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Cirrus clouds properties in the Arctic in summer based
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Abstract: The Arctic probability distribution of cloud phase, cirrus clouds top temperature, cirrus clouds
top height, cirrus clouds optical thickness and effective radius in summer were presented based on
Moderate resolution Imaging Spectrometer (MODIS) cloud product data (MODO06) of 2011-2014 in July,
and the relationship between effective radius and cirrus clouds top height was discussed. Results show that
in summer the occurrence frequencies of cirrus clouds become higher while the occurrence frequencies of
water clouds become lower in the Arctic. Cirrus clouds top temperatures mainly distribute in the 230-—
272 K (that is —43°C to—5 C). The cirrus clouds top height distribute from 2 to 8 km, and has a highest

occurrence frequency in the range of 4.5-6 km. The cirrus clouds optical thickness is less than 10. The
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cirrus clouds effective radius distribute from 5-40 pwm and most probable appear in the range of

10-20 wm. The relationship of cirrus clouds effective radius and cirrus clouds top height has a positive

correlation in the Arctic, while in mid-latitude this relationship is opposite. The higher the cirrus clouds

top height,the greater the cirrus clouds effective radius is. In the Arctic, with the increase of the latitude,

the cirrus clouds occurrence frequency, cirrus clouds top height, cirrus clouds effective radius and cirrus

clouds optical thickness increase, while the cirrus clouds temperature decreases.
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Fig.2 Probability distribution of cirrus clouds top temperature

in the Arctic in summer
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Tab.2 Average of cirrus clouds top temperatures

(Unit: K)
2011 2012 2013 2014 Average
LA 246.36  247.68  250.57  253.02  249.4
HA 244.29  247.91 246.9  249.03  247.03
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Fig.3 Probability distribution of cirrus clouds top height

in the Arctic in summer
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Tab.3 Average of cirrus clouds top height (Unit:km)

2011 2012 2013 2014 Average
LA 5.99 5.76 5.54 4.87 5.54
HA 6.49 5.78 5.77 5.20 5.81
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Fig.4 Probability distribution of cirrus clouds optical thickness

in the Arctic in summer
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Fig.5 Daily average distribution of cirrus clouds optical thickness
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Tab.4 Average of cirrus clouds optical thickness

2011 2012 2013 2014 Average
LA 19.14 16.13 19.17 15.02 17.37
HA 16.16 24.13 21.01 17.75 19.76
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Fig.6 Probability distribution of cirrus clouds effective radius

in Arctic in summer
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Tab.5 Average of cirrus clouds effective radius

(Unit: pm)

2011 2012 2013 2014 Average
LA 22.69 20.98 20.35 15.68 19.92
HA 24.07 18.21 20.32 17.74 20.09

2.5 MR EZBHHESZEXREKE
BB IR R W - 2 B L X, 48 2 (19 A R0kE
MEREA R, & o o D B, & = A ROR
N 7 T g B I, 6 = A SORARBOR ol TRk
OB 53 A7 AR JEE B9 O A% < iR B BAIE, oK v/ R
M, DR, X R X, B m A T

M OEn RN RN

0432002-6



ok T

% 4 2

www.irla.cn

% 45 %

JRE e R BRI, B s A RO TN B T
JE ARG T B R A A RO TR T 5T
XoF G2 O AUAR L DX, U AR Ml X5 v 43 32l DA L it B
AR, 4 2e 2 T JEE ARG, KU IR A sh A 1R K
ZE5r, PRI AP 26 B 1l X4 2 R 5 AU Bl DA R K
25,

3 XX DU A B 7 7 AL AR 25 DR R 443 DX Y
BRI = o T AT MU A, 45—
K8 Fi7s o MAULE S5 R AT LU - AUl e 4 IX MR 4
X8z w58 A R AR /N R IEAG, B
JA s 2 DX AU A OG R B A IX TR, A 56
PSR o X O AU s 26 X AR 26 X i gE 145
BB Az W BEBGR | T  A RORLAR O
T BE IR, 4 = A RORLAR B IS | 4 5 s T g P A
ARCRIAR IR IERSC,  HK AR G Rl 26 1 5 B
2%,

8
§°7- = " T '
2 .t
g -
8 - :u_”_ am = .
g st » ST .
5 = .-
el 7T
-
E 4} .
& (a)
5 10 15 20 25 30

Cirrus clouds effective radius/pm

8
: _
=
2 " g tam
f!h 6r - . = G s
3 B 3 Tl
Esp 1o ¥
b -,.'/‘l: l'. ". : s
Eo o= ™ -
o (b)
5 10 15 20 25 30

Cirrus clouds effective radius/pm

8 AUH B Z= 4 1A RORLAR R4 2 A S
Fig.8 Correlation between cirrus clouds effective radius and cirrus

top height

FAXS T 23 B X P B 2= = T ey BE S K,
AR NI A, EJER X 4 = = T
R I B A BRI K B w DR AR, &
ARCKIAR/N  FERTREBE R LA b — 2 2
Mo X 2= T8 B 22 2 T B8 0 X L T s Bl A

Eobd T, REGKLTI0UR 2%, /DEPRLT 6 THEL
o MU X A JCaR Xz 3, b THE s,
BA MGG S IR N UL, /MR TR TS R, — 2
JOA s DX R R A, TR CE = UK R TR T
1E-36 CLA_E 1S B ALRL 74h, b A — o ik
VW BRIR AR T LA AR TR A% AL S oK
KL, T 86 w8 23 /N B DK OB T AR 25 78 2 BE LS A% A
S B2 B R AW EESE G TR X
It 20 ey, 3k o DX B R B 2 o s KA Bl 2 T
14 LR DL

34 i

SC P A ) — 28 3 AS [R) 26 3 W e DX (R
AU & £ XA AR AR ER X)) R iF 9 x4 | iz H] MODIS
PRI §8 — 2% 7 7= i MODO6 U4 | 31534 = 4 Wi ek
SR IENP RS T & MR 010 o = TR
B B aaTmEE BafAshiit 6ot s BEr
WL A G HE SRR PR, 98 TAb st X 4 =
ZIEESE S ARRBENLR,

MRS R, X RS s FE RS
FNRA 2, K2 FG 25 R0 LE B A | 4 2 H B R
WE . HEERWNaTRE FE M 230~272K,
BB T BE AT A (e 2~8 km, WA B FETE 4.5~
6km Ay, B G IR BB/ N T 7.5 Y5,
KT 20 H AR & = A ROR AR T2 A TE
5~40 pm, HPTE 10~20 wm A ZORAR /N HE B
BRI R, X HE AL = 4 DCRIIR R IX A 45 2R, B 4
FERE R, 65 = BRI, & = = T A, &
wEERN, BEARRAE K, Bt
Ko AN X 5 2 22 T0L R BE 546 2 A ORI I R &R
BrnWEESN, &afA8kbiEk, =0 ER
B A RORAR N, B = m T E S % S A bR R —
MEMRKR, X 5T XSS AR R o
007 B () A S 6 RIE P A, A T AR it —2F
FHEE , T 2B s S8, I 45 FY-3 . MERSI
SRS RGBT HL R A

S E L

[1] Liou K N. Influence of clouds and climate processes: A
global perspective [J]. Mon Weather Rev, 1986, 114: 1167—
1198.

0432002-7



sih ok A2

X g www.irla.cn % 45 %
[2] Liou K N. An Introduction To Atmospheric Radiation(Second cirrus properties in Beijing region based on MODIS cloud

(3]

[4]

(5]

(6]

(7]

Edition) [M]. Guo Caili, Zhou Shijian Translated. Beijing:
China Meteorological Press, 2004: 174—181.

Wylie D P, Menzel W P, Woolf H M, et al. Four years of
global cirrus cloud statistics using HIRS [J]. Climate, 1994,
7(12): 1972-1986.

Nazaryan H, McCormick M P, Menzel W P. Global
characterization of cirrus clouds using CALIPSO data [J]. J
Geophys Res, 2008, 113(D16): 1-11.

Sassen K, Wang Z, Liu D. Global distribution of cirrus
clouds from CloudSat/Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observations(CALIPSO) measurements[J].
J Geophys Res, 2008, 113: DOOA12.

Min Min, Wang Pucai, Zong Xuemei. Cirrus cloud
distribution over China from spaceborne lidar observations[J].
Climatic and Environment Research, 2008, 16(3): 301-309.
(in Chinese)

P, EEA, mEIM. o E X S AR R
JE IR, USROG, 2008, 16(3): 301-309.

Cao Yanan, Wei Heli, Xu Qingshan. Statistical analysis of

[8]

[9]

[10]

0432002-3

products [J]. Journal of Atmosphere and Environmental
Optics, 2013, 8(4): 271-281. (in Chinese)

B A, BAH, PR IL. KT MODIS = ™ i YL 5
XERFHEL T 9] RRSHBOEE2M, 2013, 8(4):
271-281.

Cao Yanan, Chen Xiuhong, Wei Heli. Study of the effects of
cirrus altitude on the atmospheric infrared spectral radiation
[J1. Infrared and Laser Engineering, 2012, 41 (8): 1965—
1970. (in Chinese)

A, MR, BA M. B X KRR LI iR
WIS, LN SHOE TR, 2012, 41(8): 1965
1970.

Menzel W P, Frey R A, Zhang H, et al. 2008: MODIS
global cloud-top pressure and amount estimation: algorithm
description and results [J]. Jour of App Meteor and Clim,
2008, 47(4): 1175-1198.

Shi Guangyu. Atmospheric Radiance [M]. Beijing: Science
Press, 2007: 6—7. (in Chinese)

A E. R IM]. Jbat: Blae i, 2007: 6-7.





