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Solar irradiance forecasting using a mesoscale meteorological model
Part I: Forecasting system and the accuracy
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Abstract
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The authors have developed a solar irradiance forecasting system using the WRF (Weather Research and Forecasting) model,

which is a fully compressible, non-hydrostatic mesoscale meteorological model developed by NCAR and NCEP. Solar irradiance

forecasting with a 2 km grid resolution for two days ahead in the year 2011 is performed and the accuracy of the simulated GHI

(Global Horizontal Irradiance) is quantitatively examined using observations taken from 61 sites in Japan. The WRF-simulated GHI
for one day and two days ahead is found to have annual biases of 75.4 and 75.9 W/m? (of the 61 sites average) and RMSEs (Root

Mean Square Errors) of 189.2 and 199.7 W/m?. As well as the accuracy of the simulated GHI at the single sites, the effect of spatial

smoothing to reduce the error in WREF is also investigated. It is found that an annual RMSE of 30 % at a single site is improved by

averaging spatially the simulated GHI within a 100 km radius.
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Fig. 1 Domains used in the simulation

Table 1 WRF configurations
Start: 00:00 UTC 1st JAN 2011
Period End: 24:00 UTC 31th DEC 2011
48-hour forecast
JMA GSM (3-hourly, 20 km x 20 km)

Input data NCEP GFS (3-hourly, 0.5° x 0.5°)
OSTIA (daily, 0.05° x 0.05°)
Domain 1 (18km, 119 x 109 grids)

Domain Domain 2 (6km, 129 x 129 grids)

Domain 3 (2km, 159 x 228 grids)
50 levels (suface to 100 hPa)
Dudhia short wave radiation

Vertical layer

RRTM long wave radiation
WSM 6-class graupel scheme
Physics options Kain-Fritsch cumulus parameterization
(Domain 1 and 2 only)
Noah land surface model
MYJ PBL parameterization

FDDA option Disable
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Fig. 2 Solar irradiance forecasting cycle using the WRF model
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Fig. 4 Monthly and annual mean absolute biases and RMSEs of the persistent model and the WRF model in the year 2011.
The bars show the average of 61 sites and the error bars show the maximum and minimum values of 61 sites
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Table 2 Values of the 61 sites average of absolute biases and RMSEs
Bias [W/m’] RMSE [W/m']
Month | Persistent (Dayl) | Persistent (Day2) i WREF (Dayl) WREF (Day2) | Persistent (Dayl) | Persistent (Day2) | WRF (Dayl) WREF (Day2)
2011-01 -1.6 0.0 40.9 37.8 143.6 151.7 129.0 137.6
2011-02 9.1 5.2 42.0 6.2 217.2 237.9 139.1 163.0
2011-03 -13.1 -18.2 75.8 52.3 209.3 254.0, 165.7] 162.4
2011-04 6.1 3.7 73.6) 112.2 265.6 302.9 195.0 229.6)
2011-05 -7.0 -4.7 80.8 99.9 283.3 349.9 195.6) 208.6
2011-06 -1.6 -7.2 90.0, 108.0 254.3 276.7 220.9 241.5
2011-07 4.6 11.2 122.2 104.7 241.8 267.7 238.8) 234.9
2011-08 2.1 -1.3 144.2] 157.1 223.5 250.8 256.7 262.4
2011-09 5.1 7.1 76.1 70.0 236.2 305.7 195.2 193.0)
2011-10 -6.7 6.4 49.0 33.7 236.5 234.7 137.8 166.8
2011-11 4.8 0.6, 27.0 27.0 197.7 237.9 132.5 129.2
2011-12 -1.4 -5.8 23.4 20.7, 160.5 170.8 108.4 113.5
Annual -0.1 -0.1 75.4 75.9 231.0, 265.0, 189.2 199.7]
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single site and (b) 61 sites average
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