed. A comparable level of stability is observed for CLEBI. Notably, 

RYSAS exhibited a marked improvement in performance, particularly over the last two 

years within the period under review. Overall, these findings underscore the rapid varia-

bility of market dynamics and firm performance. 
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One of the primary limitations of this study pertains to the temporal scope of the 

analysis and the criteria employed to assess financial performance. It is important to 

acknowledge that the notions of “good” or “bad” performance are inherently relative. 

Therefore, the selection of evaluation criteria and the review period must be rigorously 

examined to ensure the reliability and validity of performance assessments. The findings 

underscore the necessity for investors and industry analysts to carefully consider both the 

breadth of the criteria and seasonal variations when appraising companies’ financial con-

ditions. For instance, although RYSAS exhibited lower financial performance in 2022, its 

substantial improvement over the subsequent two years clearly illustrates the relative na-

ture of these evaluations. 

4.4. Sensitivity and Comparative Analysis 

Sensitivity analyses are essential for evaluating the consistency and reliability of re-

sults derived from MCDM processes. Specifically, investigating the effects of minor vari-

ations in criterion weights on model outcomes serves to validate the robustness of the 

proposed model and informs decision-makers about the sensitivity of the results. 

To this end, a two-stage process was employed in this section to demonstrate the 

validity and reliability of the model proposed in this study. In the first stage, the impact 

of variations in criterion weights on the ranking outcomes was examined. In the second 

stage, the rankings derived from the proposed model were compared with those obtained 

using alternative MCDM techniques. 

The final criterion weights were established by computing the Heron mean of the 

weights derived from the MEREC, SIWEC, and LODECI methods. The sensitivity of the 

proposed model to these weights was examined by varying the weight of the criterion 

identified as most significant among the obtained weights. The procedural steps are out-

lined as follows [33] (p. 20): 

Step 1. Determine the weight sensitivity coefficient. The weight sensitivity coefficient 

denoted as 𝑎𝑐 quantifies the relative balance of other weights in relation to changes in the 

weight of the most important criterion. It is calculated using Equation (24). Notably, 𝑎𝑐 is 

always assigned a value of 1 for the most important criterion. 

𝛼𝑐 =
𝑤𝑐
0

1 − 𝑤𝑠
 (30) 

𝑤𝑐
0: initial value of the modified weight 

𝑤𝑠: weight assigned to the most important criterion. 

Step 2. Determine the value of ∆𝒙. This value represents the magnitude of change to 

be applied to the weight of the most important criterion. The boundaries for this value are 

defined in Equation (25). 

−𝑤𝑠 ≤ ∆𝒙 ≤ 𝒎𝒊𝒏{𝑤𝑐
0 𝛼𝑐}⁄  (31) 

Step 3 involves calculating the new weights using Equations (26) and (27). It is essen-

tial that the sum of these new weights equals one. 

 𝑤𝑠 = 𝑤𝑠
0 + 𝛼𝑠∆𝒙 (32) 

𝑤𝑐 = 𝑤𝑐
0 − 𝛼𝑐∆𝒙 (33) 

𝑤𝑠
0: initial value of the primary criterion 

𝑤𝑐
0:initial value of the modified weight. 

As a result of the conducted sensitivity analysis, Table 11 presents the weight elastic-

ity coefficients, while Table 12 displays the updated criteria weights. 
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Table 11. Coefficients of Weight Elasticity. 

Criterion Calculated Weight 𝜶𝒄 ∆𝒙 

C6 0.1589 1.0000  

C1 0.1152 0.1370 0.8411 

C2 0.1066 0.1267 0.8411 

C3 0.0931 0.1106 0.8411 

C4 0.1052 0.1251 0.8411 

C5 0.1414 0.1681 0.8411 

C7 0.1349 0.1604 0.8411 

C8 0.1263 0.1502 0.8411 

Table 12. Weights of the New Criteria. 

 ∆𝒙 C1 C2 C3 C4 C5 C6 C7 C8 

S1 −0.1589 0.1370 0.1267 0.1106 0.1251 0.1681 0.0000 0.1604 0.1502 

S2 −0.1500 0.1358 0.1256 0.1096 0.1240 0.1666 0.0089 0.1590 0.1488 

S3 −0.1000 0.1289 0.1192 0.1041 0.1177 0.1582 0.0589 0.1510 0.1413 

S4 −0.0500 0.1221 0.1129 0.0986 0.1115 0.1498 0.1089 0.1430 0.1338 

S5 0.0000 0.1152 0.1066 0.0931 0.1052 0.1414 0.1589 0.1349 0.1263 

S6 0.0500 0.1084 0.1002 0.0875 0.0989 0.1330 0.2089 0.1269 0.1188 

S7 0.1000 0.1015 0.0939 0.0820 0.0927 0.1246 0.2589 0.1189 0.1113 

S8 0.1500 0.0947 0.0876 0.0765 0.0864 0.1162 0.3089 0.1109 0.1038 

S9 0.2000 0.0878 0.0812 0.0709 0.0802 0.1078 0.3589 0.1029 0.0963 

S10 0.2500 0.0810 0.0749 0.0654 0.0739 0.0994 0.4089 0.0948 0.0888 

S11 0.3000 0.0741 0.0685 0.0599 0.0677 0.0910 0.4589 0.0868 0.0812 

S12 0.3500 0.0673 0.0622 0.0543 0.0614 0.0826 0.5089 0.0788 0.0737 

S13 0.4000 0.0604 0.0559 0.0488 0.0552 0.0742 0.5589 0.0708 0.0662 

S14 0.4500 0.0536 0.0495 0.0433 0.0489 0.0657 0.6089 0.0627 0.0587 

S15 0.5000 0.0467 0.0432 0.0377 0.0427 0.0573 0.6589 0.0547 0.0512 

S16 0.5500 0.0399 0.0369 0.0322 0.0364 0.0489 0.7089 0.0467 0.0437 

S17 0.6000 0.0330 0.0305 0.0267 0.0302 0.0405 0.7589 0.0387 0.0362 

S18 0.6500 0.0262 0.0242 0.0211 0.0239 0.0321 0.8089 0.0307 0.0287 

S19 0.7000 0.0193 0.0179 0.0156 0.0176 0.0237 0.8589 0.0226 0.0212 

S20 0.7500 0.0125 0.0115 0.0101 0.0114 0.0153 0.9089 0.0146 0.0137 

S21 0.8000 0.0056 0.0052 0.0045 0.0051 0.0069 0.9589 0.0066 0.0062 

S22 0.8411 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 0.0000 0.0000 

In this study, twenty-two distinct scenarios were constructed to assess the influence 

of variations in criterion weight coefficients on the resulting rankings. Examination of the 

effects of differing criterion weights across each scenario revealed substantial differences 

in the rankings. Figure 2 shows the effect of twenty-two different weighting scenarios on 

the rankings. These findings indicate the sensitivity of the proposed model to changes in 

criterion weights. 

According to the comparative results obtained from 22 scenarios over three years, 

the rankings in 2022 exhibited greater fluctuations than those in 2023 and 2024. In 2023, 

three companies (A9, A1, and A7) consistently maintained the same rankings across all sce-

narios, while the remaining companies continued to show noticeable variations in their 

positions. By 2024, ranking fluctuations had become relatively minor; most companies 

shifted only one position up or down, except for A3, which deviated from this general 

pattern. These findings indicate that the CoCoSo method has become more robust over 

time, yielding increasingly stable and reliable ranking outcomes. 
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Figure 2. Rankings Derived from Various MCDM Method. 

In the second phase, the consistency and reliability of the firm rankings were evalu-

ated using the CoCoSo [45] model. The rankings generated by the CoCoSo model were 

compared with those derived from the COPRAS [57], TOPSIS [58], Multi-Objective Opti-

mization on The Basis of Simple Ratio Analysis (MOOSRA) [59], Weighted Aggregated 

Sum Product Assessment (WASPAS) method [60] and Additive Ratio Assessment (ARAS) 

method [61] methods. The relationships among these rankings were examined through 

Spearman’s Rank Correlation Coefficients (rs) between the primary model and the rank-

ings obtained from the other MCDM approaches. As shown in Table 13, a general exami-

nation of the ranking results reveals that in 2024, the WASPAS and ARAS methods; in 

2023, the WASPAS method; and in 2022, the MOOSRA method exhibited strong correla-

tions with the CoCoSo method. Conversely, the model with the lowest correlation to the 

CoCoSo method across all periods was the TOPSIS method applied to the 2022 data. This 
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discrepancy is attributed not to the presence of negative criteria but to the mathematical 

structural differences between the methods, such as the distinction between proportional 

evaluation and distance-based evaluation. Furthermore, aside from the 2022 TOPSIS re-

sults, Table 13 shows that the CoCoSo method demonstrated medium to high correlations 

with the other models across all years. This suggests that most models produced con-

sistent results with the CoCoSo method, thereby supporting the reliability of the proposed 

model. 

Table 13. Comparative Analysis of Ranking Results. 
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A4 4 4 3 3 4 3 3 3 2 3 4 3 5 5 3 3 4 5 

A5 7 6 8 8 5 6 7 6 8 8 5 6 6 7 7 9 5 7 

A6 1 5 5 4 3 4 2 4 3 4 3 4 7 4 2 4 2 4 

A7 3 1 4 1 1 1 1 1 4 1 1 1 1 1 4 1 1 1 

A8 8 9 9 6 8 9 5 9 9 6 8 9 4 9 9 6 8 9 

A9 5 8 7 7 6 7 6 7 6 7 6 7 8 8 8 7 7 8 

 rs 0.566 0.516 0.6 0.883 0.816 rs 0.65 0.55 0.516 0.8 0.65 rs 0.633 0.35 0.733 0.5 0.633 

5. Discussion 

Competence in logistics operations and the resulting efficiency directly impact a com-

pany’s competitive advantage. Furthermore, these factors substantially enhance the com-

pany’s appeal to downstream stakeholders within the supply chain. Considering the op-

portunities afforded by international markets, logistics functions can play a strategic role 

in facilitating market entry and competition. Many companies, conversely, concentrate on 

their core business areas to enhance production cost efficiency and ensure quality produc-

tion processes. Instead of managing logistics activities internally, they may outsource all 

logistics operations related to the delivery of their final product or service to the subse-

quent buyer to specialized logistics service providers. In this context, the operational de-

velopment of companies within the logistics sector and the quality of service they provide 

are critically important for the overall efficiency of both the logistics industry and the other 

sector companies they support. 

Like all for-profit enterprises, the primary objective of logistics companies is to sus-

tain a robust and sustainable financial structure. The monitoring of this goal is accom-

plished through financial performance measurements conducted on a monthly, quarterly, 

or annual basis. These measurements furnish managers and stakeholders with essential 

information regarding the current financial status and future planning, thereby informing 

strategic decisions related to efficient resource allocation, cost control, profitability en-

hancement, and risk management. Moreover, the early identification of potential devia-

tions enables the implementation of timely preventive measures. All these processes play 

a critical role in both achieving short-term operational goals and successfully implement-

ing long-term sustainable growth strategies. 

Conversely, a company may require additional financial support to augment its prof-

itability while maintaining its operations. In this regard, firms can integrate strategies such 



Sustainability 2025, 17, 9243 22 of 26 
 

as capital increases through public offerings, leveraging liquidity opportunities, expand-

ing credit access, and enhancing their reputation and credibility into their strategic frame-

works to secure more robust financial resources post-commencement of operations. 

Within this context, the BIST XULAS Index in Turkey functions as a platform for monitor-

ing the financial performance of logistics companies, particularly those engaged in trans-

portation and warehousing sectors. This platform enables companies to achieve financial 

transparency for prospective investors, attract stakeholders, and provide clear infor-

mation regarding their financial structures to existing stakeholders. 

Numerous studies within the literature examine the financial performance of logis-

tics companies by utilizing publicly available data from firms included in this index 

[10,11,13–17,19]. Multi-criteria decision-making methods are commonly employed in 

most of these studies, as evidenced by the international literature [4–9]. The studies are 

generally structured by initially assigning weights to criteria that are prominent in terms 

of financial performance, employing either objective or subjective MCDM methods. These 

methods are selected based on the specific research period, sector, or sample under inves-

tigation. Subsequently, alternatives within the sample are ranked using a same or differ-

ent MCDM method. This approach facilitates both the systematic determination of the 

relative importance of criteria and the comparative evaluation of alternatives based on 

their performance. Although this study primarily aims to serve this purpose, calculating 

the criteria weights using three different methods from the existing literature—SIWEC, 

MEREC and LODECI—and subsequently combining these weights through the Heron 

mean can be regarded as a more balanced and reliable approach. The alternatives were 

then ranked using the CoCoSo method with Heronian mean weights. The research find-

ings of the proposed model for each period were compared with results obtained from 

other MCDM methods, including COPRAS, TOPSIS, MOORA, WASPAS, and ARAS. The 

relationships between the rankings were assessed using Spearman’s Rank Correlation Co-

efficients, comparing the main model with the rankings derived from these alternative 

MCDM approaches. The results indicate a moderate to high level of consistency and sim-

ilarity among the ranking outcomes across the relevant years, thereby supporting the Co-

CoSo method’s ability to produce stable and reliable results. This demonstrates the 

model’s sensitivity in the measurement and evaluation process. Furthermore, a notable 

distinction of this study compared to similar research in the literature is the inclusion of 

relatively new and less frequently used MCDM methods, such as SIWEC and LODECI. 

These methods have not been utilized in prior studies conducted under the keywords 

‘logistics companies’ and ‘financial performance.’ 

This study focused on a sample of nine companies selected from the twelve firms 

listed under the XULAS (Transportation) index on Borsa Istanbul between 2022 and 2024, 

for which complete financial data were available for the specified period. The companies 

included in the sample encompass a diverse array of sectors within the Turkish transpor-

tation industry, operating across multiple subcomponents. These firms are international 

enterprises engaged in activities such as new and used vehicle sales, airport ground han-

dling services, maritime transport, road transport, air transport, port management, and 

fleet leasing. Consequently, these companies are recognized as leading and strategically 

significant entities within the sector, exemplifying the dynamic characteristics of the Turk-

ish transportation industry. These companies were selected because they exemplify prom-

inent entities within the Turkish logistics sector. The BIST XULAS index effectively reflects 

overall trends and financial performance within the sector. 

The study examined the three-year period from 2022 to 2024, employing financial 

ratio criteria commonly utilized in the literature. The analyses indicated that profitability-

related sub-criteria—specifically ratios such as net profit margin, operating profitability, 

and return on assets (ROA)—were assigned relatively greater weights compared to other 
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criteria across all three years. This result underscores the pivotal and primary role of prof-

itability indicators in assessing the financial performance of companies within the logistics 

sector. In the literature, analyses employing a single MCDM method [10–12,15,20] typi-

cally assign equal importance to financial criteria. Conversely, studies that adopt hybrid 

models [9,13,14,16,54] apply more systematic and realistic weightings to criteria, leading 

to results that closely align with the findings of the present study. 

The greater importance placed on profitability compared to other criteria indicates 

that the logistics firms in the sample adopt a profitability-focused strategy, prioritizing 

financial success. This focus enables firms to optimize their resources and strategic deci-

sions to enhance profitability, which in turn supports sustainable long-term growth and 

strengthens their competitive advantage within the sector. Moreover, profitability not 

only reflects the firms’ financial health but also helps build a strong market reputation by 

earning investors’ trust. Since investors are more likely to establish solid business rela-

tionships with profitable companies, profitability serves as a crucial indicator of the firms’ 

financial sustainability and growth potential. 

According to the study’s results, the lower performance of the BEYAZ and TUREX 

firms listed on the BIST XULAS and, conversely, the higher and improving performance 

of the CELEBI and REYSAS firms are significantly related to changes in profitability ratios. 

BEYAZ consistently reported the lowest profitability ratios across all years based on the 

Operating Profit Margin (C5) and Net Profit Margin (C6) criteria, while TUREX’s Net Profit 

Margin (C6) declined over time. In contrast, CELEBI, which demonstrated strong perfor-

mance, maintained stable ratios across all criteria, particularly profitability, throughout 

the years. REYSAS, which had one of the highest operating profit margins, also outper-

formed its 2022 results in the recent period despite fluctuations in its net profit margin. 

Consequently, profitability, as the most significant criterion in financial performance 

rankings, plays a crucial role in determining the firms’ success rankings. 

This study uses the SIWEC, MEREC, LODECI and COCOSO methods together to 

present a reliable and useful model for measuring companies’ financial performance. Fu-

ture studies may integrate different MCDM models and compare the results. The study 

primarily focuses on the BIST Transportation Index, and the results obtained in different 

sectors may reveal inter-sectoral relationships. However, the study is limited to the finan-

cial ratios used, and different financial or non-financial criteria (e.g., sustainability, inno-

vation, and customer satisfaction) may be employed. 
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