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Abstract. The decision analyses are useful tools used successfully in many fields – from 

Economics and Management to Urban Planning and Tourism. The aim of this analysis is to 

illustrate the usefulness and the potential of the decision analyses in tourism and even for 

business purposes. The paper presents a very brief introduction on the decision analyses with 

an emphasis on the multicriteria method applied in these. Further, applied on the study case, 

the phases of a decision analysis are being presented. The study case area is represented by a 

touristic area, which is not very well developed – Vrancea Depression – and it combines 

socio-economic aspects with touristic ones. At the end of the paper, some conclusions are 

drawn.  
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1. INTRODUCTION 

 

Decision analysis has emerged as a response to the 

needs of the managers and of the economists at the 

beginning of the 20
th

 century. The decision analyses 

are being applied in all the domains where there are 

several stakeholders involved, the resources are 

limited, but the needs are almost unlimited. The 

fields in which these analyses are used are 

Economics, Management, Environment, Public 

Administration, and Urban Planning.  

The majority of decision analyses, including the 

one presented in this paper, is based on the 

multicriteria method. This method has emerged due 

to the fact that the human brain could not keep up 

with the continuous increase of data, criteria and 

other factors that had to be taken into consideration 

during decision-making processes (Sharifi et al., 

2004). From simple, non-spatial decision problems 

(Cheung et al., 2002, Işıklar and Büyüközkan, 

2007), the decision analyses evolved towards more 

elaborate analysis, merging the multicriteria method 

with GIS capabilities. This merging created the 

premises for spatial decision analyses development 

(e.g. Chakhar and Martel, 2003, Eastman, 1999, 

Nas et al., 2010). Today, their usage rage from 

Urban Planning (e.g. Dai et al., 2001, Gamboa and 

Munda, 2007, Sheppard and Meitner, 2005, Svoray 

and Bannet, 2005) to Economics (Pohekar and 

Ramachandran, 2004, Ho et al., 2010), Ecology and 

Tourism (Dye and Shaw, 2007, Feick, 2000, 

Kapantow, 2004). 

 

2. METHODOLOGY 

 

Regarding the methodology, the spatial decision 

analysis based on multicriteria method starts by 

structuring the decision problem. This stage consists 

in setting the main objective and the secondary 

objectives and in establishing the factors needed to 

be taken into consideration in the analysis. 

Depending on the nature and the complexity of the 

decision-making problem, this stage can involve 

also establishing the stakeholders involved. Each 

stakeholder can have one criterion/factor or several 

criteria/factors regarding the decision problem. The 

criteria/factors in the analyses can be grouped by 

their subordination to one of the secondary 

objectives, obtaining a decision tree. In the next 

stage, all the criteria/factors are being standardized 

and then prioritized by their importance to the main 

objective. The final result is a suitability map (Fig. 1).
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Figure 1 The flowchart for applying the multicriteria method in spatial decision-making problems (Gheorghe, 2014) 

 

The software used in this analysis is ILWIS 

(Integrated Land and Water Information System), 

with its SMCE (Spatial Multicriteria Evaluation) 

module. This software was developed in 1984 by 

ITC, Netherlands. Its main purpose was to offer a 

tool for urban planning and for the management of 

water catchments studies. Starting with 2007, the 

software use is free of charge. The SMCE module is 

designed for applying the multicriteria method, 

including in spatial problems. The module can 

handle in the same time, spatial (maps) and non-

spatial data (mainly numbers). The module 

integrates three types of analysis: 

 Problem analysis. The result of this analysis is 

a suitability map (with values that range from  

0 to 1). 

 Design of Alternatives. This analysis is used in 

decision analyses for identifying the most 

suitable alternative(s)/feasible alternatives. 

 Decision Making. This analysis is used in the 

final phase of the decision analyses, when the 

feasible alternatives resulted from the previous 

analysis are ranked. The result is either a map, 

if the decision problem is a spatial one, or 

some aggregated values, if the decision 

problem is a non-spatial one. 

The main tool used in both multicriterial and 

decision analyses is the decision tree (Fig. 2). The 

starting point of the decision is the main objective, 

adding constraints and factors accordingly to the 

problem’s nature. A constraint is a threshold, 

beyond or under which the criterion is no longer 

considered further in the analysis. The factors are 

criteria with different values that influence directly 

the goal and the result of the analysis. The factors 

can be spatial and non-spatial, individual or 

grouped, depending on their nature.  

 

 
Figure 2 Decision tree structure from SMCE module of 

ILWIS software 

 

After the problem structuring, using a decision 

tree. After the problem structuring, using a decision 

tree, all the factors have to be standardized. The 

software uses value functions that are established 

based on expert knowledge and human judgement. 

The value functions are in fact mathematical 

representations of the human judgement (Sharifi  

et. al., 2004). The value obtained after the 

standardization range from 0 (the worst performance) 

to 1 (the best performance). Depending of the nature 

of the criteria, the value function can be a cost (the 

less, the better) or a benefit (the more, the better) 

and also can present linear functions, the majority 

of them, but also non-linear functions. The methods 
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used for standardization in this analysis are 

maximum and interval. The equations used for the 

standardization of the criteria are presented in Table 1.  

 

Table 1 The equations used for the standardization  

of the criteria (ILWIS Help) 

Type of factor 

(method) 
Equation 

Benefit 

(maximum) 

Standardized value = value/ 

maximum value of the input 

Cost (maximum) 

Standardized value = 1 – (value/ 

maximum value of the input) + 

(value/minimum value of the 

input) 

Interval (better 

between a 

certain range of 

values) 

Standardized value = (value – 

minimum value of the input) / 

(value – maximum value of the 

input) 

 

The next step in applying the multicriterial 

method is the prioritization, or the ranking of the 

criteria. The prioritization consists in proving 

weights to each criterion, depending of its 

importance in its group and/or for the analysis. This 

step is the most prone to error due to its high level 

of subjectiveness. In the SMCE module of ILWIS 

software, there are three methods implemented for 

the prioritization of the factors (Table 2).  

 

Table 2 The methods used for the prioritization  

of the criteria 

Method Explanation 

Direct 

Based on direct assignment of weights 

for each criterion and/or group of 

criteria. The software normalizes the 

values by reporting the introduced 

weight to the sum of weights. 

Rank 

Ordering 

The user ranks the criteria and/or the 

groups of criteria from the most to the 

least important, accordingly to its own 

judgement. 

Pairwise 

comparison 

Based on the Saaty’s analytic hierarchy 

process, it turns the qualitative 

preferences in quantitative values (from 

1 – equally preferred, to 9 – absolute 

preference). For mitigating the 

probability for giving discrepant 

answers, the software offers the 

possibility of using a consistency factor 

(greater values of 0,1 means inconsistent 

answers).  

The final step in the multicriterial analysis is the 

aggregation of all the criteria.  

Regarding the decision analyses, there are 

numerous models provided by the literature, from 

simple ones (Dewey, 1914, Simon, 1960, Turban, 

1995) to more complex ones (Mintzberg et al., 

1976), but they all have in common the fact that the 

phases of a decision analysis comprise of problem 

identification, designing alternatives and adopting a 

solution. The model used in the present paper is 

synthetized in the flowchart from Fig. 2.  

In Tourism, the decision analyses are being used 

in planning certain touristic activities (Aminu et al., 

2014, Beedasy and Whyatt, 1999, Dye and Shaw, 

2007), but also in touristic development (Abed  

et al., 2011, Feick, 2000, Kapantow, 2004). All the 

factors have to be standardized. The software uses 

value functions, that are established based on expert 

knowledge and human judgement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2 Stages of the applied decision analysis  

(Gheorghe and Armaş, 2015) 

 

3. CASE STUDY 
 

3.1. Study area 
 

Vrancea Depression is situated in the eastern part of 

Romania, in the bending zone of the Subcarpathians, 

Problem structuring 

Design of the alternatives 

Decision Making 

Implementing the decision 

Structuring the decision tree 

Identification of the alternatives 

Prioritization 

Standardization 

The assessment of the alternatives 

Decision making 

Performing the sensitivity analysis 



Multicriteria decision analysis applied in tourism  P a g e  | 27 

 

Copyright © CRMD 2017                                                                                                                                                      GeoPatterns  

between the Vrancea Mountains (W), Răchitaşul, 

Răiuţul and Ghergheleu Hills (E), Şuşiţa Valley (N) 

and Zăbala Valley (S). From the geomorphological 

point of view, Vrancea Depression comprises 

several hollows – Soveja, Nereju and Năruja 

(Grumăzescu and Ştefănescu, 1970; Posea and 

Badea, 1984). Regarding its administrative boundary, 

Vrancea Depression is overlaying several localities 

from Vrancea County: Soveja, Bârseşti, Tulnici, 

Nistoreşti, Vrâncioaia, Valea Sării, Năruja, Paltin 

and Nereju (Fig. 3). 

 

 
Figure 3 Vrancea Depression 

 

 
Figure 4 Natural touristic objectives 

Although the study area does not have a 

significant number of natural touristic objectives 

(Fig. 4), which are situated higher up, in the 

mountains, it has a high touristic potential because 

of the anthropic touristic objectives (Fig. 5). 

Vrancea Depression is also overlapped over 

Vrancea Country, a well-known ethnological area 

for its traditional costumes, specific architecture, 

traditions and celebrations. 

 

 
Figure 5 Anthropic touristic objectives 

 

3.2. Problem Structuring 

 

The decision problem identified is finding a 

suitable area in Vrancea Depression to build a new 

accommodation unit for tourists. The area lacks of 

touristic units, some hotels or bed and breakfast 

facilities are located in the north-eastern part of the 

studied area, but they service the localities of 

Soveja and Lepşa-Tulnici, situated at a higher 

altitude in the mountain area. In the studied area 

there are no touristic units, according to some 

touristic information and booking sites – 

www.infoturist.ro, www.carta.ro, www.booking.com.  

Also, they were not found during field trips. 

http://www.infoturist.ro/
http://www.carta.ro/
http://www.booking.com/
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3.3. Design of the alternatives 
 

The first step   towards designing the alternatives 

was to identify the needed criteria and to structure a 

decision tree. The criteria used in this stage is 

presented below, in Table 3. 

Besides the distance to the main touristic 

objectives, that are essential to the success of a  bed 

and breakfast or touristic facility, were also taken 

into consideration the accessibility (distance to the 

main roads) and the distance to a locality, that can 

provide different services (shopping, restaurants, 

transport etc.). The factors used as a criterion in the 

analysis were then standardized as shows in Table 4. 

The selected method for prioritization was Rank 

Ordering – Rank Sum, in which the criteria were 

ranked from the most important one to the least 

important for the main goal of the analysis – finding 

a suitable area for building a new accommodation 

unit. The most important factor was considered to 

be the distance to the main roads, for the 

accessibility of the new facility. The next factors 

considered to be less important were the distance to 

the natural touristic objectives and the distance to 

the Nature Reserve Areas. Both of them were 

considered equally important to the analysis. The 

distance to the anthropic touristic objectives was 

considered to be less important to the previous ones, 

because tourists generally prefer nature (falls, 

gorges, valleys, forests, etc.) over manmade items 

(churches and monasteries, sculptures, mausoleums, 

etc.). The least important criterion was considered 

the distance to the localities. After establishing this 

hierarchy, the weights for each criterion were as 

presented in the table below. 

  

Table 3 Criteria used in the designing the alternatives 

No. Raster map Description 

1 dist_ob_nat Distance to the natural touristic objectives (excluding the Nature Reserve Areas) 

2 dist_ob_antropice Distance to the anthropic touristic objectives 

3 dist_ob_DN_DJ Distance to the main roads (national and county roads) 

4 dist_uat_puncte Distance to the localities (centre of the settlements)  

5 dist_rez_nat Distance to the Nature Reserve Areas 

 

Table 4 The standardization methods used in designing the alternatives 

No. Criterion/Factor 
Standardization 

type and method 
Rationality 

1 
Distance to the natural 

touristic objectives  
Cost - Maximum 

As the distance increases, the area is less likely to be 

suitable.  

2 
Distance to the anthropic 

touristic objectives 
Cost - Maximum 

As the distance increases, the area is less likely to be 

suitable. 

3 Distance to the main roads  Cost - Maximum 
As the distance increases, the area is less likely to be 

suitable. 

4 Distance to the localities  Cost - Interval  

For this criterion, it was considered that a distance 

between 1,5 and 7,5 km is the most suitable. A shorter 

distance could disturb the tourists that want to rest and 

to enjoy the nature and a longer distance could 

influence negatively the accessibility of the boarding 

house. 

5 
Distance to the Nature  

Reserve Areas 
Cost - Maximum 

As the distance increases, the area is less likely to be 

suitable. 

 

Table 5 The weights obtained after the prioritization 

No. Criterion/Factor Weight 

1 Distance to the natural touristic objectives  0.233 

2 Distance to the anthropic touristic objectives 0.133 

3 Distance to the main roads  0.333 

4 Distance to the localities  0.067 

5 Distance to the Nature Reserve Areas 0.223 
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Through the aggregation of all the factor maps, 

considering the standardization and prioritization 

applied, it resulted the suitability map (Fig. 6). With 

green are represented the areas (pixels) most 

suitable for the main goal of the analysis (1) and 

with red are represented the areas (pixels) least 

suitable for building a new touristic facility. As 

shown in Fig. 6, the most suitable areas are located 

in the north-central part, in Soveja locality and in 

the central part of the area, in the administrative 

boundary of Vrâncioaia. Smaller areas, with high 

values can also be observed on the valleys of Năruja 

and Zăbala, in the eastern part of the studied area.  

For the next phase in the analysis, the Decision 

Making, 5 alternatives were selected, based on the 

obtained suitability values (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 The suitability map and the selected alternatives for the decision-making phase 

 

3.4. Decision Making 
 

In this stage of the decision analysis, the feasible 

alternatives, selected in the previous step, were 

assessed. Thus, a new decision tree has been 

created, setting the analysis to Decision Making. In 

the new decision tree, five columns, corresponding 

to each one of the alternatives were introduced. 

Regarding the criteria needed for the assessment, it 

was established that for this analysis, and taking 

into consideration the lack of data on the studied 

area, the following four non-spatial criteria/factors 

will be used:  

(i) The number of the unemployed, reported to 

the total number of the population; 

(ii) The number of employees, reported to the 

total number of the population; 

(iii) The average price of the land, in euros per 

square meter; 

(iv) The average suitability.   

The rationale behind the selection of these 

criteria was that a new touristic facility or hotel or 

bed and breakfast could also have a social and 

economic impact on the area. So, to minimize the 

cost with the human resources, the facility could be 

built in an area with a higher unemployment rate. 

And since the unemployment rate was not available, 

it was substituted by the number of employees, 

reported to the total number of the population. Also, 

because the number of active population was not 

available, it was substituted by the number of 

employees, reported to the total number of the 

population. The reference to the total population of 

Distance to the natural touristic 

objectives  

Distance to the anthropic 

touristic objectives 

Distance to the Natural 

Reservations 

Distance to the main roads  

Distance to the localities  

s 
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the localities from the studied area was considered 

necessary in order to normalize the data. The 

absolute values of both data, number of employees 

and unemployed, could have been irrelevant for 

comparing the situation in two or more localities.  

The data were selected from the official statistics 

made available by the National Institute of Statistics 

(Table 6). The indicators were calculated for the 

entire administrative-territorial unit. Even though, 

the studied area does not include the whole territory 

of the localities that overlaps, the main human 

settlements, from which the census data are 

collected, are located in the studied area. Also, the 

data were considered only for the localities in which 

the selected alternatives would be situated.  

Even though there are five selected alternatives, 

they overlap on only three administrative-territorial 

units – alternatives 3 and 4 would be in Vrâncioaia 

and alternatives 2 and 5 would be located in 

Nistoreşti.

 

Table 6 The social indicators used in the analysis (INS) 

No. Locality 
No. of 

unemployed 

No. of 

employees 

Total 

population 

Unemployed/tot

al population 

Employees/total 

population 

1 Tulnici 40 304 4158 0.01 0.073 

2 Vrâncioaia 23 83 2857 0.008 0.029 

3 Nistoreşti 29 57 2318 0.013 0.025 

 

The price of the land was considered a necessary 

criterion from economic reasons, assuming that the 

land on which the facility will be build has to be 

bought. Because there is not an official site where 

the prices can be registered,  a market research, over 

the internet, to see the requested prices for land for 

each of the localities from the studied area was 

carried out. The terrains situated outside the built-up 

areas were excluded because this fact could lead to 

a higher building cost or even to a rejection to build 

by the local authorities and the terrains that were 

not accessible from a main road were also excluded. 

The sites researched were: www.vanzari-terenuri.ro/ 

imobiliare/; www.olx.ro/imobiliare/terenuri; www. 

multecase.ro; www.terenuri.net. The obtained 

average price per square meter was 4 euros in Tulnici, 

2.5 euros in Vrâncioaia and 1.5 euros in Nistoreşti.  

The last considered criterion, the mean 

suitability, was selected because it comprises all the 

assessments made in the previous step.  

As in the design of the alternatives phase, all the 

criteria were standardized. The method selected for 

standardization was maximum for all the criteria. 

Depending on their signification for the decision-

making problem, they were considered benefits or 

costs (Table 7). 

 

Table 7 The standardization methods used in decision making phase 

No. Criterion/Factor 
Standardization 

type and method 
Rationality 

1 

The number of the 

unemployed, reported to the 

total number of the population 

Benefit - 

Maximum 
The higher the value, the more suitable the alternative is.  

2 

The number of employees, 

reported to the total number of 

the population 

Cost - Maximum The lower the value, the more suitable the alternative is. 

3 The average price of the land Cost - Maximum The lower the price, the more suitable the alternative is. 

4 The average suitability 
Benefit - 
Maximum 

The higher the average suitability, the more suitable the 
alternative is. 

 

For prioritization, the method selected was also 

the Ranking Method – Rank Sum, as in the design 

of the alternative phase. Thus, the most important 

factors were considered the average price of the 

land and the average suitability, followed by the 

number of employees, reported to the total number 

of the population and the number of the 

unemployed, reported to the total number of the 

population (the two, equally important). The 

weights obtained after the prioritization are noted in 

the table below. 

http://www.vanzari-terenuri.ro/imobiliare/
http://www.vanzari-terenuri.ro/imobiliare/
http://www.olx.ro/imobiliare/terenuri
http://www.terenuri.net/
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Table 8 The weights obtained after the prioritization 

No. Criterion/Factor Weight 

1 The number of the unemployed, reported to the total number of the population 0.350 

2 The number of employees, reported to the total number of the population 0.150 

3 The average price of the land 0.150 

4 The average suitability 0.350 

 

After the aggregation of the factors, for each 

alternative a value was obtained and not a map, 

because in this part of the analysis all data used 

were non-spatial (numbers). The aggregated values 

obtained are: 0.6480 for alternative 1; 0.9102 for 

alternative 2; 0.8926 for alternative 3; 0.8727 for 

alternative 4 and 0.8983 for alternative 5. So, the 

ranking based on these values is: alternative 2, 

alternative 5, alternative 3, alternative 4 and 

alternative 1. Excepting the alternative 1, all the 

other aggregated values are very close, showing that 

is not a significant difference between them.  

Also, alternatives 2-5 are very homogenous 

regarding all the criteria. They have similar values 

for the number of employees and unemployed 

reported to the total population and for the average 

suitability. Alternative 1 is situated in Tulnici, 

which is a more touristic locality, with several 

landmarks located higher up in the mountainous 

area, outside of the studied area. For this reason, the 

average price of the land is higher (4 euros/sqm) 

compared with the others (1.5 and 2.5 euros/sqm) 

and the number of employed people is also higher, 

making it the least suitable alternative under the 

objectives of this decision-making problem. 

This fact can be related to the fact that the data 

used was not very appropriate nor sufficient.  

 

3.5. Sensitivity analysis 

 

The sensitivity analysis tests the robustness of a 

decision analysis (Sharifi, 2004). The major issues 

of a decision analysis are connected with 

comprising all the important criteria and data for the 

analysis, without missing any key-criterion and 

whether or not the standardization and prioritization 

were well rationalized and the method was 

accurately selected. Because the first issue is hard to 

verify, only with expert knowledge can be avoided, 

a higher focus was concentrated on the second 

issue. The tool found for this problem is the 

sensitivity analysis, which can be performed using 

different methods and even different software.  

A simple method that can be performed in the 

SMCE module of ILWIS software, is to change the 

standardization used in the analysis, the 

prioritization or even both of them. The change can 

be applied in the design of alternative phase or in 

the decision-making phase, or both. If the results 

change significantly after the sensitivity analysis, it 

means that the analysis is not robust, so it must be 

re-performed and re-thought. If the change does not 

differ significantly, it means that the analysis is 

robust, so the alternative with the highest 

aggregated value can be selected as a solution for 

the decision-making problem. 

For the present analysis, because of their nature, 

the criteria were considered correctly standardized, 

so all the changes were applied to the prioritization 

(Table 9). Also, the sensitivity analysis was 

performed only in the decision-making phase for 

the same reason. 

The results of the sensitivity analysis do not 

differ significantly from the initial analysis. For the 

first change in ranking, the results are identical with 

the original ones, only with lower values. For the 

second and the third change in ranking, in which the 

most important criteria were considered the social 

ones, the results showed a different ranking of the 

aggregated values for each alternative, alternative 3 

having the highest value. 

In practice, no economic agent would consider a 

social factor (e.g. the employment of some social 

categories) over the financial one (e.g. the cost of 

buying a certain terrain or the potential income 

obtained by locating the business in a suitable area). 

The only exceptions could be if the investment is 

made using sponsorships given with a certain social 
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condition or if the money invested are obtained 

from the public budget or maybe European funds 

and are subject to certain conditions (e.g. the 

employment of some social categories).  

As a conclusion of the whole analysis, 

alternative 2 is the most suitable to be selected as a 

solution to building a new accommodation unit. 

 

Table 9 Different rankings of the sensitivity analysis and the aggregated values for the selected alternatives 

Criterion/Factor Ranking Weight   

The average suitability 1 0.150 

co
rr

es
p
o
n
d
in

g
 a

g
g
re

g
at

ed
 

v
al

u
es

 

Alternative 1 0.6793 

The average price of the land 2 0.300 Alternative 2 0.9068 

The number of employees, reported to the total 

number of the population 
3 0.150 Alternative 3 

0.9023 

The number of the unemployed, reported to the total 

number of the population 
3 0.400 Alternative 4 

0.8795 

   Alternative 5 0.8932 

The number of employees, reported to the total 

number of the population 
1 0.350 

co
rr

es
p
o

n
d

in
g

 

ag
g

re
g

at
ed

 v
al

u
es

 Alternative 1 
0.6266 

The number of the unemployed, reported to the total 

number of the population 
1 0.100 Alternative 2 

0.8326 

The average suitability 2 0.350 Alternative 3 0.9636 

The average price of the land 3 0.200 Alternative 4 0.9523 

   Alternative 5 0.8258 

The number of employees, reported to the total 

number of the population 
1 0.350 

co
rr

es
p
o

n
d

in
g

 

ag
g

re
g

at
ed

 v
al

u
es

 Alternative 1 
0.5641 

The number of the unemployed, reported to the total 

number of the population 
1 0.200 Alternative 2 

0.8394 

The average price of the land 2 0.350 Alternative 3 0.9443 

The average suitability 3 0.100 Alternative 4 0.9386 

   Alternative 5 0.8360 

 

4. CONCLUSIONS 

 

The decision analysis can be a useful tool for 

decision makers, from both the public and private 

sector. The analysis presented in this paper shows 

that also private investors can use these analyses in 

order to make the best decisions, under given 

conditions. But the most important feature is 

indication of the most suitable decision for a 

problem, but the fact that offers transparency in the 

decision-making process.  

The decision analyses have their own 

limitations. A major limitation is that they are based 

on the human judgement and rationality, which are 

not always the most accurate. The problem 

structuring can also be a source of errors since it is 

the starting point of the analysis. In the problem 

structuring phase, the decision maker has to state 

the main objective of the analysis and has to 

‘translate’ in sub-objectives (criteria) all the needs 

of the stakeholders, if the case, or all the needs, and 

constraints regarding a decision problem. Secondly, 

the data availability is an important limitation. As it 

was seen in the present analysis, sometimes not all 

the needed data is available and the decision maker 

has to find related data in order to substitute the data 

that lacks. In the same context, a decision analysis 

does not have to be data-driven, starting the analysis 

from the availability of data and then setting the 

goal and the criteria.  

To limit the errors a decision maker has to apply 

or rely on expert knowledge, to be open-minded to 

the opinions of the stakeholders and to make use of 

the sensibility analyses.  
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