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Abstract

Purpose: The expansion of tourism activities, while generating economic and social benefits, may also create significant environmental
challenges. Identifying and prioritizing environmental risks associated with tourism is essential for designing effective policies and
sustainable development strategies. However, environmental risk assessment is often affected by uncertainty and ambiguity in expert
judgments, which conventional risk assessment approaches cannot adequately address. Therefore, this study aims to evaluate and prioritize
the environmental risks of tourism activities in Urmia city using a Z-number-based multi-criteria decision-making framework.

Methodology: This applied study proposes an integrated framework combining Failure Mode and Effects Analysis with multi-criteria
decision-making techniques. Environmental risks associated with tourism activities were first identified through field investigations and
expert assessments. The severity, occurrence, and detectability criteria were then evaluated for each risk. Subsequently, criterion weights
were determined using the Z-SWARA method, which incorporates both uncertainty and the reliability of expert judgments. The identified
risks were then prioritized using the Z-MABAC method. To assess the robustness and validity of the proposed framework, the results
were compared with those obtained from FMEA, F-MABAC, Z-TOPSIS, and Z-ARAS, and sensitivity analyses were conducted.

Findings: The study identified 31 environmental risks related to tourism activities in Urmia city. The results indicated that ecological
imbalance, reduction of animal species, threats to wildlife, and biodiversity loss were the most critical environmental risks. Comparative
analyses demonstrated that the proposed framework generated a complete and distinct ranking of all risks, whereas several conventional
approaches produced tied rankings. Furthermore, the high correlation coefficients with Z-TOPSIS and Z-ARAS results, together with the
stability observed in sensitivity analyses, confirmed the reliability and robustness of the proposed approach.

Originality/Value: The primary contribution of this study lies in integrating Failure Mode and Effects Analysis with Z-SWARA and Z-
MABAC to simultaneously address uncertainty and the reliability of expert judgments. Unlike traditional approaches that assume equal
importance of evaluation criteria and often fail to generate complete rankings, the proposed framework enables realistic weighting and
comprehensive prioritization of environmental risks. The findings provide practical support for tourism and environmental managers in
resource allocation, preventive planning, and sustainable tourism development.

Keywords: Toutism, Failure modes and effects analysis, Urmia city, Environmental risks, SWARA-MABAC method, Z-number
environment.
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Figure 1- Flowchart of the proposed method.
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Table 1- Linguistic variables for weighted criteria.

Linguistic Variables

TFNs

Equally Important (EI)
Moderately Less Important (MOL)
Less Important (LI)

Very Less Important (VLI)

Much Less Important (MUL)

(1,1,1)
(23,1,3.2)
(25,12,2.3)
(2.7,13,2.5)
(2.9,14,2.7)

(b ln (ool loyuine =Y Jour
Table 2- Linguistic variables for reliability.

Linguistic Variables Very Weak (VW)  Weak (W)

Medium (M)

High (H) Very High (VH)

TFNs (0,0, 0.25) (0.2,0.35,0.5)

(0.35,0.5, 0.75)

(0.5,0.75,0.9)  (0.75, 1,1)
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Table 3- Rules for converting Z number to TEN based on linguistic variables for weighted criteria.

TFNs Linguistics Variables TFNs Linguistics Variables
(0.34,0.42,0.56) (LLH) (1,1,1) (ELVW)
(0.38,0.48,0.64) (LI,VH) (1,1,1) (ELW)
(0.08,0.10,0.12)  (VLLVW) (1,1,1) (ELM)
(0.17,0.20,0.24) (VLLW) (1,1,1) (ELH)
(0.21,0.24,0.29)  (VLLM) (1,1,1) (ELLVH)
(0.24,0.28,0.34)  (VLLH) (0.19,0.29,0.43) (MOL,VW)
(0.27,0.32,0.38) (VLLVH) (0.39,0.59,0.89) (MOL,W)
(0.06,0.07,0.08) (MUL,VW) (0.49,0.73,1.10) (MOL,M)
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Table 3- Continued.
TFNs Linguistics Variables TFNs Linguistics Variables
(0.13,0.15,0.17) (MUL,W) (0.56,0.85,1.27) (MOL,H)
(0.16,0.18,0.21) (MUL,M) (0.64,0.96,1.44) (MOL,VH)
(0.19,0.21,0.24) (MUL,H) (0.12,0.14,0.19) (LLVW)
(0.21,0.24,0.27) (MUL,VH) (0.24,0.30,0.39)  (LLW)

(0.29,0.37,0.49)  (LLM)
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Table 4- Identified risks.
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Table 4- Continued.
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Table 5- Comparison of the results of the developed approach with
F-MABAC and FMEA methods.

FMEA F-Mabac Proposed Approach

Risk Score Rank Score Rank Score Rank
R1 137.33 12 0.25 3 0.15 6

R2 61.33 25 -0.13 22 -0.08 24
R3 155.00 8 0.14 6 0.10 8

R4 147.00 10 0.28 1 0.40 1

RS 155.00 8 0.00 17 -0.07 23
R6 193.67 4 0.10 10 -0.09 26
R7 83.33 18 0.06 12 0.01 16
RS 102.67 14 -0.39 29 -0.41 31
R9 50.67 26 -0.24 26 -0.20 28
R10  82.67 19 -0.02 19 0.03 15
R11  88.67 17 -0.19 24 -0.11 27

RI12 7467 21 -0.03 20 0.05 13
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Table 5- Continued.
FMEA F-Mabac Proposed Approach
Risk Score Rank Score Rank Score Rank
RI13 26133 2 0.18 4 0.28 4
R14  82.67 19 -0.28 28 -0.21 29
R15 148.67 9 0.04 13 0.05 11
R16  66.67 23 -0.01 18 -0.02 21
R17 4933 27 -0.23 25 -0.24 30
R18 180.00 5 -0.04 21 0.01 17
R19 10833 13 0.12 9 0.20 5
R20  147.00 10 0.28 1 0.38
R21 7500 20 0.06 12 0.13
R22  270.00 1 0.12 8 -0.02 20
R23  99.00 15 0.07 11 0.07 10
R24 7333 22 -0.25 27 -0.06 22
R25 165.00 7 0.01 15 -0.08 25
R26  210.00 3 0.13 7 0.08 9
R27 64.00 24 -0.15 23 -0.01 19
R28 16833 6 0.03 14 0.05 12
R29  140.00 11 0.25 2 0.36 3
R30 210.00 3 0.00 16 -0.01 18
R31 9533 16 0.15 5 0.05 14

ol M«u,o Z—ARAS_} Z-TOPSIS LSL“J:}) LJ U’t’}) L)'i‘ Lsél-é":"tﬁ, ‘>J§i.9J &.bgﬁ okl Cowddy Citb JL:&\ C)LS‘ )jja..omwui‘ BEl
O‘}&L_jw‘ w;)bérjaﬂ‘}\d}‘\‘;\3'}5_5‘)>R29}R20)R4g4;4.1‘}})‘~jﬁ6)“0}\-:;)‘ybb-‘.ﬂ“’w}@@bwhﬂ‘fk:avv“‘
g:;.wbd.: c{t‘g vL\i‘wa g;%*’)‘:ﬁ)—b\ BER) ol w;)bsqu‘)j}‘)bu:j)v]ﬁ))RSW JJ‘bJu&ubr.b‘ g;")>'"’ 6[.&&...\%)

s ool Vg 533,855, ¥ ol (§olwosly 31 Jaol ol

Z-NUMBER Lz 155,559, dw s5lwosly b =% Jsuz
Table 6- Results of implementing three approaches in the Z-NUMBER environment.

Proposed Approach Z-TOPSIS Z-ARAS
Risk Score Rank Score Rank Score Rank
R1 0.15 6 0.56 6 0.00 7
R2 -0.08 24 0.46 22 0.00 17
R3 0.10 8 0.54 10 0.00 15
R4 0.40 1 0.70 1 0.01 1
R5 -0.07 23 0.43 26 0.00 24
R6 -0.09 26 0.42 27 0.00 27
R7 0.01 16 0.50 18 0.00 10
R8 -0.41 31 0.20 31 0.00 31
R9 -0.20 28 0.39 28 0.00 26
R10  0.03 15 0.51 16 0.00 9
R11  -0.11 27 0.43 25 0.00 28
R12  0.05 13 0.53 15 0.00 8
R13  0.28 4 0.65 4 0.00 12
R14 -0.21 29 0.35 30 0.00 30
R15 0.05 11 0.54 11 0.00 18
R16  -0.02 21 0.50 19 0.00 6
R17 -0.24 30 0.37 29 0.00 29

RI18 0.01 17 0.49 20 0.00 20
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Table 6- Continued.
Proposed Approach Z-TOPSIS Z-ARAS
Risk Score Rank Score Rank Score Rank

R19  0.20 5 0.61 5 0.00 5
R20  0.38 2 0.69 2 0.01 2
R21  0.13 7 0.56 7 0.00 4
R22  -0.02 20 0.49 21 0.00 22
R23  0.07 10 0.53 13 0.00 13
R24  -0.06 22 0.46 23 0.00 23
R25  -0.08 25 0.45 24 0.00 25
R26  0.08 9 0.54 9 0.00 16
R27  -0.01 19 0.51 17 0.00 11
R28  0.05 12 0.53 14 0.00 21
R29  0.36 3 0.66 3 0.01 3
R30 -0.01 18 0.53 12 0.00 19
R31  0.05 14 0.55 8 0.00 14
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Table 7- Correlation degree of Z-TOPSIS and Z-ARAS approaches.

Proposed Approach
0.97 Z-TOPSIS
0.84 Z-ARAS

Proposed approach

0/50 0/60 0/70 0/80 0/90 1/00

Z-ARAS 3 Z-TOPSIS 5,555, Siron a0 S0 -\ JSCis
Figure 1- Correlation degree graph of Z-TOPSIS and Z-ARAS approaches.




o b (5000 5 (o j SBSu y s glgl / o) 5 Jlnd

Z-TOPSIS s 5 63\ 3,50 55 (0 el (St oS s o 035 # 9 B (slaJgaar 53 el glaas) amalia 31 ool il
St sl G55 35 ol (658 o gemed 0dipO0LES S el Cewsay HIAE 55 Z-ARAS b Koo . Cosl (VU el gl 1AV il
VY g (6 5oyl sl Siad 0 st FMEA G s Jolis 55 45 355 *IAYY 5500 F-MABAC 5 53\g2os 5,555 ot
33 e FMEA s 5ulS 5 2l ZMCDM 8l s by IS o ey 50l 3,555 48 Sl 0T S0l gl o) 313 0l
S, b (2 s 105D ($olgily 55055 a8 s g Ol Sl o ol sl 0313 il (6 550 5bas |y Sty JolS a4,
Olgear 1) 0T Ol by sl I35 5 bS5 ey > (YU ($5I0L 51 Z-ARAS 5 Z-TOPSIS ojlno iz (& xS esonts yins
38 e 618Ky 5 (Dol S8l oy sl 5 Cunlabpde Jal i 53 (6 S enas (5 Slazel LB 5l

lojltel (bLace) pl s o Woas) (g laaly -0-Y

Sly ol HILSTT e v ) Wl lesl (ooleiliy 5,555 slaslnal V1 %0 25 0% £ 03 5o 31586 P (s oIk oy 2 L

Dj,:duﬁ :w}\:-ﬁ) YLy @LU (c]aaja

N % +9 0% + sy blice! cod Coulus Julod gmlo -A Jedo>
Table 8- Sensitivity analysis results under £5% and £10% perturbations.

Risk Mean Rank +5% Std Rank +5% Top3 Frequency £5% Mean Rank £10% Std Rank £10% Top3 Frequency £10%

R4 1.118 0.323 1 1.383 0.606 1
R20 1.989 0.474 1 1.991 0.714 1
R29 2.893 0.309 1 2.626 0.592 1
RI3 4 0 0 4 0 0
RI19 5 0 0 5 0 0
RI 6 0 0 6.038 0.191 0
R21 7 0 0 6.962 0.191 0
R3 8 0 0 8 0 0
R26 9 0 0 9.053 0.225 0
R23 10 0 0 9.947 0.225 0
R28 1248 1.128 0 12.507 1.122 0
RI5 12.481 1.11 0 12.512 1.103 0
RI2  12.506 1.11 0 12.467 1.117 0
R31 12.533 1.123 0 12.514 1.129 0
R10 15 0 0 15 0 0
R7 16488 0.5 0 16.508 0.5 0
RI8 16.512 0.5 0 16.492 0.5 0
R30 18.498 0.5 0 18.5 0.5 0
R27 18.502 0.5 0 18.5 0.5 0
R22  20.494 0.5 0 20.496 0.5 0
R16 20.506 0.5 0 20.504 0.5 0
R24 22 0 0 22.03 0.171 0
RS 23 0 0 23.084 0.397 0
R25 24.494 0.5 0 24.54 0.707 0
R2  24.506 0.5 0 24.529 0.717 0
R6 26 0 0 25.817 0.455 0
RI1 27 0 0 27 0 0
R9  28.128 0.334 0 28.289 0.461 0
R14 28.872 0.334 0 28.775 0.541 0
R17 30 0 0 29.936 0.25 0
R8 31 0 0 31 0 0
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  (   ̃ F j   )


      q ~  j


      q ~  j =       q  j ~ − 1      z  j ~ .


      w  j ~ =       q  j ~    ∑  j = 1  n      q  j ~ .


        z     ~


        n ~  i j =  (     x  i j  l −   x  i −    x  i + −   x  i − ,     x  i j  m −   x  i −    x  i + −   x  i − ,     x  i j  r −   x  i −    x  i + −   x  i − ) .


      n ~  i j =  (     x  i j  l −   x  i +    x  i − −   x  i + ,     x  i j  m −   x  i +    x  i − −   x  i + ,     x  i j  r −   x  i +    x  i − −   x  i + ) .


      v ~  i j =  (   w  i ⋅     n ~  i j  l +   w  i ,   w  i ⋅     n ~  i j  m +   w  i ,   w  i ⋅     n ~  i j  r +   w  i ) ,


    c ~   = ( 1 , 1 , 1 , 1 ) .


    c ~   = ( 1 , 1 , 1 , 1 ) .


    G ~


      g ~  i =    (   ∏  i = 1  s       v ~  i j )  1 / s ,


    G ~ = (       g ~  1 ,         g ~  2   … .     ,       g ~  n   ) .


    G ~ = (       g ~  1 ,         g ~  2   … .     ,       g ~  n   ) .


         Q ~  e k  =     V ~  e k −     G ~  e k .   


      s ~  i =   ∑  j = 1  n      q ~  i j ,           i = 1 , 2 , … . m .  


      S ~  i =   ∑  j = 1  n       q ~  i j =  (   ∑  j = 1  n     q  i j  l ,   ∑  j = 1  n     q  i j  m ,   ∑  j = 1  n     q  i j  r , ) .


    S  i =  (  (   t  r −   t  l ) +  (   t  m −   t  l ) ) / 3 +   t  l .


    S  i =  [ 𝜆   t  r +   t  m + ( 1 − 𝜆 )   t ′ ] / 2 .


    S  i  G =     ∑  i = 1  k     S  i  k .

