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The Prediction of Water Temperature at Saemangeum Lake by Neural Network
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Abstract : The potential impact of water temperature on sea level and air temperature rise in response to recent
global warming has been noticed. To predict the effect of temperature change on river water quality and aquatic
environment, it is necessary to understand and predict the change of water temperature. Air-water temperature
relationship was analyzed using air temperature data at Buan and water temperature data of Shinsi, Garyeok,
Mangyeong and Dongjin. Maximum and minimum water temperature was predicted by neural network and the

results show a very high correlation between measured and predicted water temperature.

Keywords : global warming, water temperature, air temperature, Saemangeum lake, Neural network
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Fig. 1. Monitoring stations at Lake Saemangeum.
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Table 1. Basic information of water quality measurement stations
. Geographical
Station Ob;zgj(t;on Interval coordinate Items
N’ E)
Garyeok 2011.11~2014.3 5 min 35.731, 126.529 pH, DO, TP, TN, Salinity, COD,
Water temperature
Dongjin 2011.11~2014.3 5 min 35.722, 126.813 pH, DO, TP, TN, Salinity, COD,
Water temperature
~ . pH, DO, TP, TN, Salinity, COD,
Mangyeong 2011.11~2014.3 5 min 35.907, 126.957 Water temperature
Shinsi 2011.11-2014.3 5 min 35.815, 126.484 pH, DO, TP, IN, Salinity, COD,

Water temperature

o] el bR 7hedl 2012978 20139704 29 F
Qre] =& A HE o] g3t

2012117 2013 21 F<ke] AA 25 JlE 210,52871
(= 1270/MZF x 2473HY < (365 + 366)D)0|H, o] 7He-d|
ERt A3 2k2.9] 7155 Table 201 YeR)ISITh A& o=
2-6% JE0] ASAEE 7= 2 o® YEhkor sk &)
TAe dldshz B2 v A4 e] ASn]Eo] AR S
H=3HE 27 ol v)3ke] 2ul o) =7 YER T
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Table 2. Number and percentage of missing data

No. of Percentage of

missing data missing data
Dongjin 11,250 52%
Mangyeong 12,074 5.7%
Shinsi 5,207 2.5%
Garyeok 4,366 2.1%

Table 3. Basic statistical information before and after outlier removals

I A9 (day wnit)ZE FHESPO] HHUR= 2%
(robust) AAFZE AA|F= Median 3| 8 EF=HAHTR= &
243 BAIZ Q] X2 A|A=] = IQR(inter-quartile range) 5=
i+ MAD(median absolute deviation) <X|(Agresti &
Franklin, 2007)% ©]-&33it} 3k HpAE R E o] 83510 7|
T =, 3 IQR o) AW 22 S Foldlor A
oJatal o] & Hlojvh= A o dAEE 1Hste] AlASIT
(Kim et al., 2012).

oA %-o] W3} 92 Robust Smoothing 7152 ©]-4-3}

33559t} Robust Smoothing 7|HH-2 AF5.9] L7k
T 7HSpan)d] AFRRES o E HA AH (e FA)E
Robust 7|02 FEsh= Wi o= v|w 4] o datgel 4t
St B o th(Cleveland, 1979). Y&t 520171 Span Z71o4 A}
52 ofgldito] W, ofHATE Y A5AE L] AlolE 2t
AP0 S = glom], ZEPdatell A Robust S 7Y
o] dlFEHs Median 2! IQR JH.E o]43to] nlwa] g
g o] &5 ozt IS Agste] o AR E A
sHAl Hek. oAt EE AASE - A5 9] €52 Complete
Spline U7 & o] 8sl3itt. ol dats ZAA R o] 28 u}
ARG WislE #sl] flste] AR WMEkks Table
300 YERISIT. o) dAts AR ] 28l whet 2-4%
L AT AAEE e & om Pt W EFE1A)
o] Wish= A4 & Z oz yehgth ofrl Fx13 AAA] A
o X&) F7hgk WMzl vl A & A0 E YET)

Stations Status No. of data M1.ss1ng Mean Median SD IQR
ratio(%)
Before 199,544 52 14.9 152 8.8 16.1
Dongjin
After 194,809 7.5 14.7 14.7 8.8 16.3
Before 198,454 5.7 16.0 16.4 83 14.7
Mangyeong
After 194,237 7.3 159 16.1 8.3 14.9
Before 205,321 2.5 14.5 15.1 8.8 16.5
Shinsi
After 197,721 6.1 14.4 14.4 8.9 16.7
Before 206,162 2.1 15.0 15.5 9.1 17.0
Garyeok
After 198,770 5.8 14.9 152 9.1 17.2
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Table 4. Basic information of the AWS

. Geographical
AWS al'?rtnu)de Location coordinate
N, E%)
Buan 12 Cheonbuk Buankun = 35 717156 70
Hnaganmyeon yeokri
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Fig. 2. Configuration of nonlinear autoregressive with external input
model(http:/kr.mathworks.com/products/neural-network/).
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Fig. 3. Configuration of neural network training (http://kr.mathworks.com/products/neural-network/).



Table 5. Predictions of maximum water temperature

External No. of Used
Station hidden past Training Validation Prediction
mput
Layer value

5 1 0995 0995  0.995
Maximum 9 20995 099  0.995
temperature 1) 2 099 0994  0.995
. 5 3 0995 0995  0.995

Dongjin
5 10995 0995  0.99%4
Medium 5 20995 0995  0.995
temperature 1) 2 099 0994  0.995
5 3 0995 0995  0.994
5 1 099 099  0.997
Maximum 9 2099 099  0.996
temperature 1) 2 099 099  0.996
5 3 0997 0.99%  0.99

Garyeok
5 1 099 099  0.997
Medium 5 2099 0997  0.996
temperature 1) 2 099 0995  0.997
5 3 099 0.99%  0.99
5 1 099 099  0.997
Maximum 9 2099 099  0.996
temperature 1) 2 099 099  0.996
5 3 0997 0.99%  0.99

Mangyeong
5 1 099 099  0.997
Medium 5 2099 0997  0.996
temperature 1) 2 099 0995  0.997
5 3 099% 0.99%  0.99
5 1 099 099  0.997
Maximum 9 2099 099  0.996
temperature 1) 2 099 099  0.996
5 3 0997 0.99%  0.99

Shinsi
5 1 099 099  0.997
Medium 5 2099 0997  0.996
temperature 1) 2 099 0995  0.997
3 099 099  0.99
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Table 6. Predictions of minimum water temperature

No. of Used

Station External hidden past Training Validation Prediction
input
Layer value
5 1 0994 0995  0.994
Maximum 9 20995 0993  0.9%
temperature 1 2 0995 0994  0.9%
B 5 3 0995 0995 0.994
Dongjin
5 1 0995 0.99%  0.995
Medium 5 2 099 0995  0.996
temperature  1( 2 099 0995  0.995
5 3 099 0994  0.99
5 1 0997 0.99%  0.997
Maximum 9 2 0997 099  0.996
temperature  1( 2 0997 0997  0.997
5 3 0997 099%  0.997
Garyeok
5 1 0997 0997  0.996
Medium 5 2 0997 099  0.997
temperature  1( 2 0997 0997  0.997
5 3 0997 0997  0.99
5 1 0994 0994  0.9%
Maximum 9 2 0995 0995  0.996
temperature  1( 2 0995 0994  0.994
5 3 0995 0994  0.99
Mangyeong
5 1 0995 0995  0.994
Medium 5 2 099 099  0.995
temperature  1( 2 099 0995  0.994
5 3 099 099  0.995
5 1 099% 0.99%  0.995
Maximum 9 2 099 099  0.994
temperature  1( 2 099 0995  0.995
5 3099 099  0.996
Shinsi
5 1 099% 0995  0.996

Medium 5 2 099% 099%  0.995
temperature  1( 2 099% 099%  0.99
3099 099%  0.995
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Errors = Targets - Outputs

Fig. 4. Error histogram(predictions of maximum water temperature
with maximum air temperature at Dongjin station, hidden
layers =5, used past value = 1).
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Errors = Targets - Outputs

Fig. 5. Error histogram(predictions of maximum water temperature
with maximum air temperature at Dongjin station, hidden
layers = 10, used past value = 2).
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Fig. 6. Time series of output, target and error(predictions of max-
imum water temperature with maximum air temperature at
Dongjin station, hidden layers =5, used past value =1).
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Fig. 7. Time series of output, target and error(predictions of max-
imum water temperature with maximum air temperature at
Dongjin station, hidden layers = 10, used past value = 2).
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