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Observations of Sodium Layer over Beijing
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Abstract The observations were conducted by lidar over Haikou (20◦N, 110◦E) and Beijing (40◦N,

116◦E) in July 2012. The basic characteristics of the sodium layer density at a low-latitude and mid-

latitude location are analyzed by the observations. The double sodium layer events and sporadic layer

were observed over Beijing and Haikou. A Nd:YAG laser and a pumped dye laser are used to generate

the probing beam. The wavelength of the dye laser is set to be 589nm by a sodium fluorescence

cell. The energy and divergence of the beam are set about 45mJ and 1mrad, respectively. The

backscattered fluorescence photons from the sodium layer are collected by a telescope with a primary
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mirror which diameter is equal to 1000mm. There are 9 events of Sporadic Sodium Layer (SSL) and

1 event of Double Sodium Layer (DSL) occurred in Haikou, and 1 event of SSL and 4 events of DSL

occurred in Beijing. The variety and distribution of the sodium density over Beijing and Haikou

during the night of July 1, 2012 are compared. A DSL structure was observed and it had lasted

120min during the night of July 1, 2012 over Haikou, but no DSL structure occurred over Beijing.

Key words Lidar, Mesosphere and lower-thermosphere, Sodium layer density, Atmospheric optics
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Fig. 1 Density profile of sodium layer over Haikou

observed at 04:12 LT on 21 July 2012

3L()V@, *3L()R^. +UQP�$NR
*,2KQ�$YD&%L() 105∼117km,YDF
%^ 77∼197cm−3 K@, [R+@B 26∼136min.

S 4 ZL% 2012" 7 3 16 L 21:14LT 96(;(
�*'P�$F%MI. /S 4 [_, 2KQ�$F
%`Z, �7L@9:-6'P�$NRS.

X 2 2012 � 7 � 1 P 22:07 LT 
���
�
����QY

Fig. 2 Sodium density profile of double sodium layer

over Haikou observed at 22:07 LT on 1 July, 2012

M 1 2012 5 7 6NOÆP7Q8R9:S;
Table 1 Characteristics of sporadic sodium layer over Haikou in July 2012

P _T	� (LT) ��	�/min _T�/cm−3 _T�/km `_a/km TU�
03 02:15 188 6698 93.6 3.8. 4.5

10 02:36 189 2852 92.7 1.4 2.5

11 04:40 97 4453 92.8 2.3 3.5

11 21:36 > 273 5612 94.8 1.6 3.5

12 21:59 > 142 3193 96.9 2.0 3.0

13 21:30 > 161 1842 91.9 1.6 2.5

21 04:12 62 8987 93.0 4.6 2.0

30 02:22 67 4274 96.6 2.6 2.0

31 02:15 61 6696 96.5 1.4 4.5

M 2 2012 5 7 6 1 <NO=7Q8R9:S;
Table 2 Characteristics of double sodium layer over Haikou on 1 July 2012

	� (LT) _T�/km _T�/cm−3 `_a/km ��	�/min ab���Vc��_T��
21:59 109.3 616 2.7 123 31.4%



#$%&: 2012 ' 7 ()*+,-./0123 427

2.3 >?>IJ@AWXYZ
/ ,-$/.0[+�[\, ]N91,-

$/0*96,-$/0.02=, 2012 " 7 3\
\$ 7 3 1 L:+DWO.0. 9:.0+@B
d 2012 " 7 3 1 L 20:27LT W^]3L 02:37LT,

TD% 126 Q2=. 96.0+@Bd 2012 " 7

3 1 L 20:46LT W^]3L 03:57LT, TD% 153

Q2=.

S 5 ZL% 7 3 2 L 01:25LT 9:*96,-
$/56'*&$(�-#be2=. dS 5 [^,

X 3 2012 � 7 � 14 P 23:37 LT �	��
�����
�����QY

Fig. 3 Density profile of sporadic sodium layer over

Beijing observed at 23:37 LT on 14 July 2012
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Fig. 4 Density profile of double sodium layer over

Beijing observed at 21:14 LT on 16 July 2012

M 3 2012 5 7 6fgÆP7Q8R9:S;
Table 3 Characteristics of sporadic sodium layer over Beijing on 14 July 2012

_T	� (LT) ��	�/min _T�/cm−3 _T�/km `_a/km TU�
23:37 17 1179 101.3 1.1 4.0

M 4 2012 5 7 6fg=7Q8R9:S;
Table 4 Characteristics of double sodium layer over Beijing in July 2012

P 	� (LT) _T�/km _T�/cm−3 `_a/km ��	�/min ab���Vc��_T��
01 21:46 117.3 77 0.5 105 6.5%

14 20:50 105.3 197 1.4 > 26 10.3%

15 03:35 111.5 112 1.1 54 4.3%

16 21:14 107.4 150 1.3 136 8.9%
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Fig. 5 Typical echo signal of sodium fluorescence lidar

over Beijing and Haikou at 01:25 LT on 2 July 2012
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Fig. 6 Average value of sodium density over Beijing and

Haikou from the nighttime of 1 July 2012 to

the next day early morning
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Fig. 7 Sodium density profile over Haikou from 20:27 LT on 1 July 2012 to 02:37 LT on 2 July 2012
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Fig. 8 Sodium density map over Haikou from 20:27 LT on 1 July 2012 to 02:37 LT on 2 July 2012
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Fig. 9 Relation between the sodium density peak and

time over Haikou from 20:27 LT on 1 July 2012 to

02:57 LT on 2 July 2012. The black curve represents

density variation, and the red curve represents

height variation. The arrow points

to the corresponding coordinate
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Fig. 10 Sodium density profile over Beijing from 0:46 LT on 1 July 2012 to 02:37 LT on 2 July 2012

X 11 2012 � 7 � 1 P 20:46 LT ohP 03:57 LT ��
���
����_Tntj	����

Fig. 11 Relation between the sodium density peak and

time over Beijing from 20:46 LT on 1 July 2012 to

03:57 LT on 2 July 2012

B 2375 cm−3, L() 23:25LT.

5@!9::= ?<%AJ'(��$.0
01, 1987 " 1 3 21 L)dkeflo (19.8◦S,

155.5◦W)[13], )(� 96km &%.01M-�$
YDF%B 28 000 cm−3, IYL 2 km, [R+

@ 40min. 1999 " 7 3 14 L)npghuoqm
iq (20.5◦S, 46◦W)[14] .01*QPYM-�$,

[R+@ 157min, J@n) 96 km * 84 km &%.
01-QZ'M-Y. 1980 " 12 3] 1986 " 5

3)!96:= *<%AJ'dkpnf (40◦N,

88◦W)[15] .0-(, 12 3* 1 3'�$q%@ 6 3
'& 4.5 P. 11 3* 12 3'�$*E&%@"%K
YD? 1.5 km. 2003 " 9 3)dkojqr (41◦N,

105◦W)[16] #(,-$/*svk;3?�$r)
-(, (t%e*Zt%e!�$r)'p.

3#qG

.(�2-,-$/5 2012" 739:*96
(;*&$(�/,.0,3?%?<%**<%A
J*&$(�*�$F%E)7L. 3?-(, 9:
!96(�*�$'$m:'E)7L, YL(M-
�$NR*P�$NR. 9:M-�$NR-6:
%& 96, 96P�$NR-6:%& 9:. 9
1,-$/0!96,-$/0',<':, Z,-
$/(s;2A.0+@':. .001m:]N,



#$%&: 2012 ' 7 ()*+,-./0123 431

:*+@Dm:<%(�*�$E)Km:'. 04
2=*.[^, (�*�$F%K,tE)', �$
F%YD"1uf+@,tE). 2012 " 7 3 1 L
V@]3LR^'.001]N: 9:(�*�$
r%*YDF%NT& 96;9:(�*�$F%
YD" `&'(�$;)9:(�*.01P�$
0e, >96(�*c$.01. Æ=jj5@% 1

Q3',-$/.02=, Blm*.?)*<%-
A�$78,nv59:*96,-$/.0'un
*(82=/,3?.

DE 
��������	��owswpxy�
	�t��vquzr{�.

|}FG

[1] SLIPHER V M. Emissions in the spectrum of the light of

the night sky [J]. Publ. Astron. Soc. Pac., 1929, 41: 262-

264

[2] BOWMANM R, GIBSON A J, SANDFORDM CW. Ob-

servation of mesospheric Na atoms by tuner laser radar [J].

Nature, 1969, 221: 456-458

[3] KWON K H, GARDNER C S, SENFT D C, et al. Day-

time lidar measurements of tidal winds in the mesosphe-

ric sodium layer at Urbana, Illinois [J]. J. Geophys. Res.,

1987, 92(A8): 8781-8786

[4] GARDNER C S. Sodium resonance fluorescence lidar ap-

plications in atmospheric science and astronomy [J]. Proc.

IEEE, 1989, 77(3): 408-418

[5] SHE C Y, YU J R, LATIFI H, et al. High-spectral-

resolution fluorescence light detection and ranging for

mesosphere sodium temperature measurements [J]. Appl.

Opt., 1992, 31(12): 2095-2106

[6] NAGASAWA C, ABO M. Lidar observations of a lot of

sporadic sodium layers in mid-latitude [J]. Geophys. Res.

Lett., 1995, 22(3): 263-266

[7] WANG Jihong, YANG Yong, CHEN Xuewu, et al. Dou-

ble sodium layers observation over Beijing, China [J]. Geo-

phys. Res. Lett., 2012, 39(15): L15801

[8] GONG S S, YANG G T, WANG J M, et al. Occurrence

and characteristics of sporadic sodium layer observed by

lidar at a mid-latitude location [J]. J. Atmos. Solar-Terr.

Phys., 2002, 64(18): 1957-1966

[9] WU Yonghua, HU Huanling, HU Shunxing, et al.

Rayleigh-Raman scattering lidar for atmospheric tempe-

rature profiles measurements [J]. Chin. J. Lasers, 2004,

31(7): 851-856 (x~v, wxs, wyz, w. tu–vwxy
yzzx{y��|z{| [J]. ��yz, 2004, 31(7): 851-

856)

[10] ZHANG Tiemin, WANG Jihong, LIU Hanjun. Obser-

vation of sporadic sodium layer over Haikou, China in

2010 [J]. Chin. J. Space Sci., 2015, 35(5): 566-573 (�}
{, ~{|, |}~. 2010 }��~��}�~�y [J]. ��
����, 2015, 35(5): 566-573)

[11] CLEMESHA B R, KIRCHHOFF V W J H, SIMONICH

D M, et al. Evidence of an extra-terrestrial source for the

mesospheric sodium layer [J]. Geophys. Res. Lett., 1978,

5(10): 873-876

[12] GONG S S, YANG G T, WANG J M, et al. A double sodi-

um layer event observed over Wuhan, China by lidar [J].

Geophys. Res. Lett., 2003, 30(5): 1209

[13] KWON K H, SENFT D C, GARDNER C S. Lidar ob-

servations of sporadic sodium layers at Mauna Kea obser-

vatory, Hawaii [J]. J. Geophys. Res., 1988, 93(20): 14199-

14208

[14] BATISTA P P, CLEMESHA B R, SIMONICH D M, et al.

Simultaneous lidar observation of a sporadic sodium layer,

a “wall” event in the OH and OI5577 airglow images and

the meteor winds [J]. J. Atmos. Solar-Terr. Phys., 2002,

64(12-14): 1327-1335

[15] GARDNER C S, VOELZ D G, SECHRIST C F Jr, et

al. Lidar studies of the nighttime sodium layer over Ur-

bana, Illinois: 1. Seasonal and nocturnal variations [J]. J.

Geophys. Res., 1986, 91(A12): 13 659-13 673

[16] XU Jiyao, SMITH A K, COLLINS R C, et al. Signa-

ture of an overturning gravity wave in the mesospheric

sodium layer: comparison of a nonlinear photochemical-

dynamical model and lidar observations [J]. J. Geophys.

Res., 2006, 111(D17): D17301



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


