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Figurel. Location of study area

1- Perceptron


http://dx.doi.org/10.52547/jwmr.13.26.58
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.23.1
https://jwmr.sanru.ac.ir/article-1-1151-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-05]

[ DOR: 20.1001.1.22516174.1401.13.26.23.1 ]

[ DOI: 10.52547/jwmr.13.26.58 |

oo @l g (Sile (i (S del>

#e ol (o5 g (Siuan ogn il oalitl b jaedy (liaidd iej ) of waw (S0 5 (Sloj 53lo e

Sleir Y )3 bayg s laws .k a8 )5 ey bigel sl s
sla)ldlo o e Colod )3 9 48 G S 5 (a0 (o)
R buyidi ool g2 (iwoiy < o 29l ol a5
A5 sl RMSE (328
Olsdy I3 il

ol (SVM) sty oy slosable &) pei
5 golae VOB Jlo 53 Sl by (wgy 3ie bawy
o3 o d) el sle p 1) sede () psrde
Ao oallS oy oy (Alb ol sla S 3l e
S oty olaidy by sla il Ban Q) Cusl pross
(Vo) Al 4ty (29 jlade Sl (B85 miia (53929
Sr5l e (29 Oletdy Hbp oedle (IS jdba
buwg & Cuol Lde gilwdins (5555 Gl p Loy
by Oty Yy oedle (V) Cunl oad &) St
& 390 5 (eSS Sl w2 g sb09)S Sl o &
Sygbr D900 )4 Ggew)Sy Jlae y3 boodls 55
A3 oy oilp @l L ey (gaieg)S o las oy ueS
ly bd e 5 ols g9 4 cal Lot ysS)| SVM
lyr Byl nl 5 s g 29800 atiS platdy syl
Jao S5 0 g e odlaiwl Glads e 05 ez
(V) dtanly yuite @b (Stnly Conl p¥ SVM (g 5
Dol 03] pesd (X) Jate sloyunio 5l dlaw &
oy < igpnsSy s 5> 35le o5 el (gl 1 0
Do o yasuie o (Sl Hlaie S ogMeay
y = f(x) + noise (v)
S ol o Lol pp 0 Ly (ol 530 ol
085G SVM &8 1) cnie 3)lae uone &jgody Llgn
SHE - SVM o) 0 a8 b sl 00,55 43,50
5 Obxio gilube bt (B)S) Glane oy
3 5 Shalie Godly G dgrge Jols (gilwaing
Spyaaby bgy il V-SVM Jso ;5 Lol 25 0 ool
» 39.\.,‘_;4, ool (g i slos ialS oly e ué
P ol s 08 Jdsas € - SVM s adlles oy
s b oJio ol ely 03,8 oolitsl gmosS) Sl
Dy e Ly pj Cygods

CYL & +CIl &+ WTW ()
Scodgioe 4 asg b &S Cuwl piY HeShe sl &b

23,5 Jile 5
WTQ)(Xi) +b—yi <e+t+g (\c)
vi—WTa(x)+b<e+g (®)
g§Xe =0

:WT 690).«0 )I.)){ W 6L)»JL>D§ wb :C 10319) uJ] JLl

w),\o b c.)%.og wl).ao 2£i98* ;w).«-o )I.))g DDLQ)‘)S
ool S wb D g Jao Lbjeel oS N ol

Loaly (g 5lws lastiw!

Uil cely pB Cjaody bodls 3,8 5ly Yoare
b8 ‘Lm_esls ool P9 oSy jolaieds puizred 5
i do 5l i ol SoeS @lo JIS ol g 5l
2 8395 sodly plas b Jb cpe 3 5 (YY) 225 0
g}l.b.a IRPRC I \) l.aaog)i le’u.o uoB LRPS S S5
g5 S5ty gy pKin g5 glatl 5 ods 3
a oy &S 308 o Cyge e pl 4 LI ol piored
&y 581 (29 s WS his Vg 0 om ol
S oo gl Sud 650h ) (oo B Ol 4 6299
(¥) 25 oolatwl y 5 alasly 5l ooy 40,8 5 lbusl (gl y

_ _X—Xmean
Xn N Xmax—Xmin (\)

(slodmlin o3> Byme X wodds Jloy o3y Byxe XN

slodly Cyre cuiga Xmax 5 Xmin  Xmean
b o JBls o Sl (1Sl (slosaline
oaly d&{M

dw il b CRE (s mas d.i.u:; sl Js
5 Bsdgy9 o daily (355 M jglatedy (LBjgel (slaodl>
srodls 5l 008 o oolaiwl closnlie  (sla gy
g x5l p o)l 5 JuS jlateds (oriwcons
i)l sle el sedls Sl g 35800 ealitul aSs
Dot ol 5 Dgd o odlitwl (eolpidn 4SS > Sles
(ool ey cuwipa deodly IS as > VO 4 VO Y
Oletdy by dle Jao ly g Jho o905l 5 (Pt lie]
5 Uijsel lp i odly JS wo )y ¥ 5 £4 (SVM)
M)l jolas] Jao oyge5l
(ANN) (£ guan omas dSiud

Eouan was sbaSus Cpl St VAR any il ]
)5 N 4 jeeludise b & j (Sl dse)
slaanld (35 Jae @ gly o der ol 5l &S 00
Sl Jre @by pbp o Gl byl
(V) 355 08l g (SW)b gt 2l CAS (e
315 3,5 (65909, n Jlue yd a5 olaaSis 7 Qe sgus
Jiie &b cpl Jgome (gilone i gyl glaaSid
lagygy M cwl (295 9 Sl (909 4Y 4w
) dlis g (St (295 9 2909 4Y ) 29290
Ll o cand s g aw b flois Y (slao S ol Jg
Y M g dSud ouas &Sud hjgel pslaied,
logyjg s Jali & (djgal A01)8 .85 51,38 oolisl )90
pool wanl iigel loy Jsb 0 caliee sladY
slodly (glp) (aBly glrodly (y olts &8 Sl b S
pi)sSI sy JBlis 4y 00 ity (slmodls 5 (ge)]
I WS @ 5 Tl —Sysd (o3l
i o @Y p T ks 2l 5 ol aY ) T Sg e

1- Levenberg- Marquart 2- Tansig

3- purlin


http://dx.doi.org/10.52547/jwmr.13.26.58
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.23.1
https://jwmr.sanru.ac.ir/article-1-1151-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-05]

[ DOR: 20.1001.1.22516174.1401.13.26.23.1 ]

[ DOI: 10.52547/jwmr.13.26.58 |

£\

by Caly 4 G 5l Vgene mu) )3 (Sl jslaio 4 prouaad
(ol 0)5) aay & (sygbas 9 o0 03028 (0l 4 YL
el e Sy ly0po0) S slel 0,5 o )8 YL o
Sl 4 BASLE 5 Conl pe Cogad G 4 bgype 05
S by Gladil oo s polds 51 glojl
ul:.u.ul dl.mo)l) ‘.))JJJUA Fl?ul DJ“"‘SLSWL)‘“" dhb).uu.a
Ol 1 Bl jgdone ggecme a5 Wgd oo SN 55k
Syl (gly dsyo gl (V4) a8 JBlas 1) 0,5 o (slaesl
—40)5 a0 &S Cunl alb b g oS o yolie )bl
w‘ il (glo by (elsl o) ol sl el
Olysar Slgicee (9y3l 95 e oel u"?)“’] s
)l:“-ﬁstW“%wL‘dBui*W'
Bl Jao g 2sloo 05 ol > s 5 Sl vw‘
Oi ) Cho yb u...sLe)] a1y el 550 (sllas
By 5501l b loges Jdo (sllad S o duslne 0,5
Do oo Lot oddi 0l 3ylae Bun pdlde o iy
Oygods (SDR) 5ylnilisl Glysul  ialS duwlxe Jgo,
(@
1 1 %
Sd = \/; (Zlivzlyiz -5 L Yi)z) v)
05 o 4 &S Cuwladiged jl (gl dcgomme T dayly cpl o
Cunladiges j (slacgorme pj oaimd L :Ti gd oo 3)lg
lyal (Sl Sdaiyhy 1) ks Cad 4D oyl 148
o)l«i; :N 9 i 4.)94: XV L;)"s 8o )‘A.O.A Vi c)l.:;w
(V) o ol ) laesls

9 W CS o c‘_s.cwu.u.a.c 4\5».«» 4 ]oyfo uL.wlDu

T
SDR = Sd(T) - ¥V, |&

u‘l’);‘ LSL‘”)‘*‘"
odizal (MAE) 1o 3lhe (5o 5 (R2) (et i

0 BA Llgy) 1
RZ = 1—yn &%) )

=1 (3%-x%)2

RMSE = / TN — x%)? ()

MAE = ; L% — %7 (V)
Syelp ol ;" word (¢ypSojlnl Hlude x; Lalgy ol 5
(TY) Wl o wgad dlasi N g 00
Sblone;

gaw S5 e Ol ol cwlie gy g )
Slelowes (hoy 5l ol o S8l g (e g el
el g ll o Sl sabay i edliil (Kisw,)S)
ARC GIS l38ls 5 5l osliwl b asdlas 3,90 (s bl 69
oS Al Al 93 opl Jold 5l coles jd A pew 9.1
el Candds pdgr liaisd cusd olia! pdaw cél

ol o g (Silo (i (S dord>

Ve b 5 5l /VE o jladds /ptd juw Jlo )oul 055> Cu pde doliimaghy

el b Blas o (sl oty o sl el
FS bl md e i S 2y Gl 1) dlies
Sie ool g bjsel slaodls w4 SVM (gl y
&b lagahl ol 4 dogi b b 505 Sjleay )l (Sauw
slosagy cly Ligel (bl & 2905 sl | S
dgde 03y 4 (s J)S Joe 5> bl andly ) altus
(YA)

M5 & 3 Jaw

355 5 00 GiS(F) i35S Loy & M5 55 Jao
Jlo > g9 Jae g S8l g gy S ©jpe 4l
ol (YY) A5 eael M5 pL & g 9 g lawgsVAAY
9 ile b slagty, I Glegexe 5 Jue
S g grglms Al a4 golledls Ll (gglSonls
Jopolie By bagjlepase (oSS sl
slogby) 2350 GBI pglae pdlie I (glacgere
oL dLm),,i:o L 3))’.3 lesls AS gone 61).3 dslfobb
wosd silel ola ybgy 3l walite cplply wlond ardle
Sl o piio b S g8 slodly degamo (gly 45 A
IS Nedp sl poglagsy) Was (Slb
> Bobsy (il S cwl gyl (lacsuss
oy 3l odlatl b 3 ol b Jae K Gjgon
orwl MS oSl Al e (298 9 20
B0 (S pS paeuad Jdo 03Il 50 o edlatel (sadals
b pSeaenal €30 S5 4 oy Jie K Lulal el
P Jley WM plie (iSOl (b g)S) @y
S M B Jae b e sdili A Sy
oAl b cap sl g Cusl (e gl wh oSl
Sl jl b plgis 4 a5 ()lasl )90 slallad aniy
Jde Wb o ol Ml o (95 (slayialyl 3l
wge (o33 Ol boie slp By Je SMS
a5 ol Sy 3 (o s S) el ol o 48 el
5 JB U5 3] laJlo 3 (1Y) S50 ol
sl Jde ol 03903 dbul a5 sdnddb bl
O3Sy Oh9y Ko 4 ) ] & )l e iy (5
By ol 00,8 Jas 0 Slas Judod 5 4350 (gl i
s GaSud b SESS L (2550 S gt
095y (it Jhe | 55 Sl oo & 0ud ad s
g B el @l oS ail )8 ) pla s
Ol 9 Canle Sl (2T 00y el S (955 Je
I gl 0,8 1,8 eolatwl 350 ilgr o 3 Shas o JSiie
3 Jae (295 g Atn Gl (Gilodd § w1 slp (5
bt plo b1y o Iyu.a &l oy oYL By
390 05U hlue ) Wlgiee (3553 Jho )5 dunlis
Oszed 5y gl Jie (Vr) 5,8 )8 e o lauwl
el olaw b S5 (sleodly dcgosme SIS 6,l0l (4l y
o GBS leads aslis YU slel 5 b Sh
ok 5 MaoS Tesli Yadyy (i Jlr J) Van
9 Lgd 0 o3l> u’w’ o)g.b L Laao)f &S Cowl il LSS
CEp Asbe oS o Jlasl samy gl asls

1- Tree-Based Method 2- Root 3- Beach

4- Nodes 5- Leafs


http://dx.doi.org/10.52547/jwmr.13.26.58
https://dor.isc.ac/dor/20.1001.1.22516174.1401.13.26.23.1
https://jwmr.sanru.ac.ir/article-1-1151-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-05]

[ DOR: 20.1001.1.22516174.1401.13.26.23.1 ]

[ DOI: 10.52547/jwmr.13.26.58 |

oo o g (SHle (oo Sy dal>

4 ol 3 9 Sgean ign ) o3latl b gy pliaidd (faeps o aw (S g Sloj (3l e

dy90 Oy90)) sl odly Moyd VO g rwcous (gl
o sl ol AY ey ol 8 S 8 eolal
P due LSS el cuna Ve e ol aaw
Y ) Jsl @b o shls g Ve e e osel Camdas (sl ks Lo
@ 2 (b (295 4Y s Sdppple il Sle
slp weips O haw 35l )3 (oas &b olojl <
Y Jse 3 0geil g (ercone (higel sla odly (g

Ll 045 03 9]

Table 1. Results of criteria for training, validation and testing

(ANN) (mas &Sl g5lw] e gl
et 4YAz Gy b G ol
Jusl @y g 035 odlitul (dej o v oghe
G M g le Y (3 ey s (laty 4Y sl
e 9 <85 3 plejl 3)00 aSud a (gl IS5
a5 jebylen el Candy s g (o g b el sl
losly suoyd VO ¢ jbj9el (lp lmodls suoy> Vo wi aiS

09o] 9 (e Cono (hgel Al ye gl bline @l =) Joi>

MAE RMSE R? a3 o, Lol
AT NBT S Uil
-[+¥A oJovy -IAD P Cs
ofoxy o[ -¥Y </ o)l

e Jao oS diwd ol odmdlis wilas S )8 &
5V Ll 5 ol 035 (a3 ol ke oS | o
O3S ke |y gl jlde Jae a5 wias o oyl s oyl
Sl g05 Jo 253 3502 (sl o 4 R? Jlime ] 0
3 MAE 4 RMSE ¢lls D)Lo] SEoplply il culo
ool g Jde cuaS oLyl sl oplel g3 oyl s enlazl
9o ol e o s Gaghy b (i o0y
u9> .))9]).} DMDUL.C\) chJL )mo LY A_iJJ)J 9 )»05 o)Lo‘
2 g oo odblie N Jodo I &S jobjlen bl o Jdo

120
'3 )
T — » 1% o
) [ Y1 -\‘T - [ h v
\-'
e 80 ' o . [} 1!.‘ -
u\ - lu \’ “
:- 60 i = |
) “
,{ ) L H‘\AT
i [ e 8 ™ - L —
50 o 0, -
0 - - B = - [ ]
WFTOMOVI - OV TOON
2= R = W= I s R e o W e B o s o B N o N N s i R+ O
o O O O A O O 07 O O o7 O 0 Of O o o of o)
L B B I I R I I T I I T I I I I I R
J
il ANN

Ol o SaSay & sl (g)lno ot O
S5 e Om ol e 5 0 e |y e 93 (g
ol bl 55 S5 jlhre (pl 4 2 AL e
U?A)‘ dJ>)A LS])" o)l.o‘ U"l )‘J..Q.A J.M;‘.:L—;a u9> 3)9]).)
B h mas &b Jad e i &S Mol Cawddy /AN
ke cpyig g b LiSly jlhged i SleMbl 4
ged 4 dog b (Y JSKB) b pay bE ) 4 053]y
5 00 (5 p503ll slaosly o (Jod pudtie L) STy
ki Jo bld Ji e e odalie ol e
b opl 5 o (blB s ol 4 S35 5 (SesS)

ANN
120
3 100 L)
3 oo
- 60
a y=0.9902x + 0.4428
g 40 R2=(.0038
* 20
0
0 50 100 150
&I'Ml_';'..aﬁ.‘Ln.a

(ANN) e aSs o b (o) ol gebaws (Slosaliio g iy ol =Y JSU5
Figure 2. Predictive and observational values of groundwater level with neural network model
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Table 2. Results of criteria for the training and test phase
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Table 4. Results of evaluation criteria in general for all three models
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Extended Abstract

Introduction and Obijective: One of the basic measures to reach the optimal management of
water resources is modeling and predicting the level of stagnation of wells. Controlling the level
of stability using observation wells is considered as the main source of information to
investigate hydrological stresses. By using the daily and monthly data of the wells, it is possible
to check the fluctuations of the water level, and these checks are necessary for understanding
the behavior of underground water resources in the long term and making any kind of
management decisions. Considering the importance of predicting the groundwater level, it is
important to find an appropriate method in this regard. In recent years, the use of intelligent
systems for predicting the level of underground water is rapidly increasing, which is due to the
ease of use and the high accuracy of these models in approximating nonlinear and complex
mathematical equations. The aim of this research is to predict the level of groundwater
stagnation in Bushehr plain with the help of artificial neural network models, support vector
machine model and decision tree.

Material and Methods: In the first half of the year, all the support vector machines and the
decision tree were made from the hot water of Dashtestan. Also, statistical method was used to
study the spatial changes of groundwater. The data of month of 50 wells in the plain aquifer was
a ten-year period from 2009-2018. To evaluate the results of the mentioned models were used of
RMSE, MBE and R?.

Result: The results showed that all three methods had high accuracy in simulating water level.
The artificial neural network method with a higher R2 (0.993), the lowest squared mean error
(0.29) and the lowest absolute mean error (0.024) was selected as the superior method for
predicting the water table. Kriging zoning showed that the groundwater level in most parts of
the plain during the study period has decreased. The maximum drop is equal to 10 meters.
Conclusion: The results of the modeling methods and the results of the model evaluation
statistics show the good performance of the models in estimating the groundwater stagnation
level, but according to the comparison of the explanation coefficient of the models in this
research, it was shown that the neural network method Artificial has a higher accuracy in the
distribution of available data and the calculated values were less different than the observed
values of the artificial neural network model compared to the other two models. In total, the
results of the research showed that the artificial neural network method has a higher accuracy in
estimating the level of underground water.

Keywords: Artificial Neural Network, Decision Tree, Dashtestan, Support Vector
Machine
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