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MEASUREMENT OF THE GEOMAGNETIC FIELD



 Geomagnetic phenomena are studied experimentally through data obtained by
ground stations, ships aircraft and space vehicles.

Magnetometer respond primarily to time variations in the geomagnetic field and
have been useful as extraterrestrial observatories to monitor the fluctuations caused
by magnetic storm.



Magnetic Components
 The first set is typically called the X, Y, and

(XYZ-component) representation;

 The last set is called the H (horizontal), D
(declination), and Z (into the Earth) (HDZ-
component) representation (or sometimes
DHZ ).
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The angle that the total field makes with the 
horizontal plane is called the inclination, I, or 
dip angle:
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The conversion from X and Y to H and D becomes
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The declination angle D in degrees (D◦) is expressed in magnetic eastward directed 
field strength D (nT) and obtained from the relationship.
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Geomagnetic Variation



Fig. The butterfly diagram showing the latitude drifts of sunspot 
occurrence (Foukal, 1989)

The variation of the sunspot number with time from 1601 to 1987 
(Eddy et al) 

11 Year Variation of Sunspot Latitude 11 Year Variation of Sunspot Number





27-day Kp variation related with the solar rotation

Rotation of Sunspot (active region) Rotation of Coronal Hole

(high velocity stream)





Quiet variation fields

 A daily variation of the surface magnetic field was first noted
in 1722.

 Although the ionosphere was not discovered until 1902, it
was predicted as early as 1882 that the cause of the
variation was electric current a conducting layer of he
atmosphere.

 Subsequent study has shown that the quiet variation
includes a large effect of solar origin, a smaller effect of
lunar origin, and a still smaller remainder due to other
magnetospheric processes.



The solar quiet daily variation
 The electric currents driven along the E-layer of the ionosphere generate the

solar quiet (Sq) day-to-day variation.

 The Sq daily variation is produced mainly from solar ultraviolet heating radiation

and atmospheric solar tides, which have an influence on neutral and ionized
particles between heights of 70 and 120 km.

 The tidal winds and conductivities in the dynamo zone are considered to be the
major components influencing the pattern and strength of the Sq current system.

 The longitudes, seasons, years, and solar cycle are shown to influence the pattern
and structure of the Sq variation.

 The daily amplitude of the Sq variation is determined by the ionospheric
conductivities, the dynamo electric field, the solar diurnal tide, and the E-region
electron concentration.







Figure 1a depicts large positive variations
in SqH current and higher daily range of
the horizontal geomagnetic (H) field
intensity during the daytime attributed to
EEJ current closer to the geomagnetic
equator at the electrojet stations (BNG
and MBO), which are produced from
large eastward flow of the current.

Also, the reduction in the SqH component
of the geomagnetic field at NUR, ESK,
HBK, and HER is noticed, which is an
indication of the westward flow of the
current. This is as a result of a decrease in
the eastward electrojet strength affirming
a westward electrojet current flow.

Figure 1b shows an opposite sign from
the northern hemisphere to the southern
hemisphere of the SqZ. It is positive at the
southward and negative

Fig. Hourly variation of (a) SqH and (b) SqZ respectively at BNG, MBO, HBK, HER, NUR, and ESK.



The seasonal shift in the mean position of the Sq current system of the ionospheric electrojet
resulted in seasonal change in the SqH and SqZ variations. The consequence of seasonal

variation is the electrodynamics effect on local winds; the winds are subjected to daily and
seasonal variability. ( Falay et al., 2018)



Electromagnetic Induction
 Schmucker (1970) used the geomagnetic field variation from the ratio DZ/DH relation to
examine the inductive response of the Earth’s interior.

 Non-uniformities in the electrical conductivity in the upper mantle produced local
variation in the Z–H relationship.

 The conducting Earth’s interior has an influence on the electromagnetic induction as a
result of geomagnetic variation deduced from geomagnetic Z–H or magneto-telluric E–H
relations.

 The geomagnetic disturbances are associated with geoelectric fields of the 
electromagnetic induction on the Earth, produce information on the formation of the Earth 
and on the ionosphere and magnetospheric current system.



The amplification rate of
induction may depend on
temporal and spatial structure
of the ionospheric current
source and distribution of the
conductivity in the Earth.
The rate of induction analyses
during the quiet day variations
are associated with the
influence of equatorwards
penetration of the electric fields
from the field-aligned current,
Earth conductivities, the effect
of the ocean, and ionospheric
conductivities (Falayi, et al.,
2015)





Fig. 2. Solar wind speed and time derivatives of the horizontal geomagnetic field variation on 
22 June 2015 magnetic storm at African sector.



Fig. 5 (a) dZ/dH data from Addis Ababa & Mbour
observatory for 17 March 2015. (b) Wavelet power
spectrum of dZ/dH using Morlet wavelet. (c) Global
wavelet power spectrum while the dashed line
denotes 5% significance level of the global wavelet
spectrum. (d) Scale-average time series of the
power wavelet over the 256–512 min bands. The
dashed line signifies the 95% confidence.

Figure 5(a-c) presents the WPS of the AAE
induction time series. Figure 5b shows the
power of the wavelet transform for the
dZ/dH. It was noted that there is a greater
concentration of power between the 256 and
512 min bands, which shows that this time
series has a strong annual signal of dZ/dH (Fig.
5b, AAE). The GWS in Fig. c (AAE) was used to
study the dominant periods of the signals of
the dZ/dH data for the different conditions
during the 17 March 2015.



Fig. 6 (a) dZ/dH data from Mbour observatory for 17 March 2015. (b)
Wavelet power spectrum of dZ/dH using Morlet wavelet. (c) Global
wavelet power spectrum while the dashed line denotes 5%
significance level of the global wavelet spectrum. (d) Scale-average
time series of the power wavelet over the 256–512 min bands. The
dashed line signifies the 95% confidence.

Figures Mbour (a–c) depict dZ/dH data
from Mbour observatory for 17 March
2015. It was noted that there is a greater
concentration of power between the 256
and 512 min bands.

 The CME may have influence on time
derivatives of geomagnetic field H, Z and
electromagnetic induction at the African
longitudes, which may be associated
with perturbations in electric fields and
currents in the equatorial and low
latitude magnetic field linked with the
changes in magnetospheric convection.





Huang and Yumoto (2006), introduced the statistical study of low latitude geomagnetic
response to solar wind enhancement during the southward IMF to whether the periodic
geomagnetic disturbance are caused by magnetospheric substorm or by solar wind
pressure enhancement



 Huang and Yumoto (2006), their result shows that the change of the geomagnetic field 
is proportional to the change of the square root of the solar wind pressure and an 
empirical formula was obtained derived by Siscoe et al. (1968). 
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Where ΔH is the change of the geomagnetic field, k is a constant, and Psw1 and Psw2 are
the solar wind pressure values before and after the pressure enhancement, respectively.

 This method is useful for identification and interpretation of magnetospheric-
ionospheric disturbances related to storm-time periodic substorms during a prolonged
interval of southward IMF.

 They applied the empirical formula to two storm cases in which periodic substorms
occur. They found out that the periodic increase of the geomagnetic field is related to the
substorm onsets but not to solar wind pressure.

 A quantitative relationship between the solar wind pressure enhancement and low
altitude geomagnetic response had been studied previously.



Monthly variation of max dH/dt from 1990-2007 and 1992-2007 (upper panel) and monthly variation of max H 
from 1990-2007 and  1992-2007 (lower panel).



 The geomagnetic field variation may be due to factors external to the Earth and 
essentially related to solar activity.

 The atmospheric motions in the Earth’s magnetic field create a natural dynamo with
two current cells: one in the sun-lit northern hemisphere flowing counter-clockwise,
and the other in the sun-lit southern hemisphere flowing clockwise.

 The FAC are strongly dependent on the IMF and are believed to be the primary
source for the polar and pre-polar regions asymmetry.





DT

DCF

DR



 On the Earth the effect of DR and DP is much greater than DCF and DT
during geomagnetic storm except at the sudden commencement of
magnetic storms, when DCF suddenly increased and revealed as world
wide increase in H component.

 DCF has been shown to produce a world geomagnetic variation similar to
the sq field. (Olson , 1970).

 DT perceived on Earth surface at the nightside equator (Siscoe, 1966).

 Therefore DCF and DT can be neglected in geomagnetic disturbance of the
earth but they are very important for the magnetic field variation near
magnetosphere boundary and magnetotail.

 ΔH= Sr + D

 ΔH=Sr + DR + IDD

 IDD = ΔH – DR – Sr

where Sr is the daily regular variation of the Earth’s magnetic field due to the

regular electric current associated with the storm driven by solar heating; ΔH

is the variation in the horizontal component of the geomagnetic field (Huy
and Mazaudier, 2008)

33



Variation of ionospheric dynamo across the latitudes

Falayi, et al., 2015



 From the study, storm time ionospheric electrodynamics has shown the
occurrence of large electric field and current disturbances during
geomagnetically disturbed periods. The electric field perturbations are
most probably related to IDD

 Dominance of IDD during the nighttime hours. During the daytime hours,
the ionospheric electric field is mainly controlled by the E-region dynamo
process, in which the tidal forces from the lower atmosphere play a
significant role, while the F-region dynamo plays a dominant role for the
availability and variability of electric field during the night time.

 The direct penetration of the electric field has a larger impact on the
nighttime ionospheric disturbance process, because it changes the F-
region electron density.



GEOMAGNETIC FIELD DATA FOR 
RESEARCH STUDIES

 Geomagnetic storms
Ionospheric disturbance dynamo
Geomagnetically induced current
Solar queit variation
 Earthquakes

Etc….




