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� � �	MARMOT (Middle Atmosphere Remote Mobile Observatory in Tibet)����� 2014 � 7 

� 12 
��� (36.25◦N, 94.54◦E) ����	���� MIL(Mesosphere Inversion Layer) �
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���.
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Abstract Based on the measurements of MARMOT (Middle Atmosphere Remote Mobile Obser-

vatory in Tibet) lidar located in Golmud, Qinghai (36.25◦N, 94.54◦E) from July to December 2014,

Mesospheric Inversion Layer (MIL) over Golmud area has been analyzed. The average occurrence

frequency of MIL over Golmud is 53.8% during this period. The occurrence frequency is highest and

can be up to 76% in winter (December), is around 60% in autumn equinox, and is as low as 29% in

summer (July, August). The amplitude of temperature inversion is within 5∼20K, and the average
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value is 15.9K. The mean bottom altitude of MIL is 75.1 km. The bottom altitude is higher and

mainly from 77 to 84 km in autumn. It is lower in winter and summer, and mainly from 64 to 74 km.

The mean width of MIL is 8.7 km, and it increases from summer to winter.

Key words Lidar, Mesosphere, Mesospheric Inversion Layer (MIL)
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������ (Mesospheric Inversion Layer,

MIL) ������–��� (Mesosphere-Low-Ther-

mosphere, MLT) ������������, �
� !������. � MIL �"�#�$��
MLT ��������. �����������,

���������. �����%�, �����
���������, �����������, �
�����&. '��� MLT �������'
(��, ���������)'������, �
*"� MIL #+$�����������. MIL

 ,��!�����"�, -�����#.$
/� 0 $����. � , MIL "� #+$�
� !���#,*!'��)"#�%���%A
1 [1].

1976 ! Schmidlin[2] �1&"$#%$&!�
�%��� 75 km B2� MIL ��. �', !'&
3()4($")*#5$�� MIL ��, 6*$
")*%'"#$" [2,3]&$�+,('$" [4−6]&
%7,+,('$" [7−10] -+#$" [5,11,12] (.

�1�,$"�.� MIL �/)-8*%&��
���&)�&��0�&��1 (*&%'2
"�".. 2000 ! Meriwether - Gardner[13] �
9#"��.�"%:���+, ��/� MIL �
����0�� 15∼50K, ���)�;� 10 km,

+����",����� (60∼70km) -���
3�� (90∼100km). 0<4")*-%$�=+,

������1��>��% MIL �� [5]. 2001

! Duck ( [14] �1,#Æ24"5��$�+,
('� Millstone Hill (42.6◦N, 71.5◦E) �#���
����"%$", #5$!6($ 60 km B2�
�(� 31.5 h � MIL )-, �����0�0*
��#)'��0*��##�.

�$ MIL --�+,+-7A"�>�.*
&. 1990! Alain - Alexre[15] �1+.'��//

-3?4/�0����� 2D 8�+5, +-+�
90 MIL )+,('4"�.1�6�. 11�+,

:����)������.2�+�#�. 2002

! Sassi ( [16] �1 WACCM (Whole Atmospheric

Community Climate Model) - CCM3 (Community

Climate Model) �90 MIL �"+-, �� MIL �
+�)"#�����@������7���#
�, '��A��3,�. 2007 ! Sica ( [17] �1
+2�����+,+- MIL, "���/04�
�����1� �$��2���1� �!2
*, '��3-�4B���8-, �(��0�)
04����1� #�. Fadnavis( [5,18] �+, 5
C�#.+�A1)����+�!��0���.

)9�1 MARMOT +,('�3;<=
4 (36.25◦N, 94.54◦E) 2014! 7 D@ 12D5��E
�4"%$$F 30∼90km ���������5
:,6�6G+ MIL)-,�<=47��#� MIL

-8�";6"., �".�8-4-. 6�&!*
&�>38�47���������4""�, "
��.��+,"�<?�9H7.

1�=89I

1.1 MARMOT CDEF
MARMOT +,('J(�+,�7:K&,

.3>:K&?@;:);L:KG- [19,20], �/
)AM&@ 1 �8.

@ 1 � Nd:YAG +,9A23BA�7�<
� 532nm, 1m <=�J>C,BN?3>��"
O�$�/7D�?@, @,P�9', =:�A
� 50∼90km ��� 532 nm �#?@1$$F:
��EC�����.6B,P�9�A1�FQ�
#�?@M-,G>=H�3-4/. 200mm <
=�C;<D,BN?3> 532nm �#?@. �
1 532nm �#?@- 532 nm �#?@, �$F?
$ 30∼90km �����5:. �$<=4;@�
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� (2808m) 1�, +,�������7�904
7��, RD?@I+'�$"���' 95 km B
2. A 1 &+ MARMOT +,('J(EÆ*%, <
= MARMOT >�,BÆ24"��.

1.2 HIJK
S23BA�7$���� 532 nm+,C��

��"O/7', �BN?3>, �3>$�J��
�D�,O%)�7+,?D�,O%-J���
��"O@�-�9. !EA�� 30 km��*��

L 1 MARMOT MNOPQRSTUV
Table 1 Specifications of the

MARMOT lidar system

��	BFT

GH/nm 532

FCIDF/mJ 550

UK	
/Hz 30

C�/ns 8

�VGEFT

FWHIG �JLE KF�GE
GEMH/km 50∼90 30∼50

FWHXL/mm 1000 200

JM/mm 1500 2000

GEGH/nm 532 532

H�IJ�/nm 1 1

INKNYOZFT

LX�M
/m 30 15

J	�M
/min 1 1

�KPQ�, 6BOL�6, RSM+,)��A1
PN��O�N/7,[$�+,('BN�*A8
�

N(z) = (ηT 2
A)

(PLΔt

hc/λ

)
[σeff(λ)ρ(z)Δz]·

( AR

4πz2

)
+NB. (1)

��, N(z) �+,('3>$� z ��P�,O%,

z ���TU, η �+,('';4 , TA ���:
NJP , PL �+,�75 , Δt �*�"Q , h

�OVWR%, c �,�, λ ��7�+,�<, σeff

�$�'A/7XP, ρ(z) ���@�, Δz ���
"Q , AR �3>BN?PQ, NB �04\Q-'
;\Q.

YD�,O%�"04R\-TU0BR�%
', �*?$�����@��

ρ(z)

ρ(z0)
=

z2(N(z)−NB)

z20(N(z0)−NB)
. (2)

��, ρ(z) ��� z P���@�, z0 ���@��
*Z��. !EGS?\91����, 6B�#K
S� z0 GS� 50 km, �#?@� z0 GS� 30 km.

S$�L�M]NBN-��[�.BN,?$
����-����@���'�

T (z) =T (zseed)
ρ(zseed)

ρ(z)
+

1

R

∫ zseed

z
g(r)dr

ρ(r)

ρ(z)
. (3)

O 1 MARMOT ����\T
Fig. 1 Configuration of the MARMOT lidar system
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��: T (z)��� z P�����; zseed ���$F
�TU��, 6BGS��@���PT� 10% �
��; g(r) �'�+��; R �OQ�MR%.

�+,('RE4"�D�?@�"]+, �
�$F����. $FTU�� zseed � 90 km B
2, ��PT� 2∼10K B2, 80 km P�$FPT
� 1∼3K B2, $F�.���"Q � 300m, 0
UU<2)� 2 km. Y$F?$�����5:
) TIMED/SABER +#%$ [21] - MSIS-00 +
, [22] �"91��, MARMOT +,('%$,#
1V��^� [19,20,23].

2�=8WR

GS4"*<�$ 2 h � MARMOT +,('
E�4"%$, 2014! 7 D@ 12 D�<=4�#4
4"2%&$A 2. TIMED/SABER +#%$J+
��V!7C�V!*_�:S5:, ����VA
RD���]`,� MSIS00+,�.$^����
0a]N, ���+-+bT MIL6_�)-, �*
6B0$+,('�E�$"$�RD0a���
��.AGS MIL )-.

* 2014! 12D 1W�4"�.�c (d@ 2)U
X���*%�<SBX. ���WX�����
��������������, �/@ 2 � 72 km

B2. ���Y`���:����������
������, �/@ 2 � 86 km B2. ��)�
���Y`��)���WX��%T, �/@ 2

� 14 km B2. ��0�����Y`��)��
�WX��%����T, �/@ 2 � 21K B2.

ZY MARMOT +,('%$�$FPT, *Z9
V [5, 6, 24] � MIL )-�GSYa, ;6+,('
#44"5�W*ZW�����0��$ 5K -
��)��$ 5 km � MIL )-. �$X���Y
$ MIL��!b-Z)- [6], 6BA� MIL��[
 �A;6, � MIL �1*%��X������
A;6. A 2 &+% MARMOT +,(' 2014 ! 7

D@ 12 D�bD#44"2%- MIL *%.

2.1 MIL XYZ[
2014! 7 D@ 12 D, MARMOT +,('�<

=4�#44"2%Z 104 2, �� 56 2+� MIL

��, :M��[ � 53.8%. @ 3�bD MIL+�
[ c]@. �@ 3 �d, 12 D������[ 
\�, '$ 76%, 6) Leblanc - Hauchecorne[4] �

O 2 2014 � 12 
 1 \�����Z]��e[
Fig. 2 Middle atmospheric temperature profiles over Golmud on 1 December 2014
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L 2 2014 ] 7−12 ^ MARMOT _`abcVd MIL UV
Table 2 Lidar observation days and MIL parameters from July to December 2014


[ d\�� [���� ��� �� ��� ���\e ���
]^/d ]^/d 	�	
/(%) 
�/K ����/km ��/km ��/km

7 11 5 45.5 12.0 72.0 78.5 6.5

8 13 2 15.4 12.5 78.0 84.5 6.5

9 16 10 62.5 18.0 80.2 89.0 8.8

10 19 11 57.9 21.6 80.4 89.6 9.3

11 20 9 45.0 14.0 72.1 81.7 9.6

12 25 19 76.0 17.2 68.0 79.1 11.6

O 3 2014 � 7−12 
^	f
� MIL 	�	

Fig. 3 Monthly mean occurrence frequency of MIL from

July to December 2014

X>_X (44◦N, 5◦E) �1$�+,('4"� 12

D MIL )-��[ 1�!B (78%); `0 (9−10

D) ������1 1�, ",� 62.5% - 57.9%,

0a� 60%; �����_0 (7 D- 8 D) ���
[ 1�, ",� 45.5% - 15.4%, 0a� 29%. 6
)�1gC�"��. [13] !B,R90��[ �,

_0��[ �.

2.2 efgh
� MARMOT +,('4"$� MIL )-

�";6"., ?+:4"5��0a��0�
� 15.9K. @ 4 � 2014! 7−12DbD� MIL )-
0a��0�c]@. 6@ 4 �d, 9, 10 - 12 D�
���0a0�\�, a'$ 15K *�, � 7, 8 -

O 4 2014 � 7−12 
f
� MIL 
���
�
Fig. 4 Monthly mean amplitude of temperature

inversion from July to December 2014

O 5 MIL ��
��

Fig. 5 Amplitude distribution of temperature inversion
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11 D����0�� 12K B2. @ 5 ���0�
�"�. �@ 5 �h, ��0�J(:�� 5∼20K,

9 Fadnavis - Beig[5] 4"$��0�a (10∼14K)

]).

2.3 efijklh
�4"$� MIL )-�";6"., ?+�

��WX�0a��� 75.1 km. @ 6 J+% 2014

! 7−12 D MIL )-;6�.. �@ 6 -A 2

".�h, `0���+���1�, WX��a
� 75 km *�, 9 D- 10 D'$ 80km; _0-9
0���+���1�, WX��KR� 70 km *
�. 6i9_������`0��������
) Fadnavis - Beig[5] �j��\7� (0−30◦N,

60−100◦E) MIL ���"��./)!B, �9_

O 6 2014 � 7−12 
� MIL �������
Fig. 6 Bottom altitude of MIL from July to

December 2014

O 7 ���������

Fig. 7 Distribution of MIL bottom altitude

��9j�7��. �� Whiteway ( [25] �+2�
^b^_f (44◦N, 80◦W) � MIL "��.)�,
�Æ#��W, Whiteway (��.AX, _0��
����, 90������. @ 7 ����WX�
�"�. �@ 7 �*g+, ���J(+��h6�
���, �� 64∼74km J(�/$_0-90+�
� MIL)-, 77∼84kmJ(�/$`0+�� MIL

)-.

2.4 efmh
�4"$� MIL )-��)��";6".,

?+0a��)�� 8.7 km, (6 7 @ 12 D]1
=cd, &@ 8 �8. :�.) Sica ( [17] �+2
� University of Western Ontario’s Delaware Obser-

vatory (43◦N, 81◦W) �"��./)!B, �<=
4���)�9�) 3∼6km.

2.5 MIL noXYZ[
�"�����+��`) !�#�,��#

4"2 (E�)e�* (7B*) +,('$"���
��5:�";6".,Ya�*+�����2%
^*:�*�#44"2%,?$e�*�����
�[ , &A 3-@ 9�8. �A 3-@ 9�*g+,

� 19:00LT−21:00LT ** MIL ���[ 1�,

21:00LT−22:00LT **L�, 0'6 22:00LT $!
Wf_ 07:00LT, MIL��[ 1!B,� 40%∼50%

%�. �A 3 �h, �$ MARMOT +,('A
�E�*b4" (<=>�,BÆ2$"��), -
� 19:00LT−21:00LT J(�904"�%$. S
$ 2.1 i�".�., 90 MIL +�[ �, 6�4

O 8 2014 � 7−12 
�f
 MIL 
�����
Fig. 8 Monthly mean MIL width from July

to December 2014
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L 3 MIL pqrscVtuv
Table 3 Total observational days and occurrence frequency of MIL

`cJd a b c d e f g h i j 11© 12©
[� MIL ]^/d 14 24 27 36 33 31 33 32 34 33 33 23

`d��]^/d 23 44 71 82 78 78 73 73 73 68 67 52

MIL 	�	
/(%) 61 55 38 44 42 40 45 44 47 49 49 44

w `cJda ∼ 12© kak�lJ	gb:

19:00−20:00, 20:00−21:00, 21:00−22:00, 22:00−23:00,

23:00−00:00, 00:00−01:00, 01:00−02:00, 02:00−03:00,

03:00−04:00, 04:00−05:00, 05:00−06:00, 06:00−07:00.

O 9 MIL �
	�	

Fig. 9 Occurrence frequency of MIL

B 19:00LT−21:00LT MIL+��[ ��1�. '
OL 19:00LT−21:00LT�%$,�*g$ MIL�+
�h#Xc�W�#-8.

Gille[26] - States[27] �1,#Æ24"���
+,('��������"%mEj 4", �
�����O�Xc�2W -iW ��. �$
MARMOT +,('<=k#E�%$, �*A�
� 19:00LT−07:00LT (!W) �%$�"".. �
�@ 9 �d, MIL )-�a�* (7B*) ���[
 ddXcTn.

3�MIL eleofj

�$ MIL 8-�4-<=>g�Æ. \p1A
�h MIL --��'�����Æ. '��0�

�A��m, 0<��@����, ��80�]
�%1=, $'����V!��'����, k?
:��+������. '����4Bl8��
�$04��f��, ��M-A���K�, \q
'�����ml, �����8-��� [28,29].

Hauchecorne ( [24] �1+,+-��.AX, ��
����)%�+��j '�����g4B�
���+�. Gardner - Yang[30] �+, 80 km ��
*��'��h/M-�������� 70km �
�+� MIL �4-. Sica ( [17] �1+2����
�+,+- MIL *��, 04������1� 
�$��2���1� �!2*, '��3-4B
����8-.

Liu - Hagan ( [31,32] �1iij:�'��
�m+,"�'��) !kn��%A1. "��
�, KPl�,�'������0a�n, )7�
8�ml-��+�A1Y+�. 6iA1+��
�.AX���A��(�n (���A+�) 0 
$ !���(�n. � 2.5 i�h, MIL ��[ 
0*�h#Xc�#, �*)9� MIL +�) !
�h#Xc�'. Sassi ( [16] �1 WACCM +,+
-�h%90 MIL 8-��$"#�� 70∼80km

%���M-�,�'���A1A��3r4%"
#��:�����. Brown( [33] �+�o`"-
9@5�, "#��$'����X�mk�, 4B
�8h/�8-($ 65∼80km ������.

#.+�s��5C�+�A1>�8- MIL

�!i��4-. Fadnavis[5] �����5Cm�
)j�7� MIL ��0����'%' 0.65. Mly-
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nczak ( [34] �!!&"$#H7���!6 MIL

�W*, �W!��*5Cn�>+�Y`. �>#
"��+ht%�h#Xc�',h6Y`W*+�
A�o� [1].

ZY$38�4��78A1,��jp?�b
kxp�+���'��. Xu ( [35] - Li ( [36] �
"�AX,38�4�#��'��n89o0\n
u, _`010[. 6) MIL 90+�[ �, _0
+�[ ���/. Li ( [36] �"�AX38�4
������'���^%Ao�m, ����-�
��_0q"lA��, �'��8-r�A1, 4
B'����jx, �X"�8gX$'���, p
gX8--'�����4B����.

4�oj

�1 MARMOT +,('$"%$, �3;<
=4�#�������)-�";6"."�, J
(�Æ&�.� 2014! 7D@ 12D,<=4 MIL �
���[ � 53.8%. ��90 (12 D) ���[
 \�, ' 76%; `0 (9−10 D) 1�, � 60%; _
0 (7−8 D) ���[ 1�, � 29%. :*50
a��0�� 15.9K, J("�� 5∼20K. ���
WX�0a��� 75.1 km. `0�0a��1�,

� 77∼84km %�; 90-_01�, � 64∼74km

%�. ����0a)�� 8.7 km, �_0$90]
1=cd."��.��"�38�4����<?
�^�7/4"�., ��]^4"(m (��kn
() #+$� MLT ��������!����P
N�"]s.%�, nt�#��+,.

yz ���o]	ppqq��vq, �rrVwZ
]qs
�` MARMOT ��rspqq����^t.
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