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Abstract

Cloud amount calculation algorithm was developed using MTSAT-1R satellite data. The cloud amount is retrieved
at 5 km x 5 km over the Korean Peninsula and adjacent sea area. The algorithm consists of three steps that are cloud
detection, cloud type classification, and cloud amount calculation. At the first step, dynamic thresholds method was applied
for detecting cloud pixels. For using objective thresholds in the algorithm, sensitivity test was performed for TBB and
Albedo variation with temporal and spatial change. Detected cloud cover was classified into 3 cloud types (low-level
cloud, cirrus or uncertain cloud, and cumulonimbus type high-level cloud) in second step. Finally, cloud amount was
calculated by the integration method of the steradian angle of each cloud pixel over 3° elevation. Calculated cloud amount
was compared with measured cloud amount with eye at surface observatory for the validation. Bias, RMSE, and correlation
coefficient were 0.4, 1.8, and 0.8, respectively. Validation results indicated that calculated cloud amount was a little higher
than measured cloud amount but correlation was considerably high. Since calculated cloud amount has Skm x 5km reso-
lution over Korean Peninsula and adjacent sea area, the satellite-driven cloud amount could show the possibility which
overcomes the temporal and spatial limitation of measured cloud amount with eye at surface observatory.

Key words: Digital Forecast, Cloud Cover, Cloud Types, Cloud Amount, Dynamic Thresholds, Integration of Steradian
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Fig. 1. Flowchart for estimation of cloud amount using
MTSAT-IR data.
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Fig. 2. Sensitivity test of composite periods and thresholds for the brightness temperature and albedo over land and ocean
from Jul. 25, 2005 to Aug. 1, 2006: (a) The first figure indicate IR1 clear scene brightness temperatures (MCTbs, yellow
to blue line) and measured brightness temperature (Tb, black line) from MTSAT-1R, second figure is the difference between
MCTbs and Tb, third figure is the same as first figure but visible channel, and forth figure is the difference of MCVis from
Vis in land at daytime. (b), (c), and (d) are the same as (a) except for daytime/ocean, nighttime/land, and nighttime/ocean,
respectively.
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Fig. 3. The value of composite periods and thresholds at each channel in land for MTSAT-1R cloud detection algorithm.
Pink line (Thr. IR1): IR1 thresholds value at twilight, red line (Thr. IR1_DN): IR1 thresholds value at day and night time,
green (Thr. IR4): IR4 (SWIR) thresholds value at night time.
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Fig. 4. Flowchart for MTSAT-1R cloud detection algorithm. Cld1: low-level cloud, Cld2: high-level cloud such as cirrus,
Cld3: Cumulo-Nimbus type cloud, MCTb: maximum composite brightness temperature, MCVis: minimum composite

for visible channel albedo.



130 MTSAT-IR A7V ARE o83 ALY iba daels A

Ao F7te e BASIE ARe STEES
FABHT ol AT AL A] BEAT} B
WA BEE A0 2E ool A7 ARYE BE
Aho] $1X| 2 3E| o] Aglo] whe} uhehuis Alofzto]
SpAITHE Aol A ZtE it o AL TP o Avn
v Fig. 59} 2t} Fig. 5= m2] $jo] Qs A 78]
A Aopztak A T80 gl A HolA] He AEe
BO] Alokzt, M2 97} obd Q1% ki (78 C, D)ol
N 75 e¥ol wet wew Alokzto] 217} TS
o 5= 9lrk. o] YA A2 THE Aozl o8] 78] 2
7] @ Bk ZreAEhE BERjete) Ao met o
27 71EA S Fi walo] AeE k.

3t 2 Aol BT £ 1S AT FS T
22 32T A4S A9 Fo2 7pga Rolt
olgl AL ok 4L B e AzolA A
£ AEEE Ao|o], 2o Azl B 5L AN Ao
= 7]ejEie). siA, o] 23t 78 1w she Al o
He A A=E Woln, TEdT] teis &
# A&H 0w AAEolof 3 6ixE AU gk of
o Fig. 62 FEE T 749 H0.2 714 Tolrt.

B Aoln £ AN gueze] 54 F shue

Max Cloud Height = 10 km

U2 AREH Kol B HFE 7129 0(clean)
I(cloud)ell 4| Table 13} o] 47hA2 £5 stgirhe
Aoltt. ol 78 HRE Bas] TEY 2GR
g BRHE WAl A Ao 78 24 A of
2 558, AU, 4SS FO8 BNl £ A4S
A &3 L gmo] wret Alofzhe Ak 212ke] Al
ofzte HE37] Sigolct.

A A 2T AL RE Asto] e
ooz gguo] AEH tixDe
B GYe FES FHOT T 149 5, dE
OS2 253 kAR FAAEN, T 4T 5 kn x 5 kn
=S 7HITh ol st FAolA AT TEEA
RS o T WEZ 3T o|ige] TE cfste] 5
Zgo0] AT AL 300 % AuE 13

WE
N
e
%
o
of

Table 1. Inputs for the computation of Cloud Amounts.

Input Data Units Resolution
0
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2
3

»
>

Max Distance = 114.3 km at 10 km height

Fig. 5. Cloud amounts calculation using integration of steradian angles.

(o o e e e e | 8.0 km

2.0 km

0 km

7y

Fig. 6. Assumed cloud layer for the cloud amounts calculate algorithm.
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Fig. 7. Grid map for the digital forecast.
Table 2. Station number and name for the surface observatory.
Station Number 101 108 112 119 131 133 138
Station Chuncheon Seoul Incheon Suwon Cheongju Daejeon Pohang
Station Number 143 146 152 155 156 159 184
Station Daegu Jeonju Ulsan Masan Gwangju Busan Jeju
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Table 3. Mean, standard deviation, and correlation coefficient. GR: observed cloud amount at ground, SAT: calculated cloud

amount from MTSAT-1R.

Mean Std

Mean Std

Year Month (GR)) (GR)) (SAT.) (SAT) BIAS RMSE R
7 591 2.49 5.65 2.34 -0.26 1.28 0.87
8 6.51 2.49 6.69 2.49 0.18 1.50 0.82
2005 9 6.67 2.11 6.28 222 -0.39 1.38 0.81
10 4.29 2.82 4.09 2.70 -0.20 1.44 0.87
11 2.92 2.60 3.08 2.30 0.16 1.72 0.76
12 3.16 2.04 4.53 1.88 1.37 2.44 0.47
1 4.64 3.28 4.86 2.77 0.22 2.12 0.77
2 4.56 3.26 5.48 2.72 0.92 2.60 0.68
3 3.83 291 4.76 2.62 0.93 1.82 0.85
4 5.53 3.37 6.58 2.93 1.05 2.14 0.83
5 5.66 3.16 6.59 2.82 0.92 1.90 0.85
2006 6 5.95 2.73 7.18 1.93 1.22 2.04 0.81
7 8.31 1.74 8.04 1.63 -0.27 1.16 0.78
8 5.19 2.34 5.57 2.36 0.38 1.70 0.75
9 5.47 3.09 5.10 3.00 -0.37 1.41 0.90
10 3.42 2.74 3.73 2.80 0.31 1.51 0.86
11 4.69 2.76 4.89 2.57 0.20 1.72 0.80
12 3.98 2.70 4.53 2.33 0.55 2.18 0.66
Table 4. Number and percent accuracy on sky condition in digital forecast.
Cloud Amount from MTSAT-1R satellite
Clear Scatter Broken Overcast Total
(%) (%) (%) (%) (%)
Clear 3594 (15.46) 1729 (7.44) 843 (3.63) 1077 (4.63) 7243 (31.15)
fcrl)"mu‘isﬁrfg‘;‘;m Scatter 1299 (5.59) 1094 (4.70) 816 (3.51) 1231 (5.29) 4440 (19.09)
Broken 932 (4.01) 958 (4.12) 979 (4.21) 2101 (9.04) 4970 (21.37)
Overcast 425 (1.83) 849 (3.65) 995 (4.28) 4332 (18.63) 6601 (28.39)
Total 6250 (26.88) 4630 (19.91) 3633 (15.62) 8741 (37.59) 23254 (100)
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