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Abstract: This paper outlines a simple approach to 

estimating the strength of equatorial electrojet using the 

Magnetic Data Acquisition System (MAGDAS). The major 

parameters such as baseline values, hourly departures, 

correction for non-cyclic variation, and solar quiet used in 

describing the estimation of equatorial electrojet are 

discussed.  

Keywords - Baseline values, Electrojet, Geomagnetic 

latitude, Geomagnetic longitude, and Hourly departure.  

I. INTRODUCTION 

The EEJ is a current flowing at the E-region altitude of 

the ionosphere. This phenomenon has been studied through 

different types of experiments. [1] investigated its vertical 

structure by using instruments inside rockets. Other 

properties such as the magnetic disturbances were examined 

above or below the magnetic meridian through chains of 

magnetometers crossing the magnetic dip equator. The study 

of equatorial electrojet began as far back as 1922 at 

Huancayo in Peru. The enhancement of the horizontal 

component of the Earth's magnetic field at the geomagnetic 

equator was produced by a narrow band of ionospheric 

current, which was named the equatorial electrojet (EEJ) in 

1951[2]. 

The EEJ is a local reinforcement of the ionospheric 

conductivity in the direction parallel to the geomagnetic dip 

equator. This effect, known as the Cowling effect, is caused 

by establishing a strong electric field moving in a vertical 

direction in the equatorial region where the Earth's magnetic 

field lines are nearly horizontal. [3] observed that the current 

system associated with the daily geomagnetic variation 

occurs when the geomagnetic disturbances are minimal and 

is referred to as a global solar quiet (Sq) current system. EEJ 

is manifested by localized ionospheric currents and physical 

structures flowing at the dip equator with higher current 

intensities during the noontime, responsible for Sq variation. 

Several authors have studied different aspects of the 

variations of the solar quiet horizontal component, the 

variation of EEJ strength, and the correlation of EEJ between 

pairs of stations along the dip equator and far away from the 

equators. [4] and [5] observed that the daily variation of the 

geomagnetic field component at the equatorial station is due 

to the superimposition of the Sq current and the EEJ current 

flowing eastward at the lower altitude. [6] concluded that if 

Sq current and electrojet current are flowing opposite, the 

westward electrojet current has a higher intensity than the 

global eastward Sq current; it is called Counter Electrojet 

(CEJ). [7] studied the geomagnetic field variations from 

some EEJ stations. Their results show that there could be 

substantial day-to-day variability in the EEJ strength along 

the dip equator. That correlation between pairs of stations 

decreases as a function of increasing distance between them. 

The data also show a longitudinal variability in EEJ, with the 

strongest EEJ current in the South American sector and 

weakest in the Malaysian sector. [8] studied the variability 

strength of EEJ over Africa during low solar activity and 

observed that post-sunset counter-electrojet was greater than 

pre-sunrise, which is attributed to differences in 

photoionization. Figure 1 depicts the main processes taking 

place to produce EEJ. This paper gives a simple approach to 

estimating the strength of equatorial electrojet. 
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Fig. 1 Schematic diagram of equatorial electrojet electric fields and current systems [9] 

 

II. METHOD OF ESTIMATION 

The Magnetic Data Acquisition System is the most 

straightforward method for estimating the intensity of EEJ. 

MAGDAS is made up of a ground magnetometer data unit 

powered by a solar power unit that includes a solar panel, 

inverter, battery, and a wireless internet link.  

     When estimating the strength of EEJ, one station must be 

closer to the equator, with a value of 3°, and the other must 

be farther away from the equator, with a value of around 9° 

[10]. When estimating the strength of EEJ, we do not select 

stations at random. The coordinates for latitude and longitude 

must be known. We must consider the five quiet days once a 

month. The quiet days can be found on the Kyoto World 

Data Center for Geomagnetism's website. The letters q1, q2, 

q3,..., and q10 represent it. The first five days begin with the 

letter q1 and end with q5.        

    A code on Seasonal Variation, H plot, and 24-hourly value 

must be written in the form of a function. Following the 

creation of the code, the next step is to debug each function 

in MATLAB to the subplot. Finally, now that we have all the 

parameters write some code to estimate the EEJ. Before 

calculating the EEJ, the Sq(H) in nanoTesla must be 

determined. The Sq currents will subtract from the EEJ data 

at the stations. The electrojet current will be the remnant. 

 

III. PROCEDURE 

The first step in determining the strength of equatorial 

electrojet is to select the five most magnetically quiet days 

from the International Quiet Days (IQD) according to the 

classification of the planetary geomagnetic index, 𝐾𝑝, for 

each of the equatorial stations, i.e., stations located within 

±3° of the magnetic equator and stations that are far away 

from the equator at approximately ±9°. These stations must 

have similar geomagnetic longitude.   

A. Midnight Baseline 

Baseline values are defined as the average of the 4 hours 

flanking local midnight (23, 24, 1, 2, hours) [10]. The 

baseline should be calculated for both the required stations 

by taking the last hourly value the same over the average 

values. Maputo is regarded as one of the stations far away 

from the magnetic equator; since Maputo is UTC+2hours 

ahead of Greenwich Mean Time, then 2hours have to be 

deducted from 24hours local time. The starting point of 

Maputo from the baseline is 22hours. 

Consequently, the baseline for Maputo, 

𝐻𝑂= 
𝐻22+𝐻21+𝐻2+𝐻1

4
  …………………… (1) 
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The same procedure applies to other stations, provided they 

are of the same longitude. For instance, for Ilorin, since 

Ilorin is UTC+1, the baseline is obtained as 

  𝐻𝑂 = 
𝐻23+𝐻22+𝐻2+𝐻1

4
   …………………... (2) 

B. Hourly Departure 

The hourly departure from the baseline is generated by 

subtracting the baseline values for a particular day from the 

same day's hourly values [11].  

      ∆𝐻𝑡=𝐻𝑡- 𝐻°  ………………………….(3)  

Where t = 01, 02, 03, 24 (hours) 

C. Correction for non-cyclic variation 

 A process whereby the values of ∆𝐻 at 0100LT are 

different from those of ∆𝐻 at 2400LT is said to be a non-

cyclic variation [12] & [13]. The hourly departure is further 

corrected for this reason. This is done by making a linear 

adjustment in the daily hourly values of ∆𝐻; 𝑉1,  𝑉2,……. 

𝑉24. The best way of achieving this is to consider the hourly 

departure values of ∆𝐻 at 01LT, 02,.24LT such that 

         ∆𝑐 =  
𝑉01− 𝑉24

23
 ………………….. (4) 

Therefore, the linear adjustment values at these hours will be:  

 𝑉1 + 0∆, 𝑉2 + 1∆𝑐, 𝑉3+2∆𝑐……….𝑉23 + 22∆𝑐, 𝑉24 + 23∆𝑐 

……………………………………….. (5) 

 The hourly departure corrected for non-cyclic variation 

gives H's solar quiet daily variation. 

Where t is known to be the local time ranging from 01 to 24, 

the hourly departures corrected for non-cyclic variation give 

the solar daily variation in H. Sq(H) denotes the solar quiet 

daily variation in H. 

D. Horizontal Components of Geomagnetic Field 

The Subtraction of the H components inside and outside 

the dip equator yields an H value, which is needed to 

eliminate the Dst ring current component and the global Sq 

current of H. The ionospheric electrojet current is 

proportional to the remnant H value, resulting in an east-west 

electric field. This eastward electric field could be caused by 

the Sq Wind dynamo system or a high-latitude electric field 

penetration. [14] discovered an east-west. overhead current 

during the daytime within a narrow latitude belt about 130 

kilometers above the magnetic dip equator, where the 

geomagnetic field is horizontal. [15] dubbed this the 

Equatorial Electrojet. [16] observed an abnormally large 

horizontal (H) component of the geomagnetic field at 

Huancayo compared to the [17] current system, based on 

data from mid-latitudes. [18] observed that the daily 

variation of the geomagnetic field component at the 

equatorial station is due to the superimposition of the Sq 

current and the EEJ current flowing eastward at the lower 

altitude. The daily variation of the geomagnetic field 

component at the equatorial station was caused by the 

superimposition of the Sq current and the EEJ current 

flowing eastward at a lower altitude. [19] concluded that 

when Sq and  EEJ currents flow in opposite directions, and 

the westward EEJ current exceeds the global eastward Sq 

current. This is referred to as Counter Electrojet (CEJ). The 

intensity of the geomagnetic field has been observed to vary 

from sector to sector within the equatorial zone. [20] 

discovered that the daily ranges of H at equatorial stations 

peak around the dip equator. The magnitude of Sq is time-

dependent, and the strength of Sq current is enhanced at the 

dip equator [21–22]. 

[23] investigated the geomagnetic field variation of SqH 

at the India station, located in a low latitude sector. They 

observed maximum SqH magnitudes during equinoctial 

months and lowest SqH magnitudes at noon hour during J 

season, indicating a semi-annual variability in the range of 

the SqH seasonal variation that depicts EEJ characteristics. 

However, recent research has shown that Sq currents can be 

deduced from the horizontal (H) intensity of a geomagnetic 

field by [24]; [25]; [26]. Graham, however, conducted the 

first study on the daily variation of Sq of the H intensity in 

1722. During his research, he observed slow, regular, and 

irregular changes in declination on different days. He 

discovered that this irregular variability could be larger and 

more rapid. 

VI. CONCLUSION 

A simple approach to estimating EEJ has been 

discussed. Particular stations close to and away from the 

geomagnetic equator have been used as references. 
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