554 F5 5 W WO R AR (H SRR W) Vol. 54 No. 5
2026 49 A Journal of Hohai University ( Natural Sciences) Sep. 2026

DOI:; 10. 3876/j. issn. 1000 - 1980. 2026. 05. 019

THEEBX PM, REZTE RGN ESR
B HEE  FE A RHEE ME
(1 WA 55 6 RITRIT : 2. e KA e A7)

WE. AFATREAR PM,  REGHETRMN S A B E 42,4288 T —F 84 XCBoost 45 4E 7 i 55
BFREF A (PSO) F et ibed L F w2 @3 (SVR) £ & A TR A A ( XGBoost-PSO-SVR £
Y, FRAASFET B2 PM, s HRIH S5 AZ 54T I #adf269 £ 57,8313 XGBoost %
% BT, RN PSO HAL G 69 SVR BEATHT BTN, KiTdy WA A B X 69 46 e R A
8, XGBoost-PSO-SVR A7 £ & ik B X ) LA 43 5% 09 &4k | 55 % % 3 STL-ARIMA-SVR A2 A A8k |
EPHbatiz £ PR E it £ Fe Y FARIE £ 5 A 1K 15. 6% 14. 3% F2 24. 9% ; 544 % %
%% SVR BA AR, 5 3 A% 52. 5% 57. 1% %= 37. 7% ; XGBoost-PSO-SVR £ & B A7 43 45 4 T
B, TATREEREE LR R R F 42,

KPR FTHAR ;PM, s FEWE; 5 TN RAHA ; XCBoost

R E 422 .X736. 1 M ERARESRD A FHS.1000 - 1980(2026)05 - 0164 - 09

Multivariate hybrid prediction model for PM, . concentration in dry bulk ports
Tao Kaixuan', Feng Xuejun', Ji Jieming', Tu Aohui', Lin Zhiduan®
(1. Institute of Maritime Logistics and Green Development, Hohai University; 2. CCCC Water Transportation Consultants Co. , Lid. )

Abstract: To achieve accurate prediction and effective control of PM, 5 concentration in dry bulk port areas, a multivariate hybrid
prediction model based on support vector regression ( SVR) integrating XGBoost feature selection and particle swarm optimization
(PSO) intelligent optimization was proposed, namely XGBoost-PSO-SVR model. The differences in PM, 5 formation mechanisms and
diffusion processes under meteorological conditions in ports were fully considered by the model. XGBoost was employed to quantify the
key influencing factors, and the SVR optimized by PSO was utilized for accurate prediction. The case verification results of typical port
areas in the Nanjing section of the Yangtze River show that the XGBoost-PSO-SVR model has strong robustness in the high-
concentration range; compared with the univariate STL-ARIMA-SVR model, its MAE, MAPE, and RMSE decrease by 15. 6%,
14.3% , and 24.9%, respectively; compared with the conventional multivariate SVR model, they decrease by 52. 5%, 57. 1%, and
37.7%, respectively. The XGBoost-PSO-SVR model has good prediction performance and can provide decision support for intelligent
dust suppression in dry bulk port areas.

Key words: dry bulk port; PM, ; intelligent dust suppression; multivariate prediction; hybrid model; XGBoost
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Table 4 Comparison of prediction accuracy of PM, ; daily average mass concentration

AR HEEHY MAE/ (ng/m*) MAPE/% RMSE/ (ug/m*) R?
. ARIMA 23.01 22 27.60 0.34
LRy
STL-ARIMA-SVR 7.65 7 11.86 0. 80
- SVR 13. 60 14 14.30 0.70
EZN
XGBoost-PSO-SVR 6.46 6 8.91 0.89
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