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Abstract The characteristics of solar resources in South Korea were analyzed by comparing
the solar irradiance derived from COMS (Communication, Ocean and Meteorological Satellite)
with in-situ ground observation data (Pyranometer). Satellite-derived solar irradiance and in-situ
observation showed general coincidence with correlation coefficient higher than 0.9, but the sat-
ellite observations tended to overestimate the radiation amount compared to the ground observa-
tions. Analysis of hourly and monthly irradiance showed that relatively large discrepancies
between the satellite and ground observations exist after sunrise and during July~August period
which were mainly attributed to uncertainties in the satellite retrieval such as large atmospheric
optical thickness and cloud amount. But differences between the two observations did not show
distinct diurnal or seasonal cycles. Analysis of regional characteristics of solar irradiance showed
that differences between satellite and in-situ observations are relatively large in metrocity such
as Seoul and coastal regions due to air pollution and sea salt aerosols which act to increase the
uncertainty in the satellite retrieval. It was concluded that the satellite irradiance data can be
used for assessment and prediction of solar energy resources overcoming the limitation of
ground observations, although it still has various sources of uncertainty.
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Fig. 1. Distribution of the 24 solar monitoring stations and their classification according to latitude. Section I, II and III include
10 (Bukchuncheon (93), Chuncheon (101), Bukgangneung (104), Gangneung (105), Daegwallyeong (100), Seoul (108),
Incheon (112), Wonju (114), Suwon (119), and Seosan (129)), 9 (Hongseong (177), Cheongju (131), Daejeon (133),
Chupungnyeong (135), Andong (136), Daegu (143), Jeonju (146), Gwangju (156), and Changwon (155)) and 5 (Mokpo (165),
Yeosu (168), Heuksando (169), Jeju (181), and Gosan (185)) stations, respectively.
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Table 1. Location and elevation of meteorological stations.

Station number Station name Longitude (°E) Latitude (°N) Elevation (m)

93 Bukchuncheon 127.75 37.95 95.61
100 Daegwallyeong 128.72 37.68 772.57
101 Chuncheon 127.74 37.90 76.47
104 Bukgangneung 128.86 37.80 78.90
105 Gangneung 128.89 37.75 26.04
108 Seoul 126.97 37.57 85.67
112 Incheon 126.62 37.48 68.99
114 Wonju 127.95 37.34 148.60
119 Suwon 126.99 37.27 34.84
129 Seosan 126.49 36.78 2891
131 Cheongju 127.44 36.64 58.70
133 Daejeon 127.37 36.37 68.94
135 Chupungnyeong 127.99 36.22 243.70
136 Andong 128.71 36.57 140.10
143 Daegu 128.65 35.88 53.50
146 Jeonju 127.12 35.84 61.40
155 Changwon 128.57 35.17 37.60
156 Gwangju 126.89 35.17 72.38
165 Mokpo 126.38 34.82 38.00
168 Yeosu 127.74 34.74 64.64
169 Heuksando 125.45 34.69 76.49
177 Hongseong 126.69 36.66 25.60
184 Jeju 126.53 33.51 20.45
185 Gosan 126.16 33.29 71.47
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Table 2. Daily total solar irradiance calculated from GHI and INS at each ground observation station, and its categorical
frequency.

Mean irradiance Frequency [%]

[MJ m?]
Station - -
Low Intermediate High
number Total (<10 MJ m™) (10~20 MJ m™2) (20 MJ m)
GHI INS GHI INS GHI INS GHI INS
93 14.01 14.45 30.21 32.48 48.04 42.60 21.75 24.92
101 13.59 14.78 33.47 29.61 44.90 44,77 21.63 25.62
104 13.54 14.37 37.90 32.92 38.04 41.36 24.07 25.73
105 14.81 14.35 28.93 33.06 43.11 41.05 27.96 25.90
100 14.12 14.06 31.27 35.40 44.08 39.81 24.66 24.79
108 12.84 14.76 42.21 28.28 38.62 47.59 19.17 24.14
112 12.54 15.51 44.49 26.86 37.05 43.80 18.46 29.34
114 14.29 14.64 30.14 28.61 45.28 45.83 24.58 25.56
119 12.45 15.01 41.32 28.10 43.11 45.32 15.56 26.58
129 12.33 15.39 41.05 27.82 45.18 42.84 13.77 29.34
177 14.56 14.98 29.32 27.94 45.23 45.64 25.45 26.42
131 14.01 14.95 32.55 28.97 44.14 43.59 23.31 2745
136 15.06 15.08 28.14 25.79 44.14 46.62 27.72 27.59
133 15.63 15.00 29.75 26.58 37.47 47.38 32.78 26.03
135 14.55 14.70 29.48 29.34 43.53 45.59 27.00 25.07
143 14.64 15.09 27.96 25.76 46.28 46.83 25.76 27.41
146 15.24 14.77 27.69 27.69 43.39 47.11 28.93 25.21
156 15.21 14.65 26.10 27.21 44.89 48.20 29.01 24.59
155 16.04 15.31 21.63 22.73 45.18 48.62 33.20 28.65
165 12.86 15.26 40.50 28.37 42.15 41.32 17.36 30.30
168 12.30 1547 42.43 24.74 41.83 46.18 15.74 29.09
169 14.13 14.83 35.12 33.06 40.22 38.57 24.66 28.37
184 13.91 14.69 37.33 34.99 33.75 35.67 28.93 29.34
185 10.86 14.92 50.55 34.99 39.94 34.57 9.50 30.44
Avg. 13.90 14.88 34.15 29.22 42.48 43.79 23.37 26.99
. A GAF A5 ALE BS5o] FAO T olm Z¥zt 2(5), (6), (1) 2t
= 1670 AA F 20161d 8EHE] 20189 7E7HA] & " _ _
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B, BE, e ] el A ok ARE A&
Lo wE INS’] SRR O}‘EHQJ A1) ~ () ©l RMSE = ,12;’:1(& _ Oi)2 )
&3t EA 5kt n
A 4=(correlation coefficient, Ry= 2](1)3 23
GHIOl| thgh INSe] Al o] J s veRitt. RMSE MBE— TS - 0) 3)
(Root Mean Square Error):= 24](2)& AAt=EH, 74
H #ASFe AelE S4sk=dl AMEETE MBE MAEf S2IS- 0) )
(Mean Bias Error)&= %‘& Qxke] =714 (3)], MAE
(Mean Absolute Error)= F4 3t #Z3E =lole] 4
E_Hi] [é} (4)]% SL]U] ’E?_h:]— I'RMSE I'MBE I'MAE‘:—‘ ‘?’l’ tRMSE = _Z;” 1( ) x 100 (5)
= Aol tigk e &4e] A71E WEEE YERd A
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Fig. 2. Frequency distributions of the daily solar irradiance over the 3 latitude sections derived from GHI (left) and INS (right).
Upper, middle and bottom panels indicate latitude section I, II and III, respectively.
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Table 3. Annual and seasonal mean hourly solar irradiance, error, and accuracy statistics between the GHI and INS averaged

over 24 ground observation stations.

Mean irradiance

W mfz] RMSE

rRMSE

MAE rMAE MBE rMBE

-2 ) -2 ) -2 0 R

GHI NS [Wm™] [%0] [Wm™] [%0] [Wm™] [%0]
Total 385.79 413.77 98.73 25.59 73.47 19.05 27.98 7.25 0.93
Spring 463.35 490.60 102.71 22.17 77.59 16.74 27.25 5.88 0.93
Summer 467.16 505.22 118.06 25.27 89.72 19.20 38.05 8.15 091
Fall 308.62 337.98 89.35 28.95 66.49 21.54 29.36 9.51 0.92
Winter 284.22 299.68 76.43 26.89 57.30 20.16 15.46 5.44 0.91

Table 4. Annual mean hourly solar irradiance, error, and accuracy statistics between the GHI and INS for each ground

observation station.

Mean irradiance

W m] RMSE

Station

rRMSE

MAE rMAE MBE rMBE

-2 ) -2 o -2 ) R
number GHI NS [Wm™] [%] [Wm™] [%] [Wm™] [%]

93 391.23 405.29 83.62 21.37 60.74 15.53 14.05 3.59 0.94
101 378.02 412.80 85.93 22.73 62.41 16.51 34.78 9.20 0.95
104 391.21 410.72 88.89 22.72 66.36 16.96 19.51 4.99 0.95
105 414.49 402.54 91.52 22.08 68.04 16.41 -11.95 -2.88 0.95
100 393.62 393.38 96.73 24.58 68.70 17.45 -0.25 —-0.06 0.92
108 354.93 411.31 99.69 28.09 76.19 21.47 56.39 15.89 0.94
112 337.45 418.35 119.00 35.26 92.97 27.55 80.91 23.98 0.93
114 402.30 408.84 87.54 21.76 63.90 15.88 6.54 1.62 0.94
119 344.64 417.63 106.38 30.87 84.90 24.63 73.00 21.18 0.94
129 331.85 413.22 133.21 40.14 103.40 31.16 81.37 24.52 0.90
177 395.51 402.85 91.91 23.24 66.76 16.88 7.34 1.86 0.94
131 387.37 41543 85.09 21.97 62.63 16.17 28.06 7.24 0.94
136 418.61 420.69 83.28 19.89 61.07 14.59 2.08 0.50 0.95
133 431.95 416.96 106.60 24.68 82.44 19.08 —-14.99 -3.47 0.93
135 403.39 408.59 80.15 19.87 59.06 14.64 5.20 1.29 0.95
143 408.71 421.62 75.33 18.43 55.68 13.62 12.92 3.16 0.96
146 408.64 395.80 93.15 22.79 68.63 16.79 -12.84 -3.14 0.94
156 404.68 391.55 93.00 22.98 67.48 16.68 -13.13 -3.24 0.94
155 440.64 425.09 81.23 18.43 61.26 13.90 —-15.55 -3.53 0.96
165 343.12 407.31 104.82 30.55 79.50 23.17 64.20 18.71 0.94
168 345.32 430.75 115.60 33.48 95.69 27.71 85.43 24.74 0.95
169 377.73 394.64 92.47 24.48 68.97 18.26 16.91 4.48 0.94
184 371.94 392.03 77.72 20.90 59.03 15.87 20.09 5.40 0.96
185 293.07 398.81 142.86 48.74 112.71 38.46 105.74 36.08 0.93

<1 1300 LSTo S4%ke] AiAl= 23 7+ A/
7o) zol= zo} rRMSEE 19.8% (RMSE = 108.53
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Fig. 4. Hourly variations of mean solar irradiance derived from (a) GHI and (b) INS. Hourly variations of (¢) rRMSE and (d)

rMBE at 24 ground observation sites.
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Table 5. Error statistics of hourly solar irradiance according to cloud amount (CA) categories.

RMSE rRMSE
[Wm™] [%]

MAE
[Wm™]

rMAE MBE rMBE
[%] [Wm™] [%]

Frequency
of samples

94.79 24.21
82.57 16.24
106.50 22.23
95.35 42.76

71.02
63.80
81.21
69.60

Total

Clear (0 <CA<2)
Mid 3 <CA<7)
Cloudy (CA > 8)

18.14 23.84 6.09
12.55 23.37 4.60
16.95 7.16 1.50
31.22 36.92 16.56

0.93
0.95
0.89
0.87

95.16
31.60
27.43
36.12

109704 & Fo7 744dh= AS 1Btk rRMSE
= 390l HA7E 18.57% (RMSE=79.53 W m™),
10l A7 28.59% (RMSE =88.64 W m)= T}
2 AA ¥ eAbe] HEEo] AA] &) I 119
== ol A" 25 29 rRMSEZ} 30% oWl =
2 goof valA Sk ol#EE (133), ZF(146), F
F(156), FA(155) AHL HAAhFAHse do] Bo}
MBE7} ¢F 3% 2 YEePdti(Fig. 5d).
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(RMSE=82.75 W m)E A 2}ol| vl F 8% &
T ZAy, ABASFE 0952 7P A v 38 A
o= rRMSE7} 42.76%%Z 32 73-%-oll vlal 2F 27%
AL =3, ARASTE 0872 714 9t &, 58 7
S0 9o AEEE INSO AHEwr) we tiE)
°F 30% BT RolA =t 914 oH|AE o] && &
5 2 Y= 2 AN B EE A7F 93
A E oz Belr}

Figure 72 7z} A H¥ AA|, 5k, o5 d, &9
)3 INS] rRMSES} rMBE E¥o|t}. FEA A
S d9 I, F3 AL 9o 11, &
9 el sgstes A Qo e A

o

M1

r



o) 5% - 23 7

71800 ]100 71800 ]100
©Obs eSat x rRMSE Freq (Q) o Obs eSat X rRMSE Freq. (b)
25F Iso 25F Iso
=600 e o =600
Sk e $88¢ o, £ g 2f ® 3 E
T *e g 2108 % 2 198
£ 15F LR 400 & 5 £ 15F -400 8 z
g N S o % g g o %
1= 12 1= 12
sk ] sk ]
0 0 Jo 0 0 Jo
0 1 2 3 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10
Cloud Amount Cloud Amount
16 16
14 () 14 - (d)
12 — 12
B & 10 - .
Z 10 spring 5» spring
g 8] ssummer § 8 - =summer
g 6 = fall % 6 | “fall
2 " winter & =winter
=
4 4
2 21
0 0- ]
Clear Mid Cloudy Clear Mid Cloudy

Fig. 8. (Upper) Distributions of mean GHI (<), INS (@), rRMSE(line), and frequency of occurrence for each cloud amount
category at (a) Daejeon (133) and (b) Jeju (184). (Lower) Seasonal frequency distribution of 3 cloud amount categories at (c)
Daejeon (133) and (d) Jeju (184).

A5, 38 AeE B AULAE Holn AW of F]X] ¢kt oftsd Afe F AY EF 45
Ql 9xfe] A H|szaitt I [ = HeolAY of WMANIETL 7P =4, 7HE, w1, A To=E )
ks EY wf AH(112)9] rRMSEZ}F 7 A3 44 S8 BXE HoXY 53 ASE F A A
(119), A12(108), H745(104) =22 oA T & Hlzo] Bx7t AJolsiy Antd oz Ao 59
Y "= B272E0104)9 RMSEZ} 7H Atk 99 A E7F A vls] @R o gAe IXA &
Mol A B3k ko] 49 tMBE= &9 #ol & & 2 Avle] JFoz 57 97t JEH A8t

Asel INS7H a3 5 Aol wE 3 AW, AT e8ld b2l b Fol olee 54

SFge 99 el sigeks SAEs AT o] HUEAge] 2 9 A Ao AR

RMSEE £ %30l wje} o] 1o} vlsaisl, (MBE b0z s3e) 29 4w Aol Bad Ao

o Aughe Be3 RIsYe 4% 99 matk & = #usw, $F g4 g A Bt
al

AW 5Ye A9 = QA E AL, UM, F S0 EAS AEHATL oS ol fe T8 744

A, BX AHL AL 107] AHe] MBEE HA|,  ALvb AEEod dalge Aeter) g How

9e, AEYe] A BF 10% odlelth AgEh 2o s Ao 7 Qe BEo
WEF 3ot AQS qHEsls qAdF A3 Fe] 2 Faelr] wie ZaAe Hute] e 97t A

LF F7hE A=l 7 23 INS9 _S)_i]-(Flgs 2 7¥sAo] Eo} =% HepAol ok Bz =3

8a, b) & 7} A|-e] 3 WFEHE AW = (Figs. Sc, 914 7uk Balere] A8 BAo] & TEITHSutter et

OE BAAT T AW BE we 23K0-2)d 4 al, 2004).

© Ao P7} 20% W9lo| At g2Fo] Z7}ele] u}

o AU S50l ol 102 Aol of 4 90t 3 A=

60% 2tk e B -0 EARIET} 5o

Vg 'L AL, 7HE, o £oR O NET) Yol B el 7oA 20164 SUEE 2018 79717 A

TOR HE e oF 9ol AEEE FHEeAEHINS)S A4

o AFE =, A5, 7k, A
A&

MANIESL ol R, B3] AL T NIEsL 4% % AAP] AR(GHDSE viste] By 71 gAke] 5

Atmosphere, Vol. 30, No. 1. (2020)



72 7187 At 91 AsE 283

B LA F4E FAskaih 914 71vke] INS= o
A= GHIC sl AthF4 == dFE 2olH, A A
A Wt RMSEE 25.59%°1th. A A1 W 2178
AR Sl mel INSTE eddlle A, @
Folle FaFAYste A Holed ole 4%
AgeN AtEEe AR AZE sd=sE @2 INS
& A &9 ARE st ASeiecls 2
Stal sl dAshA] w9l7] wiitelwh Az
L&A= 1300 LSTel| 7Hd 2z, 0800 LSTel 718 =L
UE A2 T AU FAE ) B v
71} e Bl welelA walske B2 71719
7z 9t g3koz AvrEch A XA Hg 99
BAF WEAT 3ke 680l 9 Halro] Ay
ol 7, 89l riel YFI9o) JFo = PadA|

=)

W oxke o3l F/lth A Ao T8
WAge] B ofF v He dol We o 7b4
2k,

72 AR %, A7, 98 BE B oF

TEE AR, g 5‘;% vpetstiet. g
A7F 2 AFL ALk, Ak £
Mg = Oi f—r%’:u?—oh
SollM
A7} UrE‘r"L‘:P

NG AAE ZIW AT, B /1719 FHE 5

Fat £olo] oI Ao WAk JhH O ObF,
¥, o7, 39 AHo]l T3 99 e Aw
O oAt vtk thire] AFelM INSTF LA

ks
= 7—’]6‘]:0] ;q o} Oj]_
#%, A4, 0%# 53,
i,\].ak_,/].
Ab%i aﬂr 49 1, = 6-é°ﬂ Hof &
T gut 9 590 gFgow 7 gl 7+
= Holx|g Jajietat AlF =S X3
= 112 4-897HA] =& %4%?01 A& E ATt o]
= g F24 &
% }7} TE %ﬂ%ﬂ I, II«] EH“EAW A
7l Ao ATdHTE & 24 Al YEQ
A5 &9 HlErt AISHANE skl A
=1 H=7F A8kt 59 739 ¥
Z7vst7]
=] )b 5 714 o] 99 1, 11, 119
G Bl 9 HEAd Lo FEFS F AoE

e <
M
B

o r

Oll

S LA7E °F 30%

E

e}

=

i, QAL A% 3= GHI ABwd] o
= 7% AU Ao A dAF A=
g < HH” #5 ghle] 47149 A
T, AR FAATS AAlsfoF &
sl wE VIEE BAS A ¢FoH A

k)

PN

N

S=H71248ts gl 7] A307 15 (2020)

o

= .
A AdEEe AGHES] %ﬂiﬁ Ade *

qu%—roﬂ o

O
02 ¢

Az, B EAE

2FAEE F13 Y BALE oS5 /‘]'49“37]5
Stch(Lorenz et al., 2004; Perez et al., 2010). ¥ A+
 Alzke] Aol met Wstsle ZV‘]'O]*V“ o] =
Hstol] e EgddS RS 13 HI QA
e F43 Aol dARE HolUARE e}t F
2 AAAE A8 At f1elAM dEEE ]
7F ARE ARt dteol] 2 te 247 BE A
=R %A}‘j’ok X 543 2 Ag=s A5 Al
oJol7} k. & FA43] AL e s dEl AR
Eofel A -r]"é 718k BEAlES 2-8-35 ﬂ%ob’l’ 71747
H A B oS A

d‘l&rg’ﬂ&ﬁrﬁiiﬁ{ﬂ_&
:(l)L_v‘
X
Ir
o
>
=
i)
s
FH
il
o
oo

o] AFE 7Y =Y 4FEY T A 7)AF
71708 (1365003004)2] A Qo2 A5t

REFERENCES

Ayash, T., S. Gong, and C. Q. Jia, 2008: Direct and indi-
rect shortwave radiative effects of sea salt aerosols. J.
Climate, 21, 3207-3220.

Baek, J., K. Byun, D. Kim, and M. Choi, 2013: Assess-
ment of solar insolation from COMS: Sulma and
Cheongmi watersheds. Korean J. Remote Sens., 29,
137-149 (in Korean with English abstract).

Cristobal, J., and M. C. Anderson, 2013: Validation of a
Meteosat Second Generation solar radiation dataset
over the northeastern Iberian Peninsula. Hydrol.
Earth Syst. Sci., 17, 163-175, doi:10.5194/hess-17-
163-2013.

Foltescu, V. L., S. C. Pryor, and C. Bennet, 2005: Sea salt
generation, dispersion and removal on the regional
scale. Atmos. Environ., 39, 2123-2133.

Gueymard, C. A., and D. R. Myers, 2008: Solar Radiation
Measurement: Progress in Radiometry for Improved
Modeling. In V. Badescu, Ed., Modeling Solar Radia-



0145 -

tion at the Earth Surface. Springer, 1-27.

Jee, J. B., Y. D. Kim, W. H. Lee, and K. T. Lee, 2010:
Temporal and spatial distributions of solar radiation
with surface pyranometer data in South Korea. J. Kor:
Earth Sci. Soc., 31, 720-737 (in Korean with English
abstract).

Kariuki, B. W,, and T. Sato, 2018: Interannual and spatial
variability of solar radiation energy potential in Kenya
using Meteosat satellite. Renew. Energy, 116, 88-96,
doi:10.1016/j.renene.2017.09.069.

Kawai, Y., and H., Kawamura, 2005: Validation and improve-
ment of satellite-derived surface solar radiation over
the Northwestern Pacific Ocean. J. Oceanogr., 61,
79-89.

Kawamura, H., S. Tanahashi, and T. Takahashi, 1998: Esti-
mation of insolation over the Pacific Ocean off the
Sanriku Coast. J. Oceanogr., 54, 457-464.

Kim, C. K., H.-G. Kim, Y.-H. Kang, C.-Y. Yun, and S.-N.
Lee, 2016: Evaluation of global horizontal irradiance
derived from CLAVR-x model and COMS imagery
over the Korean Peninsula. New and Renewable Energy,
12, 13-20.

KMA/NMSC, 2012: INS: Insolation Algorithm Theoreti-
cal Basis Document (INS-v5.0). NMSC/SCI/ATBD/
INS, Issue 1, rev. 0, 1-33 (in Korean).

Lorenz, E., A. Hammer, and D. Heinemann, 2004: Short
term forecasting of solar radiation based on satellite
data. EUROSUN2004 (ISES Europe Solar Congress),
Freiburg, Germany, § pp.

Mazorra Aguiar, L., B. Pereira, P. Lauret, F. Diaz, and M.
David, 2016: Combining solar irradiance measure-
ments, satellite-derived data and a numerical weather
prediction model to improve intra-day solar forecast-
ing. Renew. Energy, 97, 599-610, doi:10.1016/j.renene.
2016.06.018.

Nottrott, A., and J. Kleissi, 2010: Validation of the NSRDB-
SUNY global horizontal irradiance in California. Sol.
Energy, 84, 1816-1827, doi:10.1016/j.solener.2010.

[}

s

o

73

07.006.

Otkin, J. A., M. C. Anderson, J. R. Mecikalski, and G. R.
Diak, 2005: Validation of GOES-based insolation
estimates using data from the U.S. Climate Refer-
ence Network. J. Hydrometeor., 6, 460-475.

Osinowo, A. A., E. C. Okogbue, S. B. Ogungbenro, and O.
Fashanu, 2015: Analysis of global solar irradiance
over climatic zones in Nigeria for solar energy appli-
cations. J. Sol. Energy, 9, 819307, doi:10.1155/2015/
819307.

Perez, R., S. Kivalov, J. Schlemmer, K. Hemker Jr., D.
Renné, and T. E. Hoff, 2010: Validation of short and
medium term operational solar radiation forecasts in
the US. Sol. Energy, 84, 2161-2172, doi:10.1016/
j-solener.2010.08.014.

Pidwirny, M., 2006: Fundamentals of Physical Geogra-
phy, 2nd edition. University of British Columbia,
Okanagan [Available online at http://www.physical-
geography.net/fundamentals/6i.html].

Sutter, M., B. Diirr, and R. Philipona, 2004: Comparison of
two radiation algorithms for surface-based cloud-free
sky detection. J. Geophys. Res., 109, D17202, doi:
10.1029/2004JD004582.

Thomas, C., E. Wey, P. Blanc, and L. Wald, 2016: Valida-
tion of three satellite-derived databases of surface
solar radiation using measurements performed at 42
stations in Brazil. Adv. Sci. Res., 13, 81-86, doi:10.
5194/asr-13-81-2016.

Yeom, J.-M., K.-S. Han, C.-S. Lee, and D.-Y. Kim, 2008:
An improved validation technique for the temporal
discrepancy when estimated solar surface insolation
compare with ground-based pyranometer: MTSAT-
1R data use. Korean J. Remote Sens., 24, 605-612 (in
Korean with English abstract).

S , and J.-J. Kim, 2012: Evaluation on pene-

tration rate of cloud for incoming solar radiation
using geostationary satellite data. Asia-Pac. J. Atmos.
Sci., 48, 115-123, doi:10.1007/s13143-012-0011-9.

Atmosphere, Vol. 30, No. 1. (2020)



	기상청 천리안 위성 자료를 활용한 태양광 기상자원 특성 및 오차 분석
	Abstract
	1. 서론
	2. 자료 및 분석 방법
	3. 결과
	4. 요약 및 결론
	REFERENCES


