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Abstract: Based on the precipitation data of 155 meteorological stations in the eastern part of Northwest China from 1961 to 2022,
as well as historical datasets including global atmospheric data, sea surface temperature (SST), and sea ice data, this study integrates
the temporal convolutional network (TCN) module and the convolutional block attention module (CBAM) into the long short-term
memory (LSTM) deep learning algorithm. A climate intelligent prediction model for summer precipitation in the eastern part of
Northwest China (named CBAM-TCN-LSTM) based on the fusion of deep learning algorithms was thereby established. The
predictive performance of the model was verified, and its predictive capability was compared with that of multiple other deep
learning algorithms. The results show that the intelligent prediction model based on the fusion of multiple deep learning algorithms
outperforms single-algorithm deep learning models. During the independent sample validation period (2018-2022), the prediction
score (PS) for summer precipitation prediction ranged from 60% to 80%, with an average value of 73.8%.The anomaly correlation
coefficient (ACC) was positive for all years except 2020, with a average value of 0.14, representing a significant improvement over
other models. When compared with 7 current mainstream models (including machine learning algorithms, deep learning networks,
and time-series networks), the CBAM-TCN-LSTM model exhibited superior performance across all five evaluation metrics: PS,
percentage correct (PC), ACC, mean absolute error (MAE), and root mean square error (RMSE). Furthermore, the
CBAM-TCN-LSTM model was successfully applied in the 2023 flood season prediction operation, accurately predicting the
characteristic of below-normal summer precipitation in most areas of the eastern part of Northwest China, with a PS of 90%. By
building a precipitation prediction model that combines the TCN module and the CBAM module on the basis of the LSTM model
(which has strong time-series predictive capability), this study provides a scientific basis and technical support for regional
precipitation prediction, and the model holds good prospects for popularization and application.

Key word: deep learning, fusion algorithm, eastern part of Northwest China, flood season precipitation, objective prediction
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Fig.1 The distribution of the meteorological observations in the eastern part of Northwest China
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https://cmdp.ncc-cma.net/Monitoring/cn_index_130.php），该指数集包含130项气候指数月平均值，其中大气环流指数88项、海温指数26项、其他指数16项，时间尺度为1951年1月—2022年12月。
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Fig.3 Architecture of the CBAM-TCN-LSTM model for predicting summer precipitation in the eastern part of Northwest China
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Fig.4 Schematic diagram of TCN module structure
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Fig.5 Structure diagram of CBAM model
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Table 1 Experimental comparison results before and after ablation

N MAE/ RMSE
BT PS PC/%  ACC
mm /mm
LSTM (baseline) 71.44 51.22 0.06 55.48 70.88
CBAM-LSTM 72.03 53.20 0.05 55.91 71.49
TCN-LSTM 72.90 54.24 0.08 59.43 76.01
CBAM-TCN-LSTM 73.81 60.95 0.14 48.52 62.68

CBAM-LSTM 7E 28 P 25 A5 7Y () Rl B ANVE R B, T LSTM AR & BA [RIEHLS], FIIAER
JIMLA, R DA M A B TN LA e A, (B S RO LR R Bl 2, S8URE R, M5
ACC. MAE #ll RMSE &I A TCN-LSTM fEILLAERYILA RN 128 (MG, Kbk 2 [a) 3 1 70 A1y
FESI NIRRT Sl 2 [a] S AR LSTM B P 8% [ $RHR, I AR 25 REIT [ R 2 o) 7 5 T b5, A
CERURE P BIA G IR, R /E MAE I RMSE RIS TH . Rk, 75 EAE % e 2 [ 4R UR
() B P [ Bl B N YA i L], SHEE T B T 60 2 [ 75 7 T FORRAIE . R ORAS B ANIEER

Bt AR CBAM-TCN-LSTM #%.0fE#xr PS 1A% 73.81, ACC 4 0.14, TRMIGE BRI, HHLLM
ZEAERUARLL, sk RO AE O RHR AR T TR S T RS . Horfr, PSLPC AT ACC 43534 N T 2.37.9.73%
#10.08, & MAE 1 RMSE A BE et 700 {1 6.96 mm A1 8.2 mm. @i xS Ll A i, Rle
AR LR R 13 5 o) 246 1 K o 228 0 286 () R 5 TUTROIN R 0 R I iy, & SVPIN AR AR I BT

Ft. 2018—2022 AL AEAKGIG AR, FEAL AR5 E =R AU Febn P PAL TG L a2k 2 Frs .
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Table 2 Evaluation results of overall indicator

EA PS PC/% ACC MAE/mm  RMSE/mm
2018 74.86 66.45 0.14 55.53 70.38
2019 64.62 46.88 0.17 49.43 63.40
2020 70.26 57.20 -0.24 59.21 75.60
2021 78.83 66.24 0.40 37.35 47.93
2022 80.46 67.96 0.25 41.10 56.07
BE 73.81 60.95 0.14 48.52 62.68

2018—2022 4= CBAM-TCN-LSTM 7 PS P43 7F 64.62~80.46, H:/h 2022 fE3F5r i, FLVkCh 2021
T, 2019 FFHAik; PC 7E 46.88%~67.96%, Kk 2019 “Efflk, HARFEMIHIAT 57.20%, 2018 4. 2021 4
A1 2022 4FEiHEIT 66%; B 2020 4, ACC HABEM7E 0.14~0.40, Hrb 2021 4 MAE 7f 37.35~59.21,
RMSE 7E 47.93~75.60.
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Fig.8 Distribution of (a) observed and (b) predicted summer precipitation anomaly percentage in the eastern part of Northwest
China in 2021
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etal, 2018) . KAHIICIZPILERAL; TR Frd7 5t h B2 35 BOR BN RS AN 2% (Karim etal, 2018) A1
Transformer 4% (Giuliari etal, 2020) %5, 3N 2018—2022 4,
3T LA SRR IS B
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Table 3 Comparison of results between 7 models

il PS PC/% ACC  MAE/mm RMSE/mm
B ATL AR [ U 5 70.22 54.10 0.09 72.74 94.00
SCREIR RN HE 67.87 50.02 0.10 74.36 91.65
i B8 AR T [ A R S 70.19 49.85 0.00 66.04 90.36
TRBERNZE I 2% 70.17 51.23 0.00 68.01 86.04
SR RTRRVA S 2 e il 71.44 53.38 0.06 55.48 70.88
I [] B AR X 2% 71.49 53.46 0.03 57.18 72.10
Transformer %% 64.20 52.99 0.00 48.95 63.17
CBAM-TCN-LSTM 73.81 60.95 0.14 4852 62.68

XFECIRIG A AT, BEBLARAR . SCRFIA BN S be S 5 T =M SR ) MAE, RMSE $IE
THAMBRY, bR B S RNAX 2 B % 1) eR R R e DA B o IR BERREE IR 2% . KA 02 P A5
T ACC fflk, X 7T RES BV NFIRHERFE A 0%, (R — MR R BEA ZGR IR M3 E S, 1L
VIR ST A S 2 (AME B RCER, W TR, ANHE L 52K CBAM-TCN-LSTM 7Y PS,
PC. ACC =M/ KIME I LRI, LLAAERNHARR MAE. RMSE il H: 75 1F o B EREL, 200
T EIRHABLER 2 I Bk . Horh, ACC ORISR T, Ul WIS Y B A7 20027 = 3 7 Hictis v (1 Bk 2 [a) 73 Af
KFE, MAE 5 RMSE H#AHXT A, HROCFRAC T SIS L /E 25 B ml A 77 T 22 0. 5340, B B A
SRR P 2% 9, Transformer 75 PS LRI ZE, AIRERH THIEEAER AR ZE R IR EME, T
A RBORFE R AT AR S 12k
2.4 MENH

2023 AP AL AR =k B v o R R T W AR AR KR 2, FA M X /D . 2023 A E 5 L R AT
MITRINES SRy BepiAL A 7 B AR MK 2 . BRI F BB K 2D, AR X BEOK RS (523, 2024)
W A SCHENL ) CBAM-TCN-LSTM il & TS Y 87 21 2023 Ay SHTIINME %5+, S5 53R 8, B H s
TR KR RE, XSRS (100 . BACRE, CBAM-TCN-LSTM BERY (il 45 5 552
BLRFRH X A — 3, TN, (ABRPG F gt AR HoR s, B n pi g R 5 s
AR, AR PS ¥E43 4 81, PC y61%, ACC 4 0.16, MAE 4 48.5 mm, RMSE 4 59.3 mm, HA KL
MZE A
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sy (a) TRIAT (b) sk gh R
Fig.10  (a) The predicted and (b) observation precipitation for the 2023 flood season in the eastern part of Northwest China,
initiated in March 2023 based on the CBAM-TCN-LSTM model

3 THRRIZR

ASHE FEAE BAT U I TN 8 77 () LSTM BRI ftk B REAT 04k, @bd TCN Ak N CBAM ML, #7
T AL AR E K AR, CBAM-TCN-LSTM, - A { TR0 R - 45040 A0 48 7K 00 I 504 3 2 250 R
13 BURFAE, R4 LSTM A5 2 B 7K 5 85 2 T 6 77 0 B8 7K 22 18] 43 A TN 36 75 55 1) v Lo 990000 &5 LR W, 2018
—2022 F PS 73 AfifE 60~80, HMEIEH] 73.81, T Iy RKIEREE, HARUF B /KIMEE /), ACC fHER
2020 S AFUEAN, HABEMEINIEE, BEEF] 0.14, BRI B ER-TE. 127 5 R 3R P
HERK KO R IR b, SCI AR ML R AR A FOR RAFIE RO . 25 (A I () RPAEDRIR A 3R Ak, A4 HH B
3 0 790 76 A AR X 225 S5 ) SR = P /K TS 28, S DX 3 Tl 2 75 Rdg v

AHIF T AL ) CBAM-TCN-LSTM BB TIN5k, (HEE B AL 275 R 250, &t
AR AT CATEF J7 4R SEN58, — R TUNE 5L, A FRMNT KER T R, (H2 & T HE [
BAEGROMERER, HILZ A G LIHEM B LE], X — ) 52w N T8 R A HE— 25 B I s
M AR AT R K R E AR BUE BRI S RHAEAS R AT A RS, 25— 35 BEARHR R I BB A ]
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