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Fig. 1 Comparison of the results of adjacent value method,

average value method and interpolation method
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Tab.1 Evaluation of 5-day forecast effect of ground solar

radiation of Huashi Photovoltaic Power Station from

April to September 2022

Bk R Rruvse Mwme Mwmag
i J(Wem2) /(Wem2) /(Wem ?)
Dayl 0.91** 137. 94 29.55 70.93
Day2 0.89"* 149.92 35. 80 76.15
Day3 0.87** 171.10 45.28 87.03
Day4 0.86* " 175. 20 38.70 89. 88
Day5 0.85" " 179. 82 38.79 93.42
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Fig.2 Time series of 5-day CMA-WSP ground solar
radiation forecast and observation from

April to September 2022
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Fig. 3 Evaluation indexes comparison of CMA-WSP

5-day ground solar radiation forecast in different months
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Tab.2 Evaluation of 5-day forecast effect of ground
solar radiation of Huashi Photovoltaic Power Station

in different seasons

pn i di R RRMSE7 Mg ) MMAE7
RIS J(Wem™2) /(Wem™2) /(Wem™?)

5 Dayl 0.91 131.66 35. 35 67.79
Day2 0.88 157.02 41. 43 79.12

Day3 0.84 185.94 54.16 94. 42

Day4 0.80 189.56 24, 45 96. 46

Day5 0.77 197.82 23.50 102. 38
5dFH 0.84 172,40 35.78 88.03

= Dayl 0.91  143.96 34. 85 76.15
Day2 0.90 151.17 41.06 78.94

Day3 0.89  160.62 51.99 85.16

Day4 0.90  162.26 57.70 86. 08

Day5 0.88  169.05 57.10 89.93
5d¥ 0.90  157.41 48. 54 83. 25

#k Dayl 0.92  130.78 1.57 60. 94
Day2 0.92  130.33 8.27 61.61

Day3 0.86 171.95 6. 80 78. 20

Day4 0.84  184.02 8.01 88.59

Day5 0.86  175.29 11.77 86.72
5d¥F¥ 0.88 158.48 7.28 75. 21

34 WMMERBEN
K49 4~9 H 5 dWEk-S5 0w -F2 H 22
. H 4 R, TR 0 Y s TR A S AR



« 228 - KowooAg WO OB % 2023 4
800 o 350
—Dayl - —Dayl
700 0.8 —pay2 300 —Day2
. —Day3 = 250 —Day3
r“E 600 ~ 06 —g:ig 2 200 —B:i:
- 500 0.4 —Day. = 150 —Day:
2 400 02 < 10
< 50
R 300 % 2 4 6 8 1012 14 16 18 20 2 % 2 4 6 s 1012 14 16 18 20 2
28 200 (Eji)EIg (hﬁ)qk.;\_
100 120 300 "
ob—— v 111 1 _ 9 :g:ﬁ 250 —Dayl
012345678 91011121314151617181920212223 T —Day3 = 200 :g:’%
vzl g 60 —Dayd Z 150 —Da§4
; 30 P = 100 —Days
4 2022 fF 4~9 BEANRA BT CMA-WSP H#iH 0
02 4 6 8 10 12 14 16 18 20 22 % 2 4 6 8 1012 14 16 18 20 2
[ingz B2

ABEHF S AFRMENVNHEHBTL
Fig. 4 Average diurnal variation of CMA-WSP ground solar
radiation 5-day forecast and observation of Huashi

Photovoltaic Power Station from April to September 2022
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Fig.5 Diurnal variation of CMA-WSP ground solar
radiation monthly 5-day forecast and observation of Huashi

Photovoltaic Power Station from April to September 2022
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Fig. 6 Evaluation indexes daily variation of CMA-WSP
ground solar radiation 5-day forecast and observation of Huashi
Photovoltaic Power Station from April to September 2022
SF- X 1% 22 B A ML THD R S A4 80 e 1 U R 5
3 d B TR AN L HE Al AR I 2R 10:00~15:00 B
P AR FERE R T . £35S R WA 46 Bn 9 H A2
AEF A, CMA-WSP BE2X 10:00~16:00 B [ 1
TET 688 S 1) TR RO A X A 22 LA IS B Ao

4 g

a. CMA-WSP 1l T 4 555 7 i 55 L0 AR G 22 4L
FE 0. 85~0. 91 Z [] , A T30 4 850 R B 4, T i 1
T 5 it 0 B 384 o BRI

b. 8~9 AAn MR BOR b, 5~6 H e 22
F 2 M R SO B R, B Rk 2R K
A 4 I P R R R AU IR ROR B A . CMA-WSP
BT 10:00~16:00 e Hb a7 46 5 B4 991 41 550 5% A
X8 2% A B B A

. AN R HIIE AN [) K 0% b 1D 6 56 1) o4 A
BRG], CMA-WSP iy [H 45 5 191 4 250 R 4 1 b
3 ARG 56 T 22 1 O 00 5 e A B R L
TE4 I R R 4k 224K 5T

SE Lk

(1] 4BABE, AE I . A2 DR L S5 T BE YR8 o b RN b i 32
S5 AR5 I % ,2021,48(2) :411-420.

(2] ki35, Mo, T/ANE % B 2 44 F K 4 5
B BRAT E R ARSI LT]. TRA%,2021,39(6)
1006-1016.

(3] H&%.% 5,0 E, 5%, KSR &N
JHAE AR T, BB ,2011,33(5) :829-837.

(4] EHIW, B A BRIEE, 5. WRE B0 1 Hh 26
S R A S S % B AT )], K. 2012, 38(5)
585-592.

(5] Jodee 8 W, 5 in 5. 7 Y48 vh ROBE SU0(E TR &R
G () 22 K B4R S TAROT B r ik (], FRR L,
2022,40(2) :327-332.

(F#% 224 7O



. 224 - koHBEOfE OB 2023 4

taic power generation prediction [J]. Energy re- York: Springer, 1999.

ports. 2023, 9(S3): 369-376. [9] LANDAU D P, BINDER K. A guide to Monte
[3] TIANZE L, SHUSEN L,SHUNJIANG W, et al. Carlo simulations in statistical physics (4th ed.)

Short-term photovoltaic power prediction based on [M]. Cambridge: Cambridge University Press,

MDCM-GA-LSTM model[]J]. The journal of engi- 2014.

neering. 2022, 2022(10): 994-1005. [10] CHEN Y D,ZHANG Q.XIAO M, et al. Probabi-
(4] JAWL, #MBHEE, HAR, & EFEHREGHELY listic forecasting of seasonal droughts in the Pearl

ek BT RRX M B]]. Bl ARS TR, River basin, China[]]. Stochastic environmental re-

2021, 21(24): 10284-10290. search and risk assessment, 2016, 30 (7). 2031-
(5] XUk, MREEVL, AR, 5. BT & B BoR o) K 4 2040.

Hl i W IR A BT R SR ) AR R LT ). A [11] AGOUA X G, GIRARD R, KARINIOTAKIS G.

W H AR, 2023, 47(1): 266-275. Probabilistic models for spatio-temporal photovolta-
(6] W, ®ma L, E8, 2 T8 copula 40 %X Inl ic power forecasting[ ] ]. IEEE transactions on sus-

HEER TR HRTHER B[], B ME AR, 2021, tainable energy,2019,10(2) :780-789.

45(11) ; 4426-4435. [12] HE Y, QIN Y, WANG S, et al. Electricity con-
7] skpg, BREG, B, — Aok kg BRICH B K H sumption probability density forecasting method

MLT]. B85 T, 2015, 14(10): 45-47. based on LLASSO-Quantile Regression Neural Net-
[8] NELSEN R B. An introduction to copulas{ M]. New work[J]. Applied energy,2019,233:565-575.

Photovoltaic Power Probabilistic Prediction Based on BRICH Clustering

and Copula-Monte Carlo Simulation
HUANG Mu-tao' , GAO Su-hua'®, WANG Yang® ,ZENG Ling-kang® , WEI Cong-ying” , CHEN Xing-bang"*
(la. School of Electrical and Electronic Engineering; 1b. School of Civil and Hydraulic Engineering,
Huazhong University of Science and Technology, Wuhan 430074, China; 2. Dispatching and
Control Center of Central China Branch of State Grid Corporation of China, Wuhan 430077, China)

Abstract: Photovoltaic power generation is affected by the chaotic characteristics of meteorology, and its stochastic,
volatile and intermittent characteristics affect the operation of power systems seriously. Aiming at the problem of large di-
mension of original PV power generation data and the vulnerability of power generation to weather conditions, a data pro-
cessing method based on Principal Component Analysis (PCA) and BRICH clustering was proposed to reduce the dimen-
sionality of model input variables and facilitate statistical modeling. Secondly, a Copula-Monte Carlo-based probabilistic
PV power probabilistic prediction model was constructed to calculate the probabilistic interval prediction of PV power out-
put given the future point prediction values. The model was evaluated based on interval coverage and average width of pre-
diction interval. Finally, the summer data of the actual photovoltaic power station were taken as an example for verifica-
tion analysis. The results show that the Copula-Monte Carlo method can intuitively show the fluctuation range and expec-
ted value of photovoltaic power generation, and is superior to other power prediction models.

Key words: probabilistic prediction; PV power generation; BRICH clustering; Copula function; Monte Carlo simula-
tion; weather fractal
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Inspection and Evaluation of CMA-WSP Ground Radiation Forecast Products

ZHU Yan',WANG Ming'?,XU Pei-hua' ,MENG Dan', CHEN Zheng-hong'

(1. Hubei Meteorological Service Center, Wuhan 430205, China; 2. Hubei Key Laboratory for Heavy Rain Monitoring
and Warning Research, Institute of Heavy Rain, China Meteorological Administration, Wuhan 430205, China)
Abstract: Based on the ground radiation observation data of Hubei Huashi photovoltaic power station from April to

September in 2022, the forecast accuracy of the ground radiation products of Wind Energy and Solar Energy Forecasting

System of China Meteorological Administration (CMA-WSP) was evaluated. Overall, the correlation coefficient between

ground solar radiation and observation in the next 5 days predicted by CMA-WSP is between 0. 85 and 0. 91, and the fore-

cast effect on the first day is the best. With the increase of forecast time, the forecast accuracy gradually decreases. From
the perspective of month-by-month effect, the CMA-WSP has the best effect on ground radiation forecasting in August
and September, and the forecast accuracy rate in May and June is relatively low. In terms of daily changes, the CMA-

WSP has a relatively poor forecasting effect on ground radiation at 10:00~16:00, and is better in other periods. The pre-

diction of ground radiation by CMA-WSP has strong seasonality. The forecast results of different times in spring are quite

different, and are relatively stable in summer. The forecast effect in autumn is the most stable, and the correlation coeffi-
cient between the prediction results and observation can reach 0. 92. In general, the CMA-WSP has a good effect on the
ground radiation forecasting in Hubei Province, which can provide good support for the short-term forecasting of photo-
voltaic resources in Hubei Province.

Key words: CMA-WSP; photovoltaic power plant; ground solar radiation; forecast inspection



