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2- Haar
3- Yadkin river
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Figure 1. Study area and the two piezometers.
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Table 1. Characteristics of studied piezometers.
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Figure 2. Monthly variations of groundwater level of piezometers 1 and 2 for 20 years.
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Figure 3. Monthly precipitation of Qom synoptic station for 20 years.
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input
3- Delay
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Table 2. Statistical analysis of data for piezometers 1, 2 and precipitation.
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Figure 4. Architecture of three layers NARX with 5 neurons in hidden layer and delay d.
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Figure 5. Architecture of NARX in close-loop feed-forward stage.
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Figure 6. Three level decomposition of groundwater level time series of piezometer 1 with Meyer wavelet.
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Table 3. Best achieved MLR equations for piezometers 1 and 2 in test period.

o pitadir st Ogen 55 abail

E  RMSE(m) S
(MLR equation) (Piezometer)
0.25 0.421 yp =—11.284+0.827y,_; +0.186,_1 +0.005x,_1 —0.004x;_3 —0.004x,_4 1
0.52 0.395 y; =—13.212+0.855y;_1 —0.085y,_9 +0.2455y,_¢ +0.007x,_1 +0.004x,_» 2

e 5 Jalys L das e l 8l S o
ol v 5 das (s VL Sl 63555 sl
Ol saol glaols 53 1y Ola 1 &S o 5 a5
a2 S
By O353) Cawdas Sl s 8SGE e s
03 JLSan 5 il Glagloms L 4l it
O35 5 Sl sl ciloe gla b slaws
.g;éﬁ)\jé Qj,aﬂ 340 9 A ols J“)j"T =SS
A e Y G0y 5ol 5 itk e sl
3 R0 3 s Sleesls Sl el L e
ol VY B) 51 Cilses (sla b s g Ua
Gl 3 s Jalesl sy s of 515 5 Sa,b
G355 b ot b 2S5 eae LS Jk
35 2SS Sles g (NARX) (Ss
S0l Sy g 5 ol Sl g Olges
As s S b s SGS Sl e Ol dlabe
S A 4 cand dde ool g Sl osls S

INAR 42) s ol 515 Sl 6 51 e

1- Nonlinear Auto Regressive

P P e g TR T pU PR E

;.;T)'\J_“,\ e o> 4S s e Ol o el
5 S0 eesns 2l 3 il b sle e 03
L el sl 5 e oS S0k s S o it
G b ol Wjﬁjgijl)?\‘):ﬂbﬁ):.@\
PR S DI PP PSS WS SO R B NS 35
Lly ool el 13 ol 53 5 SO Sk
pasioe oS b el o 05 S,
sy 33 ol s ol Sl aS el
.,\_})\JJ_?SoLA)'\J_?A_gbLS:N_z\)wJ_?JH
&)y (MLR Ly, ;5 +/ADD 5 +/AYY slacs ;)
Ol Saaly dalsy ol 03,51 Gz
sodd gy p 3 slaole S50 5515 L es s
Laatasly oz cilosies glaols i b 0351 L
S S Ol e S s b Aol sl
e B gl a8 e slagsled b
e 3 4 S CdS Olyn Lls ol ea gy Ol
(N: oLs Sie) ol S 05503 3l plagiludde
ol oy 5 sl slansle S S 1y o sllas



wolpl g g ol 2l

Vel &8 ol Ol o 5 (Sl ¥ 5 ) (sl ey
SLaSb ol mhaw 03 ol oy oS 5 S
Ol 35 Gy s B i a3 5l Vaens
0 s 4SS Jd @L:}.:)\,Udla;»ﬂ)'ﬁj

G IS AP R olis ¥ d)u\;-

&1{3,&;&5@@;%4,.@4;“@&”@\
Jlms ool bYs 5had 55 Joe C3s L2als Cely
by sy bany OF 515 A3l (e law 4 S

23 e e g Sl Somly e Y 5 Y

X5V Slsesm sln 03l 0,95 4 bgp s 4SS Jbe 2 p fe - dodr
Table 4. Best results of ANN models for piezometers 1 and 2 in test period.

E RMSE (m) ANN bl T
(ANN structure) (Piezometer)
0.019 0.482 NARX 2-5-1 d;=10, d»=1* 1
0.39 0.380 NAR 1-6-1 di=11 1
0.22 0.504 NARX 2-6-1 d;=9, d>=1 2
0.80 0.251 NAR 1-5-1 di=11 2

* d, is groundwater level delay and d, is precipitation delay.
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Figure 8. (From left to right) Haar, dbS, Meyer and sym2 wavelets.
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Table 5. Best results of WANN models for piezometers 1 and 2 in test period.

g RMSE  Sbr g ANN Sl o )8 g3 ANN L o g e S S5
(m) (ANN structure of detail) (ANN structure of app.) (Decomposition (Mother (Piezometer)
level) wavelet)
0.70 0.267  NARX 2-6-1 d;=9,d,=3* NAR 1-6-1 d;=11 4 Meyer 1
0.88 0.193 NARX 2-6-1 d;=6,d=1 NAR 1-6-1 d;=11 4 Meyer 2

* d, is groundwater level delay and d, is precipitation delay.
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Figure 9. Simulation of approximation and detail sub-time series in testing period, generated by Meyer
wavelet in 4 levels for piezometer 1.
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Figure 10. Simulation of approximation and detail sub-time series in testing period, generated by Meyer
wavelet in 4 levels for piezometer 2.
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Figure 11. Observed versus predicted groundwater level in testing period for piezometer1.
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Figure 12. Observed versus predicted groundwater level in testing period for piezometer 2.
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Abstract

Background and Objectives: Aquifer systems are often characterized by non-stationary and
nonlinear features. Modelling of these systems and forecasting their future conditions requires
identification of these fundamental features. Conceptual or physically based models are often
the main type of model used to understand physical processes occurring in a particular system.
However, they have a number of practical limitations, including the need for large amounts of
hydrogeological data. Recently, wavelet analysis has been used widely in hydrological time
series forecasting owing to its ability to decode aforementioned features. The objective of this
study is to assess the ability of combined wavelet-artificial neural network model to predict the
groundwater level.

Materials and Methods: In this paper, a hybrid model is tested based on coupling wavelet and
artificial neural networks (WANN) that use sum of sub-series method, for its ability to yield
forecasts of groundwater level. The model results are compared with the results from artificial
neural networks (ANN) and multi linear regression (MLR) models. The variables used to
develop the models were monthly groundwater level at two piezometers and monthly total
precipitation data recorded for 20 years in the Qom plain, Iran.

Results: Twelve-month-ahead prediction with the WANN model show that the error of this
model is 30 and 23 percent less than ANN model and 37 and 51 percent less than MLR model
for piezometers 1 and 2 respectively. The results show that precipitation has no significant
effect on groundwater level variations of the two study piezometers; although for the detail sub-
series, use of precipitation improved the results.

Conclusion: The results showed that WANN model simulate the non-linear and non-stationary
characteristics of groundwater level better than ANN and MLR models. Using rainfall time
series did not improve the ANN results, because the groundwater level is very deep in Qom
plain.
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