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Abstract Solar energy is calculated using high-resolution digital elevation model (DEM). In
focus on Seoul metropolitan area, correction coefficients of direct and diffuse solar energy with
the topographic effect are calculated from DEM with 1720, 900, 450, 90 and 30 spatial resolu-
tions (m x m), respectively. The solar energy on the real surface with high-resolution is corrected
using by the correction coefficients with topographic effect from the solar energy on horizontal
surface with lower resolution. Consequently, the solar energy on the real surface is more detailed
distribution than those of horizontal surface. In particular, the topographic effect in the winter is
larger than summer because of larger solar zenith angle in winter. In Seoul metropolitan area, the
monthly mean topographic effects are more than 200% in winter and within 40% in summer. And
annual topographic effects are negative role with more than —60% and positive role with below
40%, respectively. As a result, topographic effect on real surface is not a negligible factor when
calculating and analyzing solar energy using regional and global models.
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Fig. 1. Geographic height from DEM (Digital Elevation Model) with spatial resolutions on Seoul area. 1720, 900, 450 and 90
represent spatial resolution with 1720, 900, 450 and 90 m, respectively.
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Table 1. Specification of DEM (Digital Elevation Model)
with spatial resolution and source data. Experiments represent
the calculation of topographic property with spatial resolutions
from source data.

Spatial resolution Source data

Experiment (m X m) [Spatial resolution (m x m)]
1720 1720
900 900 NASA SRTM" (90)
450 450
90 90 -
30 30 ENV." (30/10)

'SRTM: Shuttle Radar Topography Mission.
"ENV: Department of Environment, Republic of Korea.
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Fig. 2. Global Solar Radiation on Seoul, 2013 (Zo et al.,
2016).
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Fig. 3. Flowchart of topographic effect using by DEMs.

Fig. 4. Grid configuration for calculation of topographic
property from DEM.
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Fig. 5. Altitude, slope, aspect and sky view factor calculated from DEM with spatial resolution with 30 m on Seoul.
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450, 30, and 10 m, respectively.
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Fig. 10. Global solar radiation on Seoul during daytime at June 22 and December 22, 2013.
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a) Direct Solar Radiation
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Fig. 11. Direct, diffuse and global solar radiations on horizontal and real surface by DEMs with spatial resolutions in 2013 and
these differences.
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Fig. 12. Monthly topographical effect (%) from maximum

and minimum solar radiation difference between real and
horizontal surface with spatial resolutions.
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a) Solar Radiation
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Fig. 13. Solar radiation and topographic effect with spatial
resolutions. Solar radiations are calculated on the real and
horizontal surfaces. Topographic effect calculated by ratio of
solar radiation between real and horizontal surface.
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Table 2. Summary of parameters on the real and horizontal surface with DEM resolutions. Parameters are include cloud
fraction, correction coefficients, direct, diffuse and global solar radiation.

Parameter 1720 900 450 90 30
Cloud fraction 0.469 0.469 0.468 0.466 0.469
Correction coefficient K 0.988 0.978 0.967 0.924 0.922
0.999 0.997 0.995 0.983 0.983
Bireer (W m'z) 3697.68 3694.68 3683.66 3609.57 3584.37
Liireet (W m'z) 3697.72 3698.52 3696.32 3673.65 3651.12
Direct Diff. (W m’z) -0.00 -0.10 -0.34 -1.77 -2.36
Max. Diff. (%) 4.45 10.92 19.83 44.16 52.77
Min. Diff. (%) -5.17 -13.92 -26.38 -68.24 -92.17
Bireer (W m‘z) 1086.23 1084.98 1081.80 1065.43 1054.11
Liireer (W m’z) 1087.59 1087.97 1087.38 1083.90 1083.21
Diffuse Diff. (W m’z) -0.13 -0.28 -0.52 -1.74 -2.31
Max. Diff. (%) 0.18 0.64 1.36 9.46 34.57
Min. Diff. (%) -0.71 -2.42 -4.71 -22.02 -28.21
Birees (W m’z) 3492.23 3491.27 3485.29 3443.36 3433.97
Liiree: (W m’z) 3486.56 3493.01 3491.22 3474.97 3493.27
Global Diff. (W m’z) 0.16 -0.05 -0.17 -0.92 -1.31
Max. Diff. (%) 3.06 6.61 12.81 33.59 51.29
Min. Diff. (%) -2.97 -7.76 -15.27 —44.30 -56.33
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