
 

 

RNN  
 

CONSTRUCTION OF GROUNDWATER REGRESSION MODEL WITH RNN  

AND CONSIDERATION ON INFLUENCE OF INPUT DATA 

Taisei FUETA, Shinichi ITO, Kazunari SAKO and Kazuhiro ODA 

 

E-mail: k0249698@kadai.jp 

E-mail: itou@oce.kagoshima-u.ac.jp 

E-mail: sako@oce.kagoshima-u.ac.jp 

E-mail: oda@ce.osaka-sandai.ac.jp 

Key Words: ground water, machine learning, field measurement, recurrent neural network 

 

1)

2)

3)

AI

4)

5) AI

Recurrent Neural 
Network  RNN 6)

RNN

5)

RNN

RNN

― 83 ―



 

 

RNN

AI
AI Explainable AI

XAI 7) XAI

Permutation importance

RNN

2
3

4
Permutation importance

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8)

14m 45°
2014

11

8)

B-3 B-4
2m 13

1

W-2’

W-2’

2.8m
2017 5 19

2018 9 21 2017 10  

― 84 ―



22 21 2018 7 4 7 8
2018 7

RNN

2017 8 1 12
31 2018

2 20 7 21

RNN

RNN
RNN

RNN
RNN6), 9)

RNN
Long Short-Term Memory LSTM 10)

LSTM
× 

LSTM

1t t tC a C (1)
t xt gt

at Ct

it ot

1
i i i

t t ti W x U h b (2)

1
o o o

t t to W x U h b (3)

σ h W U
b

1
f f f

t t tf W x U h b (4)

(5)

1t t t t tC i a f C 1t t ta f Ct t tt tat (5)

LSTM

LSTM

― 85 ―



5)

48

11)

2
1t t tX X e R e (6)

Xt t Rt t-1
t 1

M

ln 0.5 M (7)

24h 72h

1.5h
1

2 48 48

2017 10
22 21

2018 7

2018 7

M
RNN

RNN

2018 7

― 86 ―



W-2’

M
Permutation importance

Permutation Importance

A
Permutation importance

Permutation importance

Permutation importance

7)

Permutation importance

Permutation 
importance

:M=37 100%

RNN

Permutation importance

(1)
RNN

Permutation importance

Permutation importance

― 87 ―



 

 

RNN

 
(2) Permutation importance

 

RNN

Permutation importance

AI

C( ) Vol.74 No.2 pp.141-163 2018

, 

,Vol.9, No.4, pp.671-685, 2014. 

, , , , , 

Nghiem Minh Quang: 

,   C  Vol.68, No.3, 

pp.508-525, 2012. 

AI

2019.  

AI
Vol. 1 No.1 pp.445-452 2020. 

Chollet, F. Python Keras

2019. 

XAI(

AI) ?, 
2021. 

Proceedings of the Kansai Geo-Symposium 2017 pp.212-
217 2017  

2

2019.  
Hochreiter, S. and Schmidhuber. J. : Long short-term 

memory, Neural Computation, Vol.9. No.8, pp.1735-1780, 

1997. 

Vol.66 No.4 pp.21-32 2013. 

― 88 ―




