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Resumen 

En este trabajo se presenta parte del estudio de las variaciones del campo geomag-
nético en el Electrochorro Ecuatorial sobre América del Sur. Fueron utilizados 
datos de las componentes horizontal H y vertical Z del campo geomagnético gra-
badas en dos estaciones de repetición: Cachoeira do Arari (01º 00’ 41’’ S y 48º 57’ 
48’’ O); Capitão Poço (01° 44’ 05’’ S  y 47° 03’ 43’’ O)  ubicadas en el Estado del 
Pará, Brasil. 
 Estas variaciones en regiones de bajas latitudes presentan características origina-
les. Datos de tres observatorios magnéticos, Isla de Ascensión, Tatuoca y Huancayo 
también fueran utilizados en este estudio.  
 Palabras clave: Electrochorro Ecuatorial, campo geomagnético, estación de 
repeticion, fluxgate, componente horizontal, variación magnética. 
 

Abstract 

This paper presents part of a study of the geomagnetic field variations at the South 
America Equatorial Electrojet. We have used data from the horizontal (H) and ver-
tical (Z) components of the geomagnetic field recorded in two repeated stations: 
Cachoeira do Arari (01º 00’ 41’’ S and 48º 57’ 48’’ O) and Capitão Poço (01° 44’ 
05’’ S  and 47° 03’ 43’’ O) both located in the Para State, Brazil.  
 These variations at low latitude regions present original characteristics. Data 
from three magnetic observatories Ascension Island, Tatuoca and Huancayo were 
used in this study also.  
 Key words: Equatorial Electrojet, geomagnetic field, repeated station, fluxgate, 
horizontal component, magnetic variation. 
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Introduction 

The Brazilian Electrojet region has different characteristics whose study and inter-
pretation enable better understanding of the dynamics of the phenomenological 
region. The region electrojet over Brazil’s Amazon (Figure 1) is a zone with many 
difficult points to access. 
 

 
 
Figure 1. Variation of magnetic inclination between 1912 and 2012. Source: ON. 

 
 Short period variations, a phenomenon analyzed in this work, are originated due 
to systems of electric currents generated by the movements of the atmospheric lay-
ers, ionized through the lines of the geomagnetic field. In periods without geomag-
netic activity and eliminating the contributions of smaller timescale, as geomagnetic 
pulsations and the Moon, it has a diurnal variation. 
 The geomagnetic pulsations, which will be analyzed and classified in this work, 
are magnetic variations in a short time interval (between 0.2 seconds and 17 
minutes) that occur in the geomagnetic field, resulting from interactions between 
electrically charged particles of the solar wind, the plasma magnetosphere and iono-
sphere. 
 This work analyzes the changes in the magnetic field recorded at Cachoeira do 
Arari (CAA) and Capitão Poço (CAP) repeated stations, comparing them with rec-
ords of three magnetic observatories also located at low latitudes: Tatuoca (TTB), 
Huancayo (HUA) and Ascension Island (ASC). 
 This study considered the occupation in the period from 13 to 27 November 
2008. The instrument used was a triaxial fluxgate magnetometer LEMI-417 with 
period 1 secong and the sensors were buried 1 meter from surface and aligned with 
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(H, D, Z) components of the local geomagnetic field. The data was reduced to 1 
minute according to IAGA format. 
 

Table 1 
Coordinates of the magnetic observatories and repeated stations used in this study 

Observatories/ 
rep. stations 

Abrev Latitude Longitude 
Elevation 

(m) 
Tatuoca TTB 1° 12.3’ S 48° 19.4’ O 54 
Huancayo   HUA 12° 02.3’ S 75° 19.4’ O 3313 
Ascension Island  ASC 7.949° S 14° 19’ W 177 
Cachoeira do Arari CAA 1º 00’ 41’’ S 48º 57’ 48’’ O 76 
Capitão Poço CAP 1° 44’ 05’’ S 47° 03’ 43’’ O 80 

 
 In this study magnetic variations were analyzed considering periods between 1 
and 17 minutes. In the first part of this study we analyzed H and D variations rec-
orded in CAA, CAP, TTB, HUA and ASC. All repeated stations and observatories 
are located at low latitude, near the region of the Equatorial Electrojet. 
 

H Component 

In the Equatorial Electrojet, the H component increases about 1, 5 times when com-
pared with the other regions of the earth. This increase occurs because the contribu-
tion of the external currents is amplified by the currents induced into the Earth, 
since, in this region; the induced magnetic field produced into the Earth is nearly 
aligned with the external magnetic field (Acuña and Cabrejos, 2002). 
 The results obtained in this work shows that the days had a calm activity be-
tween the period of November 13th and 24th, by the end of November 24th the occur-
rence of SSC* approximately at 11:50. 
 PM at all stations and observatories indicates the beginning of a more intense 
activity, which lasts until 27th, and can be more noticeable on the 25th. 
 Despite the big amount of activity, it is possible to identify two Si in the 25th  

graphic, the first one is registered at 02:46, 02:46 am, am 02:39 am, 02:43 am and 
02:45 am in ASC, CAP, TTB, CAA and HUA respectively , the second one  started at 
11:58 am in CAA and in TTB, at 12:01 pm in CAP and ASC and at  12:03 pm  in HUA. 
 The differences between the activities registered in calm and in not calm days 
can be noticed in the graphics below. The day November 24th  begins as a calm day,  

follows the expected behavior, with the biggest intensities in the middle of the day 
and without important changes during the rest of the day. On the other hand, it is 
possible to notice a more intense activity, because of this, it is observed that the 
variations don’t follow any expected pattern, and are registered throughout the day, 
which makes more difficult to detect clearly the maximum value reached.  
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Figure 2. Start of a Magnetic Storm - H component - registered in November 24th in the 

observatories/stations a) ASC, b) HUA and c) CAA, CAP and TTB. 
 
 The amplitudes graphic shows the amplitude variations during the whole period 
studied. In this graphic is possible to observe that the amplitudes are almost always 
bigger in HUA, this might be explained by the fact that HUA is 3313 meters above 
the sea level while CAA, TTB and CAP are almost in the sea level.  This difference 
of altitudes explains why the variations are felt more intensely in HUA than in the 
other stations. The distances from the stations to the Equatorial Electrojet also in-
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fluence the amplitudes: the near the station, the bigger the amplitude. This differ-
ence can be observed by the amplitude H in the figure, because ASC is in bigger 
latitudes. At the end of 24th November initiates a magnetic storm that is well 
recorded in the instruments from all repeated stations and observatories 
 This storm continues throughout the next day 25th November and it’s more in-
tense in the records of HUA than other observatories and repeated stations. 
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Figure 3.  Magnetic Storms - H component - registered in November 25th in the 

observatories/stations a) ASC, b) HUA and c) CAA, CAP and TTB. 
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Figure 4. The observed amplitudes between November (13th and 27th) 2008. 

 
 The observed amplitudes shown in Figure 4 were considered as the differences 
between maximum and minimum daily values. 
 

Z Component 

The planet Earth behaves as an imperfect conductor, with magnetics and electrical 
properties that depend on its topography and on its distribution of magnetic perme-
able and conductive material within. Due to these circumstances, the Z component 
daily variation measured in an observatory in land is largely influenced by the to-
pography and underground structure that surrounds the observatory in which the 
measure was taken (Acuña and Cabrejos, 2002). 
 The geology of the places in which the stations used in this work are placed is 
quite distinct, since the HUA station is located in the Andes and TTB e CAA are 
two different islands formed by marine and fluvial sediments. 
 The HUA station, located in Peru, is placed in a mountainous region in the An-
des. The Andes in the central part of Peru may be subdivided into three parts, the 
Western Cordillera, High Plateaux and Eastern Cordilleira. Huancayo is located 
between the High Plateux  and the Eastern Cordillera (Dorbath et al., 1989). 
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Figure 5.  Start of a Magnetic Storm - Z component - registered in November 24th in the 

observatories/stations a) ASC, b) HUA and c) CAP and d) CAA and TTB. 
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Figure 6. Magnetic Storm - Z component - registered in November  and 25th in the 

observatories/stations a) ASC,  b) HUA and  c) CAP and d) CAA and TTB. 
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Figure 7.  The amplitudes observed in the period between November (13th  and 27th) 2008. 

 
 The High Plateau is formed by moderately folded and thrusted marine Mesozoic 
and continental Paleogene rocks, covered by Miocene volcanic sediments. The 
Eastern Cordillera is mainly formed by fold and faulted Precambrian and Paleozoic 
rock. The contact between the High Plateau and the Eastern Cordillera is covered 
by Cenozoic basins oriented NW-SE, this basins include the Huancayo Basin 
(Dorbath et al., 1989). 
 On the other hand, the region where TTB, CAP and CAA are placed is com-
posed by holocenic sediments, forming packages between 2 to 5 meters thick main-
ly made of fine to very fine sands, with well selected pieces of coal scattered and, 
eventually, pieces of ceramics. This sediments cover  the older ones below, that 
forma a package that might reach 10 meters thick, constituted mainly by  bioturbat-
ed sands, with selection varying from moderated to good , fine to mediums grains, 
it can be locally conglomeratic. Pelites and shales are also present (Tatumi et al., 
2008). 
 These differences in the place’s geological settings certainly exerts some influ-
ence in the Z component behavior, what makes such difference registers between 
the stations, as observed in the graphics. 
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 Much of the variation in Z reflected in the ASC magnetogram comes from elec-
tric currents induced in the Atlantic Ocean, because ocean water is a good electrical 
conductor. 
 In the graphics below it is possible to notice a pattern: the value’s intensities in 
TTB and stations CAA are similar and bigger than the ones in HUA. It is also ob-
served that the variations in TTB and CAA are opposite to the ones in HUA. 
 Besides, the Z component values are slightly larger in CAA when compared to 
TTB and CAP, this might be explained by the distances from the stations to Equato-
rial Electrojet, in this context, it is possible to say that the values are smaller in TTB 
observatory and CAP station because it is near the EEJ than CAA station. The same 
justifications can be used to explain the low values recorded in HUA, since this 
stations is almost under the EEJ. Already in ASC the Z component values are big-
ger because it is far the EJJ. 
 The amplitude’s graphic supports the geological influence  in the Z component, 
since it shows a great similarity between the TTB, CAA and CAP graphics that are 
all geographically  near and have similar geological settings. No similarities are 
noted in HUA and ASC graphics, since this places have very different geology. 
 Figure 7 shows the observed amplitudes. These values were considered as the 
differences between maximum and minimum daily values. 
 

Discussion 

The results presented are about the horizontal (H) and vertical (Z) components of 
the geomagnetic field, all of them were recorded in low latitudes in the stations of 
CAA, TTB, CAP, HUA and ASC, in other words, they are all near the Equatorial 
Electrojet. 
 

Conclusion  

For analyzed period was possible to note that in some aspects the H and Z compo-
nents behavior was according to the expected. The H component has much higher 
values than the Z component, which is expected since in the EEJ the I = 0, then the 
H reaches its maximum value. 
 For the reason explained above, the Z component in the cities near the EEJ is 
smaller than the ones that are farther other information of this component is that it 
is negative when recorded in latitudes under the EEJ, it also behaves very different-
ly in the places that have distinct geology, in other words, more common  places 
that are far away from each other as HUA and ASC for example, and behaves simi-
larly in places with similar geology, usually happens in places that are near to each 
other as TTB and CAA. 
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 Unlike Z component, the H component is not related with the geology, but with 
the localization of the station or observatory. It was noted the altitude and latitude 
may cause differences in the H component and its amplitude. 
 In this work it is possible to conclude that the EEJ really exerts a strong influ-
ence in the Earth magnetic field, affecting in different ways the distinct areas de-
pending on their geological setting and their distance from the EEJ. 
 

Acknowledgments 

The authors wish to thank our colleagues Ronaldo Marins de Carvalho and Eliza-
beth Cunha Lima from the ON/Geomagnetism Team by repeated stations measure-
ments used in this work. 
 

Bibliography 

Acuña, J.; Cabrjos, J.; Fukushima, N., 1999. “Corrientes eléctricas alineadas con el 
campo geomagnético en bajas latitudes magnéticas”, Revista de Investigación 
de Física, Vol 1. 

Amarante, J.A.A., 1967. Guia para a identificação e classificação das Variações 
Geomagnéticas de Curta Duração, Comissão Nacional de Atividades Espaciais, 
29 pp. 

Chandra, H., Simha, S., Rastogi, R.G., 2000. “Equatorial Electrojet Studies from 
Rocket and ground measurements”, Earth Planets Space, 52, pp. 111-120. 

Dorbath, C. et al., 1990. “Seimicity of the Huacayo Basin (Central Peru) and the 
Huatapallana Fault”, Journal of South America Earth Sciences, Vol. 3. 

Forbush, S.E. y Casaverde M., 1961. Equatorial Electrojet in Peru-Canegie Institui-
tion of Washington Publication 620. 

Jeffrey J., 2008. “Magnetic monitoring of Earth and space”, Physics Today. 
Knapp, G.D.; Hurwitz, L.; Nelson, H.J., 1962. Magnetism of the Earth, U.S. Depar-

tament of Commerce. 
Miranda, M., 2010. “Sedimentologia, Isótopos Estáveis e Palinologia de Depósitos 

Quartenários no Leste da Ilha do Marajó”, Estado do Pará, Tese de Doutorado, 
USP. 

Rastogi, R.G., Kitamura, T. y Kitamura, K. 2004. “Geomagnetic Field Varitions at 
the Equatorial Electrojet Station in Sri Lanka”, Peredinia. Annales Geophysical, 
pp. 2729-2739. 

Shume, E.B. et al., 2010. “Variabilities of the equatorial electrojet in Brazil and 
Perú”, Journal of Geophysical Research, Vol. 115, pp. 1-9. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




