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Fig. 1. Location of observation wells in Qazvin aquifer
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Fig. 2. simple example of a Bayesian network [16]

P(4,B,C) = P(A).P(B|4).P(C|4, B) ()
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Fig. 3. Descriptive, diagnostic, predictive, and instructional analyzes with Bayesian networks

AYE



MAE = 2.l0-5) ()
n
P=100x% )
Pt

buwgi odd (gjlwand o3 el 1T cip 4 O, 9 S, oyl o oS
0, 58, slaosh JS 5:Sile ey 4 O 58« lunlin g Juo
SVl ol P Stiven copo R odoosls slas 1 g )lo] anols 5

Silodde 0976 5 (i 4Sud 4 (639)9 Sy el (ol =Y =Y Y
o (gilodie Car i &b & (939y9 sloyially Jloo
Oldllas gols 1 ool b jalaio piy ] Caodl Sl jlaw buojpm;
o) 2l ot )3 g0 oS il (o el 00 plol il
@ slyielly ] Sl b siloe )y g bl |y 25l Sge
Ol 5l sl des o)l glayel)l bas Cbsl Gl he cas
(i ole )3 (w5 ol o ¢ slab oo )3 (e Ol o <02
3 o b 2)ly Jae ) plogel s (i ole g3 ) e ol o
Caz g lbolid Jao polus (glo ol Ji3 olo o Ol s 5 (o
EXads 5 e (B & 95 olo Ol g it 5 ilee

A 03]
90 4 (Slwdend (i 4Sed 4 (939)9 slayiell ololid |
b el Jue 4 gaaddsd 5 upe Gjge 4 laodl 3955 g0
Gilwds (Slale Sloj pE VY+) Jlo Vo Ste (gl Jdo «dls 90 ya
Sl JW Y g Jde (oriwly s Jlo A Jdo ¢8> i3l jolaie 4y 0
Gilwdasd Cpx Sloj w3l 90l 93 .0 Ol s oriwcows
@ g bgl 9 cal b odlisl 55 e o e i 9
8,5 )18 odlatwl 3)90 Jlgte (Sloj oplS 3 b yial)ly (S0 (ot ]
Jazl ol b Lo cooles b slaylgiel 3 45 183 Sl s,
Pl ole Sy ploj e 3l i g 0392 yoles szl @i bels (S

o aalo dw g 93 (Sloj 30 93 5l gl (b)) e yslate (py 355 o0

AYo

oasits LB lalie glbodls olol b Jskee g e Ly, &8
055 93 o b b VL] Bl ine 4y i)y (B0l Lol ]
Shalie slaodly fpiomen 9 ol o (5igel Hlsle il b aSis ]
Ll
sl 9 0,15 3929 48 Lo (B0l (sl gl (slas )5Sl
pyddesme I NPC (Necessary Path Condition) 4 PC
NPC 028l aan pslate cnl el odlisial 3)90 (slopy 5]
slapi) oS OMSLe &) slp Eige ier) Ao (piie Loy
5 PC lajog, adgl ool ol s 0313 drwgs PC Jlislo 550l
plosl bl o, ke 5590l hgy 90 yo 53 g ditwn alie NPC
22 L ool il o)l 5 48,8 00 ) o Mizl) (Stsly 905
sl & plhaasuie I (S g8 dlbxe (b Pl 52
Cowl Slanlie 5 b oyle] .ol 905l o,lol 1S o S8 (¢ 15 paouai
Bl wges S b b cplplh )l (Stew Jgpome il 4 &8
4 3y pae by el ol oy 3 908 o 1y ool e g

DA 3905 (65 waonal 4yl

Jde (Srwous =Y =Y =Y

o e & Jlo oriwcous (i b (higel Jl m
o cnl plosl gl el J1oy98 0 (VL Comnl 1 o a5t 3 )Ses
Olsis 4 M5 & (3559 slowite Gloj 5w ) izl b (glokund
bl oo b o plos] il ol asuie  Srwous glaodls
2,5 odlatwl alizee (gl yadlis jl g o (Srwious I ol gols

~ e ua 2y L . .

g9 (SSle adyy (R7) pied ey 02310 Jlaa ) adllao ol o
o5ls 5 (MAE ) glas ot 5 Sile (RMSE ) It &layo
i by o 4 glol slay sl )5 exlawl (P) oy s
bl oo daoloe L5

XL(s-5)0-0]
>S5 L, (0-0)

RMSE = /lZn:(oi—slA)2 (v)
nig

R* =




O i &S 31 o3l b g5l Jae gl pialyly F S

Fig. 4. Modeling parameters using Bayesian network
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Table 1. Statistical indicators calculated for simulated and observed groundwater level in meters
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Fig. 5. Observed and simulated groundwater level in well number 11
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Fig. 7. Observed and simulated groundwater level in well number 48
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Table 2. Clustering of Bayesian network variables and its validation
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Table 4. Calculated statistical indices for simulated and observed groundwater level with a delay of two and
three months

e anlogd sl b dw sl m anlogd sl b dw sl

o s g RMSE  MAE RMSE  MAE e g RMSE MAE  RMSE MAE

(m) (m) (m) (m) (m) — (m) (m)  (m)

\ <IAA V/Ya AN <A \IFA VIYY YA ofee VE/AN WYY N Y Y/va Y/-Y
Y QAR <I¥Y AN AR -/fF <IYY Y. AN f/va YIvE LRI AR YIAE
Y <N¥ V000 VeIvY A VEY £EIFA AR <IN VIYY VYA - 1bF YA VIAY
¥ gaYd -IfY <Iv¥ AN /2 Qe Yy -/va 12y <Y <10 /Y AN
Iy < IAY VY -/q¥ -/74 VY VIYO Yy </AA 10 AN QAYe <IAN <IVY
14 AT REARYVN f7Iva SIFY YV/A- VOIYA Y /Y <10 AR < /AR 7Y < 1OY
v <1AA AR QAN SAYd AR AR Yo <IA¥ <IfA . /f- VY /74 < 1£3
A <IAY /7Y IfF <IYA <IAY - 17¥ Y# <[AA <IYY <IYY Qg < /fY Qive
q QAN VY QAR AN \IVE \/bF Yy AR AR IV Y4 VXYY QhYe
\e < IVY QI </f) 7Y -7y < 1OY YA <IYY Y/IXY \IFA N\Y 210 OIOA
N <IAY QA4 <IYA Qi Vb VYO Y4 <Y VY. AN -/#A V/VA i
Y -/q¥ NN -/f¥ < [AA A4 Sid! e ofYe -/1q¥ Qi - 10¥ AN AN
Y < 1OY ARVER IAF < 1OY VeNY UAY A -1q¥ < [AY QINg <IAY VIVE <IAY
¥ <IA¥ VYA QAR <12y VY- V/IOY Y AN <10 QAR </ AN V&
) <NV VEIvY VY/A0 <l-A ARIIAYA a/f7 v AN <IYA <IYY /9 +/¥a <IYY
4 Y YVIEY Yf/. v <IYA YOBIVY  AYA/AA ff 10 AVARS Y/A- <IAY AYA A+
N4 <IYA YIVY ArAR -Iv¥ \viai YA o QAT < 1OY If¥ /9 OA %
A QAY4 g <IFA -1q¥ A4 Jid \id /9. <IYY ny <IVY A QAN
AR} <a¥ <Y <IYY -/1q¥ AN <IYY Y AN < IVY <12y QA4 QAN <IAY
Y. /%Y YIVY £IV - IA¥ Y/AQ At A /Y <Y i </ VY <IVY
g <IAY < IAD AN < IVY VI AN ta QN4 \lid! VIVE < IAA \IYY <124
Yy QAR <IYY NA AN AN QAR O <IA- AR \lied < [OA Y/-¥ Y/fY
\AJ <IVY AJAIA VY - 10F VISY VIVS o) QN4 < [AA /7Y <IVY AIAIA <Ay
Yf <IAA \IFY VIYA 120 \ligs YIYY oY [+¥ VYA ARTA R R RVV VR R VATA
Yo <1AA <IYY NA SAYd <IYY DA oY AN Qg iitd QAN < [N <IYO
\t4 <1q¥ AR QAR /9 -/fa /5 of idd /9. <Y SArd ATAR QhYe
v <IAY <V NA <IVY AR ARE AN </ \IVY VOO <IN Y/Ov YIvE
YA <IAQ A SAYd < [AY <IYY A g AN <IAY < [OY <) VXYY AN

AL



85
=0 culeunlin ey ol i
—E— aale K U by e g les s ey o o b
80 1 e sale ¥ sl et o les et ey o el

T daledns p Bl oad il A e ) T s

-

(350) (oo 323 2 elane
-]
h

70 A

65 T T T T T T T
1 4 7 10 13 16 19 22

(aLn)oLnj

q gl oaaliw ol 45 Wlw ¥ (5Ll 5,93 43 jur dSd b 80l (65w el 9 (T lie in0 )y 5 T glaw o Y JSS

Fig. 13. Comparison of observed and simulated groundwater level with Bayesian network in the
2-year statistical period in observation wells 9

=0= culeanlie ey h‘pTa.h..:

T aale S Bl by edd (g Jlae o e 2 s

—

—

=
L

TR anle ¥ sl ead il duns (e ) T s

T et B s 0l gl At o) 2T s

(%0) (oo} 23 1 ubaan
e
(=]
h

95 T T T T T T T
1 4 7 10 13 16 19 22

(aLn)oLnj

Y7 gl oaalin ol 45 lw ¥ (5,)lol 0,95 13 (s jur a8l b ol (65w dunld 9 (Tl (gin0j 5 & cbaw g lio NF UG

Fig. 14. Comparison of observed and simulated groundwater level with Bayesian network in the
2-year statistical period in observation wells 26

Ago



65

=0 cudoanlie ey ol b

T aale S Bl ead g ilas e e ) T s
60 1 o anle ¥ sl bead g jlee dand e ol

T anledws Al L ead il du e ) o s

(y%0) oo 123 T gulans

FY gl oaaliv ol 45 Alw ¥ (55ll 8,95 53 (o jur a5 b 80l (65w e 9 (T liie in0j 5 & e dungliio VO JSWO

Fig. 15. Comparison of observed and simulated groundwater level with Bayesian network in the
2-year statistical period in observation wells 41

75

=0 cudeanlie uejpj ol plw

Tl o Al b e (g jles A e ) T s
70 e aale ¥ sl beald gl dunt Sue iy h‘pTa.h..:

T aaledes Wil bedd il dund Sueia) h‘pTa.h..:

$300

(%0) (oo 3 323 2 gedans

(7]
h

1 4 7 10 13 16 19 22
(e Ln) ) Ln)

oF gl oualiw oly ;3 Al ¥ (g Lol 2,95 3y juy dSewd b ol (63w dund g (Sl g0y & el dun e N8 JSUS

Fig. 16. Comparison of observed and simulated groundwater level with Bayesian network in the
2-year statistical period in observation wells 53

AL



1185

=-0= Jliali.
1180 { T Gpm aSe lyead gl dme
1175

(o) (b3 325 21 3135

1170

1165

13 16 19 22
(ah)ol.nj

Ox i 4Sd b oad (g 3lwdund g (Tl (aodld 51 a5l b 1938 lgdul 81,5 5,0 AV JSS

Fig. 17. Qazvin aquifer hydrograph using observational data and simulated with Bayesian network results

S5 ey ol e g 4l s dos (i)l el @y 88
ol > (gesnj ol o 5 93955 sloyito plsie 4 S Gloj p5
o)Ll 5,509y s polusl g3l A5 iy po (29,5 e lgie &
oy Ol gupe sodly jleslatwl clls &S )3 plol onds
5 Y 0sd (gilodnd g 00 oanlie (irejn Ol e (o (Surod
Sl ol )3 @l b 39l 20 VAV s Slagyo ygiome (ke i
039 oY Stusod copd s)b losaline slaoly yuip a5 ol olis
33 B0 aS Sias gy i (s slosalia sl A L5 5
2 lodalin ols OF goomme I slodalin olx YA slawi yisren Cuwl
Ol &8 Casl 20> Ao (Y (Stuad o s (938 ol
abale Sloj plS )3 (ilodund Caa (njn 4Sud caslie €8> (gouind
Ay gilwds B> a8 ob s o ol J8 oo S B30 L
28 glodnlie ol A oS claieS &) 039y gu jo sl jiaS gabade
ol> A5 ggomme jl s pl )0l o Siiwed oy gl g B
o> V¥ 10 g gduod Voo iSTas Cdd (slosalin ol> ¥ ol (slosnlin
593 p3U pgu cls 130035 501 Ao 3 VO 5l 5YL B cloanlie

Silwand 2l i gl &S W )5 ilwandd gu e 3,50y b anle dw

ALY

RIS RECSWOPSIWE S S
53 loanlie ols 05 1 uojp; Ol pdaw Al ¥ (gjlodns 5 u
ol by ol SIS gy0m oo e slabyy 4 (93 ol
03 B WY S5 55 5 plool dilaie (e 456 51 o3lizl b 5 Jlo ¥
opo3d ol cwejp; O paw (il 48 ol L gl ool
SIIAMR] 5 0090 molio €8 (ghyls ¢y i 4 g, ) eolaiwl b
3 el ply )l dgmg Slamlie g ond (gilwand ueip; ol 5 o
99 & Onin 45 g A3k dg2se Gyl Sl alie slaosly & (g0
i U5 Ousn 4SS @5 08 Jao g 250 03l hjgel

A anlgs  wlio goli 4 e g 4t gl Cunsy w i lp

& ami —F
3 olel Gl yialy (agie 5 of glie Gl byl 58 &
b yo slagl o b ablis g (65K sl (o (slodyly o pntee
Aw ) i s e cadlllas cpl )3 il e ey o] @l b
w993 Sloj U Ly g Made qupe 30y, jl odlitul b

I8 oy 2390 (838 sl ) e s Ol e (e (sl dnle



&lo

[1] [1] T. Chan, H. Ross, S. Hoverman, B. Powell,
Participatory development of a Bayesian network model
for catchment [ 'based water resource management, Water

Resources Research, 46(7) (2010).
[2] K. Shihab, N. Al-Chalabi, An efficient method for

assessing water quality based on Bayesian belief
networks, International Journal on Soft Computing, 5(2)

(2014) 21.

[3] J.Y. Shin, M. Ajmal, J. Yoo, T.-W. Kim, A Bayesian
network-based probabilistic framework for drought
forecasting and outlook, Advances in Meteorology, 2016
(2016).

[4] T.D. Phan, O. Sahin, J.C. Smart, System dynamics and
Bayesian network models for vulnerability and adaptation
assessment of a coastal water supply and demand system,
(2016).

[5] M.J. Anbari, M. Tabesh, A. Roozbahani, Risk assessment
model to prioritize sewer pipes inspection in wastewater

Journal of environmental

collection  networks,

management, 190 (2017) 91-101.
[6] H. Wang, C. Wang, Y. Wang, X. Gao, C. Yu, Bayesian

forecasting and uncertainty quantifying of stream flows
using Metropolis—Hastings Markov Chain Monte Carlo
algorithm, Journal of hydrology, 549 (2017) 476-483.

[7] T. Xu, A.J. Valocchi, M. Ye, F. Liang, Y.F. Lin, Bayesian
calibration of groundwater models with input data

uncertainty, Water Resources Research, 53(4) (2017)
3224-3245.

[8] P. Weber, G. Medina-Oliva, C. Simon, B. Tung, Overview
on Bayesian networks applications for dependability,
risk analysis and maintenance areas, Engineering

Applications of Artificial Intelligence, 25(4) (2012) 671-
682.

P Saed oy il o (65508 B gl anle S AL @ Cuns
Cuod &y +[EF anlo dw 136 50 5 +/YY anlo 90 130 loj b (gjlwans
9 33 Ll ) o s Slaye jgdome (ke Ay cpines el
ool cpl bl o e SIFY ply dale aw clls )5 g 40 Y/VE anlo
i)l pshie 4 g 03,5 QLal giludnd caa wle Sy Sloj AU
odlizsl (sl GBS 9,0 ) szl IS Slits g (sl oz 2915 5
ol ool IS ey e conlin 83 51 Sl (glrduns s 45 15
Jlosl L 48 395 o oanlia ctallae cpl 3 015 81y golis oy b

S il Glgices «cnsf® olel Geeing GG > ojm &4d U3,
o Olpis lise (5 g 39l Cowd @ 1) ddlaie oyl lgsel b cunlite
Sl sloodgizee 15 ngia Jao onl 92,5 abre |, szl
ool 5l e 1] B oyl sy ol ki Loyl oS (6,500
250 Ol aw (aohe phes S lyis 4 Vg G5

.))5 )])3 u.s] @L.n ul)l.));b).gf 9 ul).:..\o olaswl

e Ceaw b~

(eSSl e
Oy R?
RMSE
MAE

Uas Slayo jgiome (2 Sibo
o (6 jlwdunds ools yual i Si
Slosalie ools yual i Oi

Si slosls S uFiles S

Oi glaools J5' (xSike O
n

R

aools sluss

=

o DYl slass P;
Yl S olass P;

ALA



the impact of fertiliser best management practices,

Environmental Modelling & Software, 26(9) (2011)
1079-1088.

[16] T.E. Schaapveld, S.L. Opperman, S. Harbison, Bayesian
networks for the interpretation of biological evidence,
Wiley Interdisciplinary Reviews: Forensic Science, 1(3)
(2019) e1325.

[17] B. Server, Bayesian networks—an introduction,
BayesServer. com. Available at: https://www.bayesserver.

com/docs/introduction/bayesian-networks, (2019).

[18] K.P. Murphy, A brief introduction to graphical models
and bayesian networks. Berkeley, CA: Department of
Computer Science, University of California-Berkeley,
(2001).

[19] A. Hugin Expert, S. 2013. HUGIN API Reference
Manual, in, 2013.

[20] H.H. Bock, Probabilistic aspects in cluster analysis,
in: Conceptual and numerical analysis of data, Springer,
1989, pp. 12-44.

[21] J. MacQueen, Some methods for classification and
analysis of multivariate observations, in: Proceedings of
the fifth Berkeley symposium on mathematical statistics

and probability, Oakland, CA, USA, 1967, pp. 281-297.

[22] E. Ebrahim, A. Roozbahani, B. Mohammad Ebrahim,
Groundwater level prediction using dynamic Bayesian
networks model based on sensitivity analysis (Case

study: Birjand plain), Iranian Water Researches Journal,
12(29) (2018) 91-100.

[9] A. Castelletti, R. Soncini-Sessa, Bayesian Networks and
participatory modelling in water resource management,
Environmental Modelling & Software, 22(8) (2007)
1075-1088.

[10] M. Ramin, T. Labencki, D. Boyd, D. Trolle, G.B.
Arhonditsis, A Bayesian synthesis of predictions from
different models for setting water quality criteria,

Ecological Modelling, 242 (2012) 127-145.

[11] P. Noorbeh, A. Roozbahani, H. Kardan Moghaddam,
Annual and Monthly Dam Inflow Prediction Using

Bayesian Networks, Water Resources Management,
34(9) (2020) 2933-2951.

[12] B. Choubin, F.S. Hosseini, Z. Fried, A. Mosavi,
Application of Bayesian Regularized Neural Networks
for Groundwater Level Modeling, in: 2020 IEEE 3rd
International Conference and Workshop in Obuda on
Electrical and Power Engineering (CANDO-EPE), 2020,
pp- 000209-000212.

[13] J.-L. Molina, D. Pulido-Velazquez, J.L. Garcia-
Ardstegui, M. Pulido-Velazquez, Dynamic Bayesian
networks as a decision support tool for assessing climate
change impacts on highly stressed groundwater systems,

Journal of Hydrology, 479 (2013) 113-129.

[14] K.M. Hamid, A. Roozbahani, Evaluation of Bayesian
Networks Model in Monthly Forecasting of Groundwater
Level (Case Study: Birjand Aquifer), Journal of Water
and Irrigation Management, 5(2) (2015) 139-151.

[15] D. Nash, M. Hannah, Using Monte-Carlo simulations

and Bayesian Networks to quantify and demonstrate

(2022) 831-850.

DOI: 10.22060/ceej.2021.19101.7067

B. A. Mohammadnezhad, S. Sadegholvad, M. Jiryaei Sharahi, A Bayesian network approach
for predicting groundwater level (Case study: Qazvin aquifer), Amirkabir J. Civil Eng., 54(3)

o3 gl o opl 4 digSe>

AgA






	Blank Page - FA.pdf
	_GoBack




