1BERIEF=EwEE Vol.61 No.3 687-694 (Mar. 2020)

Proposal and Implementation of Multiple Term Seawater Temperature
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Abstract: The demand of marine products is increasing globally, and marine aquaculture is gathering at-
tention. In marine aquaculture, appropriate environment control is important, and especially, seawater
temperature is essential, so it is necessary for stable supply to predict seawater temperature precisely. In this
paper, we describe proposal and implementation of seawater prediction algorithm which compatible with
multiple term by using neural networks. Result of 1 year water temperature prediction as an evaluation
experiment, hourly next-day prediction has an average error of about 0.2 to 0.4°C and daily prediction of up
to one week has an average error of about 0.2 to 0.5°C, and the errors are maximum about 1°C lower than
that of existing methods. This is enough to meet worker need, which is within 1°C error, thus it can be used

in a variety of situations, such as water temperature damage.
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Fig. 1 Water temperature observation point.
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Fig. 2 Appearance of observation device installed in bay.

Table 1 Comparison of weather forecast service.
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Fig. 3 Prediction model.
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Fig. 4 Prediction flow.
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Fig. 5 Display example of website.

6 JKEERDifEKIR
Fig. 6 FEach depth of seawater temperature.

=2 FNIE SN OEREL
Table 2 Result of short term model.

Hoi Fik 0.5m 2.0m 5.0m 8.0m

GRU | 0.385°C, 6.93% 0.275°C, 2.79% 0.236°C, 1.78% 0.245°C, 2.48%
RF |1.085°C, 49.35% 0.991°C, 45.39% 0.959°C, 42.51% 0.930°C, 40.57%
GRU | 0.385°C, 5.92% 0.282°C, 2.35% 0.233°C, 1.97% 0.263°C, 3.41%
RF [1.059°C, 45.96% 1.057°C, 45.70% 1.068°C, 44.96% 1.049°C, 43.91%
GRU | 0.306°C, 2.75% 0.231°C, 1.04% 0.219°C, 0.97% 0.259°C, 2.08%
RF ]1.053°C, 45.24% 1.056°C, 46.33% 1.056°C, 47.09% 1.083°C, 48.35%
GRU | 0.237°C, 2.39% 0.209°C, 1.84% 0.189°C, 1.79% 0.139°C, 1.12%
RF |1.266°C, 58.67% 1.256°C, 59.20% 1.200°C, 57.04% 1.19°C, 57.33%

i i

EEES

IR W

SR e

Lo L FITE:, MEIKROKEEFRL, ENOE
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WA == X% T LB Y, 10 Liid)ilj/\
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XA 0.6~1°C, 37 1°C LLEOE &3 40~ 50 % 2L FE [
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BEAF LTI, KRB IC O A 5 LTI
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B OWAKIET — 7 % FHNZH W T WS 2 & 5K 2 k1

© 2020 Information Processing Society of Japan

® 3 BHETVOERELE
Table 3 Result of long term model.

o1 Fik 0.5m 2.0m 5.0m 8.0m

GRU | 0.391°C, 7.22% 0.393°C, 7.02% 0.416°C, 8.37% 0.415°C, 8.61%
MR |0.511°C, 13.33% 0.406°C, 8.04% 0.415°C, 7.72% 0.455°C, 9.26%

GRU | 0.441°C, 8.89% 0.446°C, 8.25% 0.469°C, 12.02% 0.478°C, 12.10%
MR |0.537°C, 14.90% 0.491°C, 10.91% 0.518°C, 13.88% 0.517°C, 14.79%

| GRU | 0.340°C, 3.37% 0.360°C, 5.28% 0.400°C, 7.18% 0.434°C, 9.29%
| MR | 0.461°C, 9.53% 0.394°C, 5.46% 0.405°C, 6.57% 0.433°C, 8.43%

GRU | 0.276°C, 3.45% 0.245°C, 3.45% 0.238°C, 3.02% 0.224°C, 1.98%
MR | 0.300°C, 3.44% 0.266°C, 3.24% 0.255°C, 2.65% 0.274°C, 4.00%

Fl i ohd oz oMb, $7z, EBERIS, X
ARV HIIT EBEDIKEVEHD D S Z ED5h 5
WKIRZLORE L LT, KEI RN EKRITR %&a
WBEROEEZ BT ATZOEEILLRLTVE NS 2
EBHIToND. 6 ICHRED 2019444 A 20 H2 5
520 HETD 1 7 ADWKIERDOZALZHIE LTRT.
CORERS &, FHEATRTIKE 0.5m H O KiRIK
ELEMLL TV DI HA SN D —T5, KiE50m R
8.0m 7 &HIRMYIKIE DGl pT D ZALIZ IR A2 7%
WG D. DFD, KEFSECHEIZEOEKIRZEL
L PSR 720, BEIKEL BTV E EE
Zbih,

53 REIEFIER
EMETFVOERERZ/RT. 3 IE1HE»S TH
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692



1BERIEF=EwEE Vol.61 No.3 687-694 (Mar. 2020)

x4 s BT TV OFEERRR
Table 4 Result of long term model at Gokasho Bay.

T T OKEBEBEL RMETSVHILOMFR
Table 7 Result of long term model at Ago Bay (middle).

VU | Tk 0.5m 2.0m 5.0m 8.0m

GRU | 0.303°C, 1.94% 0.237°C, 1.11% 0.233°C, 1.94% 0.243°C, 1.67%
MR | 0.320°C, 4.38% 0.232°C, 0.82% 0.216°C, 1.37% 0.241°C, 1.10%
GRU | 0.385°C, 6.67% 0.318°C, 4.44% 0.353°C, 6.39% 0.348°C, 6.94%
MR | 0.451°C, 9.07% 0.326°C, 4.95% 0.336°C, 4.67% 0.380°C, 6.32%
GRU | 0.409°C, 5.56% 0.372°C, 5.83% 0.427°C, 8.06% 0.413°C, 8.61%
MR [0.498°C, 11.85% 0.383°C, 5.79% 0.401°C, 5.79% 0.441°C, 8.82%
GRU | 0.379°C, 8.33% 0.401°C, 6.39% 0.461°C, 10.00% 0.442°C, 9.72%
MR |0.535°C, 12.71% 0.417°C, 7.73% 0.444°C, 6.63% 0.483°C, 8.56%
GRU | 0.425°C, 10.28% 0.440°C, 9.72% 0.464°C, 9.72% 0.462°C, 10.56%
MR [0.562°C, 17.45% 0.458°C, 9.42% 0.480°C, 9.70% 0.52°C, 11.91%
GRU | 0.416°C, 8.89% 0.485°C, 9.17% 0.479°C, 10.56% 0.477°C, 11.11%
MR [0.595°C, 17.78% 0.496°C, 12.50% 0.502°C, 12.22% 0.547°C, 13.06%
GRU | 0.423°C, 8.89% 0.500°C, 12.50% 0.497°C, 11.94% 0.517°C, 11.67%
MR [0.618°C, 20.06% 0.527°C, 15.04% 0.529°C, 13.65% 0.570°C, 15.04%

1 H%
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3 H%

4 0k

5 H%
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Table 5 Result of long term model at Matoya Bay.

THH | FE 0.5m 2.0m 5.0m 8.0m

GRU | 0.338°C, 5.00% 0.267°C, 0.83% 0.263°C, 1.94% 0.315°C, 4.72%
MR | 0.314°C, 3.29% 0.286°C, 2.47% 0.282°C, 3.56% 0.281°C, 3.56%
GRU | 0.406°C, 7.22% 0.389°C, 5.28% 0.402°C, 8.61% 0.426°C, 9.17%
MR |0.466°C, 10.71% 0.435°C, 7.69% 0.452°C, 9.62% 0.448°C, 8.52%
GRU | 0.436°C, 8.33% 0.462°C, 9.17% 0.481°C, 14.17% 0.488°C, 12.78%
MR |0.540°C, 15.15% 0.505°C, 11.85% 0.535°C, 14.88% 0.526°C, 13.77%
GRU | 0.459°C, 9.72% 0.472°C, 10.00% 0.526°C, 14.72% 0.526°C, 15.00%
MR |0.592°C, 18.23% 0.542°C, 14.92% 0.570°C, 17.40% 0.571°C, 17.96%
GRU | 0.468°C, 10.28% 0.505°C, 11.94% 0.523°C, 15.56% 0.520°C, 13.33%
MR |0.617°C, 18.56% 0.556°C, 13.85% 0.596°C, 16.90% 0.596°C, 21.05%
GRU | 0.487°C, 10.56% 0.514°C, 10.00% 0.539°C, 14.17% 0.541°C, 15.00%
MR |0.618°C, 18.89% 0.560°C, 14.17% 0.599°C, 17.78% 0.601°C, 20.00%
GRU | 0.495°C, 11.11% 0.510°C, 10.56% 0.551°C, 15.00% 0.529°C, 14.72%
MR |0.613°C, 19.50% 0.554°C, 11.42% 0.589°C, 16.99% 0.597°C, 18.66%

1 H#

2 Hi%

3 ik

4 Ak

5 Hi%

6 Hi%

7 H%

%6 JURMAN BT T H T L OMR
Table 6 Result of long term model at Ago Bay (inner).

FMA | FiE 0.5m 2.0m 5.0m 8.0m

GRU| 0.276°C, 1.67% 0.238°C, 1.11% 0.219°C, 0.00% 0.254°C, 0.56%
MR | 0.277°C, 2.19% 0.206°C, 0.00% 0.210°C, 0.55% 0.222°C, 0.55%
GRU | 0.341°C, 2.50% 0.306°C, 2.50% 0.339°C, 1.67% 0.370°C, 5.56%
MR | 0.418°C, 5.77% 0.311°C, 1.92% 0.323°C, 3.30% 0.344°C, 4.40%
GRU| 0.314°C, 2.22% 0.336°C, 3.33% 0.374°C, 5.56% 0.419°C, 7.78%
MR | 0.468°C, 9.64% 0.370°C, 3.58% 0.392°C, 4.41% 0.419°C, 6.34%
GRU| 0.350°C, 3.61% 0.372°C, 5.00% 0.417°C, 7.22% 0.457°C, 9.44%
MR [0.497°C, 10.77% 0.422°C, 5.52% 0.437°C, 7.18% 0.469°C, 8.84%
GRU | 0.360°C, 3.33% 0.393°C, 6.67% 0.478°C, 10.83% 0.490°C, 13.06%
MR |0.516°C, 11.91% 0.462°C, 7.48% 0.469°C, 8.86% 0.508°C, 11.08%
GRU| 0.359°C, 4.17% 0.433°C, 8.83% 0.480°C, 11.67% 0.506°C, 12.5%
MR [0.524°C, 13.06% 0.488°C, 10.00% 0.493°C, 9.44% 0.525°C, 12.78%
GRU | 0.381°C, 6.11% 0.441°C, 10.00% 0.489°C, 13.33% 0.541°C, 16.11%
MR [0.524°C, 13.37% 0.501°C, 9.75% 0.509°C, 12.26% 0.543°C, 15.04%
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FHH | Tk 0.5m 2.0m 5.0m 8.0m

GRU | 0.209°C, 1.39% 0.159°C, 1.39% 0.151°C, 1.39% 0.120°C, 0.56%
MR |0.172°C, 0.82% 0.148°C, 1.1% 0.134°C, 1.10% 0.112°C, 0.55%
GRU | 0.264°C, 2.78% 0.231°C, 3.33% 0.200°C, 2.22% 0.179°C, 1.11%
MR |0.253°C, 2.47% 0.225°C, 3.02% 0.205°C, 1.65% 0.183°C, 0.82%
GRU | 0.258°C, 3.06% 0.248°C, 3.06% 0.243°C, 3.33% 0.206°C, 1.39%
MR |0.294°C, 2.48% 0.268°C, 3.31% 0.257°C, 2.75% 0.239°C, 2.75%
GRU | 0.276°C, 2.78% 0.263°C, 3.61% 0.251°C, 2.78% 0.243°C, 2.50%
MR |0.322°C, 4.14% 0.292°C, 3.87% 0.285°C, 3.31% 0.290°C, 3.31%
GRU | 0.299°C, 3.89% 0.269°C, 3.33% 0.259°C, 3.06% 0.257°C, 2.22%
MR |0.337°C, 4.43% 0.302°C, 3.60% 0.297°C, 2.77% 0.331°C, 4.43%
GRU | 0.306°C, 5.28% 0.272°C, 4.44% 0.275°C, 4.44% 0.275°C, 2.78%
MR |0.356°C, 4.44% 0.312°C, 4.17% 0.302°C, 3.33% 0.366°C, 6.39%
GRU |0.323°C, 5.00% 0.274°C, 5.00% 0.283°C, 3.89% 0.286°C, 3.61%
MR |0.368°C, 5.29% 0.314°C, 3.62% 0.306°C, 3.62% 0.397°C, 9.75%
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