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Development of a Smart Model for Groundwater Level Prediction Based on
Aquifer Dynamic Conditions

Mahmoud Mohammad Rezapour Tabari’ Taghi Ebadi’ Reza Maknoon’

(Received Sep. 22, 2009  Accepted Aug. 23, 2010)

Abstract

In recent years, drought and demand growth in most parts of the county have caused a dramatic increase in using
groundwater for water supply purposes. Besides, unplanned excessive discharges from aquifers have led to
aquifer degradation. In most integrated water resources management models, groundwater simulation is used for
taking into account discharge constrains, however, the most cases the optimal solution is not achievable.Hence,
artificial neural network models may be replaced by groundwater numerical simulation models. In this paper, a
methodology based on dynamic artificial neural networks (DANN) is developed for simulating groundwater
table. Karaj aquifer is used as the case study and its groundwater numerical model (PMWIN) is calibrated using
such measured groundwater characteristics as hydraulic conductivity and specific storage. The results of the
numerical model are presented to DANN for training. In the proposed procedure, the total recharge, discharge,
and groundwater level in previous time intervals are used as the inputs to the DANN model. The model output is
the groundwater level at the end of the time interval. In this study, the development of the model is accomplished
in four steps that consist of developing the aquifer simulation model and its calibration, producing the input-
output data set for DANN training, training the DANN model for various structures, and selecting the best
structure for use in the optimization model. The result shows that the proposed DANN model is more efficient in
simulating groundwater level fluctuations than the static artificial neural network (SANN) models.

Keywords: Simulation, Aquifer, Static and Dynamic Artificial Neural Networks, Modeling, Forecast.

1. Assist. Prof. of Civil Eng., Dept. of Eng., Shahrekord University, 35S °‘§‘i{'> i 5 5 oS Ol e i 038 Jbslil =)
(+98 21) 55391429 (Corresponding Author) mrtabari@eng.sku.ac.ir mrtabari@eng.sku.ac.ir (+Y1) 00741 ¥Y4 (J s ol )
2. Assist. Prof., Dept. of Civil and Environmental Eng., Amirkabir 0,85 S el rs ol (s s hame 5 Ol jes 0 SCils skl =Y

University of Tech., Tehran

IFA9 JLu & ajlois alsligal Y-



‘)ﬁh@#):.payozmﬂ\&wwéuM
e Jdnle 0 3L ol (g5luad Jan (53505 (slo e
35 6ol sl s Ol ch 35 5 by, b ol o)l ~
s 5l oSl =S ) Jas S aes e pli il
.[V] A:a-.u‘ )"’)j""}'.‘ (.5“1"6"37" BL 6;‘}“—'
d\

ot Sz ol YooV L s ol e 5 sl
O e el s e 35 58] (6l ST e
Sadie 51 S 5 sbs Sissel & wms e ol andllan )il
Sl 0 05 by cnlie Sl 5l e 4 e Wil 5 e
358 o255 5 83908 Slenls o LU e 61 o llas
IA]

\)Md)\)ﬁhﬁddﬁ\" 'V db))d‘)&o&j)jﬁ‘)\g
QY:Lud_:.E:J O‘i\ FERRHIN A g5 G;sdur_lw.,\m@ 4:)3\.’
3938 5l oras 4t (g3lotrd Jao B s ol sl anly
8] <8 15 eslizal 55 g0 (g 5leang Joe s

s GBSt & ZBL s g r o 1) Bl &3 45
o 51 il Blos > s (ghos S sbts 055 b s simn
54,8 518 addllan 5,50 ol gl Sl sla o iy 5 (3leand
6)‘\-»4‘_).&_9 BE ‘Jlj 6\4_2.3‘; ‘w..a_c 6\&4&:..: .JJ’\D.L‘Z 03 )lSch
V=N T s sbede OF mlie (iS5 (S (sl ice

e ) s ols s g (2 e S o Sl w2 5
el 5 ts ol (s3ladae 45l i 5 e slalf
S35 §lm =i 05 2 s 510 Sl s
9 $lwacag Ja 93 e BLI L 6013 5 6l el asin
coolie Slwand shaul o5Y (0lssel (b ) (s5leans
ek salazal

Sl ol e 35 Seliys 4 4 5 b Gl o
s @b Jd (Solus ae Kb ladua 2 25
bt Gla s (s3leand 5 s3ledas 53 o) VL Ll
Jas oSl plis (Solenl b dae b anslia 55 Solus Jus
03 (=033 ol (s Sy Sl s ool (Sl
..s)\> 61‘)“4 Q._.Lg\.“e ‘ Q.,\.».,\...L

sy 50l 9e-Y

asllas 3 go dilare -\ -

st Sl Cond s ellhe gl ol (lean a4
JUS R P T ST S WA 23 1 Ol ibate S

? Chandramouli et al.
10 Back-Propagation ANNs

Y dlsligal

doddo -\
B g VY Ul s L et gl s 5ot 1 5o
Jace SVARE L 55 Vs 5 5l [V s S ol | JE
ool ol sl Glol (g3lotingr Jao 53 smas 05 (g3lonnd
U L S eas (a2 1394 L )fr_;.m 53 50
S5 sloes b Jun ol s sl €1 it o shtens | gl
33,5 g iy 5 S (gl 63955 Dbl 50 4 ik
5 s Sl Srly K8 ) w0 L5 (g3l b
Lol o yaen olgdy sladSd plo 4 o iy
@YL B bl b bl e Kb 5 2855 a2x eae
Y] >;:§s° A5 s

ssbted AS Ll Jley YooV b s S35 esligsn
L 55 G s ol bl oo b gl i o Llit
TP 9 (83955 Gl mrie gl 2 52 e LDl Slesli
Lol s ot b Ll (lalis (1 ooy (Senltys slasla
ol el 3ol L 65l ® gl oy S slenty
wlels s Salos pae gladlos S50 o amsplis
I¥] el s 8 6“(-1“*:-“

3t Jae 51V ¥ Il s )85 s
i 2l slan sla el eesd g omae slaeSs
b 315 5 Jml g 2 G dasly 4 2 5 L L) s sl e lin
iz Ll e Kb ileand Jo Sl le a5 o
=3 1 g 315 5 Sl o s s (oSl slasals
ol wsa oals 35 5al Jaa 3l eslial Uy s 5 53,5 et
Losd o g smasls a8 (bl L (ol Jlisl oy 5 el
Jame 5Y 0¥ U s 5l lSen 5 ¥ sy 5 [0] s S als
33 2l g 515 ey 6l re S (3l
22l s 515 Jals Lagga s edace ol 5o oo e osliza
(AL el e J s oly a5l 5l Ol e o093 sl
Sl Sl (255 5 Gl B sk 5 i dai o) > s
3ot Jao cal e Sl o555 slel 5o T o 51550
sladae & Cus G VL E35 b paae S8 Jao S ams o0 LS
ey 381 sl O b 515 Wil n sinins O (3
Yo 0 Jlu 5o olSen 5 ol sSUI [P] sl (i
Mdupuj\ijgcbjpwﬁd\ﬁ

Segal

Rogers

Dowla

Shigidi

Garcia

Coppola et al.
Daliakopoulos et al.

I T N N
@
=

IMA9 Jlu § aglodis



TS ots o 55l ol Lo sl slass sl sl o 5l
Ol sshten .l e kST 55 sk Sl LAY L
Ceis ol sl o5 O s 515 Ok ey s 2B
Ly sid gatpaSdongine 4 42 95 b o e it 25 4
DMLl 5 ol sl Sooltss s yian Slos s s 5l asliz
Jis (i lons 5 (il y 4 pladl adhaie (55 555500
(Y JS) ws S gsleans
5 T Jlasl o 8 335 (et 6l Joe 0l S w13
ol o el Sl 55y gl i s Coanl 518y 55 ] (g2
5olal Bl s s Jue sl S (61 Jas 512l Olo s anllas
[N IL VSR WUV VI 25 KOS BRI P FINKE
Lol r\fut—f' o st oy Olubl bl s s as b S
Sl sl 2 0l 55 OF w153 8 o oo 55, Y0 sb
S5l oate IS Jsa riwZns 51 055 pasiia (sLo)
s 93 K gl ol 4385 5 s slie 5 e
L o255 60955 Dot Ol os oYl 2> 8 53 LB

sl Olag oo Lo ey eds ol (59 05 cams 0 LS
OLis (gl s sdsn bl Jslo & Jsh (2o b 5 dihato & dihate
s shelis ol Ck_.d slasls sl Jas s G @Lﬁ Osls

i eslizal ot il

of 3l eslizal U 5 oud g5leannd 0352 50 Dbl 5 LT Lull
Lol sy dw s Ll g s o 658 e Jlesl &5 s
332355 s Gl 5o 5 abak a5 olsxl sl Cand {SI
dedst S s ol Gl s 4 42 5 L G
aelas Col @ e & a5 p3 b b 5l i il
o oshieds s game pl (sl sad e %JT CL‘“ BT
ad a8 s s o) ol (Sealys Jas Sl ol s,
0 Js2)
3,50 05 Jole sleas Jue o sw ) shien aalllas ol 5o

b 8 18
O 3305 58 5 0l gl (53l Jon 55 )
Jice G55l () m s 35 — (53533 sLassls 46 same ) 5 -
e 2
0SS sl le gl s s Juo 3550l =Y
S8 Gl 5 s S ] Al 5 (elns - F
(Sl Jae b LS

Jase 31 ol sl 6;56}L‘4ﬁd: sobeas G ol s
55U Jao ol sslazad (Y4 ¥) 0/Y s PMWIN gussans
Sy o eadosls g3905 gla b L s Ll
S cikese sledls sl ol sl S, sl 14 sl ol sl
ez b daessls Jae 5 Se 2l 4 5L o555 el
Silwad AY-AY Jlo G b o552 50 SBT3 o

(..\..2\;@C«S)dfcMQLEAJJFn}m)cjs—v‘xﬁg&ﬁ)ﬁddeLh))n&u—\ J&Jﬂ

1A JLu § aglods

ullslig ol vy



Sl U5 L s Kos Eolets il ghoanlin glenls
.| e Dl i K etz 5 00 (5 S5l blE 55 s
ghaslie slealy <l c—‘ﬁd Ol yads K95 9 palie b tns 23
IS Jn st sloeilis sl axtlas (glabamShe b5 55|
isloanlioe slealy 5 o Cl"‘ S s 5l aslole s
RE SAS1 5 s se 5 shanlin slealy SISy ks

T o 5155 palie o (sl in 403 Bl grea ¥ U5 o
slo gl 357 50 2055 55 (S5leand 5 Slaalin (e 5
gl 8 g bhteas ol Sha ()’Y el oa eals glis o)
S ks s oF olsil (Kl e £ S -0l s JS
S lm Lot lin s Ol (S s s (eny 5 03
ool sags S0l uds 53357 50 slo e

e Sl O gl 515

A Sl et O e 515

() s s 35

S
3o 3kt sl b haslin OF o 515 eyl =¥ IS
(AY ) Slaly Lol 5
G2 o LS i S slaailis 51,800 oS
ge plprean e Sl haslis (Lyaly GBI S50
Vsl 5310 5 ) ookt glazag sy b bas o slal Sy un
sl sad 1,10

O Sl Ol 5 T BT 5l ans O w515

1200

1160 4
1120 4.
[

1080 4

() i3 o g 315

1040

1000

1 2 3 4 5 6

olie b lanlin ns s OF o 515 BI85 0 ¥ UK
Sl s ey 3

1 .
Scatter Diagram

Yo allsligl

ﬁd{bﬂgﬁu LEFRL

o 3 50 dibate (unaSid o5 gume SSLes Y IS

L shoanlice slin s 3s5) 0 poalyodlS canlllan ol s
sl 5 re 2o b it 32 b 5 4 (508 (g5loand olis
> D500 Sy 5T ol o s g5 550l ool BT
SL e sl e 5l Juce g oadoals ois sk oo 6l
23l 03 ged pasin Ly 5LS5 55 (555 03 Lel s gd a1 2l s
(ij\)\_%}& &, gos PMWIN )\;e\(,s (Ggd el o Ol uss
Oyl Jama 3 o 8ly Lo sk 53 palie i oy
s 515 s5letd 53 s olss o 1S S sl 4 i
o (6 S5l (g e g5 laveals b dglio 53 (e 5
3ol bl 5 s Jae T s e 5 s latety 358 Jols
Lo oS 512t Sl Ll s 5o Jae Sy s et 62
ss5m 3333w 3l aaal S 505550 sLonsls 4 4
L 5lanlU sl Lt sl ol sl (5leans Jos sl
sl i o US oyl (Sl gsis el 5 0 S
U1, s 4 5 55 g0 (el S 0] 8 55 S Y s
Ol Ssb 48y o s e 5 Jske 2 612 T oy po i 5l
Q,@Aeuﬁsaﬁlw@\;wrﬂ Ladshe ol ol
Sl 5 Sl B Slaia (Sy) 535 (] g i 0l
il Culis ol o5Y ol 2 55 (8) 0035 g 5 S
33,5 b s nl 53 sk o s ol
ckﬂobj&wg\k‘dmwjdadmw;ry
s alice L L Jue s ol Ol i as g, 5 (i3 )

A9 JLu € aglods



1280

S (T
e LTI T T .
1130 4

1080

Lg)l_.«é.:._&uick_u)\)_i

1030 4euennaney

980

980 1030 1080 1130 1180 1230 1280

Sl of a3l 5

bt oo b sl OT o 515 (SuiSy Jls goi =8 S
Il L3 (0 gl oIS 05 53) AT rags sle s Lo za g5y s

55t s 21 e 315 3t 53 255 25 |
b Uin sl ot IS Sealss s sl Slaite o
S ol S5y 3 il it SLIY Sy 53 aalllan s
550 blae s Susl Sl iy Jds o5 0035 o ol
oy aSol a4z 5 bad Sl es gama JS (61 556 G andllas
Sl Jos ol Sleslial U o255 - (63505 loesls 4o 5o
o 4 el allan sl s g oles s K5 Je 23]
@Lﬁw.&wjxjg‘ MQY;&»&@J%L;AS
PMWIN (g5luars Jus 5l (29,5 52l b oS ) 51 Jol>
PENS R Tl 55 aa iV IS .28 815 005
Jue sPMWIN Jue 93 e 51, 0L ol j3oud 5luad
s oo LIS el o 9 (goas

YL s 5 oS s glis IS 0l 5 sl &1 ) @L“.;
Olmtean (s O g 51 (i iy 53 539 S
s PMWIN o 31 oslin o S

O laslie O 515

T B sl et O g Sl

) i3 A g 35

(

e b laalin 5 e 515 B S5 pue -0 S8
bl Ll V0 s led 2y 5m (5leand

53 &gt Gloaalin oly bl Sws, Jlsses o
S o 515l i ol S s g3 n ool sl ls gos
i3 Pl g 315 0T o g eadasalie as
500 5lwtnd Ol s olie bzl sid g5leand
= FO sl b s g5y s dal il ol el sanlis
3 d=elS L Y sane il (Basli 4 a5 Lo S 13
m.:S\,io)j_ogjﬁ}»blﬁgh.cgwﬁﬁ&%g&»\m):m
LU ol 4 o i, S e 515 a5 FO asl3 b s OILLI s
Gl Sl 55380 (ly s w3l 565 55 ks
el Guills eyl s 5l ol s 4yl
HEs s s adl 5SS bl (Sussly bl
(7 Jsa) el

et a8k s sl A e oIS Jas ores sl
sl 54 S10Y iz 535595 93 55 Jdbo Cmo glguas L

s oIS Jae ey Tion s YU o &1 gl 51 85 5bplas

WW)QH‘JA—:‘SLSLQBJJQ 6“).: 4L RMSE 6&} U"L:'_\ d}-\?

(T Cno b 93

Oyl S5 55

opad Sl 5 sl Cliges)l pdssd wkel e o 3 bl e sbe
YAYOYAYOYA ¥ ¥ ¥/f YA F/ROYY T/ YA ¥/F RMSE
anllan 350 3blie (Soaliys g puen ol o Dlasta-YJ i
Lus g ol p
$ aibaia  aikaie f iz Y diki Y il \ ik Selesrin ol 2
Ol
as) o s
e\ VerosYPer  eete.. VeosYVOe S0 \YOe BeesVee Sl o 2

£y

(G5 2 o )
(03) 325 2l o

1A JLu § aglods

ullslig ol ¥f



o
o
=1
a
~
o
@
<
S
=1
&
@
@
@
o
=]
S
=+
")
o \ g
© i
o 1 1 4 &
e § 1
o 13
I _
3 (Medilow Model) o gams 5l ANl )
o s L oy
(Mumerical Model} ol s 5 o0 P
Gl nagas | ; :\‘ s . \
iy / s \
o . . N f Lo
] Skt ) -y
8 i ol < Ny &\
e PR 3
0 25 5 LS LI O \ \
| == lometers,_ . | ™ N \
1:129,657 "IN % L
) | \ 2|
470000 480000 490000 500000 510000 520000

spama 5L Jolis gsae Jan s PMWIN Jae 55 Ja 5 0T sle s s (g3laterd (sin i3 O prdans 5155 amplio =V JSC8

slemll gl moadadg ol ey Leld o, 50
Ol 333,500 12| (se3 25 &J 3 Siland Jun (63555
2 5l s 3leant oysn m leml s ras 5 ol e 515
S ol o sk shaas cailaze 51 te s 55 e s 5b aibate
oS 5 a0y o258 om0 8 s o3 2Sita Jao s
il aalal 5l a5 5m (555 50) 4 sacme slaas

2l bl a5 sl 53 S (3loand 0l e
(52923 4 300) G 5 slmasls slas 5 Sl V0 L ol
Ul S ksl Gl sty ol O+ b by (s
5 Serls sladums wims plisi | ol sl (Sl 5L
5 S E S N5 s 5 el 35 S slize (Sl
Ol gams i s Sslize gloslislo b b s o) (g 5loancd
23 S0

Sy 5 Sl s gadSnd Skl _Y-Y
¢! WSt 5oloms taran 5 (5551 r-:i))j-” ol =
DUl o 4,5 (50 5 pll e slodSt 51 3,50, 8

! Semi-Distributed

Yo dlsligal

i 5L 5550 gloasls a5 (sl slead Jae CLl 51 ey
5 e silednd 55 ol p8 L (Sl 5 (Salys e K2
<l (et D, Sl 205 5 305 slo el s
BRSO P W A NVPLI PYPEC IR PSS JO5
Ol S 5l 295 5 83955 0Lz Olsme 2 Jeie O30l s
355 ousleS s o8 bl el 6l ol sl 5l csls
o) ST Sl (g3t 0 slas 53 (nins o b
s osla sl Jleand Jue 4 63955 Sledbl olgea b el
3l o535 sLel 55 (onins O s 515 Sl )
el iz g LB ol Sl e Jale o Seas 0o
g5 S oslizal Slead Jao s 255 bl ol e of
osbtean o5 — 6305 slaeals s sarme 5 (6l
A JSCs s sas S0 s 5l slban « g 5laand Jow 35500
R ijTduuM :\.x_g?jéj\_mt:.:_.ﬁ ol Suwe
PR P RS gy | che 315 o ol 8 e 250
Holad Doso o bl e b bl Ol i b g a5 L
5 830 slesll Glmelsad g sy onlash e ud s

A9 JLu € aglods



e ded Jha 255 g 3558 celn ol i
cegazee i g (tn) (il 4 oloj e

(N).

1
SIF

4

Sl ol 4 228 b ol 4yl Lyl s

A

r

A\

bazgi b oagyp csloiel)ly Aolai yolie L)es
talo 3l 8l

4

el il g

by Jae el

y

y

(a5 g (03959 (slmally 0y

Sl oo VU

=1

y

4

b

S g T s SleMbl degere g

oo e Jae el

Slotend oo 23500 Sz (25,5 3505 Sbsls 4 same w5 Sl e A S

5 om YT sladls wslon ilaa 55 Jyoasyls (Shsl
el olas b it 5 Ly Lol coneb S Y iy 055
Lol Sl o LB
Sl 252 5 63955 slomlb g b Gadss ool s
okl gl (Sl s aKed o o L5 iy s s
23 (Wi d8e sbdus ksl RGP Jw’r"T 3,550 calzse
i LSS ol s & boles ol st 61,1V b O glelSs
Sulebe prae 3 Jae (255 5 63959 slasbl el
solie Sl ol sl (a5 2005 5 853905 0l Ol
e 515 Ole 3058 5 8 iy b 5 dbale il
L ooad asiios aibate 2 gl 50lo gl 5o (a5 &
b 55 ki) 63555 sla bl 035 iz pp 25
(w5 D gl 515 3lin Ly (25 5 (3905 oCudls

1A JLu § aglods

o s S gl s St gl (K5Sz 5 g5
ol s e s 1o (S il Sl o o st
et $laaSidog, S 93 b s e (Ss IS 5be
54kl L) (Soliys ae gaaSid 5 (bl (p50) (Sl

53 S o0 (D ma (aieile

Sl s 4 sl ) -Y-Y
534S el s s Sbal (Sl aas S
Lokt ol 8y 5 s s s 2l 5 ol Ll sl
#2532 A 5 s el ol lsgles A5l
$laaSod s,ls (Saamy aaad plan 13 f (635,55 4 L absl
b il K e (D S oz Sl s Sl
Lo )il oy 5 - 200 lods seme o b3 2

ulsligal V7



55 'MSE U3 er oSlbe 23l w5 Lol 5 ol
95 ol o 55 &S Gt ) o s el sad 4 S ks
33,55 il QY sl of 4 55 parass b el 4 Y 5
el b 313 a5 55
p(ﬂjﬁHYj\huh)\)ngO\):ﬁb* Jae sl s
32 by 05 ome 55,8 00 055 Y 5515 055 Jles
LY Joae wlin golisle dus 0¥ G QB s ond osls S,
Ol s ¥ Jas sl o o a Y sl 20580 Ll e sl

)j—o—’d\)\‘)? JM

s <l -Y

Sl 5 (Solal K gl 0ad e gLl w2 5 L
O 3e 0155 or 55 slassls 46 sama 3l aslial L il 25T
6l lsl 5L ) s (s iy Al s, Lagy] s
8 gLadan GE35al b osgad eand xily T3 s (6l e
bzl MSE slhs jasls 5lasliza b ol ol 5 sus
Gl U olie oL 48 W55 o0 Gt ey 6l S5 2
5 Sl Jias 55 mialons 5 ilesl il gLl
sl 0as SV Jgu 5 i 5 4 (Sl

b 35 6l i 5 65 YL Sl 1Y Jas L Sl
1S s g0 0L bl 3 rtman sl Sl 55 e
Sl s 2alS s s LB 5 50 Y slass 25l
s 5l Jue sl Sol v g b 5o Seolus Jas 3ol
sl Sl ss p Ladus plvw o cans mJJ—J BENTER
sloesls sleslaul U o i 53 1) 6 <blB e
Jice 53 sl €1 sl 13 aas a0l w5 Sislosl
Sl pls s 8 b me (Salss Jao 5 slsle olsee)
L ois ot i o g 515 ) 0 58 (sl s s
a1y (Soalus 5 Soleal sladas 5 bl 5heslacl
w3 oo LES (goas Jaw o 55 sud o i alide b

3 Sl Jua g sad sl 25500 sbaslsle 4 5 L
35 Saceady i s gl 35 s Sl 03 (Sl
) 8l 0S8 L) s aslio s 50 e b
loesls s oo ol g (g30e Juo Sleslinnl Uy 5 b
AoV o5 SO glm s (Bolad Soso 2 S50
s Sl

* Mean Square Error

Yo dlsligal

sy 4 LT 3 48 08 1 58 G165 & s 3590 Sl
53 e 4 bbb el 53 i s giledand 5o sl
Soleas s 6l & pots 35900 o (Sliul e 805 Jaa
23 815 il syse sbale Jua VY sl e gl s

2 S g ladas Goos Dbl i 5o sk
@l—o—? A\ JJ—A)\S‘.""[—«).} .))Jj‘r»d‘)‘)bﬁldaﬁ))j_n
LS soadayly Jan 0 S & s0h (63555 sl
STOY 0L Sl dod Y lags sl 56 Y 5o il
TP U I PV JURR SRR S PV § L P
Sy gmoiy 53353 bl ol a5 T o 5l ek
Y e sl s ud sl Jas 4 asin Y G G g 15
sl anlsh s Y alsl S ol ) skt .5 S sl
w3 S s ¥ e sl

Sealiys s 4Ses Ll —Y-Y-¥
53 Sl peae sl olsl 3 e Ll 5 LS55 L
3525 0 Sl aslizal s 55 e3h 5 glens s game wiline il >
il b bt ol 230k a5 U155 pse T o e 5505
Sl ) St plas L e 5 by T b Sl
Slos b gl slal slaslinl as K3 G 055wl
U1 ol egoss JiSem 2ilps b slos sl 51,0 e
Ol am Glos oLS s yossad Bim 555 55 Sl 8
s S el o Wl S s o 0 3 (255
il s glagsss L o i (RNN) 22 S5
O)szeay (TDNN) Slos 305 om e 25" (IDNN)
32 LSt ol s NS o (e (Sl (ras gladSs
Sbdae 3 ksl gl gl Sl e sbaaod wsles
92 35309 sle bl il s 8 S s s sl
ol L os s (Sl laeSs gl e ol s sslizal 555
2383558 Olaes 5 I8 D0 (255 polie S sl
sy s Sooliss Jia 53055500 42d S i 5 355l iyl
Lenle olad (6l 2 9 LaSh &y 5o (255 — (63905 slaesls
35 99538 e o iy yas sl sy i g O p0ts
3o g 5luand e cdbs ol 535S e 15 Sssal
Sbasly sl sl Ll 5 5 3505 Ol e sle o sl
25
S et gl (LSS bbb 5 (Saliys Jaa s

! Recurrent Neural Network
Input Delay Neural Network
Time Delay Neural Network

IMA9 Jlu § aglodis



Sl s 3 Cilia b Jae MSE asls aylio—Y Jyur

Seelias Jae S bl Jo J
_ - _ _ W
/YA f/5x\ £/Y0x\ ARY ARYV) WAL \
V/ayx) " V/4Yx\ V/arx) T AT KR WAY NS WU /7. SIS
0/YPx\ 0/Vfx\ 0/YYx\ Y/¥x\ e Y/Ax\ T O/AxY Sy
¥/raxy AT AR Y/Afx\ - - -t
o 11916 o 119145
4 11914 ] {}3 11914 |
32 22 q19135
35 11912 | A5
RY £ = 11913 ]
33% 1191 ‘g 2
3: § i g; -§ 119125
4 9 11908 | 3
LR : 13 19124
_%, 3 11906 | 3 119115
B 11904 - 1191.1

11904 11906 11908 1191 11912 11914 11916

(3e) T ailaie ;3 DANN e b st (g3l dend e ol s 5157

e 53 Lo 3l a5 O e 515 alia =Y + US4
(Uo530) Camds) ) aibate ;3 sue Juo s DANN

el (g ol o
ol s ol oit osls oLis V) IS s S sboyles
S oo S5 sl 35ee 6l O poa Sl saelis
it 5t glmosls alal s g 4 gy o 5ty (¢ H s
S o 51,5 51 (s palie Sl i mie o sLasla
Gy bl s 8 ol il ol il Sl o355 sad ine e
o 4o 315 gl (b alie 5sle ol 515 Lyl 0
selin o ol sl oyl o o (6l Lol 5,8 0 &5
oo glanl Ly ol 81 9 S 0 jasiie L35l sl g5luas
Wil Ut gl Lol en 5 sl sais (g5ladd ups g
S 3am Eel g a8 oo JEI s 1 ole sleml (g 5luand
PS5 o3 s sdion snins ) e 315 s 42 5 L6 Lany
- gh 315 sy ssbar Sl ss allas pl 55 S
b Sbleg O 1) SUlag s iliS 51 esns
il amils Sl glactls a3 adly 5 sbay ol g5l
sl Fasas Sl g ol Laale 51 55 55 &Sl o s
sras Ll gileand 3 S (st bly, Jdse pnes
oSaasle glanl Ll 5 5355 slhas jasis jsba osls 552y
L 5spisle slgml (5luwand 53l Dble g 4 e ol

Sl

1A JLu § aglods

1191.1
1191.2
1191.2
11913
1191.3 4
11914
11914
11915

(%) T aitate 5> SANN i b s (550 don 3 25 S oo 315
e 53 Lo lans a5 O e 515 aylia =4 JSC3
(US50] Cumd3) ) dibata 45 g3ae Jao 3 SANN

Jia 35 0 ol g3, sl bl Jlesl L
Sl o 515 vty s T sl 5 (Soaliys 5 (Sl
S s S ot Al Ve s Jsb s (e
Olsedssle o 53 0ud 2 i alie S ol ol a5 (6l 2
yd a8 s e i Jue 5o amsle gl Ll 8
L s ren o 51 g3t ST L (Sl Ju s S5 Oslew
0303 55 gl 45t vutls ol g sle ol gl 513 50 sl
4_:.]3‘ L.l‘J_.Z u\)..co sl Uf.‘ 6“4:‘;‘)'\’ % @.ﬁ&)\.}ﬁﬁjam
0235 0L L U et cnl 58 on painta U1 sle sl 515
o Sealus Jao sl wisy ool bl o aalsl (L VY ) ks 5
M‘bﬁxb&jaué‘&‘gj‘%\ﬂws@\ O g0 U’i‘
3355 3 N5 et asls a5l 5 ksl o Leale L
chLLﬂj\JJ'ﬁbLi»AJ_EJ);ngbduﬁi\u%ﬁ@)r&g
2V LS s & (Sals 5 (Soleal Jue g3 5 slajlsla
sl le aS il cdbe ool Kby canlond osls olas VY
tan s gm0 4 |y ol il (Salis Loyl 8 il g5 s Sl
Ll goleand
S el byl i g s jasion b sl s b s o)
el s 1515 alie auils  yalie 5 a5 o

ullslig ol YA



= = = DANN | 5lo 4 —o— Modflow b 5 5le apd

111545

11154

1115.35

() i)l g 515

1115.25

11152 L

1115.15

1 12 23 34 45 56 67 78 89 100111
L
boss (g3loard (insn s O o 515 4y lin -V Y IS8
Sy d g dla )t oy55 S (6l s348 Jao sDANN Jus 55
(Prmoms Curd g) Vibate 55 atu s

562305 §La bl ) ez s BB olis oy 515 s
Sle S| 4L gosno u_l\.x_lajf.x_:lj: L;Q.)LAJ» Oy oo Lf’-jf;
s S latrd e J55al ol 255 5 93505
s St gL e 5l sslizal e ol Sl s 5 Sl
(@il gladae b clin LUl m s 558l 00 0l 55 00
Ol adS o i 55 clie 35 ils 5 o) Ko ooy L2alS
CS o e 4] 5 b el (5 O e S
- o 515 5 ol g s s Sl D pony ol 53 0l >
o) DL 6l i o) o Vi el 2838 Loy 15 e 5
R a:\.ﬁ.’.‘_.:‘ é:”l—"l) 9 é:.’v‘l.’.’.a‘ (s=Rs &-& JJ.A 93 )\ t;..aj.n
o o dbe 85 b sl b5 e oS8l 0Lt G o) s
sl 53 by s e ey (Sl sladua sl
53235 aal 50 wlale O goay Jlste o iy 4 508 uf,J‘yT
sy sle cotls uslie 5 ol sl adsl Lol 8 amslis e ol
OF 6l sacs asls 35900 Jaa 31 sslizal b ol Lasiie s
03 g g ey gmelin SE5 L sl glgl Loyl 3 )l 5 e eola
Sledbl e Sy b Salus pae Sl (g5luand Jus
O Sasitly St 5 sel 5o U3 ey o
Sheslinad Lol ormlio &35 5 LS e %,Tcgﬂj\;
BEY PRI IYY ~.—’T Clﬂ—w 3L, ol g e Salis gl e

o3 a0 sslaz| S pSe 6Lﬁbd.bo 43 9als &) d\d:\;u B

—— SANN | g3l 40t —+— ModfIlow b 5 lu au
11164
S § B U3 PP
116 deen. 1 ......................................................
‘i) 11158 J...... H ......................................................
I 11156 o)) ‘ ......................................................
i8]
2 1115‘4,_“‘#1_‘.& ...................................................
i) 11152 1.1 L sl
B B 1< TN
48 e
11146

1 12 23 34 45 56 67 78 89 100 111
sle

Je 5 Lo las a5 o b 515 aglia V) JSC8
JmeQ)}agjdLu\‘U}b&é‘ﬁéJJ&JM}sANN
(riwions Cuns ) ¥ aihae

&S el ] 255 g5 m anlllae ) 51 oS 6 K5 o

L syl Seolos Juoe sla bl o Sl sl M

Gmoaalin 33 lm | (s <l Ciﬂ‘“ 315 ol s

(Jshslo szl @) slo o gl Lol 3 (135 pasie 4 53 G

Gl al b b s ples Slss el pl el iy
el Sl s slaJne

S rSenis ¥
.| zle Hils ) 5o st @l—‘ﬁ Sy e glodas s
2lie et Gl m 0 S e S B 350 (S0 5 (P
Sl ol I il sl guime oo 5 e pilin Sl Garass
3155 Dl U Uy 55 gl 250 53 ol ul S
e3Y s - ez L85 5 AT shtads 1355 o e
Olssel Cuns g 2 se (5ladd ladse Sleslizal b ool
slodus sloslinal Sol ez 5 b S 13 g5loand s 5
oslizal 08 5155815 oyt o PMWIN (ypes i
o 3 52l ol Gl 4 e (g5leane e s iz
Gt ol 53 i 33,8 e (S gy 3lie Gty () S
Sl s oo ai 4 p 131 IS0 ) 03 503 B b shatees
a0l Sheslinal LU wd ol gl 515 Ol ass 5luans
255 ol peae S5 5leand Gbdas 5L s se slessls a5
33 NS5 slaail e s o3k 5 g Jae el 3l sslizal L

el o0

1- Menhaj, M. B. (2002). Computational intelligence, vol 1: Fundamentals neural networks, Amirkabir

University Press, Tehran.(In Persian)

Y& allslé gl

A9 JLu € aglods



2- Das, A., and Datta, B., (2001).“Application of optimisation techniques in groundwater quantity and quality
management.” Academy Proc. In Eng., Sciences, 24 (4), 293-316

3- Kim, S.S. (1998). “Time-delay recurrent neural network for temporal correlations and prediction.”
Neurocomputing, 20, 253-263.

4- Yazdizadeh, A., and Khorasani, K. (2002). “Adaptive time delay neural network structures for nonlinear
system identification.” Neurocomputing, 47, 207-240.

5- Shigidi, A., and Garcia, L.A. (2003). “Parameter estimation in groundwater hydrology using artificial neural
networks.” J. of Computing in Civil Engineering, 17(4), 281-289.

6- Coppola, Jr. E., Szidarovszky, F., Poulton, M., and Charles, E. (2003). “Artificial neural network approach for
predicting transient water levels in a multilayered groundwater system under variable state, pumping, and
climate conditions.” J. of Hydrologic Engineering, 8(6), 348-360.

7- Daliakopoulos, I.N., Coulibaly, P., and Tsanis, I.LK. (2005). “Groundwater level forecasting using artificial
neural networks.” J. of Hydrology, 309, 229-240.

8- Chandramouli, V., Lingireddy, S., and Brion, G.M. (2007). “Robust training termination criterion for back-
propagation ANNSs applicable to small data sets.” J. of Computing in Civil Engineering, 21(1), 39-46.

9- Karamouz, M., Mohammad Rezapour Tabari, M., and Kerachian, R. (2007), “Application of genetic
algorithms and artificial neural networks in conjunctive use of surface and groundwater resources.” J. of
Water International, 32(1), 163-176.

10- Shamseldin, A.Y. (1997). “Application of neural network technique to rainfall-runoff modelling.” J. of
Hydrology, 199, 272-294.

11- Maier, H.R., and Dandy, G.C. (1996). “Use of artificial neural networks for prediction of water quality
parameters.” Water Resour. Res., 32(4), 1013-1022.

12- Clair, T.A., and Ehrman, J.M. (1998). “Using neural networks to assess the influence of changing seasonal
climates in modifying discharge, dissolved organic carbon, and nitrogen export in eastern Canadian rivers.”
Water Res. Res., 34(3), 447-455.

13- Smith, J., and Eli, R.N. (1995). “Neural-network models of rainfall-runoff process.” J. Water Resour. Plng.
and Mang., 121(6), 499-508.

14- Karunanithi, N., Grenney, W.J., Whitley, D., and Bovee, K. (1994). “Neural networks for river flow
prediction.” J. Comp. Civ. Engrg., 8(2), 201-220.

15- Razavi, S. S. (2004). “Application of neural networks in hydrological and hydraulic routing.” M.Sc. Thesis,
Dept. of Civil Eng., Amirkabir University, Tehran. (In Persian)

16- Karamouz, M., Tabesh, T., Nazif, S., and Moridi, A. (2005). “Estimation of hydraulic pressure in water
networks and fuzzy logic.” J. of Water and Wastewater, 53, 3-14. (In Persian)

IFA9 JL«Z djlo-'i'l u,l".élﬁggi A



