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Abstract

Ground-level solar energy fluctuates owing to weather variation, which causes variation in power

supply from photovoltaic (PV) generation systems. As more PV generation systems are installed,

decrease in the solar energy could cause a substantial decrease in energy supply from PV generation

systems. This work investigated consecutive days of significantly low surface global horizontal solar

irradiance (GHI) focusing on two features: frequency of occurrence and area of simultaneous occurrence.

The results showed that longer periods of low surface GHI were associated with smaller areas of

simultaneous occurrence. Assuming that a significant case involves consecutive days of significantly low

surface GHI occurring simultaneously at more than half of all the stations, the longest significant case

was 4 days, occurring once every 2 or 3 years.
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Fig. 1 Ground observation stations and MERRA-2 grid cells
used for analyses.
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Table 1 The total number of days and days used for analysis
according to length of consecutive days

F 1 e A I & oandife B OB ST 7o
H O

Length of Total number of Total number of
consecutive days days used for
days analysis
1 5110 5110
2 5105 5099
3 5100 5087
4 5095 5073
5 5090 5060
6 5085 5050
7 5080 5041
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Fig. 2 (a) Empirical cumulative distribution and (b) histogram
of daily mean clearness index (CI) calculated from the
observation data obtained at all the ground observation
stations.
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Fig. 3 Comparison of the daily mean CI from MERRA-2 and
from observation averaged over the observation area.
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W, SBUTDEX D RAIET —~ LB R %Y TREoH (2) AHRLRDRABIHLNEL LKL « [UEFERIA T =
ERLEEND. X L OEFOTAL &5 BT Fn O

(1) Mz A EO P (~BaEF) THE L OFHT (3) FEETH SN TWDIEBRILITER T 2 KA X
HomERELE 2o O FHFHRORMOH Y 2o T D, BRI D2REHLEORAEME R LU AERH O
DT AU 2 WTREMEIZ DU N T ORI & XS DR

Table 2 Total number of consecutive low solar resource days that occurred simultaneously at all the stations in groups of
5.
K2 A B OREREE R AFRRICHEAE L BRI

Length  of Number of stations Total

consecutive number

days 1-4 5-9 10— 15— 20— 25— 30— 35— 40— of days

14 19 24 29 34 39 41

1 1035 1198 868 565 403 329 256 109 15 4778
2 1928 1044 455 209 102 66 15 2 0 3821
3 1899 534 143 49 23 6 1 0 0 2655
4 1455 224 42 12 5 0 0 0 0 1738
5 1016 76 19 2 0 0 0 0 0 1113
6 667 33 2 0 0 0 0 0 0 702
7 441 12 0 0 0 0 0 0 0 453

Table 3 Evaluations of reproducibility of the mean CI from MERRA-2 averaged over the observation area with ground-
based observations as a reference.

# 3 # BN A S RE & L CEEM L 72 MERRA-2 O fEI ) C1 o B4 3E 4l

Average over the observation ME MAE RMSE Pearson’s Spearman’s
area correlation rank

MERRA-2 Observation coefficient coefficient
0.544 0.458 0.086 0.091 0.106 0.870 0.851

Table 4 Dates when consecutive low solar resource days occurred for a maximum number of >20 stations.
F4 A AR T D IREOE R E R & H SRR IS L2 BLIFT R 2 e K & 72 » 72558 O B AT & e KBl
I P %k

Length of consecutive days Date Maximum number of stations
1 2008/10/26, 2009/10/2, 2010/3/25,2012/11/17, 41
2013/11/10, 2015/6/9, 2015/7/1
2 2011/5/28,2018/7/5 36
3 2018/7/5 32
4 2010/7/11,2017/10/14 23

Table 5 Daily mean CI averaged over the observation area for each of 4 consecutive days beginning on July 11th, 2010.

£S5 2000FE7TA 11 REHA LT 24 Bk HORBOEFIKERE D O% 0 OFEETES 1 0 Cl

Data Daily mean CI averaged over the observation area for each consecutive 4-day average of
day the daily mean CI
averaged over the
area
1%t day 27 day 3rd day 4 day
MERRA-2 0.417 (0.134) 0.417 (0.135) 0.380 (0.087) 0.357 (0.062) 0.393
Observation 0.267 (0.094) 0.191 (0.023) 0.247 (0.072) 0.217 (0.042) 0.231

Table 6 Daily mean CI averaged over the observation area for each of 4 consecutive days beginning on October 14th,
2017.
#6 201TH 10 H 14 AZAH &% 4 A A ORBOEGREIRE R O A OFBCES 1B P CT

Data Daily mean CI averaged over the observation area for each consecutive 4-day average of
day the daily mean CI
averaged over the
area
1%t day 27 day 3rd day 4 day
MERRA-2 0.416 (0.131) 0.342 (0.047) 0.378 (0.085) 0.517 (0.389) 0.413
Observation 0.299 (0.132) 0.197 (0.027) 0.207 (0.034) 0.335 (0.185) 0.260
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Fig. 4 Daily mean CI for each of 4 consecutive days, beginning on July 11th, 2010.
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