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Accuracy of solar irradiance simulation using the WRF-ARW model
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Abstract

This paper discusses the accuracy and characteristics of solar irradiance simulated by the
Advanced Research Weather Research and Forecasting (WRF-ARW) model, which is a fully
compressible, non-hydrostatic mesoscale model developed by NCAR and NCEP. An annual

WREF simulation with a 2 km grid resolution is performed in the year 2010, and the accuracy of

simulated solar irradiance is examined using in-situ observations taken at 11 stations in the

central Japan. The WRF-simulated Global Horizontal Irradiance (GHI) is found to have annual
biases of +53.7 to 83.7 W/m?* (+13.9 to 274 % of measured mean GHI), and Root Mean Square
Errors of 165.6 to 204.2 W/m* (44.6 to 67.8 %). Comparison of occurrence ratio of clearness
index from OBS and WRF shows that the positive bias in the WRF simulation might be
attributable to the less cloud cover compared to the actual atmospheric conditions. Moreover

the performance of three shortwave radiation schemes in the WRF model in a clear sky

condition is also compared.
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Fig. 1 Domains used in the simulation.

Table 1 WRF configurations
Start: 00:00 UTC 1st JAN 2010

Period

End: 23:00 UTC 31th DEC 2010

IMA GANAL (6-hourly, 20 km x 20 km)
Input data NCEP FNL (6-hourly, 1°x 1°)

OSTTIA (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

RRTM long wave radiation

WSM 6-class graupel scheme
Kain-Fritsch cumulus parameterization
(Domain 1 and 2 only)

Noah land surface model

MYJ PBL parameterization

Vertical layer

Physics options

FDDA option Domain 1 only
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Fig. 2 Locations of the observational sites.
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Fig. 3 Dalily total global horizontal irradiance obtained from the ground observation and the WRF simulation

at Gifu University in the year 2010.
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Fig. 4 Absolute and relative biases and RMSEs in the

WRF-simulated GHI in the year 2010 and four
seasons.
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Fig. 5 Occurrence ratio of daily clearness index derived from the observed and the WRF-simulated GHI in the year 2010.
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Fig. 6 Scatter diagram of OBS against the WRF-simulated
GHI at all observational sites in the year 2010.
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Fig. 7 Comparison of the WRF-simulated GHIs using three short wave radiation schemes at Gifu University for

the period from August 20 to 25th, 2010.
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Fig. 8 Monthly mean Aerosol Optical Depth at 550 nm
obtained from skyradiometer measurements at
Gifu University for February 2011 to March 2012.
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