5538 5 3 0 NI Vol. 38 No. 3
2014 4E5 Chinese Journal of Atmospheric Sciences May 2014

FENGE, XNiEE, B, 45 2014, JET TR YORIFfL AT LAPS-WRF #8x FR 45 (1) 22 ROKBHEE S BB AU SGE vk (7], KSR, 38 (3): 577-589, doi:
10.3878/j.issn.1006-9895.2013.13159.  Cheng Xinghong, Liu Ruixia, Shen Yanbo, et al. 2014. Improved method of solar radiation simulation under cloudy
days with LAPS-WRF model system based on satellite data assimilation [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 38 (3): 577-589.

EF D E23REF LAPS-WRF ERX RSB = X
KPB4E ST EER L B A0k

xr! xmE? wER' AR’ skt Rs' hos’
HESRZR ARG MRS HL, 6t 100081
2 {EA%BTPAEPL, b 100081
3 WA ML, dEa 100081
A MR ERAB G RIEEVIRT, 4R M 350001
5 P ESZEEFETRE, JEat 100081

i B OKBHAELR K B BN IR TR BRI XA S = K AT AR, ok B = RIS 2Lk,
BEAEAA L] 25 RS BHAR ST (0 I 25 AR A o) f W) 2 AT AT R RT3 . [l Ge ik b b RS G s8R 2,
T S 25 TR PR K BH 4 S AL I — DB R 2 1), AR SO i W TR T AL BERLFI 4G LAPS (Local Analysis
Prediction System) £ I} [H] 2 = 4E = /Wi R 735, ol =4 = 450, J16 LAPS #4545 &y WRF (Weather
Research and Forecasting) #\HIHI46, BT 2008 4F 1 A REZ (6~8 H) JbntHhX )5 2 5 AR S 1 i
oA, BT 2 2 A FEKR IR SRS Bl ol 3 AL R 4 R, LTS (0 5 = A
B 5 SR (B () AR A B IE AR — B, BGRB8 2 = KB KIN BRIk 5
MARBEPMEREE TSENME. 1 ARR. 2 KUK ZEmE R R0 ET 5 S5 SRR -5 S0 AR 19 B 1) 48 {34
B8 ARG B AR ZE e AN B IR R AL HT S S A B IR TS, 1 A2 =44
T2 HUN B R G RSB RLR E RN R, SR SBENSOEMREAREGT L. BEL A, ARKK 6 Hiii
Rk = AR AT N RAGHT S SRS B S E AR DGR 22, TR G PRI AR DG R TG o daidk,
52 6 H AR KO PR 8O R I s R AT B ARSI 22 0K, T IR 1R 22 g, o2 6 H Al
B AL R (RIS 35 7 MR 5% 2 RSP S AR R 2 R AT 40 B/ T 102.6 W om > i 355.9%, S5t KA 15 2 /N
2, [FAMLG SRS IR 2 /N T R HT I H ) ik 75%, BRI 43 I 20 R4k JE B RLR 2 N T AL AT . 2 =R 1R
KRR FE RAR SBRUSCR 0 B2 008 5 B = SO B VA, ARG )S B = AN, 2 1 S R
PEFISE5R, FERRLESR N, RIS TSl S AR S e . B TUES BT 2 2 B K R A4 A T R B4 23 (A5
PR A BH A8 W U5 VTN LA AR FL ik (4 & P B PO L A — e AR 2% R S o N FH (B

KM DAREINML KBRS etk KBHfE  LAPS-WRF BiX R4

XEH/S 1006-9895(2014)03-0577-13 HFESES P422.1 XHkFRIRAD A
doi:10.3878/j.issn.1006-9895.2013.13159

Improved Method of Solar Radiation Simulation on Cloudy Days with
LAPS-WRF Model System Based on Satellite Data Assimilation

CHENG Xinghong', LIU Ruixia’, SHEN Yanbo', ZHU Rong’, PENG Jida*, YANG Zhenbin', and XU Hongxiong’

1 Public Meteorological Service Center, CMA, Beijing 100081
2 National Satellite Meteorological Center, China Meteorological Administration, Beijing 100081

kS EES 2013-04-23, 2013-11-05 W& E R
FEME  Ex AREEEES 41275114, EEEEABREEIIRITE 2011AA05A302
&R B, 5, 1977 A, WL, w L, FEANFARERBARE. KA PEUE BRI TR 777509 E-mail: cxingh@cma.gov.cn



578

KA ¥

Chinese Journal of Atmospheric Sciences

3 National Climate Center, Beijing 100081
4 Meteorological Institute of Fujian, Fuzhou 350001
5 Chinese Academy of Meteorology Science, Beijing 100081

Abstract Photovoltaic power is influenced by the temporal and spatial variation of cloud amounts. Therefore, to ensure
safe operation of power grids on cloudy days, accuracy in simulating and forecasting temporal and spatial variations of
solar radiation is critical. To reduce initial field errors in the mesoscale meteorological model and to improve the
simulation accuracy of solar radiation on cloudy days, the three-dimensional cloud analysis assimilation method in the
Local Analysis and Prediction System (LAPS is adopted in this study. The results are used to improve cloud simulation
and are used as the initial field of the Weather Research and Forecasting (WRF model. The temporal and spatial
distribution characteristics of the total cloud amount and global radiation in the Beijing area in January, June, July, and
August and during the typical precipitation processes in June 2008 are simulated with the LAPS-WRF model system. This
study focuses on the simulation results of global radiation with and without Fengyun satellite data assimilation and
describes the reasons for the improvements on cloudy days and during the precipitation processes. The results showed that
the temporal variation of simulated and observed values of total cloud amounts with and without satellite data assimilation
were consistent. Without assimilation, the simulated values were significantly lower than observations in most cases. After
assimilation, the simulated values of total cloud amounts were closer to observations. In addition, the correlation
coefficients between simulation and observation values of global radiation before and after assimilation were higher and
the differences of correlation coefficients with and without satellite data assimilation were smaller on clear and cloudy
days in January and on clear days in summer. The simulation values of global radiation before and after assimilation were
all lower than the measured values on sunny days. After assimilation, the error reduction of global radiation was not
noticeable on cloudy days in January because the improvement of total cloud amount simulation was insignificant.
Moreover, before and after assimilation, the correlation coefficients between simulation and observation values of global
radiation on cloudy and rainy days in summer and during typical precipitation process in June were smaller than those on
clear days. However, the correlation coefficients after assimilation were noticeably larger than those before assimilation,
particularly during typical precipitation processes in June. Further, simulation errors in global radiation were significantly
reduced. For example, the root mean square error and average relative errors during a typical precipitation process in June
were reduced by 102.6 W m 2 and 355.9%, respectively, and maximum relative error was reduced to a greater extent.
Simulation errors in global radiation after assimilation in most cases were less than those before assimilation, with
reduction ratios being 75%. The significant improvement in the simulation of global radiation after assimilation during
cloudy days and precipitation processes is closely related to the improvement in total cloud amount. The results of this
study have certain scientific and practical application values for the improvement of simulation and the forecasting of
solar radiation and photovoltaic power on cloudy days and during precipitation process, and the objective assessments of
solar energy resources.
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Fig. 1 Temporal variation of total cloud amount observed and simulated before and after assimilation at Shangdianzi station in (a) Jan and (b) Jul, 2008
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Table 1 Simulation errors of global radiation before and after assimilation and reduction ratios of relative error under three

weather conditions in Jan., Jul. and during the typical precipitation processes in Jun in 2008
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