Korean Journal of Remote Sensing, Vol.23, No.2, 2007, pp.71~87

*
MODIS 78 ME82 o8¢ Fstid T 18 B4 &M
Fredr. Aot . é:rL«] o] F&* - o THER”
AR |9, AN 18

Analysis of Cloud Properties Related to Yeongdong Heavy
Snow Using the MODIS Cloud Product
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Abstract : In this study, 14 heavy snow events in Yeongdong area which are local phenomena are
analyzed using MODIS cloud products provided from NASA/GSFC. The clouds of Yeongdong area at
observed at specific time by MODIS are classified into A, B, C Types, based on the characteristic of
cloud properties: cloud top temperature, cloud optical thickness, Effective Particle Radius, and Cloud
Particle Phase. The analysis of relations between cloud properties and precipitation amount for each
cloud type show that there are statistically significant correlations between Cloud Optical Thickness and
precipitation amount for both A and B type and also significant correlation is found between Cloud Top
Temperature and precipitation amount for A type. However, for C type there is not any significant
correlations between cloud properties and precipitation amount. A-type clouds are mainly lower stratus
clouds with small-size droplet, which may be formed under the low level cold advection derived
synoptically in the East sea. B-type clouds are developed cumuliform clouds, which are closely related
to the low pressure center developing over the East sea. On the other hand, C-type clouds are likely
multi-layer clouds, which make satellite observation difficult due to covering of high clouds over low
level clouds directly related with Yeongdong heavy snow. It is, therefore, concluded that MODIS cloud
products may be useful except the multi-layer clouds for understanding the mechanism of heavy snow
and estimating the precipitation amount from satellite data in the case of Yeongdong heavy snow.

Key Words : MODIS, Cloud Top Temperature, Cloud Optical Thickness, precipitation amount,
Yeongdong heavy snow.
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Table 1. Heavy snowfall events used in this study.

MODIS Event precipitation amount
Events (LLST) Obs. (LST) Gangneung Daegwallyeong ‘Wonju
Rain (mm) | Snow (cm) | Rain (mm) | Snow (cm) | Rain (mm) | Snow (cm)

2001.02.06.03 ~ 24 1120 228 2.1 4.2 55 0.0 0.0
2001.02.23.09 ~ 24 1200 286 2.8 504 46.5 7.5 43
2002.12.05.09 ~ 24 1405 175 0.0 6.1 24 0.0 0.0
2002.12.07.06 ~ 24 1040 230 0.2 290 300 0.2 0.0
2002. 12.08.03 ~ 24 1120 30.2 9.2 452 489 75 32
2002.12.22.03 ~ 15 1135 7.0 0.0 4.1 5.8 0.0 0.0
2002.12.25.03~ 18 1340 18.8 180 187 257 23 2.8
2003.01.14.09 ~ 21 1315 26.5 36.8 10.5 185 0.0 0.0
2003.01.23.06 ~ 21 1135 13.8 132 17.6 232 02 0.0
2003.02.22.03 ~24 1145 410 0.0 370 40.5 28.0 0.0
2004.02.22.03 ~24 1250 8.5 0.0 102 1.1 19.0 0.0
2005.01.16.03 ~ 15 1105 24 20.3 370 371 0.0 0.0
2005.02.16.03 ~ 24 1200 515 29 48.7 375 13.0 09
2005.03.04.03 ~ 24 1200,

2005. 03. 05. 00 ~ 21 1340 385 59.0 55.0 794 2.0 2.8
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Table 2. Cloud properties {cloud top temperature (°C), cloud optical thickness, cloud particle effective radius (um), and cloud particle

phase) of each event.

Type Event CTT CcoT Ie CP Remark
2001.02. 06 low CTT YD >40 small size (5~10 ym) water
2002.12.05 | highCTT YD >40 medium size (20~30 im) ice & water cirrus pass
2002.12.22 low CTT YD >40 small size (5~20 um) ice cirrus pass
A | 2003.01.14 | lowCTT YD>15 medium size (20~30 pm) mixed & uncertain
2003.01.23 low CTT YD >40 small size (5~15 pm) water & uncertain
2005.02. 16 low CTT YD >40 small size (5~15 um) water
2002.12.08 | highCTT YD >40 medium size (YD; 20~35 (m) water cirrus pass
B 2005.01.16 | high CTT YD > 40 medium size (YD; 25~35 ym) ice (GW)
2005.03.04 | highCTT YD >40 medium size (20~35 pim) ice
2001.02.23 | highCTT YD>45 medium size (20~35 ym) ice
2002.12.07 | highCTT YD >45 ; medium size (20~35 ym) water & uncertain
C | 2003.02.22 | highCTT YD>15 | medium size (15~30 ym) mixed & water
2004.02.22 | high CTT YD > 45 medium size (25~35 (m) ice
2002.12.25 | high CTT Scattered Complicated mixed & uncertain Unclassified

*YD : Yeong-dong region, GW : Gangwon region
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Fig. 1. Distribution of the (a) cloud top temperature (°C), (b) cloud optical thickness, (c) cloud effective particle radius (um), and
(d) cloud particle phase for 1120 LST 6 Feb. 2001 from MODIS cloud product.
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Table 3. Cloud properties (cloud top temperature ("C), cloud optical thickness, cloud particle effective radius (um), and cloud particle

phase}) of each type except for events with cirrus cloud.

Type CIT(C) COT Te () CP
A low cloud top (-15 ~ -5°C) YD > 40 small size (5~10 ym) water
B high cloud top (GW < -40°C) YD > 40 medium size (YD; 20~35 umy) ice
C high cloud top (GW < -40°C) GW>40 medium size (YD; 20~35 um) ice

* YD : Yeong-dong region, GW : Gangwon region

Aejol WA HAA ekt 542 g @7 4
£ A 95 B Al ellE BTt CB 7
¢ Aol TR 75 Sl e sk

4, 72 2% 734 W

S Algel Y 20| Bska doshy &
A el 4&741% AujE7] 9Jste] MODIS +&
AR 218 % CTT9F COTE XY 743 A7t v

%;L%LH,] SEEEZ I3 75
712k é@f& HAS 7H A O R W] ufgoirh, wheti]

TE9] 715 A& 4 Qe CTTY & 74 8 ¥&
Lrebll= COTE AME3HETh MODIS ARE 4+ 9

He 4 A|zto] E3slis A¥4a(snap shot) AHEO]
ohA] 28l MODIS 75 A ER ZodS 745t
%% MODIS &4 2@ ¢ 43 i &
A ARE A RAE Arolh mhehA o]
T Az vliE JsiAe AT Bt At Ut
Al Yebstths 7Hgo] Fasith 2l vae] ARS-E

LE e ARs 9% o] WAsk: &¢t Terra
9 Aqua 4ol At G Aurbe Azt 7 7t

7he AZh] BAIZE A FY4eeg AR ol

75 A=t 7 #EMPJ TAA EoA] Ho] &
st Abl A Aedidat A A7) ofE R
A B4olA A 6}%‘1@. B3 E 44 &
A BEOoR FE A7 o3 3 Alell BAA
A Aejatgct, o3t B2 AQlst 5 544 vt
gog Bad fyHs 2439 E59 AllE A
B, C¥ 27t 371, 27K, 470l A RA oA AMg-
H A = PHo|HE AR AMH A8 =
7IEH o= A B, CF 42 2770, 187Y, 367Helct, 1
2iut B9 g At Alei71700] 290l e e &

F

AR T 4 ZolA

Az0) wiyetel A4 AH3E

AR e 23700IH Fig. 4= AR Aol disted CTT

of ey

o), AUASE 05302 o0z
£ usie TS CTTIN 252 Aol et
£ g Yehdh, o] 28] 20 717t 248 4
o] myrhs ojujo|t), COT Ea Z4aa 2 4

)

10

Precipitation (mm/3hr)

Precipitation (mm/3hr})
o

A O 0.0
7(}‘"“%):\_ =

ae)3 COTS A4 Tte) BALE ekl

Aol 492l 2% Cr1 39 AnuAE

= 1%°) sigst

HHAE 2old, 0.50(%-9) =& 199 AdAsE B
(a) y=-037x—1388%
R=-053
[ ]
e 0
Cloud top temperature (°C)
(b) »=0.09x-0.03
R=05

Cloud optical thickness

Fig. 4. Relationship between (a) observed precipitation
(mm/3hr) and cloud top temperature ('C) and (b) cloud

—80-

optical thickness for A type.



Analysis of Cloud Properties Related to Yeongdong Heavy Snow Using the MODIS Cloud Product

Ak, olet A= FEW] R0l HErE A
o] wrie Ag uiddch wakx AY Alele] B9
CTT9} COTRRE Zref 240] 7HsT Ao A7)
gk

B 9| Z4¢-= 270 ARglol™, CTTS} 7ol
3 BACA dBALT -0.3022 S T
Holz| elokort COTSh 7Zhrae 9 A
ol ATAL7} 0,542 1% 9 42
et FARE RYrHFig. 5). 1AL CTTZRE
FE e oy, COTEREHE 4% &

o~

o
2o =]
i

4 m2 Hoal

)

oN

o

= o] Yrhs AS et E3 COT<
Zreeake] RS Ashy| fiaiAle 50l ddS
(o]

r

2E PoTe 21 oj@iSu, CoTY 49 %

(@) V= 0074022
R=-030

Precipitation (mm/3hr)
[«.]
L ]

-60 -50 -40 -30 -20 -10 0

Cloud top temperature (°C)

(b) y=0.12x+0.37
R=054
[ ]

Precipitation (mm/3hr)

Cloud optical thickness

Fig. 5. Same as Fig. 4 except for B type.

i
i)
ot
2
N
O
o,
©
ok
r T
H1
i
ofm
i)
of
ot
1)
>
of
—r
)
18
2
N
Op
+

»
=
¢
(@33
i)
»)
@]
=
¢
Ne)
o
re
Ap-
2
-0,
>
to
of2
oX
=2
>
@)

o] 75, MODIS #& A|Zt Rof| & +50| &
Z Ao A PA o] §H2F o]Fdl= g B
th & CH2 MEA olF 3| o= eI BHo
£ 4 Qlok E3F o] 152 COT7H 2 AT

& FEol}, 2y Ag BY 7EL iR E
AEE gAElo] AFRY FO7 olF3 Bolee
Solct, uhbA] o] 728 MODISOIA gAlg 7

S AN FE dovle 1T FYe AR

f
=

4n 3o 1r 0

kd

ol
o

4 2 H Qo ook

(@ 3 =-002x+263

R--011
10 -
= L)
5 o
& .
£ °* ® P
~ [ ] [ ] Y
5 8 ]
el ° % e
e . .
o 47
o L4 [}
. .
2 e
.
. .
o0 Oy
0 +— ——o— T - T |
-60 -50 -40 -30 -20 -10 0
Cloud top temperature (°C)
12 -
(b) 1=0001x+357
R=0.00
10 1
= °
g o
[ L ]
£ o L] b
= oo ° .
§ s .
8 Py
s ° .
o 4 %
o w [ ]
. .
2 . . .
.
. °
> L4 o o
0 +—eo—o —e

[ 20 40 60 80 100 120
Cloud optical thickness

Fig. 6. Same as Fig. 4 except for C type.

_81-



Korean Journal of Remote Sensing, Vol.23, No.2, 2007

NAY 5 Stk Z 75 AT A WA A of A 107 Ao dhstel (§%-go] Sakss A
S Euin B 4 ol WE R AP AT A9) 20 TR 54 Asluei) 2 54
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< Zgroln, o] 79 MODIS7} #&38le= 52 A A FEAY i FETY AR AwEgdT
G FEY CE OS TR FLE U £ UG 5 ol AW SN 432 7 1LE A e
MODIS #& g+ Yetlide govl= 780l oY A BEE AT A A AR, WA AR
o7 9ol BESR 45 B ABo] G A0 ol 4% uiRy BAL Sistel 529 drl ez AR
2 AE o]Hat A% CTTS COTREE 7Z4%S 2 ALt} ot fjagdo] na 7jge) Exe B
Fsl7]oE ofeol ok A5}7] $13te] NCEP/NCAR AEA AHa & dH7|g
7 850 hPa £5=4+- #AI51%Th
MODISS| 78 AFEE A2 242 $3lol £7a A
5. 78 Zte9 B4t tid fatel wald g9 A F He A ¥ g 7E Bt B
ol gl 3709 Afellel digt A E4g Table
FEAAY AT Lol FAHor st 4A0] gofstoitt Al 7IZHESE e olA BEE A
7VdadE olefsta diEslrlele ofeE SHol ¢ e g gokou AHLE giugo] WA
oh AT ofefat T E Bat] TAstd] WRY  uhehdh ARlVIT F 3417 A ekl 7P Bt
R0l T dS e o Uk WA FdEA A At vie AR A Al 25 g As
3 oo S 54 BAL 3 @42 oltk: B0l BEHUAT JBAE BAF vl B35
b B2 =55 & Aol o] AolAe Gt AR Ak £29) HrjeEe) A2 AL 20014 62FE
of that TAH B4 ofsisk] Site] olet BAL F  BEo] AlFof o) AE ASat T AR A
WA E4& A8 olE $stel MODIS 78 ek F ARS) B A ollA 925 hPaZtA| 58 AE
g AR 24E Fote] Eojd A B, CHell =85 o} vigo] FFHU 2T 1 ol L= M ATl
Table 4. The summary of synoptic characteristics to each event.
Type Synoptic Characteristics Precipitation Type
20011 1%06 Greater precipitation amount at Gangneung than Daegwallyeong
2003.01.23.
A 0 1135 Northeasterly at Daegwallyeong and Northwesterly at Gangneung Cold-Coast
05.02.16.
20 15 2(())0 6 High pressure expansion and Cold core at the Littoral Province and Manchuria
01.16.
20015 1%5 16 Greater precipitation amount at Dacgwallyeong than Gangneung
2005.03.04.
B 0 1200 Northly at Gangneung and Easterly at Daegwallyeong Low pressure center at East Sea etc
2005.03.05
0 1340 Northeasterly at Sokcho to the level of 700hPa
01.02.23.
20 1200 3 Greater precipitation amount at Daegwallyeong than Gangneung
Mountain
2002.12.07. . .
1040 High pressure expansion and Low pressure center at South Japan
¢ 2003.02.22. Easterly at Daegwallyeoung Low pressure center at Southern part of Korea
1145 Northeasterly at Sokcho to the level of 850hPa Warm
02.22.
200?220 Low Pressure Center going through Korean Peninsula
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