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Fig. 1 Location of the study area and monitoring wells
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Fig.2 Time series of influencing factors
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a. Precipitation; b. tide; c. evaporation; d. electricity consumption of agricultural irrigation and drainage
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Fig.3 Hydrogeology of the cross section from south to north in the study area (modified from reference [26])
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1. Clay sand; 2. medium sand and gravel; 3. clay; 4. sandy clay; 5. bedrock; 6. groundwater level surface in 1992 (dash line) and 2013 (solid line)
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g(n) is low-pass filters; A(n) is high-pass filters; C;is low-frequency ap-

proximations; W; is high-frequency details
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Fig. 6 Groundwater level variation in monitoring wells from 2011 to 2012
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Table 1 Analysis on statistical characteristics of groundwater

level in monitoring wells (unit: m)

I ICON:1 f/ME FHfE itk
BHI 1.451 -0.854 0.270 0.422
BH2 2.681 -0.230 1.504 0.633
BH3 4.092 -0.266 2.865 0.516
BH4 6.378 3.230 5.033 0.689
BH5 4.014 2.124 3.259 0.403
BH6 4.371 3.196 3.750 0.246
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Fig. 7 Groundwater level and electrical conductivity variation in BH4 monitoring well
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Table 2 Analysis on statistical characteristics of electrical

conductivity in monitoring wells (unit: mS/cm)

WSE RRME RME P RREE BRERSHCR
BHI 2.08 0.63 1.22 0.505 41.39%
BH2 1.69 1.53 1.65 0.021 1.27%
BH3 1.62 1.01 1.20 0.121 10.08%
BH4 13.17 239 4.70 2.252 47.91%
BHS 16.95 3.68 8.95 3.196 35.71%
BH6 15.32 4.12 6.61 3.143 47.55%




3 HEFLEE: SEM S T R U K AR FRAE B T WA-NARX 1A #E AL 1) 3 25 Hi 0 87

B M K AR K A2 1 K AR BYS2 A 1 BH4, BHS K&
BH6 1) HL 5 R H 00 88 H %78, 18 B R K AEAR K AR
B 132 3 K AR BY S o
MOHL SR A SE Y E Sk B, BHS AO1H B i, /K B
Wb A 2, H 352 JE R T 8 5% AL B9 b R K IR SR BIF 53
RITRE K AR 5, BB B E 3T Y BH4 F1 BH6 A9 {8t
3R BH3 SF 3 SR B AIG, i 1.20 mS/em, Ui B I
Qb 3R K TR KA U W 3 BH4 AR 1 B HCR
e, N 47.91%, Ui B 5 R 7K SR A0 2248 K
BH2 ) b5 E B HUR AR, A 1.27%, Ui iZ S S
a i FAA (BH2)Y "
by 0.8 3
&
0.6 E
i
0.4 8-
]
0.2 1

1.0
0.8 3
K
0.6 2
=
0.4 %

=
02 1=

AR E MR
3.1.3  /NEAHA RSB

R T BSR4 X R KL K HL S R 5
ey, 5 LA/ AR T PR 5 R KA R R
E A GETT 2 FR o 9 5 M KA R H 558 22 [ 1 /)N
WA T o B 45 & 8 B R (I v L i 3 BH2
H1BH6 A ] ), 33 2 0] i A8 7 56 3 & Sk 19 07 ) 3=
TN o s HE (R 2R ) 3R /NS Y X8R, 1% X 8k
F Al 5 A PR A B R T 7 AR ) 30 8 AN
HE 1 2

b. 1 FK AL (BHO)-I%
TR TR TEHY

K8 /NMART RS BT
Fig. 8 Wavelet coherence analysis
a, b, 3R IR 5 B T ¢, d. bR K SR 5 i AR T

a, b. Wavelet coherence between groundwater levels and tidal; ¢, d. wavelet coherence between electrical conductivity values and tidal
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and R’ for groundwater level prediction
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Fig. 9 Comparison of groundwater level prediction based on WA-NARX and observation
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Table4 The WA-NARX model performance metrics of RMSE

and R? for electrical conductivity prediction

RS HEZLSHEMTOKGETRMNIRERME MR

Table S The prediction error of groundwater level and net-

work performance with newly added evaporation parameters

R % S8 WARER . W RS
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R HfE RMSE R W HfE RMSE R
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Table 6 The prediction error of groundwater level and network

performance with newly added power consumption parameters
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Fig. 12 Scatter diagrams of predicted and observed groundwater level with newly added power consumption parameters
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Table 7 The prediction error of electrical conductivity and network performance with different input parameters
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Seawater intrusion characterization and dynamics prediction based on WA-
NARX hybrid model in the south of Laizhou Bay

Dong Fan"?, Zhang Xiaoying', Chen Guangquan®’, Dai Zhenxue', Wang Yancheng*’

(1. College of Construction Engineering, Jilin University, Changchun 130026, China; 2. Key Laboratory of Coastal Science and Integrated
Management, First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China; 3. Laboratory for Marine Geology,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266237, China)

Abstract: With the rapid economic development and increasing anthropogenic activities, the groundwater in the
coastal area has been excessively exploited. The resulting seawater intrusion has become a widely distributed envir-
onmental geological problem. Taken the coastal area of Laizhou Bay as a research area, the dynamics of groundwa-
ter level (GWL) and electrical conductivity (EC) were analyzed with the continuous monitoring data. Based on the
rainfall, evaporation, tide and agricultural irrigation and drainage electricity consumption that affect the groundwa-
ter variation, the hybrid model of wavelet analysis (WA) and NARX neural network was introduced to predict the
dynamics of GWL and EC. The root mean square error (RMSE) and goodness of fit (R*) were used to measure the
prediction accuracy. The results showed that the annual variation of GWL was characterized by a type of rainfall in-
filtration-exploitation. A significant correlation at the frequency of 0.5 d was observed between groundwater level
and tide, and the influence of tide on EC was weaker than that on GWL. For the dynamics prediction with WA-
NARX method, the RMSE was less than 0.03 and R*> was greater than 0.98 in both the training and testing stages.
The results indicated the hybrid model had a good performance and could effectively predict the dynamics of GWL
and EC. The effects of different influencing factors as model input parameters on the prediction results were fur-
ther compared. The results showed that rainfall and tide parameters were the main variables affecting the GWL and
EC variations in the coastal zone. The pumping information reflected by the evaporation and agricultural drainage
and irrigation power consumption also affected the groundwater dynamics. The degree of influence was related to
the observation frequency. The research results can provide theoretical and technical support for real-time monitor-

ing, prediction and early warning of seawater intrusion in coastal zone.

Key words: seawater intrusion; groundwater level; electrical conductivity; wavelet analysis; NARX neural network; pre-

diction
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