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Abstract

Background and Objective: Environmental risk assessment is an important tool to achieve
sustainable development. The purpose of this study is application of Bayesian modeling method based
on a hierarchical structure for prioritization, assessment and offering management solutions to reduce
the hazards of Taleghan dam environmental risks.

Method: In the first method, environmental risk assessment (ERA) of Taleghan dam was performed
by using Bayesian Network (BN) and the Netica software. To compare the results of this method with
those of conventional methods such as multi criteria decision making method (MCDM), ERA of
Taleghan dam was also performed by MCDM method and use of the Expert Choice software.
Findings: Based on the obtained results, the output node of the BN, changes in land use, effects on
population and erosion and sedimentation are the most important risks and pollution, seismic,
flooding, tourism and ecosensetivity are in second priorities.

Conclusion: BN as a new method with some advantages such as considering the relation between
variables and uncertainty conditions data is considered flexible model with high capacity for ERA.
Therefore, to achieve a comprehensive solution for environmental risk of engineering projects such as
dam construction, application of BN based on the MCDM has a high performance.

Keywords: Bayesian network (BN), Environmental risk assessment (ERA), Risk factors, Multiple
criteria decision making (MCDM), Taleghan dam.
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3- Multi Criteria Decision Making
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Figure 1- Environmental risk assessment process of Taleghan Dam
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Figure 2- The hierarchical structure of the Bayesian network
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Figure 3- Position of Taleghan Dam
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Table 1- The name and descriptions of nodes in the structure of Bayesian network
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Table 2: How to determine the probability values in CPT
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Figure 4- Bayesian network for environmental risk assessment of Taleghan Dam in exploitation phase
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Figure 5- Hierarchical structure for environmental risk assessment of Taleghan Dam
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Table 3- Compare the prioritizing results of ERA for Taleghan Dam in MCDM method and Bayesian
network and proposing strategies for risk management purposes

2L 0339
[CA NS g polio
Caglyl | A | caglsl
uM) ‘57.1)-14.0 ‘SLD)&QU . . . @YLoJ.‘»' M.)
S o9 O] .
P oY)
(MCDM) i
L)‘?J b.;l;))l Slalas ‘Bl?U‘ ‘woﬁlb 50 60|)‘ Lg).g)lf u‘r.:..x.: J.Ss) =3
s 25 5 A 5 S )t S s Sl | o |y | e | s
SRSl @l asle o (LIl 65 s JpuS ke o ==l
o Slas] 51 ey dalaie SIS LSl s ) sl g ole
s oo 8 (S 55 sl o2l o)l s g o] S
K sble wlos! wb bowl,e clopilb g a8, cwws
2ESw 3b P S £ 2R 9 48, 5 - YA v Vs SR
Aslais 4y ogs po e ClS Il S cawlio byl b Sl g ool
Coxdy bk g Lol Jels sl Copse g sl Sl sl2!
o, LS ousS cunis sladaisS cinS dlaanal ol piacwsST b N oA v s PR g
(ol Slleg sogame 5 o35 J3o 0 b cud ool)l cus wilsog, 6,18 g
sl pl bl o g 515 Cale) b Joas 5 4509, i bl 5 553l
Sl yiSe ) Slasl ¢ B pas paem 9 955 e J S o SaS slaas Slosl | s
. R . . L 1a . < o
9 2> %Lc) ‘d‘-’baj)“fs’ﬁi“‘-“ ‘S»pU &99,9 u)l,ols J).»..S ‘wl.a ¢ nea - Y PR
S Cewd by g sVl 5o 35 o
e Blbl s oylgs glacas Lo olp caslio gois wl 5 sloul
O Skl DRSS 6;‘ g Lf .u“?-' v V] 5 VY 3 05
ddlais 5 LQQLM.)/ \_A—:Jl‘j 2y
ULM.H oliél g u_:'l 0> px> u...ﬂ).‘)l yekie @ ul"ﬁ’f‘ o,lgs laxl
5 Lol ol by colan sla JUIS el o b 9y 2 s (29,38 Y <AYF 4 AR A e
Ole s Cos a4y O yus j0 2L il Cusds
e co s pols jelhie 4 o Ko S > B, sl yKe slx!
25 malS jshe a4y (K805 pgate (21, O v R y RS PR
5 bl (So3elsST 25 5 Camlas 4 35iisd g @ibd ol axg Sy o]
b olal jo s jlae 4y Lo ycal 5 4, o ladrwg 6 Sl A [+YA A AR Y4 EENRY
Ashais o adsl sla bl g a4l Sldlas plowl g0y Sl g




Yy

e o S0 (095 O 33 )l s ko

Joles sl )l sl 5 wl)l b sl 428,57 1,8 o ol

aslate o iy Sl g oo 50 5l g aidn 05—

25l Joe 4 (6 55l
P slyee ilize glaois s 0 ERA pogdle (b9, o0l
Gy el 5 saaglsl 4 o5 4 a5 oloedsn e
3 3l (ool peen g 039 oolital (BB Wigd oo i
3 Lol 3 5 slacgemme ol L5 o gl Jow 4565 0! alovl
i )3 )5 slp a5 4 ol gleial; ploie 4y oS (ls
Jos gemeai 5 >k o ol Lilsy 5 b jeiio (y350

25,5 al )l asl asils

&lw

1- Lein, J. K. (2006). “Integrated
Environmental Planning.” Black Well
Science Ltd.

2- Heller, S. (2006). “Managing
Industrial Risk Having a Tested and
Proven System to Prevent and Assess
Risk.” Journal of Hazardous Materials,
130(1-2):58-63.

3- Eldin, N.N. & Eldrandly, K.A. (2004).
“A Computer A Bayesian Belief
Network  Analysis of  Factors
Influencing Wildfire Occurrence in
Swaziland Aided System for Site
Selection of Major Capital
Investment.” 1st ASCAAD
International Conference, e-Design in
Architecture, Dhahran, Saudi Arab.

Copame sla g, g gl ATAL o (g9 0l -F

0 S8 s M (ame s
5- Pollino, C. A., Woodberry, O,
Nicholson, A., Korb, K. & Hart, B. T.
(2007). “Parameterisation and
Evaluation of a Bayesian Network for
Use in an Ecological Risk

Assessment.” Environmental

G5 A g Sy

5 ilmoslay ) g s 4 05,6l MCDM (gl 3,
oolaiwl 0y50 jln (§5lopmona Alie glodis) (o 2]
doow ERA 155 gloozey bl j0 Lal w5 o )13
Slae 4 BN aias o s 5115 843 0090 ol el
bly) o885 S 50 ez @laceie o Ll b wax (o,
Sledbl 3ol e il (o alad puc Loyl 0 g o yiie
(oliss )5 slmools 5 il Ly calises slac B j0 04250
U)H a &9_.0940 AS_: ) oA_.S|)4 6‘)] 9 )l_iﬁl ‘SQAJL@LM:
"Ly Lepiie (RIBIL Slo) 59, 4 Ol wesle g (s g
2YL SUls b pin Bllasl sla Jae 5l aas slaosls
s ERA

Bl iy sl ol o o, S & oo sl &
5L 50 o ale 5l Sl ee slaosgn ERA o> (loauzn
Sz S meeal ol plesl Slettla b g s)lop o
i ] )|Q)5_>); ‘5,51[_> Lsxl)ls )l S LgLQAS.A.M: 9 O)L)M
e gty dame Sy 213, BN Sl Jolo (255 ol
45 05 Gl Ulpier Sam; sloan S san Soglgl 5
—olaidl b e o Lalll o 51 (g 1o 040 9 Slas 51
0355 ariS Sy dm 5 Saimd bawn 59 5l ey (selaiz]
Slasl 51 G 0592 haw [0 5l g clo s aol33l ol
Obgy 22 gy g @il 4 gl L2 s (Gl a
Wil0g) yws NS hans (oo I3l et g EL Loyl
g Lool, aSied oss 9 O 5 @ laliwg, 51 casu b JS 058,
o adhie maw (o (65,8 Ol s alos 5l g s
oSy plw an Connd gl Hlo aslsl e g0 o

o =2k oyl oYL cownl dilais o gy e
Wlaes blad a3 0 comaz 955 U ddhate jo o Slasl
BRI C AR WY ;s“l'“as Seale g solazdl ‘_gji” &y lgeo
J=doasole 13 sg0 Caglsl o Jaw (25,5 j0 g Cowl oad
bpoe )3 Sy (e adlaie (539958550985 slaaxls g8

38 Sl S gy 9 b B VL Jomily G5 (S




,_,l,lS.w 9 oé‘} u..a‘.b

IYAF doli 0305 s bumo (53999553 5 o3k Fre

18 abaie s, MO Sy o e

13-

14-

15-

16-

17

18

Ol oBils (ol jas  cwdigee 0uSiisls
Newton, A. C. (2010). “Use of a
Bayesian network for Red Listing
under uncertainty.” Environmental
Modelling & Software, 25(1):15- 23.
Settas, D., Bibi, P., Sfetsos, |.,
Stamelos, 1. & Gerogiannis, V.C.
(2006). “Using Bayesian Belief
Networks to Model Software Project
Management Antipatterns.” Proc. of
the Fourth International Conference on
Software  Engineering,  Research,
Management and Applications (SERA
2006), Washington, IEEE, pp. 117-
124.

Malekmohammadi, B., Kerachian, R.
& Zahraie, B. (2009). “Developing
monthly operating rules for a cascade
system of reservoirs: Application of
Bayesian Network.” Environmental
Modelling & Software, 24(12):1420-
1432,

Vincke, P., (1992)., “Multi-criteria
Decision-Aid.” Wiley.

Kazantzi, V., Gerogiannis, V.C,,
Anthopoulos, L., (2013). “Multi-
Criteria Decision Making for Supplier
Selection in Biomass Supply Networks
for  Bioenergy  Production In
Outsourcing  Management  for
Supply Chain Operations and
Logistics Service.” pp. 313-343,
IGI Global.

Norsys Software Corporation. (2010).
Netica 4.16. Norsys  Software,
Vancouver, British Columbia.

Jensen, Finn V., Olesen, K.G. &
Anderson, S.K., (1990). “An Algebra
of Bayesian Belief Universe for
Knowledge-based System.” In
Networks, 20(2):637-660.

Modelling & Software, 22(8):1140-
1152.

Watthayu, W. & Peng, Y. (2004). “A
Bayesian Network Based Framework
for Multi-Criteria Decision Making.”
Proc. of Multi-Criteria Decision
Making Conference (MCDA 2004),
Whistler, B. C., pp. 6-11.

Pollino, C.A. & Hart, B.T. (2008).
“Developing Network
Models within a Risk Assessment
Framwork.” International Congress on
Environmental Modelling and
Software, Australia

Keshtkar, A.R., Salajegheh, A,
Sadoddin, A. & Allan, M.G., (2013).
“Application of Bayesian networks for
sustainability assessment in catchment
modeling and management (Case
study:  The  Hablehrood  river
catchment).” Ecological Modelling,
268:48-54.

Morales-Napoles, 0., Delgado-
Hernandez, D., De-Leén-Escobedo, D.
& Arteaga-Arcos, J. (2014). “A
continuous Bayesian network for earth
dams' risk assessment: methodology
and quantification.” Structure and
Infrastructure Engineering, 10(5):589-
603.

Bayesian

AYa- | s&;)l_».n -0 sé_.ﬁj; £ S o il sé\.\.pl -\

et 50 (e slaSd il Sl eslinl
Ol Moo e G ) S, Zokaw
5w o il a8 aages 5 (Aol oy il aiS

sl Gy sloelSs
11- Fenton, N.E. & M. Neil. (2012).

with Bayesian Networks.” CRC
0 y—f A Ju" \YAVU ((§d—oo S -

4_:L> = u)_‘;bo —4.5[509) GLQ["*‘"‘*‘*’ )l (_;)lo).;

“Risk
Assessment and Decision Analysis

Press.
\Y


http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28morales%5C-napoles%2C+o%29
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28delgado%5C-hernandez%2C+d+j%29
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28delgado%5C-hernandez%2C+d+j%29
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28de%5C-leon%5C-escobedo%2C+d%29
http://ascelibrary.org/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A%28arteaga%5C-arcos%2C+j+c%29
http://dde.teilar.gr/publications/196/Kazantzi_Gerogiannis_Anthopoulos.pdf
http://dde.teilar.gr/publications/196/Kazantzi_Gerogiannis_Anthopoulos.pdf
http://dde.teilar.gr/publications/196/Kazantzi_Gerogiannis_Anthopoulos.pdf
http://dde.teilar.gr/publications/196/Kazantzi_Gerogiannis_Anthopoulos.pdf
http://dde.teilar.gr/publications/196/Kazantzi_Gerogiannis_Anthopoulos.pdf

Yo

e o S0 (095 O 33 )l s ko

College of the Environment, Western
Washington University.

22- Shafer, G. (1996). “Probabilistic
Expert Systems.” CBMS-NFS regional
Conference  Series in  Applied
Mathematics, SIAM.

eyl Slallas \ YAV, O sl puwaiga =YY

) 0351“‘" 9 uLaJUa S ‘;]am u_.w.x) “—“‘)-"

O (e

20- Sun, Z. & Miller, D. (2012). “A
Framework for Modeling Payments for
Ecosystem services with Agent Based
Models, Bayesian Belief Networks and
Opinion Dynamics Models.”
Environmental Modelling & Software,
45:15-28.

21- Stinson, J., Kolb Ayre, K., summers,
H. & Landis, W. (1998). “The Use of
Bayesian  Network Modeling in
Environmental Risk Assessment and
Resource Management.” Institute of
Environmental Toxicology, Huxley




