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Abstract Taking the cold-wet index measuring chilling damage in winter as the predictand, a qualitative, discriminant

prediction model has been developed for daily cold-wet extreme weather forecasting in winter. This model is based on a
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Random Forest (RF) algorithm, and uses daily temperature and precipitation data, NCEP/NCAR reanalysis data, and 24-h
forecast field data. Further, a new, nonlinear, intelligent computing, quantitative ensemble prediction scheme has been
developed for predicting cold-wet extreme weather in Guangxi by employing Particle Swarm Optimization (PSO)
algorithm, and it is termed the PSO-FNN ensemble prediction model. The ensemble members of the PSO-FNN model
were generated by adopting the PSO algorithm. Results showed that the qualitative and quantitative comprehensive
prediction based on different intelligent computing methods proposed in this paper were in accord with the forecast
characteristics of the small probability extreme weather event. Threat score of the qualitative forecast model based, on the
RF algorithm for cold-wet extreme weather in Guangxi, was 0.77, false alarm rate was 0.23, missing rate was 0, equitable
threat score was 0.41, and the true skill statistic was 0.53. Moreover, the forecast accuracy of the quantitative PSO-FNN
ensemble prediction model was higher than those of the linear and nonlinear forecast models. Using identical modeling
samples and independent samples, the PSO-FNN ensemble prediction model showed the reduction in mean absolute
errors being >25% relative to the stepwise method, and 14.37% relative to the normal fuzzy neural network. Analyses of
the new scheme suggested that the forecast accuracy of the ensemble prediction model was improved by enhancing the
prediction ability and population diversity of the individual ensemble members. Therefore, the generalization capacity of
the intelligent computing ensemble prediction model was significantly enhanced, and the forecast results were stable and

reliable, providing new forecasting tools and prediction modeling methods for objective forecasts of cold-wet extreme

weather.
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Fig.1 Research area for cold-wet extreme weather and distribution of meteorological stations in Guangxi
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Fig.3 The (a) 1st and (b) 2nd decision trees for the Ist independent prediction sample using qualitative discrimination calculation of a random forest
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Fig. 4 Flowchart of the combination prediction model for cold-wet extreme weather in Guangxi employing both a qualitative forecast based on a

random forest algorithm and a quantitative forecast using the Particle Swarm Optimization—Fuzzy Neural Network ensemble model
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Table 1 Variance contribution and accumulative variance contribution of the principal components selected for the 1st

independent prediction sample in the 24-h cold-wet extreme weather quantitative forecast
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Table 2 Prediction error statistics for wet-cold extreme
weather using the Particle Swarm Optimization-Fuzzy
Neural Network (PSO-FNN) ensemble model and
stepwise regression method
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Table 3 Prediction error statistics for wet-cold extreme
weather forecasts in Guangxi using the PSO-FNN
ensemble model and multiple regression method based on

the PCA (Principal Component Analysis)
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Fig.5 Predicting values of 16 independent samples of wet-cold extreme weather forecasts in Guangxi using the PSO-FNN ensemble model

(triangle), stepwise regression method (SRM) (F = 2, diamond), and corresponding observation values (solid circle)
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Table 4 Prediction error statistics for wet-cold extreme
weather forecasts in Guangxi using the PSO-FNN ensemble

model and normal Fuzzy Neural Network (FNN)
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Fig. 6 Forecast skill of the PSO-FNN ensemble prediction model relative to the normal FNN, the multiple regression model based on PCA (MRM-

PCA), and the stepwise regression method (SRM) for wet-cold extreme weather prediction



6 1 FHE: TR ST VU A IR AR K R A TR T VAT A
No. 6 HUANG Ying et al. A Combined Qualitative and Quantitative Prediction Scheme for Cold-Wet Extreme Weather ... 1437

RATIAR TR T AR R BB 4o 22 X 2% T A
MR Z el A5 1% 1825 BV J7 1588 09 1E I Tk 45
YK, Ul BT AR A S A TR e 7T, T HL
AR SCAE JE STRET R — R 4o 22 X 2% P 2 Pl TR A Y
I, B SRCARIE R, IS R R AT R I ) &
WA

6 INEE

AR 2N Y R AEARHR B T UK R R o 99 A P
HDPERTE =R C(EPARTE(:S -  iiu g i iV E /B F =N |
T B B TR R AR BN, 0 AR T AL
PR SVRSE AL (R AUE PE T RAN A AR5 —
ORI 22 P 28 A A SR BOE BT, 0L 7T
RETH SR IR R U ME . RS TR T %,
XF R ) PG B g v 1 AR AT WA, AR
EF

(D T EENUARM SR A T 25 B — Rl 7>
A ) 22 eI R (1 ), AR S RAAH R 45 3]
I R 7 A R R N, A REALAR bR 325
JIE AT CABEATLE £ R A1 iR RFAE R RE ST, 22
SL T BT BEATUARAR A VA S R M o PR A
Mo TURAEG SRR, 1208 P B AR R v 55
BRPEPR, ERA R H TR BT i R S, B
A7 e B TR HE B 8

(2> 1E LA R B At E, B3E—20 4
MEER SRR ARG PR EAE, @ 7R T
L A Ao 2 X 28 B J T V2 (R T P 55 v MR i A
e R 5 TR o IZ AR T UKL TR
B 9 it ) R0 e 22 K] 2% B RS AA A BB R T
2, ALt B R B AR TR RE ) AR 2
Sk, R EAERIURER TS, Bk, 124k
JEIHRAE L (2 AV E B R 2 P v, BT R (S
PEAHE {5 -

(3) FEFRBFEA AL TR A 5 2 A [F R 1
DU LA — R Ao 22 o0 2 B P AR AR TR 1 T
R FEAMY LEZR PEFRZ 2D M A JVE A B i, i H
BER A R AR 2R i A A D 30 AL 20 T BB AT 180
[ =11 3 R e £ ) 2 A5 TR ) TR 45 2R thA7 B I
oitk. Fi4b, ERETHEERN], B R ARXTZ D R
3RS B SRR Ao 2 X 2% 0 T 45 O I F) T
RAIGIR, LT IR IR Wi A B
IR EE ST -

(4 FHAFRE GG EE. €8
FRIPRRASR RN A & PR R AT i, PRI A Wi K
UM A TR A R RO AR e R R
AT IF B e 1B E B iR
HERE R AT 59, BAT LU 5 BRI 7 B iR
¥, (HAREE— IR T . AE4 5 1 SE bR TR S H
AT PSR P AN R (0 RSB TR ™ il SR AN
[ R PR AR, AT RS e £ ] 2% £ R AR A1
Z S AL RE RIS Ll o dfr, B I s MAZ ST
JZ, SR mRL TR o 22 X 2% A R TR AR 2 02
PERE. T e ME TR A — DA E R TR, X
PR A R L — vk, iR 1 R A iR s
R EEYE.

Sk (References)

Barszcz Agnieszka , Milbrandt Jason A., Thériault Julie M. 2018.
Improving the explicit prediction of freezing rain in a kilometer-
scale numerical weather prediction model [J]. Weather and
Forecasting, 33(3): 767-782. doi:10.1175/WAF-D-17-0136.1

Bao Qing, Yang Jing, Liu Yimin, et al. 2010. Roles of anomalous
Tibetan Plateau warming on the severe 2008 winter storm in central—
southern China [J]. Monthly Weather Review, 138(6): 2375-2384.
doi:10.1175/2009MWR2950.1

Breiman Leo . 2001. Random forests [J]. Machine Learning, 45(1): 5—
32. doi:10.1023/A:1010933404324

AR, S 4, WHERR, 2. 2018, &Z K0 FBlHF Gk o (G B
P55 BT K B R BUARHE RHE R G0 70 R [J]. KSR, 4203):
656-676. Bueh Cholaw, Peng Jingbei, Xie Zuowei, et al. 2018.
Recent progresses on the studies of wintertime extensive and
persistent extreme cold events in China and large-scale tilted ridges
and troughs over the Eurasian Continent [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 42 (3): 656-676. doi:10.3878/j.
issn.1006-9895.1712.17249

T, EAE, RTET, 4. 2008. 71 75 2008 4F 1 H 2 WLAGIR I
UK R R A AR PR B S SR AR IR ) 2R R [D]. BRI, 66
(5): 809-825. Ding Yihui, Wang Zunya, Song Yafang, et al. 2008.
Causes of the unprecedented freezing disaster in January 2008 and
its possible association with the global warming [J]. Acta
Meteorologica Sinica (in Chinese), 66(5): 808-825. doi: 10.3321/].
issn:0577-6619.2008.05.014

FE/ANFS, AT, 5575 . 2014, 2011 4EA) B MR SRR 7Y T UK R
BB BETE I K ARCRE A%, 38(1): 61-72.
Shouting, Peng Fang. 2014. Study of the 2011 freezing rain and

Du Xiaoling, Gao

snow storm in Guizhou [J]. Chinese Journal of Atmospheric
Sciences (in Chinese), 38 (1): 61-72. doi: 10.3878/j.issn. 1006-9895.
2013.12119



N T 43 %

1438 Chinese Journal of Atmospheric Sciences

Vol. 43

g, THeUR, A AR, 55 2012, DX PR G R A1 1 15U 2
AR (7], B S R 2, 23(2):195-204.  Gong Zhigiang,
Wang Xiaojuan, Cui Donglin, et al. 2012. The Identification and
changing characteristics of regional low temperature extreme events
[J]. Journal of Applied Meteorological Science (in Chinese), 23(2):
195-204. doi:10.11898/1001-7313.20120208

I, AL, S5, 55 2004. 2T PSO IR A 28 00 25 42 3 T
AR [J]. ARIKSCHEFEALAS, 2: 18-21. He Wei, Li Yawei, Jin
Dong, et al. 2004. Fuzzy artificial neural network runoff prediction
model based on PSO [J]. Meteorological, Hydrological and Marine
Instrument (in Chinese), 2: 18-21. doi: 10.3969/j. issn. 1006-009X.
2004.02.005

Herman G R, Schumacher R S. 2018. “Dendrology” in numerical
weather prediction: What random forests and logistic regression tell
us about forecasting extreme precipitation [J]. Monthly Weather
Review. 146(6): 1785-1812. doi:10.1175/MWR-D-17-0307.1

TR, e, TN, AL 2014, TR R RN (KON TR RE 5 Kotk
[ 4 A A B R (0], %, 40(7): 806-815. Huang Ying, Jin
Long, Huang Xiaoyan, et al. 2014. An artificial intelligence
ensemble prediction scheme for typhoon intensity using the locally
linear embedding [J]. Meteorological Monthly (in Chinese), 40(7):
806-815. doi:10.7519/j.issn.1000-0526.2014.07.004

Huang Ying, Jin Long, Zhao Huasheng, et al. 2018. Fuzzy neural
network and LLE algorithm for forecasting precipitation in tropical
cyclones: Comparisons with interpolation method by ECMWEF and
stepwise regression method [J]. Natural Hazards, 91(1): 201-220.
doi:10.1007/s11069-017-3122-x

L8, TR, B4R 2014, I U7 A& Z=RIR I S 0K R SRR
SIMENE S 0 9] KR, 38(4): 813-824.  Jiang Man, Yu
Tiantian, Qian Weihong. 2014. Analysis on atmospheric anomalous
signals of winter low temperature and snow ice storms in southern
China [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 38
(4): 813-824. doi: 10.3878/j.issn.1006-9895.2013.13217

B . 2004, AL S R IREBRELIS T A S M M]. AERRR
Hi fi 4k, 75-185.  Jin Long. 2004. Modeling Theory Method and
Application for Weather Forecast Based on Neural Network (in
Chinese) [M]. Beijing: China Meteorological Press, 75-185

S, MRER, S, A5 2003, BEHAATR P22 00 2% (K0 B T ™ ke
FHURWE 7 [1]. R R %4, 61(1): 78-84.  Jin Long, Lin Xi, Jin
Jian, et al. 2003. Study on interpretation prediction of numerical
weather prediction products based on modular fuzzy neural network
[J]. Acta Meteorologica Sinica (in Chinese), 61(1): 78-84. doi: 10.
3321/j.issn:0577-6619.2003.01.008

Jin Long, Yao Cai, Huang Xiaoyan. 2008. A nonlinear artificial
intelligence ensemble prediction model for typhoon intensity [J].
Monthly Weather Review, 136(12): 4541-4554. doi: 10.1175/
2008mwr2269.1

Jin Long, Zhu Jieshun, Huang Ying, et al. 2015. A nonlinear statistical

ensemble model for short-range rainfall prediction [J]. Theoretical

and Applied Climatology, 119(3—-4): 791-807. doi: 10.1007/s00704-
014-1161-8

Kalnay E, Kanamitsu M, Kistler R, et al. 1996. The NCEP/NCAR 40-
year reanalysis project [J]. B. Am. Meteorol. Soc., 77(3): 437-472.
doi:10.1175/1520-0477(1996)077<0437:TNYRP>2.0.CO;2

Kennedy J, Russell E. 1995. Particle swarm optimization [C]/
Proceedings of the IEEE International Conference on Neural
Networks, IEEE Service Center, Piscataway, NJ, 1942-1948. doi: 10.
1109/ICNN.1995.488968

Kidson J W. 1975. Eigenvector analysis of monthly mean surface data
[J]. Monthly Weather Review, 103(3): 177-186. doi. org/10.1175/
1520-04931975)103<0177:EAOMMS>2.0.CO;2

B, M, R . 2008. H [E 7 R KR S R SUR EELR 4r
[7]. S A SFEEWF AT . 13(2): 113-122.  Li Chongyin, Yang Hui, Gu
Wei. 2008. Cause of severe weather with cold air, freezing rain and
snow over South China in January 2008 [J]. Climatic and
Environmental Research (in Chinese), 13(2): 113-122. doi:10.3878/j.
issn.1006-9585.2008.02.01

PR, M. 2009. BOHLARAK: i B R R AL I R B
[0]. ZE W FE 2 4], 25(1): 51-56.  Li Jiangeng, Gao Zhikun. 2009.
Random forests: An important feature genes selection method of
tumor [J]. Acta Biophysica Sinica (in Chinese), 25(1): 51-56.

R . 2013, BEHLAR MBI AL 7328 5 115 20 r v (K RLHS (0], B2
B 224, 50(4):1190-1197. Li Xinhai. 2013. Using “random
forest” for classification and regression [J]. Chinese Journal of
Applied Entomology (in Chinese), 50(4): 1190-1197. doi: 10.7679/;.
issn.2095-1353.2013.163

XIS B, T, TS VD . 2018, BEATLAR AR ) 1 Hvty SO AR M
B IA] [J]. S5 R . 46(2): 307-315.  Liu Jimin, Huang Hong,
Tulinisha. 2018. Applying random forests to determine completion
time of extratropical transitioning tropical cyclones [J].
Meteorological Science and Technology (in Chinese), 46(2): 307-
315. doi:10.19517/j.1671-6345.20170246

Pk AT, R A, BN, SF 2015, R M S I AR AORL T RE— R A I 45
AR B AL (9], B AR 2], 26(5):513-524.  Lu Hong, Zhai
Panmao, Qin Weijian, et al. 2015. A particle swarm optimization
neural network ensemble prediction model for persistent freezing
rain and snow storm in southern China [J]. Journal of Applied
Meteorological Science (in Chinese), 26(5): 513-524. doi: 10.11898/
1001-7313.20150501

i, E5, )22, %5 . 2010. 2008 4 1 v [ g G IR FY &5 UK R R
AURFIE S L 5 AR R AR AL R (7], RARR 244, 33(5):
634-640.  PengYan, Wang Zhao, Liu Anlin, et al. 2010.
Characteristics of the freezing rain/heavy snow process in South
China and the anomalies of atmospheric circulation over East
Asia in January 2008 [J]. Transactions of Atmospheric Sciences
(in Chinese), 33(5):634-640. doi:10.3969/j.issn.1674-7097.2010.
05.016

Ren Fumin, Cui Donglin, Gong Zhigiang, et al. 2012. An objective



6 1 s LT

ETHELI) T UV IR R e PR E

BAHE TR ITEDT

No. 6 HUANG Ying et al. A Combined Qualitative and Quantitative Prediction Scheme for Cold-Wet Extreme Weather ... 1439

identification technique for regional extreme events [J]. Journal of
Climate, 25(20): 7015-7027. doi:10.1175/JCLI-D-11-00489.1

Ressler G M, Milrad S M, Atallah E H, et al. 2012. Synoptic-scale
analysis of freezing rain events in Montreal, Quebec, Canada [J].
Weather and Forecasting. 27(2): 362-378. doi: 10.1175/WAF-D-11-
00071.1

Jﬂﬁf‘i, AR AR, THIE, 4. 2010. FET SO B — BRI A 22 I 25 1)

W) B T (0] R LARHGR 5 92k, 30(1): 157-166.

Shi Biao, Li Yuxia, Yu Xinhua, et al. 2010. Short-term load
forecasting based on modified particle swarm optimizer and fuzzy
neural network model [J]. Systems Engineering Theory & Practice
(in Chinese), 30(1): 157-166.

JitiBE . 2008. TR S Hidhk h 0 2
FRAL, 114-122.

Meteorological Research and Forecasting (in Chinese)

JE T T M), AE R AR

Shi Neng. 2008. Multivariate Analysis Method in

[M]. Beijing:
China Meteorological Press, 114-122.

Shi Yuhui, Russell Eberhart. 1998. A modified particle swarm optimizer
[C]. The 1998 IEEE International Conference on Evolutionary
Computation Proceedings. Anchorage, AK, USA, 4-9May1998, 69-
73. doi: 10.1109/ICEC.1998.699146

Vi 7F 5, 4. 2008. 2008 4 1 H 3k [ g s ™ HUK S o B L B2 BT
[7]. S5 S4B W 5T, 13(4): 337-350.  Tso Shiyan , Wei Jie. 2008.
Severe snow and freezing-rain in January 2008 in the southern China
[J]. Climatic and Environmental Research (in Chinese), 13(4): 337-
350. doi:10.3878/j.issn.1006-9585.2008.04.01

Tobin D M, Kumjian M R. 2017. Polarimetric radar and surface-based
precipitation-type observations of ice pellet to freezing rain
transitions [J]. Weather and Forecasting, 32(6):2065-2082. doi: 10.
1175/WAF-D-17-0054.1

el Tk oRGE . 2012, B 5 RF SR AR R S0 TR0 R R3S S 0],
HUERPIFE 2248, 55(5): 1501-1512.  Qian Weihong, Zhang Zongjie.
2012. Precursors to predict low-temperature freezing-rain events in
southern China [J]. Journal of Geophysics (in Chinese), 55(5): 1501—
1512. doi:10.6038/j.issn.0001-5733.2012.05.007

Qian Xi, Miao Qilong, Zhai Panmao, et al. 2014. Cold-wet spells in
mainland China during 1951-2011 [J]. Natural Hazards, 74(2):931-
946. doi:10.1007/511069-014-1227-z

VLT, S0, SKIE U . 2017. 2 TR LAR bR 4 38 18T 5 R DY
Fagd [J]. HER(E BB, 19(1): 125-133.
Jia, Zhang Jingxian, et al. 2017. Construction of a drought

Shen Runping, Guo

monitoring model using the random forest based remote sensing [J].
Journal of Geo-information Science (in Chinese), 19(1): 125-133.
doi:10.3724/SP.J.1047.2017.00125

TR, A, 525, 552008, (IR N 2 oK U B U AR 2 4
br 48 & WAL R 1] A4, 34(11): 40-46.

Yuehua, Li Lan, et al. 2008. A multi-index synthetic assessment

Wan Suqin, Zhou

method for extreme climate events of sleeting and freezing with low
temperature [J]. Meteorological Monthly (in Chinese), 34(11): 40—
46. doi:10.7519/j.issn.1000-0526.2008.11.006

TR, WIS, KB, 25 2008. 2008 4F 1 H o i )7 I I 5 VK%
RATRAE B SR A1 R 028 3 B [9]. R F 4K, 66(3):
405-422. Wang Donghai, Liu Congjian, Liu Ying, et al. 2008. A
preliminary analysis of features and causes of the snow storm event
over the southern China in January 2008 [J]. Acta Meteorologica
Sinica (in Chinese), 66(3): 405-422. doi: 10.3321/j.issn: 0577-6619.
2008.03.011

T [F]. 1998, #HZ UM R G S LR HIMY]. bt AERiT S AR K2
AL, 126-168.
Its Applications (in Chinese) [M]. Beijing: Beihang University Press,
126-168.

EWEUE, PLANTT, 2R E R, 5. 2013, o E & = XU M (i SR 4
KB HE ﬂlj’%hiﬂ&ﬁﬂa‘iﬁﬁﬁ%%m. YD E AR, 62(22): 229201
Wang Xiaojuan, Shen Baizhu, Gong Zhiqianget al. 2013. The

Wang Shitong. 1998. Neural Fuzzy Systems and

classification of winter regional extreme low temperature events in
China and their corresponding relationship to climatic indices
extreme anomaly [J]. Acta Physica Sinica (in Chinese), 62(22):
229201. doi:10.7498/aps.62.229201

KU, AT, PIEE . 2014, F T SOk RL T BV O RER o 22
% [0). i B LR G B . 23(6): 135-140.  Yi Zhian, Mu
Chunmiao, Sun Yinping. 2014. Fuzzy neural network based on
improved particle swarm algorithms [J]. Computer Systems and
Applications (in Chinese), 23(6): 135-140. doi: 10.3969/j.1issn. 1003-
3254.2014.06.024

RMET, W77, BoEtE, 4 2016. BEHLARARAEREK K TR A 1
N2 [9]. ARG TR S R MRS, 14(1): 78-83.
Yuanfang, Gu Shenghua, et al. 2016. Long term rainfall forecasting

Yu Shengnan, Chen

based on random forest [J]. South to North Water Transfers and
Water Science & Technology (in Chinese), 14(1): 78-83. doi: 10.
13476/j.cnki.nsbdgk.2016.01.013

Zhang Hugqiang, Qin Jun, Li Yun. 2011. Climatic background of cold
and wet winter in southern China. Part I: Observational analysis [J].
Climate Dynamics, 37(11-12): 2335-2354. doi:10.1007/s00382-011-
1022-4

HRIEH, FRH, BT, 55 2016, 2T REHLARMBRAL H il TR -8 38

TR AR BRMAE 2 28 (0], R AEMOl R 22240, 44(6):53-57 74,

Zhang Xiaoyu, Li Fengri, Zhen Zhen, et al. 2016. Forest vegetation
classification of landsat-8 remote sensing image based on random
forests model [J]. Journal of Northeast Forestry University (in
Chinese), 44(6):53-57, 74.

BRI, TR 2018 ECMWEF £ 4 THR ™ i 76 | 78 2 1Y Tl
AR (3], N AR FAR, 29(3): 344-353.
Huang Xiaoyan, Huang Ying. 2018. Application of ECMWEF

Zhao Huasheng,

ensemble forecast products to rainstorm forecast in Guangxi [J].
Journal of Applied Meteorological Science (in Chinese), 29(3): 344~
353. doi:10.11898/1001-7313.20180308

RS, FME R . 2008. 2008E%ﬂ%ﬁﬂﬁ%bﬁ?fﬁ%%ﬁﬁ%iﬁiﬁ%%ﬁ
FERFAE[T]. S S IRES 5T, 13(4): 351-367.

Jianhua. 2008. Multi-scale systems and conceptual model on

Zhao Sixiong, Sun



PN S 43 %
1440 Chinese Journal of Atmospheric Sciences Vol. 43

freezing rain and snow storm over southern China during January—
February 2008 [J]. Climatic and Environmental Research (in
Chinese), 13(4): 351-367. doi:10.3878/j.issn.1006-9585.2008.04.02

AR5, BRI, AR, AF L 2012, BT REALAR MR B S 2 H (R R 2K R ER
It GWA BIF 78 [J]. A BR324 Ay B, 42(8): 639-647. Zou
Liang, Huang Qiong, Li Ao, et al. 2012. A genome-wide association
study of Alzheimer’s disease using random forests and enrichment
analysis [J]. Science China: Life Science (in Chinese), 42(8): 639—
647. doi:10.1007/511783-011-0280-z

JA T4, BT, 408, 4. 2019. 1 H - T-FREER ) 7 X AR 1A
FRBOT ST VAR 5T [T]. K F %, 34(2): 31-36. Zhou Xiuhua, Lu

Hong, Jin Long, et al. 2019. Calculation method of cold-wet index
for the winter in Guangxi region of South China [J]. Journal of
Catastrophology (in Chinese). 34(2): 31-36. doi:10.3969/j.issn.1000-
811X.2019.02.007

i, TERE, miAE R, 4. 2010, T BSOERL - HE SR OB oh 242 Y 4%
e AR TN AT b RS . THSEHUSL I S 3PF, 27(5): 234~
237. Zhou Yan, Wang Sheng, Gao Chuanshan, et al. 2010. An
improved PSO-based fuzzy neural network and its application in
short-term weather forecast [J]. Computer and Applications and
Software (in Chinese), 27(5): 234-237. doi: 10.3969/j. issn. 1000-
386X.2010.05.070



