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Groundwater level forecasting using
Wavelet-Artificial Neural networks (Case
study: Maragheh-Bonab Plain-East
Azarbaijan)

Jaefar Nikbakht*', Samaneh Noury”

Abstract

Understanding the behavior of the groundwater system and
forecasting it’s fluctuations in the future are essential to
achieve comprehensive and sustainable management of
groundwater resources. The purpose of this study was
clustering of Maragheh-Bonab Aquifer’s observation wells
and groundwater level prediction using Wavelet-Atrtificial
Neural networks. Initially, 20 observation wells of
Maragheh-Bonab Aquifer with 15 years and more
groundwater level records were clustered using
hierarchical-WARD clustering method. Cluster with 6
homogenous subcluster and representative well of each
subcluster were selected. Using wavelet, input time series
noise were removed. Then groundwater level of
representative wells were forecasted by Artificial Neural
Networks. Results showed, considering of temperature time
series data as input was confused Artificial Neural
Networks and Wavelet-Artificial Neural Networks. On
results, taking 3 to 12 months consecutive time delay in
input data decreased different between recorded and
forecasted data. Minimum value of RMSE (0.03 m) and

maximum value of R? (0.999) were in WNN. Mentioned
values in ANN were 0.32 m and 0.885 (respectively). Based
on the results of this research, de-noising of input data
decreased difference between recorded and forecasted data
as 11 cm averagely.

Keywords: Groundwater level, Hierarchical-WARD clustering
method, Maragheh-Bonab (East Azarbaijan) Plain, Wavelet-
Artificial Neural Networks, Wavelet transform.

2016/02/23
2016/04/17

Received:
Accepted:

WWAB 5l o) oylods (ol JLw «s 5906559000
Hydrogeology, VVolume 1, No. 1, Spring 2016

— S g0 Al SIS b (Swo 23 &l 3 (S
(B ool )3T- Al po b 158 590 axlllao) mars

Y PR AE N . .
S Slow ¢ LS i

o>
b i ol glie ol 5 gele Copde b lios 40
stis] jo of gl Sllosi iy 5 sraing & pie SIS
Ol shaslic slools suvals jSb gy e sl oo
Sloald K5 4 hin < I b 5 Sl dde Cdo
Shaslivo glool> ol olaws LS 4 .ail o WWNN) _cac- g0
Vo )lomsoilo b (oaipdlas g, Ko @y el ;0 ol cuai
G o sylol 0,90 Jab b climdélie Cubo odgdme (shaslio ol
5 S GKes 435505 F b 4dsP e LD (sdiadyS Sl 10
K5 995 sloosld I o oipg b dd e 4895 ) 40 o lod
s loaSs oS i o mho polis «Srpe )
sboo G850 b plid @l ad ot ANN) cpias
ldfed 5 foiae geac sloals Jiliid] cel o Luwsio
b G o b gl pelal iz o i e Sope
et poldo S i 509,59 (sloodls o olo 1TV LV Jaio loj
e s 9 RMSE Jludo (o ipS” .cdl ials 28y 5 o
ol s Jolbs /199 5 e /o F it 4 WNN aCs o R
o] Cawdts JAAD g o /FT i 4 ANN 4l o polio
995 loosls jl lsjiusi b pslo iagsy amli bl 5 ulile
bl 5 ond vt i o e polie DS/
<l iolS e tilo 1) 4 buwgio

ke (i sy o oot N I (S go fpbd i stdS s00SNg
Ko (A i T i 4 pn s 3y iy

(Al
VF9F/ 11/ F llio 8l yo b
1F94/+ 1/79 llio yipds g, b

1- Associate professor, Department of Water Engineering, University of
Zanjan. E-Mails: Nikbakht.jaefar@znu.ac.ir

2- Graduate Student of Irrigation and Drainage, University of Zanjan.

*- Corresponding Author

Ol olBadls ol pwdige 05,5 ¢ luils -
Ol olBaily o o285 g (gylal axs el gzils -

Jgis oningys %



S A oS b (o 05 ST 515 (S Gy
Groundwater level forecastingusing Wavelet...

4 sapgh b (Y210) Les 5 dul> wiog jlo e
ez o @l oy ¥ o (heing O 5l Saiobe skt
a5 VY oilane b egian o loaSd 5 L,
<8l ol las mls 0,8 eolatwl Sl Y o wSseSw
s ools 7yl sy Yo slwanl o Glesel cpl O Al
ohles o ohlucas 55 aalgsd jel arids Jlu Y-
e dilaie o ol Sl (ot sslite 4 (V4)0)
Clasll g vgaze lizl goae Jow 5l lpl 2,8 Ceix o
ol chw ol i mls wo,S colatul coian ouac
CBy eyuan oras SBASD b odd gmiin oin)
OYAF) oh)en 5 oo dils go0e Jow 4 Coed YL
“petaole o e o ghe gmcie ke &
5 Silss Sstae s slaghs, 5l (Bl
2 ol Se Fue Sy Ghyebn oo S8 mls
S8 bl ey Joe b Joe Gl e85 b pltal ol
ess IS Gle semins @ b (G Gley it
b 4 (WWAY) ady 5 ol GLS sl pledl
5okl alr Grd seminy 2l adSS i Smote
5 Silwdow gl s )5 colaiul cgrae mac slaasil
@ ashic cullsy oliee VWA Lo B ool olis oo ien
5 bl cdl salys Ll caSe s osebe 014
O s §lian lbdid peado jelite 4 (VWAT) o San
okt cdo o Jlo dilize slagy, 0 (eejn)
oo olasl i S eolatul egran gmas slaasll
‘) Cd u.)L.m)‘ C.’a...; )|).m_a> b}.’d? Algs s@d‘j ‘_gLQO.)‘é
Joo o Sy sl i ) Jla diia S, sl
solite & (T10) plier S 5 Slag) aioges mams s (VTAT
5 byl Bblie omjn ol e (o 5 65loded
aglio 5 oy 3590 |y (Soran sras GlaaSid (3jsel
Loolbinl o3 i 4l sk 5l @l on e ol 13
O 5 ole b Job> Ol )l S pigd Jsel b
UL sladSir cosjn ol gl Giloans L (T410)

Sl ol 55 (i) o @lie Coeal 4 a5 L

9 S d.'aL..A 3O opg A LS})BL*:S 9 Cxo ‘g))...u
S SaS Wl o ate ol Slallls (Sidan
3 5 2l ke cnl 51k g ange dls 50 (5lupmaonas
5 Sl NYAL (o Ken 5 piiies) abl azdls S
p...ﬂ.;.um cells )5.'4.:.0 L 9 L....u‘) I8 el ) (Y’ -1 sul)lio.ﬁ
ol ool olaws sl 3V (i o e oS,
Sodeis g Sl damte Olisles] g 0085 > Slass]
polbe Dy50 &1 (Semiy o g iz e Spdy D)o
B o diojls oad 53 0)lge adS 00,5 g s b0l
Oyge atd iy elul p 059l adlioe Glol 2 slaas 2
s9be 4§ P el S)lBlp 5 5 IRl S i o w8 S
Lol gloands (ejny o Slllas glaanie tals
5 by godas g (e ol Gl 5 0ske (xb
S ol 4 By b, s e 5 il U geelS
Sy JUT) 95,5 o silotonts anllls oiis il B,
oSl sy 5 oot L, 4 4 bOYAP (o l5an
5 ol Glodae Caz ojs el i sl Dbz
bolys Jel Bl daeipy ol 5l obleg (ot
osliinl  egrae her lapiaw 3l wgliie S5 pose
Sllugh (e 50 &5 diedign Slapiane 51 (Ko 095 o
6[.254.1.\.“: “5;15(5“ )‘)é oolazwl Sy90 ‘é_u..a)).:) uT Gb.u«'
6‘5JLQ; Gcl.m:- 9 Lsm‘ob sz..uc‘) J.ml)‘sc G (s
ol sloiegsn (VWA ()L Sen § (S g (ils 1V
Eeas omac balll SeS 4 Qb;'q] Golwdds 1y
aalol yo Sladsy pl ol e 4 a5 Conl a8 S O a0
Oen 5 Loyl ogi o o)l oyl 51 Sy 4 i
o Eoan omac GlaSl SS L Liegh b (YY)
Jld &b b o lsS Lo S sl (ob5gel o 80l b U L]
Sblwgs (loss Ay 0 95 F L Sdarmle colilb g5l
WL 58y Y6 oo lesul s ol 5l el
i 2 @b @b g e85l LD Sy slas
uLiou GL‘”")'PJ%)' )] u]SJ Lg‘cd.@L.i’mcL? Yo ‘5>L.w.:| Gla»:



WA ke o oyleds o Jol Jlw (53905559002
Hydrogeology, Volume 1, No. 1, Spring 2016

oaljcpm) 3l glaalin glaosls oy gy (o3l cudld
b TV ol Kgh g (Swgaldl (VWA )], Sen
wop swein; ol gl Gwmobe sshie 4 Shegh
555 S i peSils Jow ¥ 5 LS LS Ul s aSgils
5 g ras el (ARIMA) az LS, aian
@l bl )T eoliiul eas-Sarge claaSid
~Szrge 4SS Lo S Seointy ol ahe polie
o sple 5 (o5 S byt 2V S8 ) ae
—og8 Cubd (e ol e hmiiey shaie 4 (V4OY)
oobl s 5 solaiul pmas-Soge a5l liws S
Shelng sl bhas G Geon ol 0 s
Olid mls iz o el Cassd “db4 db2 ¢35 cosls
ol )3 Ul es (ras-Sage laaSid Jus 5l as ol
MODFLOW (gsae Jow b (s5lu o slyy 35 osls a5
58,5 ooliiwl e p; ol paw i slp ol de>g
Sllugs giloand jshate 4 (OFVAY) o5 She 5 (o>,
@3558 slaesls 5B i cuds as s o s
odliinl oy (omar GlaaSl g loiRgs (e g 0nd
el Jow g0 yo as ol flas iegh gl Woged
ot 0 @b Ul ceas-Srge 5 (fgtas (oar
Sy SHe @l bl cls (e O law Sl
s polie LS a ol Les (VFAY) ) Ken 5 5 yied
s Srge GlaaSed Juo b osd iy seeiny
0,5 pes S H3 0l (gySoplal aBly polas 4 s
Dy (Fymae gras (LS Joo gl gt 3l S
polde slo olzs (VYWAY) sewlpl o oloy Lo b
oo Sy sl 0sd (i (o8 Sb0) iy o
Joe 99 & Card (rasmSrge (oS5 e b 5l et
Gl opsie iz (i g S, 5 (eshas (oas 4SO
5 LLILL g Liogh mls clls 8ly polie b (g
Soge b oS 5 Jaw gl ol Hlas (Y4 F) e
Y o sein 2l e ot sle Olendy Sl oeile
ras el Jao 5l s plsbllay 8 5o &y ol>
ool yr ARIMA 5 olciy oy opedle o sgime
28l 5l oslitul b (camgsy (b VYAY) (S92 5 0,290

2- Daubechies wavelets
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basin by using artificial neural network.
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