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ABSTRACT

The aim of the paper is to present the practical use of a combination involving two multicriteria methods: AHP
(analytic hierarchy process) and TOPIS (The Technique for Order of Preference by Similarity to Ideal Solution), in
order to expertly assess the level of sustainable development of counties in the West Pomeranian Province in 2010
and 2017. The article was divided into two main parts. The theoretical (methodological) part contains the charac-
teristics of AHP and TOPSIS methods; in turn, the results of the analysis were presented in the empirical part. The
main source of statistical data is the annual report published by Statistical Office in West Pomeranian Province,
which contains the information on most important development areas (e.g. population, ecology, pollution, health,
employment, macroeconomics, transport, tourism, agriculture, etc.). In other words, the purpose of the article is to
build a synthetic measure of sustainable development, which will take into account socio-economic determinants for
deliberately selected entities from a regional perspective. This approach will allow a detailed analysis of sustainable
development according to the adopted criteria for 2010 and 2017, and may be the basis for further investigations
in order to look for more complex dependencies among the factors which determine sustainable development of

the studied phenomena and objects.
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INTRODUCTION

Today’s enterprises, like public administration
entities, operate in a dynamically changing envi-
ronment, which leads to the need for a new look
at the ways of conducting effective operations.
Therefore, it is important to be able to indicate the
scope of changes, as well as initiate the adaptation
processes that enable the implementation of spe-
cific goals. Modern entities face new challenges,
such as observing global and local socio-economic
trends and their impact on the configuration of
resources and the coordination of the processes
responsible for expectations, needs and standard
of living. Thus, under turbulent conditions, the
concepts related to broadly understood socio-eco-
nomic development play an important role, which
include, among others, the development of the in-
formation society, knowledge-based economy and
the concept of sustainable development.

The multifaceted nature of the issue prevails in
the literature on sustainable development, (Borys,
2011), (Gasparatos, El-Haram, & Horner, 2008),
(Ness, Urbel-Piirsalu, S., & Olsson, 2007), (Stagl,
2007), (Munda, 2006), (Wallis, 2006), (Gibson,
Hassa, Holtz, Tansey, & Whitelaw, 2005). For the
purposes of this article, it is assumed that sustain-
able development “should be treated as a desir-
able environment of life and a responsible society
implementing the concept of internal and intergen-
erational order” (Pezzey & Toman, 2002). Another
definition indicates that sustainable development
is “striving to provide all living people and fu-
ture generations with sufficiently high ecological,
economic and socio-cultural standards, within the
limits of natural tolerance, by implementing the
principle of internal and intergenerational justice”
(Rogall, 2010). In another approach, one can find
the goals of the discussed concept: “the overall
goal of sustainable development is the long-term
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stability of the economy and the environment;
it is possible only thanks to the integration and
recognition of economic, environmental and so-
cial problems throughout the decision-making
process” (Emas, 2015).

Despite the fact that the term “sustainable
development” has dominated the literature of
the subject, it should be noted that several other
categories should be considered along with this
concept, such as: durable development, ecode-
velopment, ethical development, self-sustaining
development or integrated order, etc. However,
regardless of the academic dispute pertaining to
terminological differences, it should be empha-
sized that sustainable development is nowadays
one of the most important concepts related to the
civilizational evolution of countries and regions.

One of the important questions that arise in the
context of the discussed concept is the possibility
of measuring sustainable development, building
computational models that enable this measure-
ment and applying them to various entities of in-
ternational, national, regional and local character.
While analyzing heterogeneous approaches to
sustainable development, it can be noticed that
a partial answer to the problem presented in this
paper, can be found in the developed theories and
tools for measuring specific areas of human activ-
ity. At the international and national level, specific
government and non-governmental agencies pro-
vide the statistical data and measures that illustrate
specific activities of human beings. For example,
such measurement tools include:

e Human Development Index, (United Nations,

2018);

e Human Capital Index, (The World Bank,

2018);

e Multidimensional

(United Nations, 2018);
e Sustainable Development Index, (SDSN,

2018), which consists of the measures respon-

sible for such areas as: health, education, de-

mography, security, ecology, economy, infor-
mation society, cultural development, etc.

Poverty Index,

In the literature on the subject, one can also
find the measures dedicated to specific sectors of
the economy (e.g. ecology, water management,
education, tourism, etc.) or original indicators de-
scribing the sustainable development in a given
geographical area. (Spangenberg, Omann, & Hin-
terberger, 2010), (Salgado, Quintana, Guimaraes
Pereira, del Moral Ituarte, & Pedregal Mateos,
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2009), (Stagl, 2007), (Munda & Nardo, 2005),
(Bell & Morse, 2004), (Bostrom, Barke, Turaga, &
O’Connor, 2006), (Borys T. , 2014), (Roszkows-
ka & Filipowicz-Chomko, 2016), (Kryk, 2015),
(Roszkowska, Misiewicz, & Karwowska, 2014),
(Kusidet, 2014), (Bal-Domanska & Wilk, 2011).
This means that the construction of a dedi-
cated, proprietary measure, reflecting the socio-
economic situation in a specific place and time
is good practice connected with the measurement
of sustainable development in the regional or lo-
cal dimension. This outlined perspective allows
to present the main goal of the article, which is
the use of multicriteria decision making methods
(MCDM) and the AHP-TOPSIS model to analyze
the level of sustainable development of counties in
the West Pomeranian Province in 2010 and 2017.

METHODICAL ASSUMPTIONS
AND RESEARCH PROCEDURE

The main assumption of using multicriteria
methods is to provide decision makers with a tool
which, in case of many contradictory decision-
making criteria, enables a rational decision to be
made. In the literature on the subject, there is a
division of MCDM methods into MODM, multi-
objective decision making and MADM, multiat-
tribute decision making). Multiobjective decision
making (MODM) examines the decision problems
in which the set of all acceptable decisions is a
continuous set containing an infinite number of
possible variants of the solution. Multiattribute de-
cision making (MADM) focuses on the decision-
making problems in which the set of all accept-
able decisions is a discrete set containing a finite,
predetermined number of possible variants of the
solution (Zalewski, 2012).

T. Trzaskalik proposed a different division of
multicriteria methods, distinguishing the follow-
ing groups: additive methods, analytic hierarchy
methods and related methods, verbal methods, the
ELECTRE method group, PROMETHEE group
of methods together with later variants, a group
of methods using reference points, interactive
methods. Regardless of the adopted classification
method, the most well-known multicriteria meth-
ods include:

e ELECTRE method (Elimination et Choice

Translating Reality) 1 and 1I, III and IV

(Banayoun, Roy, & Sussman, 1966);
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e SMART and SMARTER methods (Simple
Multi-Attribute Ranking Technique oraz Sim-
ple Multi-Attribute Ranking Technique Exploit-
ing Ranks) (Edwards & Barron, 1994);

e MACBETH method (Measuring Attractive-
ness by a Categorical Based Evaluation TecH-
nique) (Bana e Costa & Vansnick, 1999);

e PROMETHEE method (Preference Ranking
Organization METHod for Enrichment Evalu-
ations) I and II (Brans & Vincke, 1985);

e DEA method (data envelopment analysis)
(Charnes, Cooper, & Rhodes, 1978);

e TOPIS method (The Technique for Order of
Preference by Similarity to Ideal Solution)
(Boutkhoum, Hanine, Agouti, & Tikniouine,
2017), (Jahanshahloo, Hosseinzadeh Lotfi, &
Izadikhah, 1999);

e AHP/FAHP (fuzzy/analytic hierarchy process)
and ANP methods (analytic network process)
(Saaty, 2002).

The above-mentioned characteristics of the
sustainable development concept and multicri-
teria decision making methods enable to pres-
ent the stages of analysis and assessment of the
counties sustainable development in the Western
Pomeranian Province in 2010 and 2017:

1. Determination of data sources and scope of
data — the data will be collected and aggregated
based on the Local Data Bank of the Statistical
Office in Szczecin.

2. Identification of the factors determining sus-
tainable development of counties — selection of
areas and creation of a list of determinants.

3. Determination of the research methodology —
the research will be carried out on the basis of
multicriteria AHP and TOPSIS methods.

4. Determination of weights for individual groups
of criteria and sub-criteria using the AHP
method.

5. Establishing the ranking of counties for 2010
and 2017 using the TOPSIS method.

6. Comparison of changes over time.

PURPOSE OF THE STUDY
AND SOURCES OF DATA

The main objective of the analysis is to an-
swer the question about the level of the counties
sustainable development in the West Pomeranian
Province in 2010 and 2017 and compare chang-
es over time. The main issue at this stage is the

selection of the factors determining sustainable
development and the definition of data sources. On
the basis of an expert panel using heuristic meth-
ods, such as the analogous transfer method and the
discovery matrix method, eight groups of determi-
nants were proposed: demography (D), ecology
(E), economy (EC), infrastructure (I), tourism (T)
, culture (C), social factors (SF) and safety (S).

In the next step, the possibilities of obtaining
detailed information from the Local Data Bank of
the Statistical Office in Szczecin were analyzed
and 46 factors responsible for the sustainable de-
velopment of counties in the region were identi-
fied. In the course of the discussion, the list of
factors was reduced to 33 items and grouped ac-
cording to the adopted thematic areas. A detailed
list of selected determinants with the description
is presented in Figure 1.

The proposed list of factors is subjective and
may be subject to modification. Nevertheless, it
seems that the adopted factors cover the important
areas of social and economic life of inhabitants
and may be the basis for assessing the sustainable
development of the counties. This approach to the
problem indicates the need to choose the appro-
priate method that will enable the construction of
a synthetic measuring tool. For this purpose, the
AHP-TOPSIS model was proposed, which will
be the basis for determining the weightings of the
designated criteria (AHP) and determining the
ranking of counties (TOPSIS).

CHARACTERISTICS OF AHP
AND TOPSIS METHODS

The main assumption of the AHP method indi-
cates the decomposition of the decision problem to
the hierarchical structure (Figure 1) and the selec-
tion of the optimal variant under given conditions,
according to the adopted criteria and their weights.
The analysis is based on a relative scale of pair-
wise comparisons. Depending on the experience
and knowledge of experts about the problem being
investigated, pairwise comparisons are possible
using the fundamental numerical scale (AHP) and
the scale of fuzzy numbers (FAHP).

While assessing the level of sustainable devel-
opment characterzing the considered counties, the
AHP method was used to determine the weights of
the eight groups of assessment criteria, and then
the individual factors (sub-criteria) within a given
group. The discussion of the level of alternatives
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Table 1. List of factors determining the level of sustainable development

Group

Determinants

D1 — population per 1 km?;
Demography

D2 — natural increase per 1000 population;
D3 — deaths of infants per 1000 live births.

Ecology

E1 — water withdrawal for needs of the national economy and population per 1 km? in dam?;
E2 -industrial and municipal wastewater treated in % of waste requiring treatment;

E3 — population connected to wastewater treatment plants in % of total population;

E4 — emission of dust air pollutants from plants of significant nuisance to air quality in tonnes;
E5 — emission of gas air pollutants from plants of significant nuisance to air quality in tonnes.

Economy

EC1 - sold production of industry (current prices) in PLN million;

EC2 - revenues of county budgets per capita;

EC3 — expenditure of county budgets per capita;

EC4 - capital expenditures in enterprises by investment location (current prices) per capita;
EC5 — registered unemployment rate in%;

EC6 — average monthly gross wages and salaries in PLN.

Infrastructure

14 — dwellings for 1000 people.

11 — water supply distribution network for 100 km? in km;
12 — sewage distribution network a 100 km? in km;
13 — gas distribution network a 100 km? in km;

T2 — monuments of nature in the arts;
T3 — bicycle paths in km;

T4 — Woodiness in%;

T5 — accommodation;

T6 — accommodation provided.

Tourism

T1 — area with special natural values legally protected per 1 inhabitant in m?;

Culture

C1 —book collection in volumes per 1000 population;
C2 — borrowing the book collection in volumes per 1000 population;
C3 — viewers in permanent cinemas during the year per 1000 population.

Social factors

SF1 — children in kindergartens for 100 places;

SF2 — beds in general hospitals for 10,000 population;
SF3 — population per 1 entity of ambulatory health care;
SF4 — population per 1 accessible pharmacy.

Safety

S1 - offenses detected by the police in completed preparatory proceedings for 10,000 population;
S2 — detection rate of offenders identified by the police in%.

has been omitted, because it is irrelevant to the
problem under study.

The first stage of applying the AHP method
is the assessment of the significance of groups of
criteria by pairwise comparisons using the fun-
damental Saaty scale 1,3,5,7,9 (for intermediate
grades it is possible to use even values 2,4,6,8,

=Criterion 1g

2Criterion 2g

Purpose

=Criterion 3g

Figure 2) The main purpose of pairwise compari-
sons is to determine how many times a given item
outweighs another in relation to the criterion being
assessed. For the objects that prevail (in the ex-
pert’s opinion), a numerical value from the Saaty
scale is assigned; for objects that are predomi-
nant — the inverse of this value is given (e.g. strong

Sub-criterion 1.1

Alternative 1

Alternative 2

Alternative 3

Alternative 4

Sub-criterion 3.2

Figure 1. Decision hierarchy in AHP/FAHP method
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Value 5

Value 1 |

Equal importance

Essential

Value 3

Moderate
importance of one
over another

importance

Value 9

Absolute
importance

Value 7

Demonstrated
importance

Figure 2. The fundamental scale for pairwise comparisons (Saaty, 2002; Boutkhoum et al., 2017)

advantage of criterion K1 over K2 — score 5 and
at the same time strong subordination of criterion
K2 to K1 —score 1/5).

In the case of expert group assessments,
there is the problem of aggregating individual
opinions to the final form, which is most often
achieved by applying a geometric mean to all
expert assessments.

The next stages of using the AHP method are
based on the calculation of a normalized matrix for
the selected criteria and the largest own size of the
A, matrix. The author of the method proved that
pairwise comparisons are all the more consistent,
when the A value is similar to the number of
matrix elements n. On this basis, the calculation of
the C.I consistency index was proposed, according
to the formula 1:

Amax —-n
C.l.=—"—— 1
— )
and consistency ratio C.R. (formula 2),
100% = C. 1.
= 2)
R.1.

where R.Iis a random consistency index, gener-
ated from several thousand matrices and
proposed by the author in the form of
Table 2.

It is assumed that the value of C.R. for matrix
(3%3) and (4%4), should be adequate accordingly,

The result of the conducted analysis is obtain-
ing the weights for individual criteria (groups).
Then, the whole procedure is repeated for all
sub-criteria within a given group, which results in
the so-called local priorities of sub-criteria (e.g.
weights for sub-criteria). The last step is to cal-
culate the values of global priorities (weights for
sub-criteria including the weights for groups of
criteria). The conducted analysis using the AHP
method, factors determining the sustainable de-
velopment of counties, results in the weight of all
33 selected criteria.

The second of the multicriteria methods used
in the discussed example, is the TOPSIS method,
which consists in determining the distance of the
analyzed counties from the so-called ideal and
anti-ideal solutions for each factor. It results in a
final, synthetic indicator that allows the creation
of a ranking of the surveyed entities. The best ele-
ment in the study is the one whose distance from
the ideal solution is the smallest and at the same
time has the largest distance from the anti-ideal
solution. The use of the TOPSIS method includes
the following steps:

1. Determination of weights for selected criteria;
in the analyzed example, the criteria weights
were determined using the AHP method.

2. Establishment of a standardized data matrix
according to formula 3.

less than or equal to 5% and 8%, while for larger Xij
matrices it should not exceed 10% (C.R. < 10%). Zij = ; 3)
In that case, the consistency ratio C.R. is accepted, i1 X J
and the comparisons made are considered consis-
tent. If 10% is exceeded by the C.R., the criteria ~ where: i=1,2,...,mandj=12,...,n
evaluation should be repeated in order to eliminate z —normalized value,
the incompatibility of comparisons in pairs. X — primary value
Table 2. Consistency indices for a randomly generated matrix (Saaty, 2002)
n |12 3 4 5 6 7 8 9 10 11 12 13 14 15
RIL | 0|0]| 052 | 089 | 111 | 125 | 135 | 140 | 145 | 149 | 152 | 154 | 156 | 158 | 1.59
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3. Taking into account weights according to for-
mula 4:

ij = w; Q zy; @)
where: V- normalized weighted value

4. Determining the value of the ideal solution Vj*
and anti ideal Vj

e for beneficial criteria: Vj© — maximum value
for a given criterion, Vj- — minimum value for
a given criterion.

e for non-beneficial (cost) criteria: Vj© — mini-
mum value for a given criterion, Vj  — maxi-
mum value for a given criterion.

5. Calculation of the Euclidean distance of the
tested objects from the ideal (formula 5) and
anti-ideal solution (formula 6):

)

D (g —a)’

j=1

(6)

where: i=1,2,...,mandj=1.2,...,n

6. Calculation of the performance score R. for the
examined objects, according to formula 7:
Si

Rj=—1t—
LT SE s ™)

The performance score R, of the highest val-
ue are the best solution (the best county with the
highest level of sustainable development for a
given year) in the considered problem of linear
ordering (ranking).

The use of the AHP method enables to ob-
tain weights for the accepted factors determin-
ing sustainable development both in 2010 and in
2017. Creating a ranking for 2010 and 2017 us-
ing the TOPSIS method requires two independent
analyses (for the two analyzed years).

Determination of weights for criteria
and sub-criteria (AHP)

The first step of the analysis was to build a
pairwise comparison matrix (Table 3), according
to the fundamental scale 1-9 for the AHP method
(the aggregation of values assigned by experts was
made using the geometric mean). Then, in order
to check the compliance of the criteria, a normal-
ized matrix was built (figure 6) and the largest
own size of the A_  matrix, which amounted to
8.70, was calculated. Next, the consistency in-
dex C.I =0.1001 and the consistency ratio were
calculated (for eight groups of criteria (n = 8),
R.I=1.40) C.R=0.0715 (7.15%). Thus, it can be
assumed — in accordance with the adopted AHP
method — that the consistency ratio may be ac-
cepted (is less than 10%), which means that the
comparisons made under the adopted criteria
are consistent.

The next stage was to build a matrix of com-
parisons and a standardized matrix for sub-criteria
in the first group of criteria (Demography). Then,
the conformity of comparisons was verified by
calculating the value of the consistency index and
the consistency ratio within a given group. If C.R
<= 10% were obtained, the results were accepted
and the entire procedure was performed for the
next sub-criteria group (the comparison proce-
dure was performed 8 times for 8 groups of sub-
criteria). Due to the limited form of the study, the
article presents an example of calculations for the
first group of sub-criteria, i.e. Demography.

Table 3. Matrix of pairwise comparison for selected criteria

Criterion D E EC | T C SF S

D 1.00 0.50 0.33 1.00 2.00 2.00 1.00 1.00
E 2.00 1.00 1.00 2.00 1.00 1.00 2.00 1.00
EC 3.00 1.00 1.00 3.00 2.00 2.00 3.00 2.00
| 1.00 0.50 0.33 1.00 4.00 0.50 0.50 0.33
T 0.50 1.00 0.50 0.25 1.00 0.50 1.00 0.33
C 0.50 1.00 0.50 2.00 2.00 1.00 2.00 1.00
SF 1.00 0.50 0.33 2.00 1.00 0.50 1.00 1.00
S 1.00 1.00 0.50 3.00 3.00 1.00 1.00 1.00
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Table 4. Normalized matrix of pairwise comparison for selected criteria

Criterion D E EC | T C SF S Weights
D 0.10 0.08 0.07 0.07 0.13 0.24 0.09 0.13 11.24%

E 0.20 0.15 0.22 0.14 0.06 0.12 0.17 0.13 15.01%
EC 0.30 0.15 0.22 0.21 0.13 0.24 0.26 0.26 22.11%

| 0.10 0.08 0.07 0.07 0.25 0.06 0.04 0.04 8.96%

T 0.05 0.15 0.11 0.02 0.06 0.06 0.09 0.04 7.30%

K 0.05 0.15 0.11 0.14 0.13 0.12 0.17 0.13 12.53%
SF 0.10 0.08 0.07 0.14 0.06 0.06 0.09 0.13 9.13%

S 0.10 0.15 0.11 0.21 0.19 0.12 0.09 0.13 13.73%

Table 5. Matrix of pairwise comparison for demogra-

phy group
Sub-criterion D1 D2 D3
D1 1.00 3.00 5.00
D2 0.33 1.00 4.00
D3 0.20 0.25 1.00

For the sub-criteria from the Demography
group, a pairwise comparison matrix (Table 5) and
a normalized matrix with weights (Table 8) were
created. Then, the following parameters were cal-
culated: largest own size of the A___matrix = 3.09;
the consistency index C.I =0.0433 and the consis-
tency ratio (for 3 sub-criteria (n = 3), R.I = 0.52)
C.R = 0.0833 (8.33%). The consistency ratio
was accepted, which means acceptance of the
weights calculated in the normalized matrix for
the given group.

The final stage in this part of the analysis
was to obtain the values of global priorities, i.e.
weights for all sub-criteria, including the weights
assigned to particular groups of criteria. The sum-
mary of results is shown in Table 7.

The county ranking for 2017 and 2010
(TOPSIS)

The calculation of weights for all identified
factors determining the level of counties sustain-
able development allows joining the next stage of
analysis, involving the use of the TOPIS method to
build a ranking of counties in the West Pomeranian
Province in 2017. Due to the extensive empirical

Table 6. Normalized matrix of pairwise comparison
for demography group

Sub-criterion D1 D2 D3 Weights
D1 0.65 0.71 0.50 0.62
D2 0.22 0.24 0.40 0.28
D3 0.13 0.06 0.10 0.10

material, only the selected elements of the analysis
at individual stages will be presented.

An important element in the conducted study
is to understand the nature of the proposed assess-
ment criteria, which may take the characteristics
of beneficial and non-beneficial (cost) criteria. In
general terms, it can be assumed that the desirable
values for beneficial criteria are the values aim-
ing at the maximum, and cost criteria — the values
aiming at 0. There are also factors that can be con-
sidered beneficial to a certain level of value, and
exceeding this level they take on a non-beneficial
character. In the analyzed example, the factor D2 —
population growth, was defined as a beneficial cri-
terion. In the case of factor D3 — deaths of infants
per 1000 live births, the cost criteria was assumed.

It is also worth mentioning that factorsmay
take on both characteristics, depending on the
adopted assumptions. An example is E1 — water
withdrawal for needs of the national economy and
population per 1 km? in dm?®. From the point of
view of the sustainable development of a county
regarding the water consumption, this determinant
was defined as non-beneficial criteria. However,
one can imagine a study in which the level of pro-
duction efficiency will be analyzed, for which the
water intake at a given time and place can be de-
scribed as beneficial.

In the analyzed example, the following factors
were assumed to be non-beneficial (the remain-
ing ones are beneficial): D3 — deaths of infants
per 1000 live births, E1 — water withdrawal for
needs of the national economy and population per
1 km? in dm?, E4 — emission of dust air pollutants
from plants of significant nuisance to air qual-
ity in tonnes; E5 — emission of gas air pollutants
from plants of significant nuisance to air quality in
tonnes, G5 — registered unemployment rate in %,
B1 — offenses detected by the police in completed
preparatory proceedings for 10,000 population.

On the basis of the assumptions above, a ma-
trix was created in which all counties of the West

239



Journal of Ecological Engineering Vol. 20(7), 2019

Table 7. Final weights for all the criteria for assessing
the sustainable development of counties

determinant group sub-criterion fir)al

weight weight weight
D1 11.24% 61.94% 6.96%
D2 11.24% 28.42% 3.19%
D3 11.24% 9.64% 1.08%
E1 15.01% 16.75% 2.51%
E2 15.01% 22.12% 3.32%
E3 15.01% 28.75% 4.32%
E4 15.01% 16.98% 2.55%
E5 15.01% 15.40% 2.31%
EC1 22.11% 12.65% 2.80%
EC2 22.11% 15.23% 3.37%
EC3 22.11% 15.67% 3.46%
EC4 22.11% 17.89% 3.96%
EC5 22.11% 17.34% 3.83%
EC6 22.11% 21.22% 4.69%
11 8.96% 24.36% 2.18%
12 8.96% 23.78% 2.13%
13 8.96% 22.60% 2.03%
14 8.96% 29.26% 2.62%
T1 7.30% 23.23% 1.70%
T2 7.30% 11.56% 0.84%
T3 7.30% 16.64% 1.22%
T4 7.30% 22.90% 1.67%
T5 7.30% 15.78% 1.15%
T6 7.30% 9.89% 0.72%
C1 12.53% 36.12% 4.53%
Cc2 12.53% 29.10% 3.65%
C3 12.53% 34.78% 4.36%
SF1 9.13% 30.64% 2.80%
SF2 9.13% 23.56% 2.15%
SF3 9.13% 25.32% 2.31%
SF4 9.13% 20.48% 1.87%
S1 13.73% 42.67% 5.86%
S2 13.73% 57.33% 7.87%

Sum 100.00%

Pomeranian Province were described by empirical
data for 33 factors determining sustainable devel-
opment in 2017. A summary of data for the coun-
ties of the Koszalin Region and demographic and
ecological factors were presented in Table 8. The
normalized data for the counties of the Koszalin
Region and demographic and ecological factors
were presented in Table 9. Table 10 contains nor-
malized weighted data (according to weights ob-
tained through the AHP method) for the same part
of the analysis.

The next stage of the analysis was to calcu-
late the Euclidean distances of the studied entities
from the ideal S* and anti-ideal S- solutions, and
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then the performance score R, for each county. The
results were presented in a descending system ,ac-
cording to the R,, which allowed to organize the
counties of the West Pomeranian Province from
the highest level of sustainable development to the
lowest level in 2017 (Table 11).

The final stage of the analysis was to repeat
the whole research procedure using the TOPSIS
method for empirical data from 2010. The results
of the analysis, i.e. the ranking of counties accord-
ing to the same criteria (and designated weights),
are presented in Table 12. A detailed sensitivity
analysis, consisting in searching for the informa-
tion about the ranking development with changed
weight proportions for the selected criteria, goes
beyond the scope of this study.

However, it is worth comparing the changes
in the ranking of particular counties by analyzing
the years 2010 and 2017 (Table 13). To this end,
the following characteristics were proposed for
describing trends of changes in relation to sustain-
able development and thus changing the ranking
position:

e Growing tendency: significant promotion, pro-
motion and slight promotion;

e No change;

e Decreasing trend: slight decline, decline and
significant decline.

The leader of the rankings in the two analyzed
periods is the city of Koszalin; in the second place
is the city of Szczecin and thus the assessment of
the level of sustainable development of both coun-
ties is positive. The next group includes counties:
policki, city of Swinoujscie, goleniowski, kolo-
brzeski and koszalinski. These entities belong to
the group occupying the 3—7 place and, depend-
ing on the analyzed period, are characterized by a
good level of sustainable development in relation
to other counties. Then, a special group should be
indicated, the members of which significantly im-
proved their position in the ranking within seven
years and which can be classified as a group with
a sufficient level of sustainable development com-
pared to other entities.

These are the counties: stargardzki (change
from 19 to 10), stawienski (change from 13 to 8)
and watecki (from 14 to 9). The next group are
the counties in the second ten of the ranking, in-
cluding: choszczenski, drawski, szczecinecki and
kamienski. The remaining counties are included in
the group requiring in-depth analysis, as they are
located at the bottom of the table of both rankings
and are characterized by a decreasing tendency
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Table 8. Empirical data for selected criteria for assessing the sustainable development of counties in the Koszalinski

Region
County/Criterion . b1 | b2 | b3 | E1 | E2 | E3 | E4 | E5
Koszalinski Region
Biatogardzki 57 -1.4 2.2 8.7 100.0 85.9 0.1 151.6
Kotobrzeski 110 -0.9 2.8 10.0 99.9 93.8 0.0 79.4
Koszalinski 40 0.4 3.0 4.8 99.6 59.3 0.0 18.6
Stawienski 54 -0.3 5.4 3.6 100.0 66.6 0.0 28.3
Koszalin 1099 -0.3 4.6 31.9 100.0 100.0 0.2 124.0

Table 9. Normalized values for selected criteria for assessing the sustainable development of counties in the

Koszalinski Region

County/Criteron | D1 | D2 | D3 | E1 | E2 | E3 | E4 | E5
Koszalinski Region
Biatogardzki 00323 | -0.1877 | 01075 | 00130 | 02189 | 02353 | 0.1125 | 0.0341
Kolobrzeski 0.0622 | -0.1207 | 0.1368 | 0.0149 | 02187 | 02570 | 0.0000 | 0.0179
Koszaliriski 0.0226 | 0.0536 | 0.1466 | 0.0072 | 0.2180 | 0.1624 | 0.0000 | 0.0042
Stawieriski 0.0306 | -0.0402 | 0.2638 | 0.0054 | 02189 | 0.1824 | 0.0000 | 0.0064
Koszalin 06219 | -0.0402 | 02248 | 0.0475 | 02189 | 0.2739 | 02250 | 0.0279

Table 10. Weighted, normalized values for selected criteria for assessing the sustainable development of counties

in the Koszalinski Region

Weights 6.96% 3.19% 1.08% 2.51% 3.32% 4.32% 2.55% 2.31%
County/Criterion D1 D2 D3 E1 E2 E3 E4 E5
Koszalinski Region

Biatogardzki 0.0022 -0.0060 0.0012 0.0003 0.0073 0.0102 0.0029 0.0008
Kotobrzeski 0.0043 -0.0039 0.0015 0.0004 0.0073 0.0111 0.0000 0.0004
Koszalinski 0.0016 0.0017 0.0016 0.0002 0.0072 0.0070 0.0000 0.0001
Stawienski 0.0021 -0.0013 0.0029 0.0001 0.0073 0.0079 0.0000 0.0001
Koszalin 0.0433 -0.0013 0.0024 0.0012 0.0073 0.0118 0.0057 0.0006

(decline or significant decline). It is necessary to
indicate such counties as: pyrzycki, bialogardzki
(the largest decrease in the ranking by 12 posi-
tions), gryficki, myslborski (decrease by 10),
$widwinski (promotion by 1 position from 20 to
19), tobeski and gryfinski (no changes, last places
in both rankings).

CONCLUSIONS

The proposed research model, taking into
account the AHP-TOPSIS methodology and ex-
pert selection of factors determining the level of
sustainable development of counties in the West
Pomeranian Province, allows a broad look at
the problem of civilization, social and economic
growth in the regional system and may be the
basis for further, in-depth analyses and scientific

discussions. A detailed analysis of the conducted
study based on the adopted methodological as-
sumptions indicates a number of important issues
related to both the use of multicriteria decision
making methods in scientific research and the
application of the concept of sustainable devel-
opment to local and regional entities. The most
important of them include:

1. In conceptual terms — the problem of defining
sustainable development for entities with dif-
ferent characteristics. The problem of selecting
the factors determining the level of sustainable
development for entities of a global, continen-
tal, national, regional and local character. From
this point of view, the proposed 33 factors con-
stitute a subjectively selected set, which may
be subject to certain modifications, depending
on the nature and purpose of the analysis. At the
same time, it can be assumed that the proposed
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Table 11. Ranking of counties of the West Pomeranian
Region in 2017 according to selected criteria defining
the level of sustainable development

Table 12. Ranking of counties of the West Pomeranian
Province in 2010 according to selected criteria defining
the level of sustainable development

No. County S+ S- R No. County S+ S- R
Koszalin 0.0392 0.0743 0.6544 Koszalin 0.0346 0.0740 0.6812
Szczecin 0.0625 0.0690 0.5246 Szczecin 0.0603 0.0691 0.5341
Policki 0.0655 0.0676 0.5077 Swinoujécie 0.0638 0.0641 0.5013
Swinoujécie 0.0683 0.0647 0.4865 Biatogardzki 0.0676 0.0612 0.4750
Goleniowski 0.0691 0.0616 0.4711 Kotobrzeski 0.0648 0.0575 0.4703
Kotobrzeski 0.0695 0.0608 0.4667 Goleniowski 0.0667 0.0591 0.4699
Koszalinski 0.0734 0.0615 0.4561 Policki 0.0659 0.0572 0.4644
Stawienski 0.0740 0.0611 0.4523 Mysliborski 0.0680 0.0580 0.4605
Watecki 0.0744 0.0613 0.4516 Koszalinski 0.0693 0.0590 0.4600
Stargardzki 0.0704 0.0576 0.4501 Choszczenski 0.0708 0.0598 0.4577
Choszczenski 0.0751 0.0609 0.4476 Gryficki 0.0698 0.0585 0.4560
Drawski 0.0752 0.0606 0.4461 Pyrzycki 0.0710 0.0595 0.4560
Szczecinecki 0.0720 0.0579 0.4457 Stawienski 0.0704 0.0589 0.4556
Kamienski 0.0753 0.0599 0.4433 Watecki 0.0703 0.0588 0.4554
Pyrzycki 0.0763 0.0601 0.4409 Drawski 0.0709 0.0589 0.4539
Biatogardzki 0.0750 0.0588 0.4393 tobeski 0.0727 0.0589 0.4474
Gryficki 0.0750 0.0586 0.4387 Szczecinecki 0.0704 0.0565 0.4454
Mysliborski 0.0739 0.0577 0.4385 Kamienski 0.0721 0.0576 0.4440
Swidwinski 0.0756 0.0590 0.4383 Stargardzki 0.0685 0.0535 0.4388
tobeski 0.0777 0.0596 0.4343 Swidwinski 0.0740 0.0570 0.4351
Gryfinski 0.0793 0.0503 0.3878 Gryfinski 0.0770 0.0470 0.3791

model can constitute a pattern of comparisons
for counties in Poland in the second and third
decade of the 21st century.

2. In the methodological aspect — the problem of
measuring key determinants, the problem of
compatibility of measurements carried out by
various entities with similar characteristics and
the problem of comparisons between entities.
The problem of data reliability (quality) and
the problem of data collection by various re-
search institutions are a separate issue.

3. In the methodological aspect — the problem of
selecting a research model, and in particular the
problem of choosing multicriteria decision mak-
ing methods to analyze the weights of selected
criteria and the problem of linear ordering. This
perspective requires emphasizing the special
role of knowledge and experience of experts
who evaluate factors, e.g. based on reversible
pairwise comparisons. This means that the com-
petences of individual experts are of great impor-
tance for determining the purpose of the analysis
(hierarchy of problems), selection of methods,
and thus for the final results of the study:.

4. In terms of methodology — the methodology
proposed is based on a combination of two
methods: AHP and TOPSIS. The question
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arises about the possibility of modifying the
computational model both as to the method
used (e.g. the use of fuzzy numbers in the
FAHP hierarchical analysis and the use of
fuzzy FTOPSIS analysis) and in the selection
of the method itself (e.g. using the CRITIC
method to establish the weighting criteria and
the PROMETHEE 1II or VIKOR method to
creating a ranking of counties).

It should be noted that the analysis and as-
sessment of the level of sustainable development
of specific entities (regardless of their nature) is a
complex research task. The problems of identify-
ing the factors determining sustainable develop-
ment and their impact on the final result constitute
a major obstacle on the path of a researcher trying
to describe the socio-economic reality in a specific
place and time. The solution to the above-men-
tioned problems may be the use of multicriteria
research methods, enabling a multi-aspect descrip-
tion of the analyzed phenomena and objects. In
the literature on the subject, many applications of
multicriteria models for solving difficult socio-
economic issues can be found.

Regardless of the substantive problems (e.g.
the choice of criteria) and methodical (the choice
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Table 13. List of rankings in 2010 and 2017 for
counties of the West Pomeranian Province

County 2010 | 2017 | Change Description
Koszalin 1 1 0 leader. no change
Szczecin 2 | 2 0 Zﬁizgsde“”°
Swinoujécie 3 4 -1 slight decline
Biatogardzki 4 16 -12 significant decline
Kotobrzeski 5 6 -1 slight decline
Goleniowski 6 5 1 slight promotion
Policki 7 3 4 promotion
Mysliborski 8 18 -10 significant decline
Koszalinski 9 7 2 slight promotion
Choszczenski 10 11 -1 slight decline
Gryficki 11 17 -6 significant decline
Pyrzycki 12 15 -3 decline
Stawieriski 13 | 8 5 ;E’;T']f(')"tf‘o”;
Walecki 12 | 9 5 ;E;ﬂﬁﬁg:
Drawski 15 12 promotion
tobeski 16 20 -4 decline
Szczecinecki 17 13 4 promotion
Kamienski 18 14 4 promotion
Stargardzki | 19 | 10 9 g'rgorr‘g(')ctf‘onr:
Swidwinski 20 19 1 slight promotion
Gryfifiski 21 | 21 0 Eﬁgégzce'”°

of research model) occurring in the study, the use
of multicriteria methods will be increasingly ap-
plicable to the decision-makers who are respon-
sible for local and central government policy as
well as managers of commercial enterprises. Each
subsequent empirical study and new computa-
tional models are a step forward in the search for,
even if not ideal, certainly the best socio-economic
reality description that can be the basis for social
development and economic growth.
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