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Article Info ABSTRACT
Avrticle type: Background and Objectives: In Iran, the climatic conditions are such that
Research Full Paper even in the rainiest areas of the country, there is a need for groundwater

resources, and this demand is increasing every year. Since, groundwater is
Article history: one _of t_he most va_luable water resources in Irap, it is very necessary to
Received: 02.22 2023 predict its changes in order to use it optimally W!th the aim of ;ustamabl_e
Revised: 05.31.2023 development. One of the most complex hydrological processes in nature is
Accepted: 06.07.2023 the rainfall-groundwater level process, which is affected by various
physical and hydrological parameters. Although, various models have been
presented to predict the changes in the groundwater level using the rainfall
Keywords: patterns, but less attention has been paid to the transfer function model.
ANFIS, Hence, the main objective of this research is to introduce and use the
Artificial Neural Network,  transfer function (TF) model to predict the monthly groundwater level
S;?;‘%?I‘Nater Level, using rainfall data and to compare its results with ANFIS and Avrtificial
Transfer Eunction Neural Network (ANN) models.
Material and Methods: In the present study, 30-year data (1992-2021) of
meteorological stations and observation wells in three watersheds of
Galikesh, Ramian and Mohamadabad were used to model the rainfall and
groundwater level. These watersheds are located in the eastern, central and
western branches, of the Gorganroud river basin, respectively. Since,
monthly rainfall and groundwater level data are time-dependent, these data
were first arranged as time series. Then, considering that the years closer to
the present time have more accurate information about the situation of this
time, the years were considered as a forward process in artificial neural
networks. The model fitting and prediction of the groundwater level values
using rainfall data for the next 12 months was performed with applying
three models: Artificial Neural Network (ANN), Adaptive neuro fuzzy
inference system (ANFIS), and transfer function (TF). For this purpose,
MINITAB SAS, SPSS, and R software were used. Next step, the validation
of the values predicted by the models was evaluated using three indices
Mean Absolute Distance (MAD), Root Mean Square Error (RMSE) and
Mean Absolute Percentage Error (MAPE).

Results: The results of the autocorrelation plots of the groundwater level of
the wells revealed that all time series have a seasonal trend with a period of
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12 months. Based on the cross-correlation plots, it was also found that
rainfall has direct effect on the groundwater level in the two watersheds of
Galikesh and Mohamadabad with lag time of three months and in the
Ramian watershed with a delay of one month. The validation results of the
models using three indexes MAD, RMSE and MAPE revealed that the
artificial neural network model for predicting the groundwater level using
monthly rainfall data in all three investigated watersheds had the most
appropriate performance (RMSE=0.0778, 0.0243, 0.0532m) and the
ANFIS model is ranked as second (RMSE=0.1841, 0.0832, 0.1012m).
Although the transfer function model was less accurate than the other two
methods (RMSE=0.5711, 0.5023, 0.3234m), this model has performed well
in fitting the monthly groundwater level values. This model is very
effective in identifying the delay in the impact between the input and
output variables, as well as expressing the model based on which the
impact of rainfall can be expressed as a model.

Conclusion: The results of this research showed that all three models of
artificial neural network, ANFIS and transfer function can be used to
predict the groundwater level using monthly rainfall values. Consecutive
overestimation and underestimation, which increases the error and
decreases the performance of the models, was not observed for the models.
Also, all models perform well in detecting trends and data changes.
However, the artificial neural network model is more accurate than the
other models. In addition, when forward process is used in artificial neural
network modeling, compared to the case where the complete series of data
is used, the efficiency of the model was significantly improved.

Cite this article: Nazeri, Youl Aman, Jandaghi, Nader, Ghareh Mahmoodlu, Mojtaba, Azimmohseni,
Majid. 2023. Relationship between rainfall and groundwater level using time-lagged
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watersheds.
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Figure 4. Comparison of actual and predicted monthly groundwater levels by ANN model in Galikesh (a),
Ramian (b) and Mohamadabad (c) watersheds.
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Figure 5. Comparison of actual and predicted monthly groundwater level by ANFIS model in Galikesh (a),
Ramian (b) and Mohamadabad (c) watersheds.
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Table 1. The results of Box and Jenkins modeling for the monthly rainfall time series.
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Significant values
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Box and Jenkins Model

bl oa Rt
Meteorological station
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0.857 (0,0,4)x(0,1,1) 1, Mohamadabad s ..
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Figure 6. Cross correlation diagram between rainfall and groundwater level time series in Galikesh (a),
Ramian (b) and Mohamadabad (c) watersheds.

v/ 0 )\ JJYL )L;.m-.! S 6)‘3& ﬂsl.ia CEM “
aslie Sy (6w e - Jl @U - AL e
kﬁ,}@ww;)yﬁgiuyrﬁﬁmu‘gp

Lledds oals u’“)‘f

@L? Jde 35l CLJ Y Jsds il cl: ool
dr 5 b e e OLES ot slaelSi) 3 | JUas!
Sl bl palie (lite [Sans s losad o
S G w oimer S e JE &
5 LA el i3 celie sladie il 3L



OlySe 9 (5 Glof Jgi /o b (Gw0j 25 1 515 5 (0,1 oot b

oS sl gead g 53 e s ol 515 - L TR Js 351 s =Y Jsux
Table 2. The results of fitting the TF model for rainfall-groundwater level in selected watersheds.

Sl e polie et odE 3l Je Jash mb Jae (slo el
Significant values o3l il Parameters of the TF model sl as s
Srlm et S 2SSt Themodel fittedtothe ) . Watershed
skile 3L 5 ool Sl okl 3L b residual time series
LS8
0.450 0.580 (0,0,2)x(0,0,1) 12 3 2 2 .
Galikesh
olal,
0.650 0.925 (0,0,1)x(0,0,1) 12 1 2 12 i
Ramian
;LTM
0.650 0.530 (0,0,1)x(0,0,2) 12 3 2 2 i
Mohamadabad

sl on g Laesls Ol oS 5 gy LesliS 4 B
G By s Llea 5o b du s
Sl el o w6355 0S5 205l e
A5 edalin opd o badie 5 Shas  falS 5 e
&b S Siledds ml aslie 4 a5 L i es
Sl 5 pgmas as S Sy s L JU)
3 Sy 536 spes Ol UlS e 530 - e
S A 2 Skes 3 I AU Sy 4 o

s gy sl 55 5 e s 2N LS e e

S5l e 3 Q! &6 Jae 3515 Sl dey

b i Tl i et « 1 SAS
IS s eauTole VY (ol 5L slsesls Sl eslina
58l i O S sl aglie Slagel v
JUEl b e oo 5 ailale S0 45 0 s
Lotz o QLIS s 3590 sl 4 4w 3 )
Gl Jde S 55 plad Ol eV JSS 4 ar s
55 wlabe ey s ol 515 palie 550, s Jlxl

wils wlio 3 Shas s p y50 el 4y an

(a) 11 (b) 1120
ms
=~ 120 =
. & & mo
g 1 o g 105
3{'5 1us r.\?é 110.0
{ £ Xg o8
w T {g 109.0
g 116 w B 1085
g 5
bl S 1080
Z s =
~ A 1075
114 107.0
1 2 3 4 s 6 7 8 9 10 1 12 1 3 4 5 6 7 8 9 10 1 12
Month L Month L
—— Observed o'y —— Estimated <353 » —— Observed !5 —— Estimated s>,5' »
(c) 1o
_ 108
& 100
NE 1005
N}
Xg 100
22 1085
DS 1080
&
A 107s
107.0
i 2 38 4 5 6 1 @& 45 do ai @B
Month L
—— Observed /s —— Estimated s,3'»
N = € .. P . . 2 R R T+ = - .
K (b) QL‘\‘.&‘) ‘(a) u,.S.:JlS ﬁ;r.ﬂ ‘5LAM‘,> )}TF d.\n ‘h.w}a ol TR L;Ub slale IR y‘ )‘j A....lLAn—V JSM
.(C) bl.g‘.\w

Figure 7. Comparison of actual and predicted monthly groundwater level by TF model in Galikesh (a),
Ramian (b) and Mohamadabad (c) watersheds.
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Table 3. Validation results of models to predict the monthly groundwater level.
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Figure 8. Histogram of comparing the actual and estimated groundwater level by 3 models in Galikesh (a),
Ramian (b) and Mohamadabad (c) watersheds.
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