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Abstract

Emerging changes in global markets and financial crisis led to increase in uncertainty and instability of the
financial and business environments, which lead to increase in the importance of making efficient financial
decisions, along with the complexity of the financial decision making process. The aim of this study is to
propose a financial performance evaluation model, based on ratio analysis of solvency, efficiency, and
profitability, utilizing the integrated Fuzzy AHP Fuzzy TOPSIS. Fuzzy AHP method is used to assign weights for
the evaluation criteria, and Fuzzy TOPSIS method is used to rank alternatives. Profitability and Solvency are
the most important criteria, the Return On Assets and Return On Sales a company can achieve are the most
important norms to reflect how well a company financially operates. The application of this model on airline
companies listed in Istanbul Stock Exchange showed that Pegasus has a better financial performance than
Turkish Airlines.
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BUTUNLESIK BULANIK AHP BULANIK TOPSIS KULLANILARAK HAVACILIK
SEKTORUNDE CALISAN SIRKETLERIN FINANSAL PERFORMANSININ
DEGERLENDIRILMESi

Oz

Finansal ve ticari gevrelerde belirsizlige ve istikrarsizliga, kiresel piyasalarda ortaya c¢ikan degisiklikler ve
finansal krizler neden olmustur. Bu degisiklikler finansal karar verme siirecinin karmagikligi ile birlikte, etkin
finansal karar verme sirecinin dnemini artirmistir. Bu ¢alismanin amaci bitiinlesik Bulanik AHP, Bulanik
TOPSIS yéntemleriyle bir finansal analiz modeli olusturmaktir. Odeme giicii, faaliyet ve karlilik oran analizi,
kriterlerin ve alt-kriterlerin agirliklarini saptamak igin Bulanik AHP, alternatifleri siralamak i¢cin Bulanik TOPSIS
yontemleri kullanilmistir. Karlilik ve Bor¢ Odeme Giicii en dnemli kriterler ve bir sirketin elde edebilecegi Varlik
Getirisi ve Satis Getirisi, bu sirketin mali agidan ne kadar iyi ¢alistigini gbsteren en 6nemli normlardir. Bu
modelin Borsa Istanbul’da islem géren havacilik sektdriinde galisan sirketlere uygulanmasi, Pegasus’un Tiirk
Havayollari'na gére daha iyi bir finansal performansa sahip oldugunu géstermistir.
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1. Introduction

Aviation is the business sector that provides air transportation services. It is one of nowadays'
services that proved itself as an integrated part of human life and economic, with huge increase in
demand. From (IATA annual review, 2017) aviation's vital role in the world has not always resulted
in appropriate reward to airline industry, however airline efforts have resulted in a historic
strengthening of the bottom line. The industry earned Return on Invested Capital of %9.9 while
Cost of Capital estimated at 6.6% in 2016. It also generates wide benefits for the global economy;
it is estimated that aviation support $67.7 million supply chain jobs in 2016 and underpinned $3.0
trillion in value-added output globally.

The Turkish air transportation provided service to 174.15 million passenger in 2016 in both
internal and external flights (DHMI official site). The total assets, revenues, and net loss for Turkish
airlines in 2016 are £65,074, £29,468, and £47 million respectively, £5,618, £3,707, and £136
million for Pegasus airlines (THY and Pegasus annual report, 2016). However these data might not
be sufficient or be misleading when making an investment decision. Thus; the financial
performance of airline companies needs to capture more extensive measures than solely total
revenues and net income (Terker et al., 2016:603). Which can be achieved by implementing the
financial ratio analysis in the evaluation process.

Financial statement analysis seeks to emphasize the comparative and relative importance of
the data presented and to evaluate the position of the firm (Reilly & Brown, 2003:319). The analysis
of financial data employs various techniques, to assess and make decision about the financial
performance, that include ratio analysis, common-size analysis, study of differences of
components of financial statements among industries, review of descriptive material, and
comparisons of results with other types of data (Gibson, 2011:187).

During the last decades the globalization of financial markets, the intensifying competition
among firms, financial institutions and organizations as well as the rapid economic, social and
technological changes, have led to an increasing uncertainty and instability in the financial and
business environments. Within this new context the importance of making efficient financial
decisions has increased, and the complexity of the financial decision making process has also
increased (Zopounidis & Doumpos, 2002:167). Though, techniques from the field of optimization,
stochastic processes, simulation, forecasting, decision support systems, MCDA, fuzzy logic, etc. are
now considered to be valuable tools for financial decision making.

In this study, the Integrated Fuzzy Analytic Hierarchy Process (Fuzzy AHP) and Fuzzy Technique
for Order of Preference by Similarity to Ideal Solution (Fuzzy TOPSIS) methods are used to evaluate
the financial performance of airline companies listed in Istanbul Stock Exchange: Pegasus and
Turkish airlines for the period of 2012-2016. Fuzzy AHP method is used to determine the weights
of criteria and sub-criteria, and Fuzzy TOPSIS method is used to rank alternatives. The financial
ratios of efficiency, profitability and solvency are used as the financial performance evaluation
criteria.

2. Literature Review

In the literature review most of efforts related to aviation assess the financial sources of airline
companies and focus on financial lease, or they address the operational performance of companies
as to Feng & Wang (2000) they noticed that not much of the undertaken researches or models
address the financial performance of airline companies and they mostly focus on the operational
performance. Based on the conceptual frameworks created by Fielding et al. (1978), Fielding and
Anderson (1984) purposed a conceptual framework to help form performance indicators involving
both transportation and aspects of finance. And to overcome the problems of small sample size
and unknown distribution of samples, the grey relation analysis was used to select the
representative indicators, then TOPSIS method was used for the outranking of alternatives. The
conducted case study was using the example of Taiwan's five major airlines. The empirical result
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shows that performance evaluation for airlines can be more comprehensive, if financial ratios are
considered. This result reveals that transportation indicators or financial ratios cannot alone
measure all performance aspects of an airline.

Other researchers state that, for the financial performance evaluation of companies,
Traditional Accounting-Based Financial Performance (AFP) measures are of general use and,
believed that, the competitiveness of the company and its market stand point must be part of the
evaluation process. So, value-based financial performance (VFP) measures have recently been
introduced to express the company value. (Yalcin et al.,, 2012) proposed a new financial
performance evaluation approach to rank the companies of each sector in the Turkish
manufacturing industry. Fuzzy AHP used to determine the weights of criteria and sub-criteria of
the proposed model of AFP and VFP as main-criteria and their sub-criteria which are for AFP:
Return On Assets, Return On Equity, Earnings per Share, Price Earnings ratio. And for VFP:
Economic Value Added, Market Value Added, Cash Flow Return on Investment, and Cash Value
Added. TOPSIS and VIKOR were used for ranking the companies. Noting that the importance of AFP
measures for the performance evaluation was near %67.6 in compare to %32.4 for VFP. Their
results showed that the obtained ranks of the companies by these methods are almost same with
respect to their own sectors.

Omiirbek & Kinay (2013) Used TOPSIS method, and financial performance indicators of: Current
ratio, Quick ratio, and Cash ratio, Debt to Total Assets ratio, Operating Profit margin, Net Profit
margin, and Return On Equity, Place Usage ratio in the plan. To evaluate and compare the financial
performance of two companies: (ABC Company), listed in Istanbul Stock Exchange and (XYZ
Company), listed in Frankfurt Stock Exchange. The data extracted from 2012 financial statements
of both companies and related disclosures. Despite using only one year for the analysis which might
be misleading especially in the current satiation of uncertainty, the weights of financial indicators
ranges from %9 for Return on Equity to %16 for Place Usage ratio. And the final results of the
research indicate that the performance of ABC Company is better than the performance of XYZ
Company.

Reilly & Brown (2003:319) express that analysts use financial ratios because ratios are intended
to provide meaningful relationships between individual values in the financial statements. Terker
et al. (2016) undertake a research to see wither the general numbers and company size or
indicators and ratio analysis to be used to evaluate the financial performance of airline companies.
They intends to analyze the financial performance of the top 20 airlines in the Word for the period
of year 2011 and 2014. To be able to measure the financial performance of these airline companies
they proposed a hormone index by considering performance areas and various ratios as follow:
Profitability: Return On Asset, Return On Equity, Net Profit Margin. Operating: Average Days for
Account Receivables, Average Days for Inventories, and Average Days for Account Payables.
Efficiency: Revenue per Employee, Revenue per Aircraft. Liquidity: Quick Ratio, Debt Ratio, and
Times Interest Earned. The hormone index was used to list all airline companies examined based
on their scores. This analysis supports that the measurement of financial performance based upon
total revenue or profitability is somehow weak and may be extended by including other indicators.
That is despite some companies are among the best companies by total assets, net income, and
revenues still they were not among the best companies using the proposed model.

Using integrated Fuzzy AHP and Fuzzy TOPSIS in the financial performance evaluation, Eyiboglu
& Celik, (2016) applied study to 13 Turkish Energy Companies traded in Istanbul stock exchange
market (Borsa Istanbul) for the period of 2008-2013. They used 5 ratios as main criteria and 15
sub-criteria which are: Liquidity: Current Ratio, Quick Ratio, Cash Ratio, Profitability: Return On
Equity, Return On Assets, Net Profit Margin, Financial Leverage: Debt Ratio, Debt To Equity Ratio,
Activity: Accounts Receivable Turnover, Equity Turnover, Fixed Assets Turnover, Total Assets
Turnover, Growth: Sales Growth, Assets Growth, Shareholders’ Equity Growth. Fuzzy AHP used to
determine the general weights of these ratios and Fuzzy TOPSIS for ranking the alternatives. They
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found that (as criteria) Profitability and Liquidity Ratios are the most important with an importance
of 30% each and the Current Ratio and Quick Ratio are the most important as sub-criteria with final
weights of 14% each. The final results show that AVTUR, TRCAS and AKSUE have the best financial
performance.

Other researches relied on integrated Fuzzy AHP and Fuzzy TOPSIS where Fuzzy AHP is used to
calculate relative weights of criteria and sub-criteria. Fuzzy TOPSIS is used to determine the rank
of alternatives. Such works include: Integrating Fuzzy AHP and Fuzzy TOPSIS to model shopping
center site selection problem for a real world application in Istanbul for (Onut et al., 2010). To
propose a multi-attribute e-business website quality evaluation methodology for (Kaya, 2010). To
propose a methodology for the selection of the best energy technology alternative by (Kaya &
Kahraman, 2010). To provide a comprehensive criteria set for evaluation of entrepreneurial
universities for (Mavi, 2014). Integrating Fuzzy AHP and Fuzzy TOPSIS for a more consistent
evaluation and prioritization of trading partner to reach a supply chain coordination model for
(Shukla et al., 2014). To develop a framework for water loss management in developing countries
under fuzzy environment for (Zyoud et al., 2016).

3. Evaluation Criteria

The model used to evaluate the financial performance of firms driven from the industry norms
and key business ratios advices by Dun & Bradstreet (Gibson, 2011) as shown in fig. 1. Financial
ratios are explained in this section (Chabotar, 1989; Calomiris & Mason, 1994; Nissim & Penman,
2001; Kumbirai & Webb, 2010; Gibson, 2011; Abdul Hamid & Azmi, 2011):

Fig. 1: The Hierarchical Structure

The best financial
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3.1. Solvency

Refers to the ability of company to settle its debts. As to Zietlow (2010) solvency refers to the
amount of assets an organization holds relative to its liabilities.

Quick Ratio (QR): observers believe that the total current assets shall not be considered when
gauging the ability of the firm to meet current obligations because inventories and some other
assets included in current assets might not be very liquid (Reilly & Brown, 2003). The higher the
QR the higher the ability to meet CL in a quick manner.

( cash + marketable +accounts )
securities  receivable

current liabilities

QR=

(1)

Current Ratio (CR): CR examines the relationship between current assets and current liabilities.
In general norms a ratio of 1 is good, however it is a matter of industry in a question of needs that
gives the final decision about it. The higher the CR the higher the ability to meet CL.

current assets

(2)

current liabilities
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Current Liabilities to Net Worth (CLNW): Shows the percent of CL to NW; that is, how much a
company relay on equity comparing to reliance on CL. Net worth referred to the amount of assets
remains after deducting for all liabilities. An increase in this ratio means more reliance on CL which
might lead to more pressure on future cash flows.

CLNW= current liabilities (3)

net worth

Current Liabilities to Inventory (CLI): Indicates reliance on unsold inventory for payment of
debt. The increase in CL to inventory means more burden and reliance on unsold inventory.

CLl= current liabilites (4)

inventory
Total Liabilities to Net Worth (TLNW): Or Debt to Equity Ratio, is a measure of financial leverage,
indicates how much debt a company uses to acquire its assets in compare to equity. The higher
this ratio means more reliance on debt and more financial expenses.

TLNW= total liabilites (5)

net worth

Fixed Assets to Net Worth (FANW): Fixed assets to net worth indicates how many times the
owners' cash is frozen in fixed assets and what remains for working capital. The increase of this
ratio to 1 probably acceptable but increasing much more probably not.

FANW= fixed assets (6)

net worth

3.2. Efficiency

Efficiency refers to the ability of company to effectively use its assets and manage its liabilities.
It measures the ability of a company to utilize available assets to produce revenues.

Average Collection Period (ACP): Also referred to as the days' sales in accounts receivable, is
the average amount of time between the date of credit sale and the date of collection. The higher
the ACP the lower the efficiency of a company.

__ (days(365)xaverage account receivables)

ACP

()

Sales to Inventory (Sl): A very close measure to Inventory Turnover, it measures how many
times inventory changes —bought and sold - in a time period. It is very useful when comparing
companies with different size in the same industry.

credit sales

net sales
SI= inventory (8)
Assets to Sales (AS): The total assets to sales ratio is an inverse of the Asset Turnover ratio used
to compare the amount of assets a company has relative to the amount of sales the company can
generate using that assets, that is, how much assets is use to produce one unit (in money) of
revenues. The higher this ratio the higher the amount of investment in assets needed to produce
a unit of revenue.

__ total assets

AS = 9)

Sales to Net Working Capital (ANWC): Or Working Capital Turnover, an asset utilization
measure that indicates a company's effectiveness in using its working capital; how much Net
Working Capital (NWC) is needed to generate a certain level of sales. NWC is the excess of current
assets over current liabilities. The higher the sales to NWC the more efficient a company in using
its resources.

net sales

net sales

SNWC = (10)

net working capital
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Accounts Payables to Sales (APS): Measures how much a company owes suppliers relative to
sales for the period. If this ratio higher than industry average it suggest that the company is using
suppliers assets (cash owed) to fund operations, and increase AP to sales may be a sign that the
firm is having liquidity problems.

accounts payables

APS = (11)

net sales

3.3. Profitability

One of the very important measures for financial performance. It determines the return
achieved on the money invested in the company. Profitability shall not only be calculated for one
year, the object is to achieve an acceptable return and to increase or, at least, maintain it.

Return on Sales (ROS): Measures the net return earned per unit of sales. It determines the
percent of Sales that remain as profit after deducting for all expenses. It is useful for determining
the ability of a company to efficiently generate a profit from a given level of sales, and to compare
companies with different size. The higher the ROS the more profitability a company is.

ROS = net income (12)

net sales

Return on Assets (ROA): Measures the net return earned per unit of assets (resource). It shows
how a company can convert its asset into net earnings. The higher ratio indicates higher
profitability and therefore is an indicator of efficient use of resources.

ROA = net income (13)

total assets

Return on Net Working Capital (RONWC): Measures the net return earned by unit of net
working capital. It shows how a company can convert its NWC into earnings.

The higher ratio indicates higher profitability and therefore is an indicator of efficient use of
resources. However, RONWC might lose meaning in case of negative NWC —excess of CL over CA-
and, or net loss "inconvenience". If both are negative we got a positive result of RONWC while the
company experienced loss and solvency problems.

RONWC = net income (14)

net working capital
4. Methodology
4.1. Fuzzy Analytic Hierarchy Process (FAHP) Method

Fuzzy AHP used to help making decision in case of uncertainty and vagueness. By decision-
making in the fuzzy environment is meant a decision process in which the goal and/or the
constraints, but not necessarily the system under control, are fuzzy in nature. This means that the
goals and/or the constraints constitute classes of alternatives whose boundaries are not sharply
defined. Fuzzy goal and fuzzy constraints can be defined precisely as fuzzy sets in the space of
alternatives (Bellman & Zadeh, 1970:141).

AHP measure relied on real values of assessment (priority scales) as 0 and 1. It helps making
decisions when there would be different criteria to consider and that criteria has varied levels of
importance among each other in relation to the decision to be made. However, in case of
uncertainty and vagueness, using fuzzy numbers instead proved to be more practical and effective
(Aydogan et al., 2015). In 1930s, Lukasiewicz extended the range of truth values to all real numbers
in the interval between 0 and 1. In 1937, a paper ‘Vagueness: an exercise in logical analysis’ was
published by a philosopher Max Black. According to Black (1937) if a continuum is discrete, each
element in the continuum can be allocated a number. The number will signify a degree. Black has
made an important contribution in defining a fuzzy set and outlining the basic ideas of fuzzy set
operations (Poplawska, 2014:114).
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Zadeh (1965) first introduced the fuzzy set theory, which was oriented to the rationality of
uncertainty due to imprecision or vagueness. A major contribution of fuzzy set theory is its
capability of representing vague data. The theory also allows mathematical operators and
programming to apply to the fuzzy domain. A fuzzy set is a class of objects with a continuum of
grades of membership. Such a set is characterized by a membership (characteristic) function, which
assigns to each object a grade of membership ranging between zero and one (Kahraman et al.,
2004).

Steps of Fuzzy AHP based on Chang's extent analysis can be detailed as follows (Chang, 1996),
(Chang & Wang, 2009), (Mohaghar et al., 2012), (Mahendran, 2014), (Eyiiboglu & Celik, 2016):

A fuzzy number is a special fuzzy set F = {(x, ur(x), x € R)}, where x takes its values on the
real line, R: — oo < x < o0 and ug(x) is a continuous mapping from R to the closed interval [0,1].

A triangular fuzzy number (TFN), M is denoted simply as (I, m, u). The parameters 1; m and u;
respectively, denote the smallest possible value, the most promising value, and the largest possible
value that describe a fuzzy event.

Triangular type membership function of M fuzzy number can be described as follow:

x—1

E , Xe [1, m]

() =9 22Xy e [m,u] (15)
u—m
0 ,otherwise

For the evaluation of attributes respondents select related linguistic variable (LV), then LV
converted into TFN as expressed in Table (1).

Table 1: Linguistic Variables Describing Weights of Criteria and Values of Ratings

Linguistic scale short TFS (I, m, u) TFRS (I, m, u)
Just equal JE 1 1 1 1 1 1
Equal importance El 1 1 3 0.33 1 1
Weak importance of one over another Wi 1 3 5 0.2 0.33 1
Essential or strong importance Sl 3 5 7 0.14 0.2 033
Very strong importance VSI 5 7 9 0.11 0.14 0.2
Extremely preferred EP 7 9 9 0.11 0.11 0.14

Consider two triangular fuzzy numbers M; and M,, M; = (I;, m;,u;) and M, = (I, m,, u,).
Their operational laws are as follow (16):

1. (14, mg,uy) + (I3, my,uy) = (14 + 15, my + my,uy + uy)

2. (1, my,uy) — (I, my,uy) = (I; =1, my —my,u; — uy)

3. (14, my, uy) X ALAA) = (Aly, Amy, Auy) A>0, A€R

4. (1, my,uq) X (1, my, uy) = (141, mymy, uyuy)

5. (13, mqy,uq)/(y, my,uy) = (14/15, my/my, uy /uy)

6. (I, my,u)"t = (1/uy,1/my, 1/1;) (16)

Let X = {Xq, Xy, ..., Xy} be an object set and U = {uy, u,, ..., u,} be a goal set. Each object is
taken and extent analysis for each goal g; is performed, respectively. Therefore, m extent analysis
values for each object can be obtained, with the following signs:

Méi,Méi,...,Mgi‘ i=1;2;..;n a7
Where all Méi(j =1;2;...;m) are TFNs.

The steps of the extent analysis can be detailed as follows.
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Step 1: Calculation Of The Value Of Fuzzy Synthetic Extent

The fuzzy synthetic extent value with respect to the ith object is defined as:
S = S My, x [T,z M) (18)
Here §; is defined as the fuzzy synthetic extent.

!
In order to obtain the equation [Z{‘zl Z]-'L‘l M;;i] , it is necessary to perform additional fuzzy
operations with m values of the extended analysis, which is represented as follow:

22 Mg, = (2241, 2%, my, B2, uy) (18.1)
[Z?=1 Zjn;1 M]gi] = iz L, Xt my, Xt ) (18.2)
It is necessary to calculate the inverse vector using the following equation:
n m w17 1 1 1
[T, ymoMy] = T ST (18.3)

Step 2: The Degree Of Possibility: For M, Is Defined As:

V(M = M;) = supysy [min iy, 9, 1, ) )| (19)

And can be equivalently expressed as follows:

1, ifm, > m,
oMLY — _ _Jo if1>u,
v(M; = M;) = hgt(M; N M,) = py,(d) = L —u (20)
1z otherwise

(mz-uz)-(m;-19)’

Where d is the ordinate of the highest intersection point D between py, and py,. To
compare M; and M,, both the values of v(M; = M,) and v(M, > M;) are required.

Step 3: The Degree Possibility Of A Convex Fuzzy Number To Be Greater Than K Convex Fuzzy
Numbers M; (i = 1;2;...;K) Can Be Defined By:

v(M = M, My, ...,M) =v[(M = M) andv(M = M,) --- (M = My)]

=minv(M>M;), i=1;2;3;..;k (21)
Assume that:
d'®) = minv(S; = Sy) for k=1;2;..;n, k # . (22.1)
The weight vector is obtained by Equation (22.2);
W = (d'(A), d'(Ay), .., d'(Ay))" (22.2)
Where, A;(i = 1; 2; ...; n) consists of n elements.

Step 4: Through Normalization, The Weight Vectors Are Reduced To Equation (23);

W = (d(Al), d(Ay), ..., d(An))T , Where W is a nonfuzzy number (23)
4.2. Fuzzy Technique For Order Preference By Similarity To Ideal Solution (FTOPSIS) Method

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), which was first
developed by Hwang and Yoon, 1981 (Aliakbari Nouri et al., 2015:374). TOPSIS, which is one of the
most popular MCDM methods and worked satisfactorily in various application areas (Yavuz,
2016:1), is based on the idea, that the chosen alternative should have the shortest distance from
the positive ideal solution and on the other side the farthest distance of the negative ideal solution
(Jahanshahloo et al., 2006).
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An Ideal Solution can be reached by maximizing the benefit criteria and minimizing the cost
criteria, whereas the cost criteria are maximized and the benefit criteria are minimized in the
negative solution (Kumar & Kumar Singh, 2016). It is often difficult for a decision-maker to assign
a precise performance rating to an alternative for the attributes under consideration. The merit of
using a fuzzy approach is to assign the relative importance of attributes using fuzzy numbers
instead of precise numbers (Mohaghar et al., 2012).

Fuzzy TOPSIS calculations are given below, for detailed information about application and steps
(Kuo et al., 2007; Sun, 2010; Cakir & Pergin, 2013; Wood, 2016; Ozdagoglu & Giiler, 2016):

Step 1: Determine The Weighting Of Evaluation Criteria And Sub-Criteria.

In our study we used Fuzzy AHP to determine the weighting of evaluation criteria and sub-
criteria.

Step 2: Construct The Fuzzy Performance/Decision Matrix And Choose The Appropriate
Linguistic Variables For The Alternatives With Respect To Criteria.

In our study we used the information provided in annual financial statements of companies to
evaluate their achievement.

The decision matrix is as follow:

I )\Zil )\21] Sl(in | where 3/(1] = (ai]', bi]’cij) (24)
1%, '")\ij"'sl(an
i=1,2;,..,m ,j=1,2;..;n

ajj: is the lowest ratio (performance rating) from 2012 to 2016 for alternative A; with respect to
criterion (and or sub-criterion) C;

bj;: is the average ratio from 2012 to 2016 for alternative A; with respect to criterion C;
Cij: is the highest ratio from 2012 to 2016 for alternativeA; with respect to criterion C;
Step 3: Normalize The Fuzzy-Decision Matrix.

The normalized fuzzy-decision matrix denoted by R is shown as following formula:

R= [fii]mxn' i=12.;m ,j=12;..;n (25)
Then, the normalization process can be performed by following formula:

. Lom s _

fyj = (u%'ru—fu—ﬂ> ut = max; {u;li = 1;2; ...;n} (25.1)

) ] )

Or we can set the best aspired level u]-+ andj =1;2;...;nis equal 1; otherwise, the worst is 0.

The normalized ﬁ-j is still triangular fuzzy numbers. For trapezoidal fuzzy numbers, the
normalization process can be conducted in the same way. The weighted fuzzy normalized decision
matrix is shown as following matrix V:

V= [Vij]nxn' i=12;..;m ,j=1;2;..;n (26)
Where: \71] = \fll X V\\//] (261)
Step 4: Determine The Fuzzy Positive-ldeal Solution And Fuzzy Negative-ldeal Solution.

According to the weighted normalized fuzzy-decision matrix, we know that the elements ¥;; are
normalized positive TFN and, while A" contribute to the best performance scores (aspiration
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levels), A~ contribute to the worst performance scores (the worst levels). Then, we can define
the FPIS At and FNIS A~ by the following formula (27):

At = (¥, .Y, o, V) (27.1)
o maxvy, JEN i=1,..m, for benefit criteria 272
Vi = minvy, j € N i=1,...m, for cost criteria (27.2)
A" = (31,0, ¥, e, V) (27.3)
. minvy, j € N i=1,...m,for benefit criteria 274
Vi = max vj; , jEN i=1,..m,for cost criteria 27.4)

Step 5: Calculate The Distance Of Each Alternative From FPIS And FNIS.

The distances (ai+ andai_) of each alternative from A and A~ can be currently calculated by
the area compensation method

df = ¥r, d (%)),
a; =Z]-n=1d(\71j,\7j_ , i=1;2;..;m ,j=1;2;..;n (28)

The distance between two triangular fuzzy numbers & = (a;,a,,a3) and b = (b;,b,,b3) is
calculated by the following Equation:

A(45) = [ — b2 + @y = b,)2 + (2 = by)?] 29)

Step 6: Computing the Closeness Coefficients: Closeness coefficient of each alternative is
computed by:
4= 1,2;..;m (30)

.
d +d;

CCi =

The higher the CC; value of alternative the closer to FPIS and Farther from FNIS.
5. Application of the Proposed Method

The hierarchical structure for decision making shown in Fig. (1). the hierarchy shows all the
criteria and sub-criteria related to financial performance evaluation. Our alternatives: Turkish
airline companies that are listed in Istanbul Stock Exchange market, that is: Pegasus (P) and
Turkish airlines (T). The priority weights of criteria and sub-criteria calculated using Fuzzy AHP,
the relative importance of one criterion or sub-criterion over another assessed using
questionnaire.

Table 2: Pairwise Comparisons Of Main Criteria And Their Weights

Goal S E P w
S 1.00 1.00 1.00 250 400 6.00 0.79 180 333 047
E 0.20 0.42 0.63 1.00 1.00 1.00 035 0.39 0.97 0.04
P 0.93 1.67 2.50 283 450 6.00 1.00 1.00 1.00 0.49

Four questionnaires were distributed, in June 2017, to academic personnel of finance
department in Karadeniz Technical University holders of PHD degree, then calculate the average
relative importance; the aggregated fuzzy pairwise comparison matrix and their weights shown in
Table (2) for main criteria, and (3- 4- 5) for sub-criteria.
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Table 3: Pairwise Comparisons Of Solvency Sub-Criteria And Their Weights
S QR CR CLNW
QR 1 1 1 2.3 3.83 55 1.6 217 35
CR 036 092 1.63 1 1 1 078 179 33
CLNW 0.61 1.79 2.8 1.43 2.17 3 1 1 1
CLI 0.2 042 0.63 0.22 047 083 041 111 179
TLINW  1.11 2.29 3.3 2.13 3.33 4 1.29 2.8 4.33
FANW 0.27 0.67 1 0.47 1.33 2 0.24 0.61 0.79
S CLI TLNW FANW w
QR 2.5 4 6 1.59 213 3.33 1 2 4 0.218
CR 1.5 3 5 0.58 1.11 229 0.8 1.33 3 0.161
CLNW 2.3 333 45 0.89 1.47 233 25 3.5 5 0.197
CLI 1 1 1 1.06 1.56 259 039 047 133 0.071
TLNW 3.12 43 4383 1 1 1 2.8 3.83 5 0.236
FANW 1.33 3 4.5 0.4 1.08 1.62 1 1 1 0.117
Table 4: Pairwise Comparisons Of Efficiency Sub-Criteria And Their Weights
E ACP Sl AS SNWC APS w
ACP 10 10 10 18 23 38 06 12 25 15 35 55 11 21 33 0.21
Sl 09 18 23 10 10 10 06 11 21 08 23 38 26 36 48 0.20
AS 06 18 30 26 38 50 10 10 10 18 28 43 33 48 6.0 0.26
SNwC 0.2 03 08 09 15 25 14 21 28 10 10 10 08 18 35 0.15
APS 16 26 38 11 21 31 04 09 16 04 12 20 10 10 1.0 0.17

Table 5: Pairwise Comparisons Of Profitability Sub-Criteria And Their Weights

P ROS ROA RONWC W
ROS 100 100 100 106 159 263 3.00 500 7.00 0.433
ROA 212 330 433 100 100 1.00 450 6.00 7.00 0.567

RONWC 015 022 047 017 036 040 100 1.00 1.00 0.000

The final weights for sub-criteria are calculated by multiplying the local weight of each sub-

criterion with the weight of its criterion as shown in Table (6).

Table 6: Final Weights Of Criteria

Criteria C. W. Sub-criteria LW FW

QR 0.218 0.103

CR 0.161 0.076

S 0.471 CLNW 0.197 0.093

CLl 0.071 0.033

TLNW 0.236 0.111

FANW 0.117 0.055

ACP 0.214 0.009

S| 0.204 0.009

E 0.043 AS 0.259 0.011

SNWC 0.154 0.007

AS 0.17 0.007

ROS 0.433 0.21

P 0.486 ROA 0.567 0.275
RONWC 0 0

Decision makers agreed that Profitability and solvency are the most important measures to
evaluate companies and the most important ratios are return on assets and return on sales
respectively. The return the company can achieve on the invested resources is the most important

Uluslararast iktisadi ve Idari incelemeler Dergisi



594 UITID-IJEAS, 2018 (18. EYI Ozel Sayisy):583-598 1SSN 1307-9832

norm for financial performance evaluation, and then the net return earned per unit of sales. The
return on net working capital is considered as a non-important measurement factor.

As mentioned in the second step of Fuzzy TOPSIS method, the fuzzy decision matrix is shown
in Table (7). Normalized fuzzy decision matrix and weighted normalized fuzzy decision matrix are
shown in Tables (8 - 9) respectively. Then the fuzzy positive-ideal solution (FPIS) and fuzzy negative-
ideal solution (FNIS) calculated as explained in the 4th step of fuzzy TOPSIS calculations. Noting
that (CLNW, CLI, TLNW, FANW, ACP, AS, and APS) are cost criteria.

Table 7: Fuzzy decision matrix

QR CR CLNW CLI TLNW
06 13 17 0.6 1.5 1.8 0.6 09 1.6 43 137 28 18 29 57
T 06 07 08 0.7 0.8 0.9 0.8 09 1.0 17 19 21 24 25 26
FANW ACP S| AS SNWC
1.6 27 6 8 21 28 152 48 1020 12 13 15 -97 07 48
27 28 3 13 17 19 39 50 57 13 16 22 -22.7 -134 -89
APS ROS ROA RONWC
0.06 0.07 0.09 -0.04 015 066 -0.02 013 057 -6.35 -1.19 0.22
0.06 0.07 0.08 000 006 010 0.00 004 006 -1.78 -0.91 0.01
Table 8: Normalized Fuzzy Decision Matrix
QR CR CLNW cu TLNW
03 0.8 1 0.3 0.8 1 0.4 0.5 1 0.1 05 1 03 0.5 1
T 04 04 05 0.4 0.4 0.5 0.5 05 06 01 01 01 04 04 05
FANW ACP S| AS SNWC
03 05 1 0.3 0.8 1 0.1 05 1 05 06 07 -2 01 1
05 05 05 0.5 0.6 0.7 0 0 01 06 07 1 -48 -28 -19
APS ROS ROA RONWC
07 08 1 01 02 1 0 02 1 -287 53 1
07 08 0.9 0 0.1 0.2 0 01 01 -8 -41 01
Table 9: Weighted Normalized Fuzzy Decision Matrix
QR CR CLNW cul TLNW
0.03 0.08 0.10 0.03 006 008 003 005 009 0.00 002 003 004 006 0.11
T 0.04 004 005 0.03 003 004 005 005 005 0.00 000 000 005 0.5 0.05
FANW ACP Sl AS SNWC
0.02 0.03 0.06 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.01 0.01 -0.01 0.00 0.01
0.03 0.03 0.03 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 -0.03 -0.02 -0.01
APS ROS ROA RONWC
0.01 0.01 0.01 -0.01 0.05 0.21 -0.01 0.06 0.28 0.00 0.00 0.00
0.01 0.01 0.01 000 002 003 000 002 0.03 000 0.00 0.00

Table 10: Closeness Coefficients And Final Scores

alternative d+ d- cc Rank
P 0.143 0.36 0.715 1
T 0.501 0.11 0.18 2

After calculating the distance of each alternative from FPIS and FNIS, then the Closeness
Coefficients calculated and alternatives ranked. Computation of closeness coefficients of each
alternative and final scores shown in Table (10). The result of application of the proposed model
shows that Pegasus has a bitter financial performance than Turkish airlines.
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6. Conclusion

Nowadays, Aviation services become one of the most essential parts of daily human life and
economies. The operational performance of aviation industry is important, however, the financial
performance of those entities is also significant for different groups of stakeholders. Therefore,
this study propose an integrated Fuzzy AHP Fuzzy TOPSIS model for evaluating the financial
performance of Turkish airline companies listed in Istanbul Stock Exchange.

Fuzzy AHP method is used to assign the importance weights for the evaluation criteria. The
profitability and the solvency are the most significant aspects for evaluating these entities. As
profitability measure; while ROA and ROS are the most important factors, RONWC is considered
as an unimportant factor for the evaluation process. Fuzzy TOPSIS method is used to rank
alternatives. The application of the proposed model on airline companies that are listed in Istanbul
Stock Exchange from 2012 and 2016 showed that Pegasus has a better financial performance than
Turkish Airlines. In which, during 2015 and 2016 Turkish Airlines Company’s total assets have been
estimated as 65,074 m and 47,638 m respectively, and their revenues have been estimated as
29468 m and 28752 m respectively. Whereas, Pegasus’s total assets have been estimated as 5618
m and 4098 m respectively and their revenues have been estimated as 3707 m and 3488 m
respectively. Interestingly, the results of applying the proposed model emphasize on the
importance and the reliability of financial ratio analysis in evaluating companies' financial
performance. And the usefulness of multi-criteria decision making methods.

As a huge service industry, evaluating the overall performance of airline companies is very
important to understand company's position and help making efficient financial and investment
decisions. Due to budget, time and information access limitation, this study contributes only to the
financial performance evaluation of airline companies, farther studies may consider the
nonfinancial performance aspects.
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