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Abstract To analyze the observation environment of solar radiation stations operated by the
Korea Meteorological Administration (KMA), we analyzed the skyline, Sky View Factor (SVF),
and solar radiation due to the surrounding topography and artificial structures using a Digital
Elevation Model (DEM), 3D camera, and solar radiation model. Solar energy shielding of
25 km around the station was analyzed using 10 m resolution DEM data and the skyline eleva-
tion and SVF were analyzed by the surrounding environment using the image captured by the
3D camera. The solar radiation model was used to assess the contribution of the environment to
solar radiation. Because the skyline elevation retrieved from the DEM is different from the
actual environment, it is compared with the results obtained from the 3D camera. From the sky-
line and SVF calculations, it was observed that some stations were shielded by the surrounding
environment at sunrise and sunset. The topographic effect of 3D camera is therefore more than
20 times higher than that of DEM throughout the year for monthly accumulated solar radiation.
Due to relatively low solar radiation in winter, the solar radiation shielding is large in winter.
Also, for the annual accumulated solar radiation, the difference of the global solar radiation cal-
culated using the 3D camera was 176.70 MJ (solar radiation with 7 days; suppose daily accumu-
lated solar radiation 26 MJ) on an average and a maximum of 439.90 MJ (solar radiation with
17.5 days).
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Table 1. Summary of 14 solar radiation stations operated by
KMA. The shaded station was taken a sky image using 3D
camera.

Latitude Longitude Altitude

ID Name N) (E) (m)
93 Bukchuncheon  37.948 127.755 95.610
104 Bukgangneung  37.805 128.855 78.900
112 Incheon 37.478 126.624 68.200
131  Cheongju 36.639 127.441 58.700
133 Daejeon 36.372 127.372 68.940
136 Andong 36.573 128.707  140.100
143 Daegu 35.878 128.653 53.500
146 Jeonju 35.841 127.119 61.400
155 Changwon 35.170 128.573 37.600
156  Gwangju 35.173 126.892 72.380
159 Busan 35.105 129.030 69.560
165 Mokpo 34.817 126.381 38.000
184 Jeju 33514 126.530 20.450
185 Gosan 33.294 126.163 71.470

Latitude
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Fig. 1. Geolocations of 14 solar radiation sites operated by
Korea Meteorological Administration (KMA).
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Fig. 2. DEM of 14 KMA solar stations. Black dots represent station point.

Fig. 3. 3D sky view images of 14 KMA solar stations. White, yellow and green circles represent solar zenith angle 10°, 60° and

90°, respectively.
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Table 2. Summary of sky line and SVF retrieved from 3D
camera and DEM for KMA station.

Difference of Sky line

D (DEM - 3D camera) SVE

Max (Min) Mean 3D camera DEM
093  5.07(-20.70) -0.519 0.935 0.992
104 2.50(-33.00) -2.014 0.962 0.998
112 0.59(-30.17) -3.744 0.952 1.000
131 1.26(-31.48) -3.467 0.940 0.999
133 1.39(-50.73)  -2.780 0.938 0.998
136 1.82(-39.13) -5.260 0.890 0.998
143 2.62(-29.90) -1.955 0.943 0.998
146 2.90(-24.62) -1.827 0.970 0.999
155  6.96(-23.22) —-0.422 0.926 0.987
156 1.72(-65.50) -7.208 0.894 0.999
159  5.10(-61.50) -1.725 0.933 0.993
165 2.01(-50.72) —-4.260 0.927 0.999
184  531(-45.92) -2.708 0.940 0.998
185  0.62(-30.10) —3.666 0.956 1.000
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Fig. 5. Solar map with skyline by 3D camera and DEM at Changwon (155) and Gwangju (156). Thin lines represent solar path
with time and thick black and green lines represent sky line retrieved from 3D camera and DEM, respectively.
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Fig. 6. Solar radiation with and without topographic shading using GWNU solar radiation model on Changwon (155) for May
22. With and without topographic shading calculated using 3D camera (SVF =0.926), DEM (SVF =0.987) and plane surface

(SVF = 1.000).
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a) Direct Solar Radiation
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Fig. 7. Same as Fig. 6 except for Gwangju (156) site. With and without topographic shading calculated using 3D camera
(SVF =0.894), DEM (SVF = 0.999) and plane surface (SVF = 1.000).
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Fig. 8. Boxplot of monthly solar radiation without topographic shading on 14 KMA solar radiation sites. And boxplot of
difference of solar radiation with DEM and 3D camera against plane surface.
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Table 3. Summary of difference between DEM and 3D Camera and plane surface for monthly accumulated direct solar
radiation (1 1p.). Mean, Max and Min represent average, maximum and minimum values and ID means station id.

DEM-Plane (MJ m™) 3D Camera-Plane (MJ m™)

Month
Mean Max(ID) Min(ID) Mean Max(ID) Min(ID)
1 -2.817 —-10.157(155) 0.000(185) —-50.024 —83.521(143) —22.815(104)
2 —2.258 —7.079(155) —0.033(112) —47.157 —84.522(136) —10.749(104)
3 -2.281 —7.456(155) —0.048(112) —54.867 —97.814(136) —29.659(159)
4 -2.953 —11.362(093) —0.034(112) —52.253 —124.358(184) —28.715(146)
5 -3.681 —14.427(155) -0.121(112) -55.075 —162.663(184) —26.448(143)
6 -3.934 —15.985(093) —0.093(112) —55.551 —155.320(184) —19.277(104)
7 -3.813 —15.217(093) —-0.163(112) —54.775 —164.605(184) —18.517(104)
8 -3.388 —13.068(155) —0.006(112) -56.013 —148.247(184) —27.416(146)
9 -2.207 —7.353(155) —-0.036(112) -50.376 —81.852(155) —29.174(159)
10 —2.418 —8.109(155) 0.000(185) -51.927 —96.202(136) —20.143(104)
11 —2.628 —8.626(155) —-0.016(112) —49.782 —84.462(136) —17.136(104)
12 —2.747 —10.601(155) 0.000(112) —49.176 —91.421(143) —20.973(185)
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Table 4. Same as Table 3 except for diffuse solar radiation (Z 1opo)-

Month DEM-Plane (MJ m™) 3D Camera-Plane (MJ m™)

ont Mean Max(ID) Min(ID) Mean Max(ID) Min(ID)
1 —-0.134 —0.615(155) —0.002(112) -2.977 —-5.014(156) —-1.402(146)
2 —0.147 —0.669(155) —-0.002(112) -3.262 —5.527(136) —-1.536(146)
3 -0.197 —0.891(155) —0.003(112) —4.363 —7.441(136) —2.056(146)
4 -0.219 —0.988(155) —0.003(112) —4.858 —8.325(136) —2.289(146)
5 —-0.247 —-1.106(155) —0.004(112) —-5.456 —9.379(136) —2.571(146)
6 —-0.246 —-1.105(155) —0.004(112) —-5.450 —9.381(136) —2.569(146)
7 -0.250 —-1.120(155) —0.004(112) —-5.526 —9.506(136) —2.605(146)
8 —-0.233 —1.049(155) —0.004(112) -5.157 —-8.85(136) —2.431(146)
9 —-0.201 —0.905(155) —0.003(112) —4.436 —7.583(136) —2.090(146)

10 —-0.175 —0.792(155) —0.003(112) —-3.864 —6.566(136) —-1.820(146)

11 -0.138 —0.630(155) —0.002(112) -3.054 —5.150(136) —1.438(146)

12 -0.125 —0.574(155) —0.002(112) -2.776 —4.685(156) —-1.307(146)

Table 5. Same as Table 3 except for global solar radiation (Zzg 1op0)-

Month DEM-Plane (MJ m™) 3D Camera-Plane (MJ m™)
ont Mean Max(ID) Min(ID) Mean Max(ID) Min(ID)
1 -0.275 —-1.374(155) —0.003(112) -11.051 -18.429(165) -3.625(104)
2 —-0.243 -1.064(155) —0.003(112) -11.914 —27.045(136) -2.684(104)
3 -0.286 -1.272(155) —0.004(112) -15.412 —-42.197(136) -8.081(159)
4 —-0.381 —-1.761(155) —0.004(112) —-15.196 —41.788(184) —6.518(146)
5 —-0.481 —2.388(155) —0.005(112) -18.209 —85.621(184) -6.722(146)
6 -0.517 —-2.430(155) —0.006(112) -18.786 -96.138(184) —5.496(104)
7 -0.506 —2.442(155) —0.006(112) -18.573 —-95.494(184) -5.512(104)
8 —-0.431 -2.105(155) —0.004(112) -17.122 -60.868(184) -6.251(146)
9 —-0.295 -1.300(155) —-0.005(112) -14.328 -31.556(136) —7.209(146)
10 -0.272 —1.236(155) —-0.003(112) -13.918 —-35.759(136) —4.273(104)
11 -0.264 —-1.226(155) —0.002(112) —-11.343 -21.246(136) -3.132(104)
12 -0.261 -1.387(155) —0.002(112) -10.779 —20.825(155) —3.740(185)
a) Annual Accumulated Solar Radiation b) Difference of Solar Radiation
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Fig. 9. Same as Fig. 8 except for annual solar radiation.
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Table 6. Summary of difference between DEM and 3D Camera and plane surface for annual accumulated direct (Zs op0),
diffuse (Zyr 1opo) and global (I 1op0) solar radiation. Mean, Max. and Min. represent average, maximum and minimum values and

ID means station id.

DEM - Plane 3D Camera - Plane
Idl; topo IdL topo ]dgjopo ]eropo IdL topo Idgimpo
Mean -35.13 -2.31 —4.26 —627.02 =51.17 —-176.70
Max. ~12626(155)  —10.45(155)  —20.07(155) -990.13(184)  -87.36(136)  —439.90(184)
Min. ~0.63(112) ~0.04(112) ~0.05(112) ~381.80(104)  —24.10(136) ~79.36(104)
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