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Figure 1. The study area of Hamadan province in western Iran and the location of the observation wells
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Table 1. The characteristics of the plains of Hamadan province (9)
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1- Augmented Dicky-Fuller test (ADF)

2- Autocorrelation (AC)

3- Partial autocorrelation (PAC)
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Figure 2. Monthly groundwater level and thefitted trend equeation for the plains of Hamadan province
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Figure 3. Typical histogram of groundwater level in Asadabad plain (a) before and (b) after the detrending
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Table 2. Stetionary of the detrended groundwater level time series
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Figure4. The AC and PAC functionsfor the groundwater level time series of Asadabad plain; (a) beforeand (b) after the detrending
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Table 3. The selected time series models

WA Ll 5 )le 110 o)lod [piin o el s> Cupute dsliagsy

4 Colpd ladiBy > AC ab Jude oS ad el oy
3 (2539 pod o Aliwe ol (¥ JS) duy o S

paedie |y 3> Sy (A8 g, gl 3 & Gloj slos
P oo b laaisy D AC b o Jow Ky 2935 .88 0
0)9d l.: L;Aaﬁ X9, ‘dLo) S &S AR o uL.w ¥ JSM
PPAC 5 AC jlis (05 b size (picmod (S= 1Y) 5 0 VY

Bl Gloj gy slogUl Y Joax

AIC hab ARIMA agy Jie s
-/¥A ARIMA(3, 1, 4)x(0, 1, 1),» SAEW
Y ARIMA(5, 1, 4)%(0, 1, 1), O jug
= [-A ARIMA(3, 1, 3)%(1, 0, 1)1, Bgld-0)
-IYA ARIMA(4, 0, 3)x(0, 1, 1)1, Sanl)3g8
=/ ARIMA(2, 1, 2)%(0, 1, 1)1, e
VY ARIMA(2, 0, 0)%(0, 1, 1)1, Hgles
- 10A ARIMA(2, 1, 3)%(1, 0, 1)1, Slag—lden

PAC 5 AC polis puwy o 0 JSS 0g alie b
2 odle Bl polde | Siuwemdgs dad o Ui Wl e
2500 Syleds W)l i | (g gre gldS wiliie (slaaddy
9 » Ja Ghily ) Jols esla Bl polia pl S gin
S ey o i |y e ol 5 oy (g (slaodls
Oiily g V) s 4 Q-Q Jhges blE g S35 4 dng LS
o i Joy @i b sl plie plSn Csb
S oty s Jloy g odle B wlis o5 COS
e 0l &l gl i oS Lad o i 5 9 0 gl IS

W3S e g (il ) (Gaejj Ol 5 by

PAC  AC

5 g Blizme (coeaS 5 5L jao 10 9P ke s b
g &85 a5 (Sae Vb 4l ( Lad glagal)ly 4y
sy sy » ARIMA(p, d, g%(P, D, Q)s lo Jse
by gp gy Sl e e 0D 0 Bl Sl
bl DW g osile 8L wilk SC HQC AIC bl 5
Ailee sloady; llae 118 &5 Al J S Cpiomed (Y Jgd) L
S e xSk  (AR) o551 005 iy o o e
Sl Lyt S cles sl K ) SasS (MA)
CBF B wypdyee MA S AR slass] )b
ol (Sily sladse (oo (gl aosla Bb S8 5 ik
o sl gl Jae (gl ks o (sl oges oS s plosl o
o b5 sl 005 0390 Sblsl s> 5 5 0 (cla S5 p
' A
N FAC

llat

]

SUTal cudd )3 diges yobods 0 03> 33l loj gy Jo (slmosile b (sl PAC g AC &lgi joges -0 S5
Figure 5. The AC and PAC functions for the residuals of the fitted time series model, typically represented for

Asadabad plain
sl I i 37
1 Sy
o DA R — Jes s ]
Median = -+ /- Y#Y .
Std = - /YAFY E
g v
= /] z
= 2
» 3
Y g -7
S
—=1A
" == : ; :
—\ = —= /0 - -0 N Mo —=A & AT CRNEYL o AV
(e “"“L"LJJL‘ Quantiles of RESID

U] €3 53 dig0s oty Jloj (5 Jio 33l 5] Jeols ol B ysslie pl S gt 5 Q-Q Jloges - S5
Figure 6. The QQ-plot and the histogram for the residuals of ége fitted time series model, Asadabad plain typically
represent


http://dx.doi.org/10.29252/jwmr.8.15.102
http://jwmr.sanru.ac.ir/article-1-847-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jwmr.8.15.102 ]

VoA

Sloj o sbadie 3,8 b e O 5 nitn 9 @ileae

1FTE
NaF
——— et
e | o aes b arfasid
3” = {J g alila
: == i 5 -
g vt % RMSE = +/¥% m ?i, ed - g RMSE = -84 m
2 = my | =
B ¥
l AT 7 e L
'1, e L o |
~ o | Ya-4
Y
S
~.
18 N i N L i L " N L N L .
3 Al A et X
B LR
LA A S
ey
VTV VFA
===
— e
= e | s pm s G
3 AL . S~ EXI S
:i - g RMSE= /T m
Woers b %J PRy
X 7‘ YA |
A %
3 v L f
; 1
5 5 v |
:} wrr L }
iFTY VEVE
SRR R SR T L P S N S M I SO
A S S o C SIS
T T - T T T T R - - - -
ke - ok
orr _ ' —— ety
ey
Ji | = —spajiad
% —a |
- vew | M ER ok
A i RMSE
£ — MSE = - /T4
wre L RMSE = - 181 m %1 "
4 VRV ;
EN >, a0 i re o8y
_),\ ary b ’:
X RRT S
; y
1, vary L -
1 o L
= oyary | .
var i z ; » " g TEEE
o=~ = 4 4 R K ~ - L S = Y A
A S A A e G L (S AN '\
£ 8 & s S e ST e A
ke
et
Wit | —_— el
M e

) iy o] e i)
=
=

RMSE = « WY m

LLARE 3
ILATE
wea b
IARY
33;\"
£

shas ARIMA 1 oslizol by o sias et 5 (65 0j1

et

e il gt Sloj (slas s ages Y S

Figure 7. The observed and forecasting of the average groundwater level time series using seasonal ARIMA

widd o i I g RMSE jlie 5 IS0l s o ol |,
5wt o oad il Lad ARIMA (cla Jae cd>
ol plodl gla gw i 2 Gl cuwlio dale VY o)y
Causddy yio +[VW 5 /Y IRMSE 4 +/A2 5 «/AY jIT ,0lae
BB > e oty s 5 o 9 M

85 Oygo o len g SinlyeS

ol g Jas 3l oolatul b wiges jl z)b (glo g i

boie el s a3 plol obe 1Y (sl g5 (Jad ARIMA
2500 (g 3l g less &l e obigS glav o i (gl Lol
(YR) Aty 5 yalae Ctodily &) Cans daolisS (sla i i
odb (jgy Jloj (Sl sl sty &Sl & a9 L
polae VS s adlsl a ] 4y gy dlos Jlads gy 045 plol
NAY ol Jlo 53 wojes O 5 005 st 9 (50314


http://dx.doi.org/10.29252/jwmr.8.15.102
http://jwmr.sanru.ac.ir/article-1-847-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jwmr.8.15.102 ]

V-

g b pae Sel glacodsiome Jdda sid Siis
aodl B)b I bl e cwd )l slcsles 5 Mg
5 el o b b ls Slilgedy  glasl oMl
S lboygd j3 1y e @l e Wl e by Lo St
Cadd pd opgh dlagyd dixie dlae LS Lyl WS
bl g iy Sl OMSle doi SialyseS
ol hen il slal &8 el Il ey ol @l
ol slaglssal sl o 295 0 Ao )l (55,5
)] [y 39500 4o (imed 295 ()lgie 9 Ogie (fen
DS el e slaghyy edlitel g )bl e
oy & (GloleS Jlocl 23,5 39300 (ol (65,0l sl
5 PS5 SN gamo 3 S L3Sl i S (oS o
pae 3 Sel lasMs g pladl bl ol S gls 4 o
iy o o5 slaoly (S5 U5 S8 ol (Sl
iSOl 3l iy el p3 B jlaial gl 5l ealal 23,5
@l Cope B 5 3 i pol gl awg pus
s izy den Ol I digy eoliiwl Simyd 5,8 )3 bl
A a)Sely Bl plio 5 (55)gliS oy S Bpan
e e Glas sbodoy s Jlosl lpy o b il

235 3l Wby )b 31 Sl 2T 5 dibge (glonysiiS

‘3‘.’)—-\3 5 ’s@.’“
odly yuildS Jlisl o b &S e gladlaio Ol e84 )
3955 I ok lagens o S Ko adllas oyl &

WA Ll 5 )le 110 o)lod [piin o el s> Cupute dsliagsy

2 oo ojnj ol Slp Gley sl adlae oyl
ARIMA ilises (clo Jio § S5 Jiad il clacass
b cudd ya 50 Jde oy ke 8585 03l il bl o9y p (luad
sl DW g kosilo 8L il «oleMbl glajlxo 51 odliusl
W diges Jl 3yl (s smin ¢l ol gl Jas 3 ai
s A5 awlie Shalie plie b o) ks ¢ ozl 4sle
oigns o 5 ooty Juad ARIMA cla Jso ol oL
M pdlie s dod 3 &5 (5dody iS00 (e 2 ]y
Dol Canddy o VYl 5 SosS RMSE 5 +/AY 1 juiy
e 5 bingly » 0dd Sl o | gie calple
adlae 3y90 (sldcudd > wejpj ol 5 dgdae (slaodls
Al el pmie gy oad @l gla Jae 508 0 sdliil
I Grote Gloj 0y ORI L 1pj 29 duog e
W Jis cnl 99500 Slediy culpliz 290 o5 st CokS
SilwJde 0 Wigd odlaiwl Gas oligS (slb dwyin 2 kS
> O0iln & Bl g Jae cpia UE Sloj (slacgyw
ol SSSS Bkl Gnote 9 B dse bl ()
Uil b Jde &S 205 jaad (Solwdy Ll bl sl oy Sl
TS T P TR W [ B
ololy Beuds (oo njpj O daw Sl (g0
P o /0N o &Vl cdl Hlade oy Ll ansiS glaesl
D9 g 1 Sial)3eS cudd (gly e VAL Wgles cudd
s i s dawlga c;l;L.)y—O;.l 5l oy o 5)91043
slooly Kl lid cov gl drg (S0 e

FY

1. Adamowski, J. and H.F. Chan. 2011. A wavelet neural network conjunction model for groundwater
level forecasting. Journal of Hydrology, 407: 28-40.

2. Ahn, H. 2000. Modelin%ff roundwater heads based on second-order difference time series models.
Journal of Hydrology, 234: 82-94.

Amosson, S, L. Almas, B. Golden, B. Guerrero, J. Johnson, R. Taylor and E. Wheeler-Cook. 2009.

Economic Impacts of selected water conservation policies in the Ogallala aquifer. Report on Ogallala

Aquifer Project, Texas AgriLife Extension Service, Texas, US, 50 pp.

Bierkens, M.F.P. and M. Knotters. 1999. Calibration of transfer function-noise models to sparsely or

irregularly observed time series. Water Resources Research, 35(6): 1741-1750.

Box, G.E.P., G.M. Jenkins and G.C. Reinsel. 2008. Time series analysis: forecasting and control. 4th

ed., John Wiley & Sons, Hoboken, New Jersey, US, 746 ﬁp. . )

Chow V.T. and S.J. Kardliotis. 1970. Analysis of stochastic hydrologic systems. Water Resources

Research, 6(6): 1569-1582. o _ )

Engel, B.A. and K.C.S. Navulur. 2006. The role of geographical information systems in groundwater

engineering. In: Delleur, J. W. (ed.) The handbook of groundwater engineering. 717-732 pp., CRC

press, Boca Raton, Florida, US. ]

8. Guan, X., S. Wang, Z. Gao, Y. Ll and C. Wang. 2011. Groundwater depth forecast based on multi-
\zl%i%te 691 rgg series CAR model. Transactions of the Chinese Society of Agricultural Engineering,

9. Hamadan Regional Water Authority, 2014. Basic research reports of the Hamadan province water
resources. Hamadan Regional Water Authority co., Hamadan, Iran, 197 pp. (In Persian).

10. Hipel K.W., A.l. McLeod and W.C. Lennox. 1977. Advances in Box-Jenkins modeling 1. model
construction. Water Resources Research, 13(1): 567-575.

11. Hipel, K.W. and A.l. McLeod. 1994. Time series modelling of water resources and environmental
systems. Vol. 45 In: Developments in water science, Elsevier, New Y ork, US, 1012 pp.

12.Izadi, A., K. Davari, A. Aliazdeh, B. Ghahreman and S.A. Haghayeghi Moghadam. 2007. Water table
forecast)i ng using artificail neural networks. Iranian Journal of Irrigation and Drainage, 1(2): 59-71 (In
Persian).

13. 1zadi, A., K. Davari, A. Alizadeh and B. Ghahreman. 2008. Application of Panel Data Model in Predicting
Groundwater Level. Iranian Journal of Irrigation and Drainage, 2(2): 133-144(In Persian).

14. Knotters, M. and P.E.V. van Wasum. 1997. Estimating fluctuation quantities from time series of water-
table depths using modelswith a stochastic component. Journal of Hydrology, 197: 25-46.

w

N o g &


http://dx.doi.org/10.29252/jwmr.8.15.102
http://jwmr.sanru.ac.ir/article-1-847-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jwmr.8.15.102 ]

- i Gy Bie 3,05 b o5 Ol it 9 @ile e

15. Llamas, M.R. and A. Garrido. 2007. Lessons from intensve groundwater use in Spain: economic and socia
benefits and conflicts. In Giordano, M. and K.G. Villholth (eds) The agricultura groundwater revolution:
Opportunities and threats to devel opment. 266-298, CABI, Trowbridge, UK.

16. Mackay, J.D., C.R. Jackson and L. Wang. 2014. A lumped conceptual model to simulate groundwater
level time-series. Environmental Modelling & Software, 61: 229-245.

17.Mahdavi, M., B. Farokhzadeh, A. Saaeghe, A. Maakian and Souri M. 2012. Simulation of
Hamedan-Bahar aquifer and investigation of management scenarios by using PMWIN. Watershed
Management Research, 98: 108-116 (In Persian).

18. Maekinezhad, H. and R. Poorshareiati. 2013. Application and Comparison of Integrated Time Series and
Artificial Neural Network Mode for Prediction of the Variations of Groundwater Level (Case study: Plain
Marvast). Journal of Irrigation Science and Engineering, 36(3): 81-92 (In Persian).

19. Mirzavand, M., J. Sadatingjad, H. Ghasemieh, R. Imani, M. Soleymani Motlagh. 2014. Prediction of
ground water level in arid environment using a non-deterministic model. Journal of Water Resource
and Protection, 6: 669-676.

20.Naderianfar, M., H. Ansari, A. Ziaie and K. davary. 2011. Evaluating the groundwater level
fluctuations under different climatic conditions in the basin Neyshabour. Irrigation and Water
Engineering, 1(3): 22-37 (In Persian).

21. Naderianfar, M., H. Ansari, H. Dehghan and M. Salari. 2009. Forecasting the groundwater oscillation
of the Nishapur plain using the time series models. National Conference on Sustainable Devel opment
Patterns in Water Management, 779-794 pp., Mashhad, Iran (In Persian).

22.Nakhaei, M. and A. Saberi Nasr. 2012. Groundwater oscillation forecasting of the Qorveh plain using
wavelet-neuarl network and comparing with the MODFLOW numerical model. Advanced Applied
Geology, 1(4): 47-58 (In Persian).

23. Poormohammadi, S., H. Maekinezhad and R. Poorshareyati. 2013. Comparison of ANN and time
series appropriately in prediction of ground water table (Case Study: Bakhtegan basin). Journal of
Water and Soil Conservation, 20(4): 251-262 (In Persian).

24, Qureshi, A.S., P.G. McCaornick, A. Sarwar and B.R. Sharma. 2010. Challenges and prospects of
gis(,ts?)i niaggel glrsoggdwater management in the Indus Basin, Pakistan. Water Resources Management,

25. Samani, N. 2001. Response of karst aﬂ;Jifers to rainfall and evaporation, Maharlu Basin, Iran. Journal
of Cave and Karst Studies, 63(1): 33-40. S

26. Shah, T. 2005. Groundwater and human development: challenges and opportunitiesin livelihoods and
environment. Water Science and Technology, 51(8): 27-37.

27. Shirmohammadi, B., M. Vafakhah, V. Moosavi and A. Moghaddamnia. 2013. Application of severd data-
driven techniquesfor predicti n%grwndwater level. Water Resources Management, 27: 419-432.

28. Saltani, G. and M. Saboohi. 2008. Economic and social impacts of groundwater overdraft: the case of Iran.
Equity and Economic Devel opment EFR 15th ERF annual conference, 1-16, Cario, E .

29. Souri, A. 2012. Econometrcs with the application of Eviews7. Farhangshenasi Publication and Noor-e
Elm Publication, Tehran, Iran, 519 pp (In Persian).

30. Sreekanth, P.D., N. Geethanjai, P.D. Sreedevi, S. Ahmed, N.R. Kumar and P.K. Jayanthi. 20009.
Forecasting groundwater level using artificia neura networks. Current science, 96(7): 933-939.

31.Taormina, R., K.W. Chau and R. Sethi. 2012. Artificial neural network simulation of hourly
groundwater levels in a coastal aquifer system of the Venice lagoon. Engineering Applications of
Artificial Intelligence, 25&8): 1670-1676.

32. Trichakis, 1.C., 1.K. Nikolos and G.P. Karatzas. 2009. Optimal selection of artificial neural network
ggrsaéneters for the prediction of a karstic aquifer's response. Hydrological Processes, 23(20): 2956-

33. Yang, L. 2013. Evaluation of the Impact of Government Policy on the Overuse of Groundwater in the Mingin
Basinin China. Computationa Water, Energy and Environmental Engineering, 2: 59-68.

34.Yoon, H., S.C. Jun, Y. Hyun, G.O. Bae and K.K. Lee. 2011. A comparative study of artificial neural
networks and support vector machines for predicting groundwater levels in a coastal aquifer. Journal
of Hydrology, 396(1): 128-138.

35.Zare Abianeh, H., M. Bayat Varkeshi and S. Marofi. 2012. Investigating Water Table Depth
Fluctuations in the Malayer Plain. Water and Soil Science, 22(2): 173-190 (In Persian).


http://dx.doi.org/10.29252/jwmr.8.15.102
http://jwmr.sanru.ac.ir/article-1-847-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-07-04 ]

[ DOI: 10.29252/jwmr.8.15.102 ]

Journal of Watershed Management Research, Val. 8, N0.15, Spring and SUMMEr 2017 ..........ccoviuiiiiinineiiiniieeineine s 111

Groundwater Level Modeling and Forecasting using the Time Series M odels
(Case Study: the Plains of Hamadan Province)

Ali Afruzi' and Hamid Zare Abyaneh?

) 1- Ph.D. Student, Faculty of Agriculture, Bu-Ali Sina University )
2- Associate Professor, Faculty of Agriculture, Bu-Ali Sina University (Corresponding author: zare@basu.ac.ir)
Received: February 19, 2016 Accepted: October 8, 2016

Abstract
Regarding the reliance of the agricultural and industrial sections and the drinking water on the
roundwater resources in Hamadan province, the modeling and forecasting groundwater level
luctuations to utilize the resources is a basic necessity. One of the usual method in this way is the
utilization of the time series models that give simply and clearly good short-term forecasts if the models
are used in the correct way. Therefore, the raw data of piezometersin the plains of Hamadan province are
taken and after the preprocessing job and using the Thiessen pol¥gon, the time series of each plain is
formed. The Mann-Kendall test showed deterministic trend in al the time series of the plains which
consequently it is needed to detrend by excluding the trend term from the time series. Subsequently, the
unit root test is carried out for whether the time series are stationary, and then using the Box-Jenkins
method, seasonal ARIMA models are applied to the sample data and the bests are selected. Afterwards,
the ARIMA models are used in the 12 months forecasting that gives the good out-of-sample forecasts,
which in all the plains the lowest Pearson's correlation coefficient and the highest root mean square error
are calculated 0.93 and 0.73 m, respectively, for the Hamadan-Bahar plain. Moreover, the best 12-months
forecast is obtained in the Kaboudarahang plain with a Pearson's correlation coefficient of 0.99 and aroot
mean square error of 0.20 m.

Keywords: Box-Jenkins, Groundwater level decline, SARIMA, Seasonal ARIMA, Trend
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