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Background and Obijectives: Excessive extraction of groundwater has
caused most of Iran's groundwater aquifers to face a drop in water level in
recent years. This has subject caused the use of most of the aquifers to be
prohibited, most of the Qanats have dried up and most of the permanent
springs have had a significant reduction in their water supply. Therefore,
the investigation of the groundwater level should be given more attention.
Various methods and tools have been used to investigate this issue.
Artificial intelligence models have been used in most of these studies.
Among these intelligence models, Support Vector Regression (SVR) model
has performed well. In order to improve the performance of these models,
in recent years, the use of pre-processing tools and the formation of hybrid
models have been considered. One of these tools is complementary ensemble
empirical mode decomposition (CEEMD). In this research, the combination
of this tool with the SVR model was used to check the groundwater level in
the Aspas aquifer. Then their results were compared with the results of the
Gravity recovery and climate experiment (Grace) satellite.

Materials and Methods: The Aspas subbasin with code 4321 is located
northwest of the Tashk-Bakhtegan and Maharlu basin in Fars Province. To
check the groundwater level in this sub-basin, the SVR model with 4
kernels include: polynomial kernels, RBF kernel, sigmoid kernel, and
linear kernel (Lin) was used. Then discusses the formation of a hybrid
model obtained from the combination of CEEMD with the SVR
intelligence model. When an initial signal is decomposed using the
CEEMD method, and the resulting sub-signals are used as inputs to the
SVR intelligence model, the hybrid model of CEEMD-SVR is obtained.
Satellite data was used to compare the performance of artificial intelligence
models. For this purpose, Grace satellite products with 6 different
algorithms were used. The parameters the coefficient of determination (R?),
root mean square error (RMSE), and the Akaike information criterion
(AIC), was used to examine the efficiency of the methods.

Results: The results showed that intelligent models had better performance
than Grace satellite products. Therefore, it is more appropriate to use
intelligent models, especially the CEEMD-SVR model, to predict the
values of the groundwater level. One of the advantages of using satellite
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data is that it is available up-to-date. If the satellite data values can be
approximated to the observed values (in a similar statistical period) based
on a suitable method, the groundwater level data can be estimated in an
up-to-date manner.

Conclusion: In this study, the SVR model was used to evaluate the
groundwater level changes in the Aspas alluvial aquifer located in the
Tashk-Bakhtegan-Maharlu basin. Using observation wells in the area the
aquifer groundwater hydrograph was plotted. Changes in groundwater level
in the aquifer were estimated using the values of precipitation, temperature,
and evaporation parameters obtained from drawing different maps, and
groundwater level in the aquifer. The preprocessing tool of CEEMD was
used. The results showed that the use of the CEEMD has improved by
3.08% the performance of the SVR model. The GRACE satellite products
are used. The comparison of the results of processing algorithms showed
that the GFZ processing algorithm had the best performance with a
coefficient of determination of 0.71 and an RMSE value of 39.15. In the
next step, the performance of the CEEMD-SVR model was compared with
the GFZ algorithm. The results showed that the CEEMD-SVR model
performed better (R*=0.77, RMSE=25.90) and has the ability to be used for
modeling and predicting the groundwater level in aquifers, especially the
Aspas aquifer.

Cite this article: Shahbazi, Maryam, Zarei, Heidar, Solgi, Abazar. 2023. Performance evaluation of
models based on Data Decomposition and GRACE Satellite Products for Groundwater
Level Modeling (case study: Aspas aquifer). Journal of Water and Soil Conservation,
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3- Wavelet Transform

4- Empirical mode decomposition

5- Complementary ensemble empirical mode
decomposition

6- Intrinsic mode function
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1- Support vector regression
2- Artificial neural network
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3- Adaptive neuro-fuzzy inference system
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1- Autoregressive integrated moving average
2- Gene expression programming
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Figure 2. Hydrograph of the groundwater unit of Aspas aquifer.
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Table 1. The characteristics of the stations used in this research.
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Table 3. Best performance in different combinations of the SVR model at the monthly scale.

RMSE R? e ol
Model Parameters S5
;;; "Jl';r;ﬁ‘ _:; j’rzr;: d B Sin2 Gam  Kernel Combinations
0.0216  0.0198 0.886 0.954  —— -0.0003  —— 5.157 Lin 1
0.2313 0.0870 0.214 0.122 3 -0.0001 419.84  0.0001 Poly 2
0.2294 0.0880 0.153 0.102 -—— 0.0006  -—— 0.0555 Lin 3
0.2139 0.0816 0.230 0.228 3 0.2020 0.1919  1.0749 Poly 4
0.0194 0.0167 0.919 0.967 -—— -0.0002  —— 4.0064 Lin 5
0.0179  0.0150 0.918 0.973 -—— -0.0002  —— 1.4603 Lin 6

Al ol £ gl v 5 /Y o/ slas ) asdlas
ok oslial /Y slie 3l Oldlae 51 s
Slaas addlae cpl Gl & a5 L e el
Sl ol il s el VG Y sLIME
TS5 cadse bl S5 Jae 5l eslan
zb b S I8 el s, £ B Y 5 IMF G

ki &Ll & sl L3 S5 e ol 5 eslind

£y

Sy wby CEEMD-SVR oS5 Jue guls
S b oS 1 Ll Ve IMF Shas slas
2L e T IS 5 sl ST oS sl
16 sl IMF slaes gl asly 5 ol ol
Olpe 4 Jols LIS 3 o A3 S 1]
Gl sl Oy Slop O S5 Jde 0 (52555

o>l 03 s S el CEEMD-SVR s 5 Jue



500 9 (55t o | o 8305 4355 1 (o S0 3,500

solae b due pl s See o anslie £ IS s Lol
o o Ssbiles il a3 S o Slhalie
53 CEEMD-SVR .5 5 Jue 353 0 oy S5

ol ails oo 3 Shee (S bl

IMF 5 5 Slas op g oJads ol el ol
R el Cesay /) Ale & JAde 5 Y Ll
)stjl.xLa.g;MlosﬁLin LS abses e
o35 /Y sl e 5 140 L e oyl

Able ulds j3 CEEME-SVR (oS 5 Jus quls -8 Ji>
Table 4. The results of the hybrid CEEME-SVR model at the monthly scale.
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Table 5. Comparison of the results of intelligent models used in this research.
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Figure 4. Comparison of the results of intelligent models in the test stage.
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Table 6. Performance comparison of GRACE satellite processing algorithms.
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Table 7. Comparison of the best structures used to calculate groundwater level changes.
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Figure 6. Comparison of the best performance of the structures used- test stage.
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