doi:10.11676/qxxb2021.057 Rt i

MR AREHEZEMEMTIESHIIHE K
BUFMFE

¥ o xR KO KER
JIANG Wei' LIU Yunyun® CHEN Peng® ZHANG Zhiwei'

L VLR gl B AT, 210041

2. EEAME L, T ESR R TEDT T2, JEat, 100081

3LHABEARFEE P L, BAL, 210041

4 VLA IR BTN, BT, 210041

1. Jiangsu Climate Center, Nanjing 210041, China

2. Laboratory for Climate Studies, National Climate Centre, China Meteorological Administration, Beijing 100081, China
3. Jiangsu Meteorological Information Centre, Nanjing 210041, China

4. Jiangsu Institute of Meteorological Sciences, Nanjing 210041, China
2021-01-15 Y fi, 2021-06-28 B IAl.

HEB, X 2528, RIS, SKAEAK. 2021, TR LA 28 R 25 R e IR A5 5 AV o B ZR K B L TBUII 7 ¥k R 2% 4R, 79(6): 1035-1048
Jiang Wei, Liu Yunyun, Chen Peng, Zhang Zhiwei. 2021. Prediction of summer precipitation in Jiangsu province based on precursory

factors: A deep neural network approach. Acta Meteorologica Sinica, 79(6):1035-1048

Abstract Based on precipitation data collected at 67 national stations in Jiangsu province and a series of climatic indices from 1961
to 2019, the prediction experiment on summer precipitation in Jiangsu province is carried out using different machine learning
methods accompanied by five prediction schemes with different combinations of precursor signals, including atmospheric circulation,
sea surface temperature and snow cover, etc. It is shown that the deep neural network (DNN) method has advantages over traditional
statistical methods and other machine learning methods on the prediction of summer precipitation in Jiangsu province. The
comparison of the prediction results of five different prediction schemes with the DNN method further indicates that the model of
DNN mixed dynamic weight set scheme (DMDW) has the highest prediction skill for summer precipitation in Jiangsu province. The
results of the independent sample test by DMDW are stable with the five-year average PS score of 76.0, the symbol consistency rate
of 0.62, and the abnormality correlation coefficient (ACC) of 0.35. In the operational application, the model shows higher accuracy
of precipitation forecast over central and southern Jiangsu province. Furthermore, the potential impacts of the precursor signals in the
prediction factor schemes on the prediction accuracy of the summer precipitation in Jiangsu province are also investigated in this
work. The atmospheric circulation factors play a major role in the summer precipitation prediction in Jiangsu province, while other
factors such as SST and snow cover have positive contributions. Therefore, the DMDW model with the comprehensive precursory
factors has the best prediction effect, which can effectively improve the accuracy of seasonal prediction of summer precipitation in
Jiangsu province.

Key words Summer precipitation, Seasonal prediction, Precursory signals, Deep Neural Network (DNN), Dynamic weight set

scheme
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Fig. 3 Schematic diagram of five factor schemes and calculation process



1040

F 2 ORI EAS B VLR B 2R K O R 22 43 B
Table 2 Error analysis of summer precipitation
prediction in Jiangsu province obtained

by different methods

HLRY Bk SN R 2 ¥y i
TR P25 N 2% 0.1877 0.2598
BRI 0.1996 0.2638
FEHLARAR 0.2120 0.2810
S AL 0.2615 0.3435
LA 0.2242 0.2957

AR BLL, AL B & )2 S 80K R 10, 20,
50 F1 100 3t 4 . 242800 5—10 2, it
Xof e A o] J2 BR300 1 2 50, 0 E A B S 2
B YIZRAE IR BRI 2R3k AR B, 2% ) R
1RSI B T (A DR, A5 2% 2 R W LR (A A

Acta Meteorologica Sinica K54  2021,79(6)

YR 0.01, Fifl 5 455 A0 Il 53k AR 2 20 3R 320
A2 0.0001, XA AT LA TIE I 25 A 30145 780 4 Hlie 84
PN ARAE KT, U255 199 3 RE A% B0ORS 1 3k 21 42 )R
S L o LN, SO oR KRR U5 (o155 780 B 47 b o ) 3
BRI AR LRI, Zad Xt e S B0 Ry 3 R
15 R B R B, 2k 2 2R B (Rectified Linear Unit,
fa] F% ReLU ) £ 52 i 700 v Al 4% 6 21 58 47 3R .
ST G B LA, ZEA ALY 2R bR A
& SCIIE, BEAS YRR AR 1961—2014 4R 1
AU BE AL AT B 10 1, B — I R AN T 258 4
FHIF] o 8 3R e o VR R IR EE . 1 A b 3
WEEHE , PE AT 10 W5, SRR B AR 10 4
B E 25 9, A 10 S50 0E 45 SR A0 1R 25 S 0 i
YRR Y 28 LBGIE R 22, 76U 2535 200 ANtk vk it
HUBGAIE 15 22 fe /N A VR S e AR B

*3OREMENKSE

Table 3 DNN network parameters

i el 7 Sl (EES]
1 Epoch_num YAt 200 Integer
2 Learning_rate 23R 0.01—0.0001 Float
3 Dropout_prob BEHILIR IS R 0.1—0.3 Float
4 Activation O 2 R ReLU String
5 Layers 2 2% E AL 5—10 Integer
6 Kernel N PTG Ty 10, 20, 50, 100 Integer

4.4 TUMZER 7

FI T 2 8O0 L5 09 TR BE Pl 28 1) 2% A5 784 T
1961—2019 4E VLI 67 A~ R PR 5 M vl J
T[S E R, IR 5SS Rt T, K4
25 H T 1961—2014 4 I ks BT I3 X 8- 2 2 2>
R 7K BE S B 43 23R 1 000 5 790 0 5 SR Ak b T SR
1—5 UL B 208 K 5 00 I 1) 4 B A2 46 LT —
e, WA MR BE A 0.99 L L, ik F 0.001
B B K OSE . T 2015—2019 4F 1500 i BE, 7 %
1—S5 P E K S WA — 225, T
T K A Ak Ak 000 B B3 19 50 00 255 2R

e XF 5 Fh O 52 A YIS Ast B AT ek B 3 il
ATV o 5 BT S8 7 I R B 1Y) 28 SUTUAT A 36 45
R A REF S5 (R 4), PSTE4H 97.0—99.2,
55 —B0E N 0.93—0.98, 1A 56 REGE4
490.95—0.99 . {EL T A B A 7 B AR AT ARG 46 %
RAEHEBRRER(FIAMES) ., EHFELHR, Ll

HARASAREF, H5 amIRA PSIESH 77.7. 4F
5B R 0.64, FEFAHOC R EE 0.34, SRR
NG D7 g 2 BRI T, 5 3 S S
oA R -, A8 3K A S8 AR TE I 5 19 58 UK
B 2E AL LT 38 RS 22, (R ST FEAS A 30 45 R AN K
PR, R 20 S a FEIE PR (. 7
FARFRT R IR REEIAET, 5
1 58 ST AG: 56 25 S PP A3 507 6 1 A PR T, (A
SRR ERAM TR, FRESETE
1—3 M SREES, WF T A HE 7 AR
W E2rfEE, BAEA N EM, B8R X
FRAG 55 45 S W AR T, Lk ST R AR 40 4 Rt g
R E, PSTEA R 76.4, B £5 5 —BUR K 0.62,
FESFAHOC R B0 5 a ¥MHIA ] T 0.35, BAF M2 X
TR A 30 25 A 1 A Ry R, 3 W LSO 45 SR AR
X RRE, OS5 1A A IS H M A .
HE— 25 X% J5 48 5 0 3% A A5 ) T 45 R 5 00



WP PR b2 I 2% R S IR AR 5 BV B 2 K R LT U ik 1041

I Observation
—o— Scheme 1

Precipitation anomaly percentage (%)

780 1

80

I Observation
—0— Scheme 3

Precipitation anomaly percentage (%)

780 I

80

I Observation
—o— Scheme 5

Precipitation anomaly percentage (%)

_80 1

1961 1971 1981 1991 2001 2011 Year

1961 1971 1981 1991 2001 2011 Year

1961 1971 1981 1991 2001 2011 Year

80

(b)

40

I Observation

—o— Scheme 2

Precipitation anomaly percentage (%)

780 1 I I 1
1961 1971 1981 1991 2001 2011 Year

80
(d

[ Observation
—0— Scheme 4

Precipitation anomaly percentage (%)

780 I I I I I 1
1961 1971 1981 1991 2001 2011 Year

K4 1961—2014 AEVTH5 X1 B R A UL
(B ket SUIZRIMBLNEE R (B) BT
(a. R Lb T2, . TR3, TR 4, e HRS)
Fig.4  Time series of observed ( blue bars ) and predicted
(‘black lines ) summer precipitation in Jiangsu province
from 1961 to 2014 (a. Scheme 1, b. Scheme 2,
c. Scheme 3, d. Scheme 4, e. Scheme 5)
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Table 4 Cross-validation and independent forecast verification for five schemes
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VEX 98.6 0.97 0.99 74.0 0.60 0.30
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Fig. 6 Distributions of observed (a, ¢) and predicted (b, d) summer precipitation anomaly percentage (%) in Jiangsu

province under Scheme 5 in 2015 (a, b) and 2019 (c, d), respectively
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