
0254-6124/2017/37(1)-082–12 Chin. J. Space Sci. ������

GAO Haiyang, ZHANG Zuyi, BU Lingbing, HUO Chaoyang, WANG Zhen, ZHU Hong. Statistical characteristics of albedo

variation in noctilucent clouds induced by small-scale gravity waves (in Chinese). Chin. J. Space Sci., 2017, 37(1): 82-93.

DOI:10.11728/cjss2017.01.082

������	
����
�����	��
∗

��� 1,2 ��� 2 ��� 1,2 ��� 2 � � 1,2 �  3

1(�������� 
������������������ �� 210044)

2(�������������� �� 210044)

3(�������������� �� 210044)

! " �� AIM �	�
� CIPS ������	����	
, 
� 2008−2009 ��	
�� 6664 �Æ
����� (�
 10∼150 km) ��, �����	
��
����
�	
�
���, ���������
��
��	
�. ����, ��������
�	
��
��, ��
�
 4.48×10−6 sr−1 ����

���
�. ��
�	
� IWC �	
���, ���	�� 0.85 ��. ��������
�	�����
���������, ������
. ��
�	
����� (�/������ 50 �) ����	 (> 70◦)

��, ��������������	 (< 70◦) ���Æ, �������
. ���
�����, ��


�
�����, Æ����������
����
� 14.6%∼28.8% ��	�. ���������
��
��	��������, ��
�	
�����, �	
�� 0.909%∼1.194%. �
���	
���	

��Æ, ���
���������
��� �����, ���, ���, ��

#$�%� P356

Statistical Characteristics of Albedo

Variation in Noctilucent Clouds Induced by

Small-scale Gravity Waves

GAO Haiyang1,2 ZHANG Zuyi2 BU Lingbing1,2

HUO Chaoyang2 WANG Zhen1,2 ZHU Hong3

1(Key Laboratory for Aerosol-Cloud-Precipitation of China Meteorological Administration, Nanjing University of

Information Science and Technology, Nanjing 210044)

2(School of Atmospheric Physics, Nanjing University of Information Science and Technology, Nanjing 210044)

3(School of Atmospheric Science, Nanjing University of Information Science and Technology, Nanjing 210044)

Abstract The accurate assessment of albedo variations in Noctilucent Clouds (NLC) induced by

∗ �������� � (41304124, 41305032), �����!��� � (BK20141480) ���������"�!
����  � (2013X027) ��� 
2015-08-10 ��# , 2016-03-01 ��$! 
E-mail: gaohy@nuist.edu.cn



&'(): *+,-./0123456789:;<=> 83

Gravity Waves (GW) has shown an important significance in evaluating the trend of NLC brightness.

This work focuses on the impact of small-scale GW with wavelength of 10∼150km on the albedo of

Polar Mesospheric Cloud (PMC). Using the Level 2 albedo images obtained by the Cloud Imaging

and Particle Size (CIPS) experiment onboard Aeronomy of Ice in the Mesosphere mission (AIM)

from 2008 to 2009, 6664 small-scale GW are extracted. The wavelength of those GW is from 10 to

150 kilometers. By comparing and analyzing the albedo in GW areas and in mean NLC areas, the

characteristics of the albedo variations in NLC induced by small-scale GW are studied. Results show

that the albedo variations are primarily positive, and the maximum average value, 4.48×10−6 sr−1,

is found on the descending portion of South Hemisphere. The albedo and Ice and Water Contents

(IWC) variations are positively correlated, and the correlation coefficients are greater than 0.85. The

albedo variations largely rely on the location and time of the GW, and the mean albedo variations

are almost positive. The albedo variations are larger in higher latitude during the core of the seasons,

while they become smaller gradually in lower latitude during the beginning and ending period of the

seasons, and even to be negative in some edges of the maps. The albedo average value increases

linearly as the background atmosphere increases, and the albedo variations in percentage is from

14.6% to 28.8% induced by small-scale GW. When the albedo amplitude of GW increases, the

albedo variations also show a linear increase with the changing rate from 0.909 to 1.194. The whole

variation rate of south hemisphere is a little smaller than that of north hemisphere because of the

difference of background atmospheric conditions.
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Fig. 2 Horizontal wavelength distributions of GW in Northern Hemisphere (NH) and

Southern Hemisphere (SH) respectively

2009�*+�'"("""!2$#&"I1" 41

_C&"I=" 69 _, - +�'"("""!2
$#c"I1" 49 _Cc"I=" 69 _. 7)+
7)%""Æ/U#: *+�/&"I1 24 _"&
"I=" 63 _,  +�/c"I1 17 _"c"I
=" 59 _. U+8EBZ)+7�T"($ÆJH
(�T"($, QG8h>"!<JLM, &Lg?
)+7-^_""!Æ<J;', ]*+�\ 88 _,

 +�\ 77 _.

2�d^k%_hii`lj

mkgle

2.1 @A>XYfZ[ghAi\
)+7G8"BP%868E@U!Y/W;,

)3)+7,2�T"KPBP%,>3JH(#"
KPBP%. �!, )+7,2�T%B-)'m2
"h*Ln5,BA 1(b) #F, [Y/b#h*"2
!j,BM/b" 1/52$#N, ^?)'h*,U+
)+7,2"�T$()78H"o:, -B-6)
h*Ln5)+7",2�T,p.6)�TEBD
7#OYj>. JH(#8E5Z$0,77(�
T"BP%J?KP;,%P3a)')+7,2"
h*o:- $=, 4 Level 3 9>!kCNl- 
$"@N,)'@N^_ 1◦  $,6:@N-bk"
0,4-L+i+, 430km,  L+i+-nÆ"
@N'9"$9. 56:@NJ?KP;@Gn5
JH(#"KPBP%, jbk)+7?A"�T,

1bkN%$"JH(#�T. QG, H)')+7
,2�TL5l)'JH(#"�T, &=-6!'
�T"KPBP%kW;,/-J?)+7G8"B
P%86;.

2.2 ]^�OFG
A 3 J)--7)+7'F,2G8"BP%

, IWC "86;. #mDkl, 6B2-BP%8
6;, IWC86;Lno)+7'F,2G8"B
P%, IWC "86;. 5 2 J)-M`"9A/3
ÆKP;.

/A 3 %Bb), BP%86;, IWC 86;
7017l, 40;9Ann$+l;9A. /5 2

1%Bb), 0;"KP;$+l;"KP;, QG
)+7"0,2--j>Iq!d. M`Lp, *+
�RSY/BP%86;"KP;$+ +�RS
Y/, -TSY/bm0ONB. &$86;)%4
 +�"TSY/, BP%, IWC "86;/U:
C- 4.48×10−6 sr−1 , 33.51µg·m−2. 40l;"9
A/3+, IWC 86;"0;9AEBBP%"$
):, 6oql47:nY�T, rO IWC D-)
%<o"bm, 4BP%N5+JH(#38R".

67%@3p:"%q, 4;%@3 IWC BX+0
!EP3O"`%, Q# IWC BX;opc, _U
"XA;Q [27], -BEP3O;:. =f;';V
QKW6)ST.

IWC 3dD(A&)E"X94), -BP%
"86@GBl(#":9. A 4 J)-BP%8
6;I IWC 86;"NmC<. /A 4 %B@%,



&'(): *+,-./0123456789:;<=> 87

� 3 �	
���
�
� IWC �
��j (ne�fer�s�s��
�
� IWC �
, oem��Æ
tq�)

Fig. 3 Distributions of albedo and IWC variations for all GW events (Red stars and green dots denote albedo and

IWC respectively, while the black dash lines represent the zero reference lines)
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Fig. 5 Seasonal distribution of Noctilucent Clouds in Northern Hemisphere (NH). (a) and (b) are albedo and IWC

variations of AS and DS portions respectively. The first row gives the mean albedo and IWC values in GW areas.

The second row represents the mean albedo and IWC values in mean PMC. The third row gives the albedo

and IWC differences between the GW areas and the mean PMC, and the fourth row shows

the amplitudes of albedo and IWC induced by GW

QG IWC "wu,26EEB8?/1)+7"
,2>^. G@, RSY/"&+BTSY/;#'
/, A*1;KY, 6IRSY/aM@;Q7/?
C<.

A 6 J)- +�'"(""A/3>^. I
*+�94, �4"A"!.wÆ,# !�Z:,

4PnwÆ,Z, !�Z9. U+JH$�O|
"W9,  +�'"("ff""!,Q(AB*
+�R):, SA 6 !N),N>J-b. NVJ
";;boy)%l;, -X4(#Z9"1. ("
@1 5∼20_) Æ 80◦ Bf�T)%-)'$"l;
�, ]%(#*9", )+7@Gz9(#. NXJ
"BP%wuIJH(#BP%7T(O")3O.

>@, IWC "&+1I*+�N4, -X IWC "w
uBBP%wu"83OW.

2.4 fZ[ghdhz{i|D@A>j}A�k
U 2.3 A"7v%Bb), )+7G8"BP%

86;IJH(#"#*BÆ)+7,2:${G
8"wu86|7C. 6B5BP%86;I!`"
C<<J/1.

A 7J)"3 2009� *+�'"(BP%8
6;IJH(#KPBP%"C<, %Bb)%JH
(#KPBP%R+ 20×10−6 sr−1 ", 9>@}~,

86K[,%JH(#KPBP%$+ 20×10−6 sr−1

", 9>A8R, )%-Z$"z2. A 7 -b{Y
"<@707l, JH(#Z9", BP%86;"
860,N5ZR, Xl;)%"Z9ZQ, 5lJ
H(#"<:, BP%86;"860,'(<$,

Xl;)%"Z98(.

/A 7 ![Yw*"/3%Bb), BP%8
6;"KP;P#0, ]/B@O$/1, )+7"
--#0,2,X0,2"u$5lJH(#"<:
-'(<$. [Y/b5'>`M7*O"bO0
NCO, s%4 0.146∼0.288 4!, ]BP%86;
"KP;IJH(#BP%4!M7|3B%, R=
$)+7@GG8JH(#BP%, 14.6%∼28.8%

"86A. G@, h>s%"E=%Bb),  *+
�"RSY/BTSY/"86%$,  +�"86
%J`B*+�R,6I *+�P="(#:$,
JH$�O|7qrC<.



90 Chin. J. Space Sci. ������ 2017, 37(1)

� 6 �
�����ez���j
�. y{|�yr|�s�s���	
��
�	
���
� IWC ��j,

yt|��������	
{y{|�yr|��
, yx|����
��
� IWC ud����j
Fig. 6 Seasonal distribution of noctilucent clouds in Southern Hemisphere (SH). The first row gives the mean albedo

and IWC values in GW areas. The second row represents the mean albedo and IWC values in mean PMC. The third

row gives the albedo and IWC differences between the GW areas and the mean PMC,

and the fourth row shows the amplitudes of albedo and IWC induced by GW
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Fig. 7 Albedo variations of noctilucent clouds with regard to the average albedo of background clouds. The grey

dots denote the scatter data. The blue diamonds are the mean values of grey dots in the step of

1×10−6 sr−1 albedo, and the green solid lines is the linear fitting curves of the scatter data
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Fig. 8 Albedo variations of noctilucent Clouds with regard to the albedo amplitudes

induced by GW (Legend as in Fig. 7)
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