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Spatial Distribution of Extraterrestrial Solar Radiation and Its Spatial Scale Effect on Rugged Terrains
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Abstract: The Extraterrestrial Solar Radiation (ESR) is the basis of surface solar irradiance, and it is also an
important astronomical parameter for calculating solar radiation, assessing solar energy resource and for
estimation of agricultural potential productivity. Based on Digital Elevation Model (DEM) data of Fujian
Province with a resolution of 30 meters, the spatial distribution of ESR over rugged terrains of Fujian Province
was calculated by using parallel computing framework of MATLAB software. Then, the influences of slopes and
aspects on the distribution of ESR were quantitatively analyzed. Finally, the spatial scale effects of DEM on ESR
were discussed. The results clearly depict that the latitude and complex landforms profoundly disrupt the zonal
distribution of ESR in Fujian Province. The terrain factors have more significant effects on the magnitude of
ESR compared with the latitude. Annual ESR of Fujian Province was mainly at 10 000~13 000 MJ/m?* and
presented a decrease trend from Southeast coastal areas to the Midwestern areas. As affected by the slopes and
aspects, the ESR over seasons showed characteristics of differences and dissymmetry. The screening impact of
topography was higher on spatial distribution of ESR in winter and considerably low in summer. The total
amount of ESR in spring was larger than that in autumn. The influences of different slopes and aspects on the
distribution of ESR were consistent with the terrain characteristics of Fujian Province, which is high in the
northwest and low in the southeast. The ESR was depleted obviously along with the increase of the slope. The
ESR was mainly concentrated in the east, southeast and south. The impact of topographic feature was significant,
the ESR in the chine was bigger than the one in the valley and the one in the sunny slope is more than that in the
shady slope. Meanwhile, the effect of spatial scale of the DEM was obvious. The ESR of Hills of Midwestern
Fujian Province was more sensitive to changes in resolution.

Key words: rugged terrains; extraterrestrial solar radiation; spatial distribution; spatial scale effects; digital eleva-
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Tab. 4 Statistics of ESR with different spatial resolutions
in January and July
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Fig. 12 ESR with different spatial resolutions in Fujian province in July
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