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Tab.1 Sample data set information
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Tab.2 Observation data set information
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Tab.3 Forecasting data set information
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Fig.1 Flow chart of the LSTM model
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Tab.4 Data subset division

TR A 4 PURIEAE1TES

7K /m JEE K /m 23
1~20 6 — —
25~50 6 — —
55~80 6 — —
85~120 6 — —
130~180 6 — —
190~250 4 190~250 4
275~400 4 275~400 4
500~800 2 500~800 2
1 000~1 500 2 1 000~1 500 2
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Tab.5 Error satistics of forecasting data verification set

K32 Tzl Hoc SR A Y C
KB m 2% T..J%C T,./°C AT/C

MAE, . RMSE, . MAE, RMSE,

1~20 6 31.10 23.27 7.83 0.449 0.243 0.081 0.015

25~50 6 30.42 22.92 7.50 0.525 0.313 0.076 0.009

55~80 6 27.26 19.67 7.59 0.694 0.582 0.192 0.055

85~120 6 24.76 17.06 7.70 0.415 0.244 0.397 0.222
130~ 180 6 20.90 14.42 6.48 0.687 0.648 0.184 0.077
190~250 4 16.30 12.22 4.08 0.823 0.751 0.099 0.018
275~400 4 13.19 9.42 3.77 0.447 0.277 0.092 0.012
500~800 2 9.20 5.22 3.98 0.229 0.068 0.027 0.001
1.000~1 500 2 4.79 2.99 1.80 0.123 0.021 0.009 <0.001
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Fig.2 Spatial-temporal distribution error of forecast data verification set
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Tab.6 Error statistics of 1 min observation data verification set

E B ELE AW Sy JETHRES A C
K/ =2 T./C  T,JC ATIC
MAEde RMSEmzn MAEmu\ RMSE |||||
190~250 4 17.12 11.25 055 0.054 0.006 0.054 0.006
275~400 4 13.68 8.89 0.27 0.030 0.002 0.030 0.002
500~800 2 9.36 5.09 0.16 0.014 <0.001 0.014 <0.001
1 000~1 500 2 4.80 3.00 0.10 0.006 <0.001 0.006 <0.001

K13 1 min WA GG SR IR 22 N =5 50 A
Fig.3 Spatial-temporal distribution error of 1 min observation data verification set
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Tab.7 Error statistics of 1 h observation data verification set

} KA A THRE Y °C S IR THRES AL C
K /m BE T, /C T,./C ATIC
MAE llllll RMSEm:lX MAEmu\ RMSEmﬂX
190~250 4 17.12 1127 5.85 0353 0.204 0.250 0.097
275~400 4 13.45 8.91 454 0.220 0.072 0.179 0.049
500~800 2 9.33 521 4.12 0.093 0.014 0.079 0.012
1 000~1 500 2 4.80 3.03 1.77 0.059 0.006 0.078 0.009

PI4 1 oW 540 6 GE 4 D 22 I 5 7 A
Fig.4 Spatial-temporal distribution error of 1 h observation data verification set
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Tab.8 Error statistics of 6 h observation data verification set

E e ELE O 3R EE R C
KV /m B T, /C T,./%C ATIC
MAEmilX RMSEde MAE llllll RMSEmux
190~250 4 16.99 11.50 5.49 0.324 0.149 0271 0.098
275~400 4 13.43 8.95 448 0278 0.101 0.162 0.043
500~800 2 9.22 5.26 3.96 0.222 0.021 0.117 0.019
1000~1 500 2 475 3.07 1.68 0.074 0.008 0.049 0.004

K5 6 h UL &S A 46 UE A 15 22 1) 25 734
Fig.5 Spatial-temporal distribution error of 6 h observation data verification set
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Tab.9 Error Statistics of 6 h mixed observation-forecast data verification set

) ENUSUEETE TN I3 E TR AR C
K /m JZH T,./C T,./°C AT/C
MAEIH;\X’ R M SEde MAEMHV R MSEIH&!K
190~250 4 16.99 11.93 5.06 0.245 0.097 0.236 0.072
275~400 4 13.43 8.95 4.48 0.230 0.071 0.173 0.046
500~800 2 9.22 5.22 4.00 0.125 0.021 0.119 0.022
1.000~1 500 2 4.80 3.00 1.80 0.148 0.026 0.052 0.004

K6 6 h XL PR RO g 4R TR 22 I s A
Fig.6  Spatial-temporal distribution error of 6 h observation data verification set
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Research on ocean temperature profile forecasts based on Long Short -Term
Memory neural network

FAN Peiqin', GUO Wuhong', TANG Shuai', ZHANG Chi', QU Hongyue’
(1. Navy Submarine Academy, Qingdao 266199, China; 2.Pilot National Laboratory for Marine Science and Technology, Qingdao 266000, China)

Abstract: Based on ocean temperature historical observations and ocean model data, the short-term forecasting
method for ocean temperature profile is studied using Long Short - Term Memory (LSTM) neural network. For
the ocean temperature profile forecasts at (17°46.91'N, 112°03.24'E) in the South China Sea, three sample sets of
observation, forecasts, mixed observation-forecasts are constructed using the observational and forecasting data.
Based on the LSTM neural network, a many-to-many ocean temperature profile forecasting model composed of
encoder and decoder is established, and model training and verification are carried out. The results show that the
model has a high forecasting accuracy and a good stability for processing small sample problems. Utilizing deep
layered forecasting method can effectively improve the forecasting accuracy and generalization ability. The
forecasting error of mixed sample set decreases significantly in comparison with that of observation sample set,
which provides an idea for marine environment forecasts of small sample problems.

Key words:deep learning; LSTM; ocean temperature; short-term prediction



