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RMSE MAE RMSE MAE
a 0.19 0.17 5.30 4.53
b 0.19 0.10 0.24 0.13
c 0.19 0.15 0.60 0.33
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Chl-aZBfb i R AR W s AR . 3T bR W I i 4
WE A0 455 2% 0 A6 i IS 4% PRAL B R 1 i gl S, [
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KOV ¥ 5 B S A S, LIS [ e A S
i, Y] Chl-a ik AR b 5 ax 3PP EE R AR L A
B A A 5 T, B 20 Chl-a ¥ BE 5 T, Fl T, i
Z By A B R £5 7 P=0.05 /K - I 24 5 1 B 35 1
TR, Had 25 2 d AR DG M e A i T 24 K, Ul B
FRERXT TR WA A B 5% ) ELAG U RN 5 Chl-a
W55 LA K TR SRR B R AE 5 T A AR
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W, A T 52 AN R M e A ST R
ISR Wy i AR K B IR IR 2R 2 CO, BRI, T
R A I S PR R 222, T L 3 ST AR
TR FH T 2R 0 0 s 2 0 A 0
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24 h T 7 58 < R LT,y F1 T o, B 220 ) 375 it 2
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&3 T,,B% Chl-a 57 E B2 B E FHIHE KM%

il RIZWEEL s a3 %=V oH HhBEE/ A fi % WAHES  WERRER S R/
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Ty, 0.104 -0.063 0.673" 0.531" -0.045 -0.008 -0.257" 0.089 -0.232" 1.000"

T oy 0.035 0.085 0.533" 0.461" 0.015 -0.013 -0.270" 0.091 -0.259" 0.748"
T s -0.017 0.112 0.421" 0.404™ 0.048 -0.041 -0.255" 0.114 -0.307" 0.593"

" AE0.01 /K- B W3 5T 7R 0.05 IR W3
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FEWA—F H T IEERIX L, A SO i A AR
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Do) 4% ft 28 50 05 B0 D S i R B S
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R DR 0 1 W B AR D R AR 5 T3 B 0 5
ZEQR R A R RRZ AR R I0 T AN R BB A S5

AN COLER 4) 1l —F P28 4544 2 10-9-9-9-1, 5 —
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Chl-a ¥k & #ii 4l RMSE ik £ 35 /]MH 1.25 pg/L, MAE
43 1.03 ug/L, 48 h it RMSE ik %] % /IME 2.43 pg/L,
MAE %7 1.99 pg/L .

ULk, SCa st A b & B, B4R DNN BB X &
IR AT RGBS (B2 T LA 2
TR BB v A W 257 B 7 Ay ) 2% 2 ) R AIE S 0 R )
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T 0.21 pg/L, —E FE B bl T IR B A 2 R 5 1
B RRE B IR B I T RA R S — T,
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RMSE [t 24 h i) RMSE K IgE 34 i, % )2 DNN 35 1
1.18 pg/L, ¥R ANNHEI T 1.31 pg/L, s i pli 22
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24 h TR IR 25 L (pg/L)

48 h TR LB 45 4 (pg/L)

ERLE:ER) RMSE MAE RS RMSE MAE
EXP1 10-5-5-5-1 2.15 1.66 11-5-5-5-1 3.04 2.22
EXP2 10-6-6-6-1 1.43 11 11-6-6-6-1 2.43 1.99
EXP3 10-7-7-7-1 1.78 1.18 11-7-7-7-1 3.9 2.5
EXP4 10-8-8-8-1 2.62 1.79 11-8-8-8-1 2.77 1.86
EXP5 10-9-9-9-1 1.25 1.03 11-9-9-9-1 3.29 2.74
EXP6 10-10-10-10-1 6.1 3.77 11-10-10-10-1 75 5.26
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=5 %2 ANN5RZ DNN R Chl-a iRk BT 45 R XTEL (B 07 . pe/L)

24 N FUAREE SRR 1L 48 h TR 45 Xt e
#JZ ANN %)z DNN %2 ANN )2 DNN
Chl-asZhrfl Chl-a 5zFrfi
FHNE {2 THINAE 2 T i 2 U & 2
5.82 5.86 0.04 6.80 0.98 3.49 3.00 -0.49 7.63 4.14
5.86 2.58 -3.28 7.83 1.97 493 3.48 -1.45 7.25 2.32
2.69 2.2 -0.49 3.10 0.41 2.60 3.15 0.55 3.32 0.72
4.87 1.98 -2.89 5.21 0.34 0.65 1.84 1.19 2.14 1.49
16.21 14.02 -2.19 17.70 1.49 20.49 15.15 -5.34 16.87 -3.62
8.73 7.44 -1.29 10.83 2.10 5.19 5.08 -0.11 4.85 -0.34
2.69 1.65 -1.04 3.30 0.61 3.60 1.67 -1.93 2.92 -0.68
3.49 2.9 -0.59 3.10 -0.39 9.47 3.30 -6.17 5.38 -4.09
4.93 7.01 2.08 6.75 1.82 5.88 10.46 4.58 4.49 -1.39
2.60 2.87 0.27 2.76 0.16 2.75 2.93 0.18 1.61 -1.14
RMSE 1.78 1.25 RMSE 3.09 2.43
MAE 1.42 1.03 MAE 2.20 1.99
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FEMAT T U5 BN TR 5L . 25 SR
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(2)2019 4 5 H Wi VLI O X AR 2R I A /K i
HE S5 0 B A DGk 4 B 45 2R W, T, I 20 1Y
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il ZUR B R £ 72 P=0.05 /K- L3545 BH 5 1) 4 OC
SRR 2 17 T 40 A A ) e PR A R 7

(3) 74 3C i 8 57 1 R 156 DNIN Chl-a ik 35 4 19 78
A 24 h T ) B RMSE iy 1.25 ug/L, MAE
1.03 pg/L, 48 h i i) RMSE 4 2.43 pug/L, MAE &y
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Study on short-term prediction method of Chl-a based on cascade DNN model

HE En-ye', LI Shang-lu*, YANG Jing', JI Xuan-liang', GAO Shan', WANG Dan'

(1. Key Laboratory of Marine Hazards Forecasting, National Marine Environmental Forecasting Center, Ministry of Natural Resources, Beijing

100081 China; 2. Marine Monitoring & Forecasting Center of Zhejiang Province, Hangzhou 310007 China)

Abstract: Based on the monitoring data of ecobuoys in Zhejiang marine protected area in May 2019, this paper
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analyses the correlation between Chl-a and physicochemical factors. Statistics shows that Chl-a is positively
correlated with dissolved oxygen and pH at the level of P=0.01, while it is negatively correlated with nitrate and
phosphonate at the level of P=0.05. In addition, a Chl-a short-term prediction model is established, which
constructs a cascade deep neural network (DNN) with 6 hidden layers in series by taking 5-layer neural network
as the basic unit. The experimental results show that the cascade DNN model can accurately predict the short-
term variation trend of Chl-a with higher prediction accuracy compared to the shallow neural network. The
RMSE of 24 h and 48 h prediction is 1.25 pg/L and 2.43 ug/L, respectively. The MAE of 24 h and 48 h prediction
is 1.03 pg/L and 1.99 ug/L, respectively.

Key words: DNN; neural network ; deep learning ; cascade neural network ; Chl-a



