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Application of Atmospheric Disturbances Monitor

on Lithosphere-atmosphere-ionosphere Coupling

HU Xiaoyan ZHANG Donghe HAO Yongqiang XIAO Zuo

(School of Earth and Space Science, Peking University, Beijing 100871)

Abstract Gravity waves and infrasonic waves play important roles in the coupling of lithosphere,

atmosphere and ionosphere. This paper analyzes the observational data of Atmospheric Distur-

bances Monitors, which are developed by Institute of Space Physics and Applied Technology, Peking

University. The morphological features and spectral structures of the observed gravity waves and

infrasonic waves are presented, then their temporal distribution characteristics are summarized. We

also have done some case studies about thunderstorms and earthquakes. The disturbances of atmo-

sphere recorded by Atmospheric Disturbances Monitor and the similar observations of ionospheric

disturbances during these events are presented. These results reveal that Atmospheric Disturbances

Monitor could record the week disturbance of the surface atmosphere, proving which a useful tool

for study of Lithosphere-Atmosphere-Ionosphere coupling.

Key words Atmospheric disturbances monitor, Infrasonic waves, Gravity waves, Lithosphere-

atmosphere-ionosphere coupling
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Fig. 1 Shape of the gravity wave detected at BD station on 11 August 2009 (a) and the wavelet power spectrum for

the same interval. The thin black envelope line shows the cone of influence, outside of which edge effects

might be large, and the thick black contour designates the 95% confidence level
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Q 2 2010 � 11 Y 5 V BD �ZR�	�
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Fig. 2 Shape of the infrasound detected at BD station during 06:00 LT−08:00 LT on 5 November 2010 (a) and

the wavelet power spectrum for the same time interval (b)
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Q 3 2009 � 4 Y 23 V BD �ZR�	��Æ���� (a) �S
���T�WX
 (b)

Fig. 3 Shape of the disturbance detected at BD station during the thunderstorm on 23 April 2009 (a) and the

wavelet power spectrum for the same time interval (b)

Q 4 2009 � 6 Y 16 V BD �ZR�	��Æ���� (a) �S
���T�WX
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Fig. 4 Shape of the disturbance detected at BD station during the thunderstorm on 16 June 2009 (a) and

the wavelet power spectrum for the same time interval (b)
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Q 5 2009 � 6 Y 16 V�Æ�� BD ��Z� BJFS ��Z`� GPS 12 aa��bb�df TEC 	�\c
Fig. 5 Disturbances of DTEC obtained from No.12 GPS satellite at BD station

and BJFS station during the thunderstorm on 16 June 2009
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Fig. 6 Shape of the disturbance detected at BD station during 00:50 UT−02:00 UT on 26 December 2004 (a) and the

wavelet power spectrum for the same interval (b). The dash lines indicate the starting time of the earthquake
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Q 7 2011 � 3 Y 11 VVj����� XC �Z (a) � BD �Z (b) R�	�����
Fig. 7 The shapes of the disturbances detected at XC station (a) and BD (b) station during the

great Japan earthquake on 11 March, 2011

H 6;?�� 20045 12H 267 00:50UT−02:00UT

BD �G���#6*%#NHJ. (H 6 &&Tk
S), "-%�#Q 23min /?��I�$�#+
�,#0!@d/10g [6]5]?�!����–�
��–�!�)�.7�D`, C8&)�-%#J
%�01)>A, ')^--�%l-�$�#4
�-01)L���.

2011 5 3 H 11 7�79�-%#��#�^
�3]e1j!$,(�Æ#&). 8$-%%f
#Mf 9.0 f, %�>+ 142.6◦E, 38.1◦N, /%�#
2e# 13:46BLT(>A2"). Hao ' [7] (.8$-
%�"��3C��,,-%'��$�#0�1 
",  �2)1��#�C�3���$4. H 7 #
^7hm��G (120.5◦E, 40.4◦N, &?IG XC G)

* BDG 15:00BLT−17:00BLT�)�#6, &&S
) XC G�+�\\+ 15:44BLT, + BD Gf!%
�+,Lk, +�)\2e(C, �#+ 16:06BLT.

62%�)<Gf!*-%�#2e +�)\2
e�2"_0�Sg;i, &&D)+�(%�01
)<G�Æ�7Q# 280m·s−1. #�giD0 &
j!�#+��+�01Æ��Æ#D`+h [11],

&g#�+��"%�-2-�,4(���01)
)���.

3�hh

(., BD G(G5* CP G(!5��#�
C�3$40��n@ "*F;,��1!�O:
�+�,:,$!+ +� +/!-%'&)+i
'.  �, ,%#+�"��+��&PML%�W
W#6;?�, /(�#+T". $�#+�"��
+�,:hL]`,  �, +�Q 3∼5min ]5$�
I,�XP#67/<�+�/(�#"MT*7
?U/, "JK-U/( L"YJ. +/2���
+�5$]`�4JDS,!�&)�"�4J_F
R�, `-$!�F�/<, $�!a/kLb?�
��,%#���+�,8/ZV+��$�#+�
?�, +�JIP, "6,+�Q 2 h /, $�#+�
^+,%#+�__. #,+�/(�#"LJ,  
+/�JK L+!W.-%#,/A&)-H-�
��+�, �F&&e��#�C�3)�).

��#�C�3,)$,)�)-$��;%
�.%*4+�, &&3#Æ#��+�!!���
)�#''���,(:1. Z��#�C�3  
K��23+D�,,>"3B�!��!0��2
$*�"�3$��, ZH*0���–���–�!
�)�Æ#�!Æ./.



����: ��'��(����Æ–���–���� !"#$ 303

QRST

[1] Blanc E. Observations in the upper atmosphere of infra-

sonic waves from natural or artificial sources: A sum-

mary [C]. Ann. Geophys., 1985, 3(6):673-688

[2] Georges T M. Infrasound from convective storms: Exam-

ining the evidence [J]. Rev. Geophys. Space Phys., 1973,

11(3):571-594

[3] Prasad S S, Schneck L J, Davies K. Ionospheric distur-

bances by severe tropospheric weather storms [J]. J. At-

mos. Terr. Phys., 1975, 37(10):1357-1363

[4] Xiao Saiguan, Zhang Donghe, Xiao Zuo. Study on

the detectability of typhoon-generated acoustic-gravity

waves [J]. Chin. J. Space Sci., 2007, 27(1):35-40. In Chi-

nese (lii, lj�, lU. mkl�oj$jpoknqm
�� [J]. �����r, 2006, 27(1):35-40)

[5] Xiao Saiguan, Hao Yongqiang, Zhang Donghe, et al. A

case study on whole response processes of the ionosphere

to typhoons [J]. Chin. J. Geophys., 2006, 49(3):623-628.

In Chinese (lii, mnk, lj�, s. nltomkooo
lpuopm�� [J]. ��qn�r, 2006, 49(3):623-628)

[6] Hao Yongqiang, Xiao Zuo, Zhang Donghe. Responses of

the ionosphere to the great Sumatra earthquake and vol-

canic eruption of Pinatubo [J]. Chin. Phys. Lett., 2006,

23(7):1955

[7] Hao Yongqiang, Xiao Zuo, Zhang Donghe. Multi-

instrument observation on co-seismic ionospheric effects

after great Tohoku earthquake [J]. J. Geophys. Res.:

Space Phys., 2012, 117(A2)

[8] Sindelarova T, Buresova D, Chum J, et al. Doppler

observations of infrasonic waves of meteorological ori-

gin at ionospheric heights [J]. Adv. Space Res., 2009,

43(11):1644-1651

[9] Lomb N R. Least-squares frequency analysis of unequally

spaced data [J]. Astrophys. Space Sci., 1976, 39(2):447-

462

[10] Scargle J D. Studies in astronomical time series analy-

sis, II. Statistical aspects of spectral analysis of unevenly

spaced data [J]. Astrophs. J., 1982, 263:835-853

[11] Mutschlecner J P, Whitaker R W. Infrasound from

earthquakes [J]. J. Geophys. Res.: Atmos., 2005,

doi:10.1029/2004JD005067

���������������������������������������������������������������������

VWXYZ[\]^_`abcdef

J� EH,-��'F,�grqBvrm%�^o5p,�o9nsQ%�^s�o9ttru
qs+%�^s�outtru>"u7+%�^�.o9ttruo9+i�/v�� EH,-��
545H (China High Resolution Earth Observation Conference) Z+ 2014 5oJr\. 9$Hspq�
:%=(>"%s>3v�rA� EH,-��'F�a,ph$4i)Fw V0*v42�w9qi,

32>a=� EH,-��sL@D�Æ#V0, # t/�a]e$t8u*wv. Hs #x�Æ#
sL, �13$r�<0.

jklmn ,-��sLux36%o�qB%̂ wx2�3%vs2tqB%ih6�.

pqrO>?st ^0,-��y�'FNA, ^0,-��y�E�, �:x5wyxz, �:.
#wyxz, �-y,$4KB 0z, �F�u7%{y�_ Æyz?, �&{%5uv<; d/.

vwxHrO>?st E2�|{NA<; tV�w, =(>"'F��;i wd, =(>"'
FxMDS yzz|, =(>"'F��/{,/,)qB/*0, =(>"'F|�z? nsqz, =(
>"UV)� z|, =(>"'Fo�tV |�wd, =(>"'F}|}} }{ ".

yxrO>?st s>,-��xz, s>,-��KB!42, |�qis>��, s>,-��
�:zE42.

O{|}l~�st ,-��$49D KB, ,-��ns6~, �F�Ai M_{A, �$4
 {%y,^~94, /> "!^�sF, ��%�!N0A_ ", �)<=|�42.

5HZ{A2#}~`0*}5}|:~`0. 5A<0(~�~��G www.chreos.org��.



<<
  /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


