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Abstract

In this paper, we calculate Local Disturbance indices (LDi) using data from two equato-
rial observatories (Ascension ASC and Fiquene FUQ) to use them as Disturbance Storm-
time (Dst) index proxies. We find that the LDi response to geomagnetic storms is different
depending on the observatory’s local time at the storm onset. In order to explore this local
time influence on the measurements on the ground at low latitudes, we build new proxies
using two observatories located at approximately the same longitude, in order to balance
measurements in the north and south averaging meridional and measuring only zonal vari-
ations. The average of the longitude pairs and Dst-index proxies from single observatories
exhibit strong correlation to the Dst index (> 0.88) during active periods and a moderate
correlation (< 0.5) during quiet periods. We find that the storm intensity is associated with
local time. We confirm that the fastest variation in the geomagnetic field during the storm
is recorded between dusk and midnight, while the region between dawn and noon records
more moderate variations, sometimes missing the storm effects altogether. Our results show
an azimuthal asymmetry of the magnetospheric ring current, becoming most intense on the
night side of the dusk terminator during active periods. We propose a new configuration for
local time Dst proxies including the use of equatorial observatories. This will get insights of
the evolution of storms in an area where there are limited geomagnetic observatories.
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1 Introduction

A geomagnetic storm is a disturbance in the electric and magnetic fields surrounding the
Earth. These storms alter the amplitude and variability of the fields measured at Earth’s
surface, often leading to a decrease in the strength of the geomagnetic field at low lati-
tudes. This occurs due to the interaction between the solar wind and the geodynamo, which
generates the magnetosphere. During a geomagnetic storm, energy from the solar wind is

Interplanetary

Magnetic Field ‘

Fig. 1 Three-dimensional cross-section of the Earth’s magnetic field with its currents and plasma regions:
Modified from Kivelson and Russell (1995)
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transferred to the magnetosphere as a consequence of the magnetic reconnection between
the Interplanetary Magnetic Field (IMF) and the Earth’s magnetic field. This interaction
generates an enhancement of the Ring Current, which leads to a decrease of the horizontal
component of the Earth’s magnetic field at the equator (e.g., Gonzalez et al. 1994; Cramer
2013; Heilig 2018).

The ring current (RC) has been defined as a toroidal shaped current flowing on the equa-
torial plane of Earth (see Fig. 1), between 2 to 9 Earth radii (Daglis 1999). The RC flow-
ing westward will oppose Earth’s internal dipole and weaken the magnitude of the dipolar
field measured at Earth’s surface. During geomagnetic storms the variations measured on
this dipolar component are mainly related to variations in the intensity of the flow in RC.
There are two main current systems in this region at quiet times: an inner RC flowing west-
ward, and an outer RC flowing Eastward above 3R (e.g. Ganushkina (2018)). These RC
current systems are mostly symmetric during quiet times, but it has been observed they
have an enhanced asymmetry during storm time. The nature of the magnetosphere is asym-
metric, due to the direction of the solar wind: there is a compression of magnetic fieldlines
on the dayside and and extension on the night side. This naturally results in a day-night
asymmetry.

During storm time, charged particles from the tail are transported through the inner
magnetosphere to the day-side magnetopause (Ganushkina 2018). A partial ring current
that connects with the ionosphere is developed to balance the large input of charged par-
ticles transported in the night side plasma sheet into the inner magnetosphere. This par-
tial ring current develops a strong westward current on the equatorial plane, that follows
the fieldlines pole-ward at dusk and equator-ward at dawn. This results in large azimuthal
dusk-dawn asymmetry on the RC during the main phase of a storm.

The Disturbance Storm-Time (Dst) index is traditionally used to quantify the perturba-
tion of the axisymmetric RC. The Dst is correlated to the strength of the RC. The index
is calculated by measuring the variation of the Horizontal (H) component of Earth’s geo-
magnetic field at the equator (e.g., Heilig 2018). The Dst index was introduced by Sugiura
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Fig.2 Location of the observatories used in this study and their relative distance to the magnetic equator.
The black dashed line corresponds to the magnetic equator calculated with IGRF13 (Alken et al. 2021).
Observatories in orange correspond to east Dst index proxy Dst,. Observatories in green correspond to the
west Dst index proxy (Dst,,). The circle represents the observatories used in the Dst index proxy with mean
local time UTC —8.5 (Dst_g5). The triangle up represents the observatories used in the Dst index proxy with
mean local time UTC —4.5 (Dst_,5). Diamond represents the observatories used in the Dst index proxy with
mean local time UTC +1.5 (Dst_;5).The triangle down represents the observatories used in the Dst index
proxy with mean local time UTC +8.5 (Dst,4s). The square corresponds to the Ascension Island observa-
tory
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(1964) as a way to categorise geomagnetic storms by quantifying their strength (Sugiura
1991). The Dst index is calculated based on the hourly means of the horizontal component
of the magnetic field measured at four mid-latitude observatories, i.e. Kakioka (KAK),
Japan; Hermanus (HER), South Africa; Honolulu (HON), Hawaii; and San Juan (SJG),
Puerto Rico (see Fig. 2). These locations are distributed in the northern and southern hemi-
spheres to capture the signal from the RC and to have a complete local time coverage.
These observatories are located at mid-latitudes, where the ionospheric and equatorial
electrojet (EEJ) influences are not dominant. The Dst index is calculated and distributed by
the World Data Center for Geomagnetism Kyoto and and dates back to 1957.

Magnetic storms are recorded as deep negative dips in the Dst index. Gonzalez et al.
(1994) proposed a range of intervals for which the Dst minima characterises magnetic
storm: weak (-30 nT to -50 nT), moderate (-50 nT to -100 nT), strong (-100 nT to -200 nT),
severe (-200 nT to -350 nT) and great (< -350 nT).

The methodology for the calculation of the Dst-index (Sugiura 1991) has been expanded
by different authors throughout the years. Love (2009) proposed the Dst>307—#H a5 a
revised version of the Dst index. They first identify and remove active periods and replace
them with interpolated values. These authors remove the solar-quiet (Sq) variation using
a filter applied over time and frequency domains. Then, they filter the signals with fre-
quencies that correspond to Earth’s rotational and orbital periods; Moon’s orbital period;
as well as Moon-Earth coupling. Later, Gannon (2011) introduced 1-minute resolution data
instead of the traditional hourly means.

Similarly, Iyemori (1990) introduced the Symmetric Disturbance index (SYM-H). This
index uses the Horizontal component of ten observatories with latitudes ranging between
—33.73° to 42.52°, although most of the observatories are in the northern hemisphere. The
SYM-H uses 1-minute resolution data and has regular local time coverage.

Cid (2013) developed the Local Disturbance index (LDi) by using the Sugiura (1991)
methodology, but applied it to data from a single observatory. They studied a list of the
large magnetic storms dating back 1857, by calculating the LDi for the Colaba Observatory
and the Alibag Observatory (ABG), Bombay.

Predictions of the Dst index based on statistical and computational methods can be
found in the literature (for a recent review see Nair (2023)). Most models use solar wind
data and prior Dst index as prediction parameters. Cristoforetti (2022) predict the Dst index
using the three components (B,, B, B,) of the Interplanetary Magnetic Field; the solar
wind plasma temperature, speed, density and pressure; and Dst index. They developed a
model using Deep Learning Neural Network. Furthermore, they show the relevance of
making a proper selection of the training data set to improve the prediction results.

Several authors have used the Dst index to study different mechanisms and character-
istics of Earth’s magnetic field. Echer (2008) compared the Dst index to interplanetary
parameters (e.g. solar wind composition) from the Advance Composition Explorer space-
craft (ACE) to study 11 large storms. The authors were looking for triggering mechanisms
for these large storms. They discovered there is a correlation between the electric field
measured at L1 and the Dst-index. Their results indicate that the time-integrated energy
from the solar wind is the most important parameter for determining the magnitude of a
geomagnetic storm.

Soares (2020) used the Dst index to study the evolution through time of the geomagnetic
field measured at Tatuoca (TTB) and analysed the effects on these measurements from
the Equatorial Electrojet (EEJ). They show a time analysis from 1957 to 2019, where the
measurements at the observatory are influenced by its proximity to EEJ, which is measured
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by the magnetic dip angle. Their results exhibit an increment in the range of the horizontal
component over time that highlights the transition of the daily variation from the Sq (Solar
quiet) type to EEJ type. Also, seasonal variations and daily variations were larger during
the period of EEJ influence.

Balan et al. (2014, 2016) argued that Dst index does not capture completely the severity
of storms. Instead, they proposed the mean value of the Dst index during the main phase
(Dst,,p) as a better indicator of storm severity. They showed that Dst,,p is better correlated
with the disruption in electrical power services and damage.

Newell and Gjerloev (2012) proposed four ring current indices. The indices are calcu-
lated as the SYM-H, but using 98 mid and low-latitude observatories from the SuperMAG
collaboration. The indices are called SMR-00, SMR-06 SMR-12 and SMR-18, where the
number of each index represents the central local time. By using the partial indices, they
found storm intensity differences associated with local time; SMR-18 (dusk) exhibits more
intense storms, while SMR-06 (dawn) exhibits less severe storms. They conclude that the
intensity difference represents an asymmetry in the Ring Current during the main phase of
the storms. Also, the ring current returns to its symmetrical state during the recovery phase
of the storms.

Yakovchouk et al. (2012) calculate global and local Dxt index to study the properties of
several storms of different intensities. Dxt index follows the same methodology proposed
by Sugiura (1991), but the local disturbances are normalized by the cosine of station’s geo-
magnetic latitude. Their findings revealed that the minima of the local Dxt index are 25%
to 30% deeper than those of the global Dxt index. Moreover, they observed that the most
significant disturbance occurs around 18:00 local time. As a result, they concluded that the
global Dxt index underestimates the severity of disturbances, emphasizing the utility of the
local Dxt index in studying both the spatial distribution and temporal evolution of storms.

In this paper, we want to study the geomagnetic storms and how they develop on ground
based on local time. Methods and data section describes the methodology, data sources,
and information about the observatories used in this study. Results and discussion section
provides the analysis in two main parts: First, we calculate Dst index proxies at low latitude
observatories, analogous to the LDi, using the data from the Geomagnetic Observatory of
Faquene (FUQ), Colombia and the Ascension Island Observatory (ASC), Atlantic Ocean.
Second, we propose a Local Time distribution array, to analyse the dependence of the dis-
turbance over the Earth’s geomagnetic field with the local time. Lastly, in the Conclusions
we explain the advantages of using LDi to identify and classify storms and how LDi shows
a correlation between storm intensity and local time at the storm commencement.

2 Methods and data

A good part of our analysis uses Local Disturbance indices (LDi), Cid (2013). They are
calculated using the methodology proposed by Sugiura (1991) for a single observatory as
follows:

e Take the hourly mean of the horizontal (H) component measured at the ground obser-
vatory. Calculate and extract the annual quadratic tendency, H,,, (), using the mean of
the five international quiet days of each month, published by World Data (2023). This
correction accounts for the geomagnetic secular variation:
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AH(t) = Hohs(t) - Hhase(t) (1)

where H . (t) correspond to the horizontal component measured at the observatory.
e Calculate and extract the Solar quiet (Sq) variation by taking the five international

quiet days of each month and extracting the daily variation frequency for m,,,, = 3 and
nmax = 3’
Sq(t,s) = zm: ; A,,, cos(mt + a,,) cos(ns + f,) )
where ¢ represents the local time and s the month number; and
e Apply a magnetic latitude correction to normalize the index:
D(t
LDi(t) = @ 3)
cos(¢)

where D(t) = AH(t) — Sq(t, s), and ¢ is the dipole latitude of the observatory. ¢ esti-

mation is based on the current IGRF; see Table 1. Data from observatories presented
in this paper was downloaded from Instituto Geografico Agustin Codazzi (IGAC)
(1953-2024); INTERMAGNET (1991-2020); World Data Cente for Geomagntism
(2003-2020)

2.1 Equatorial local disturbance indices

The Dst index is obtained by averaging LDi of KAK, HON, HER, and SJG observato-
ries. The name, IAGA code, location, and dipole latitude of the observatories used in
this study are summarized in Table 1.

First, we produce two LDi using data from FUQ and ASC (Dst, and Dst, respec-
tively). We calculate and compare the correlation between Dstf, Dst,, and the Dst index.

We re-calculate two new proxies and define them as east and west, Dst, and Dst,,
respectively, by calculating the LDi for two stations and averaging them. For Dst, we
use KAK and HER, and for Dst,, we use HON and SJG observatories. See Fig. 2 for the
observatories locations and Table 1 for the observatories information. We quantify the
linear correlation between proxies with the Pearson Correlation coefficient.

Table 1 Observatories name, IAGA code, location, and dipolar latitude (Latg;,). The geomagnetic coordi-
nates are determined using model calculations provided by the British (2023)

Observatory IAGA code Geographic coordinates Lat,;, (2005-2010)
Faquene FUQ 5.47°N 286.263°E 15.78
Ascension Island ASC 7.949°S 345.624°E —2.33
Kakioka KAK 36.232°N 140.186°E 27.36
Honolulu HON 21.320°N 202.000°E 21.65
Hermanus HER 34.424°S 19.225°E —33.99
San Juan SIG 18.111°N 293.85°E 20.36
Easter Island IPM 27.171°S 250.59°E —18.87
Learmonth LRM 22.220°S 114.100°E —32.45
Tamanrasset TAM 22.790°N 5.530°E 24.67
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Table 2 The first column

Proxy Observatories Local time (UTC)
corresponds to the proxy name.
Th.e second colum.n shows the Dst, FUQ —05:00
pair of observatories used (see
also Fig 2). The third column is Dst, ASC 00:00
the local time average between Dst, KAK - HER +05:00
the observatories Dst,, HON - SIG —07:00
Dst_gs HON-IPM —08:30
Dst_ys SIG-FUQ —04:30
Dsty s HER-TAM +01:30
Dst, g5 KAK-LRM +08:30

We use data from Instituto Geografico Agustin Codazzi (IGAC) (1953-2024);
INTERMAGNET (1991-2020); World Data Cente for Geomagntism (2003-2020). In
the case of FUQ, we had had to apply some baseline corrections combining the absolute
measurements and the variometer measurements in record.

2.2 Local time proxies

We construct an array of observatories for the intensity of the ring current that varies
with the local time and generate LDi for several observatories and then average them in
pairs (see Fig. 2). When using the pairs we define the local time by averaging the local
time of the observatories used (see Table 2).

3 Results and discussion
3.1 The Dst and equatorial local disturbance indices

In order to study how the LDi correlates with Dst-index, we selected 6 periods of time of
one-month length with different geomagnetic activities: two Severe storms in May 2005
and June 2015; one Strong storm in July 2004; one Moderate storm in October 2013; and
two Quiet time on August 2008 and October 2014. All the correlation coefficients between
various proxies are summarized in Table 3.

3.1.1 Severe storms

Figure 3 shows the results for the month of May 2005. We observe that during that time
there are 3 geomagnetic storms. Two of them correspond to strong storms (between the 7th
and the 11th; and after 28th) and one to a severe storm (between the 15th and the 23rd).
Figure 3A shows that Dst, and Dst, capture the main features of the storms. There is a high
correlation (> 0.93) between the proxies and the Dst-index (Table 3).

We found a good correlation between all the proxies we constructed (> 0.88) (see
Table 3). However, there is a higher correlation for Dst g with Dst,, than for Dst f with Dst,. In
Figs. 3B, D we observe the correlation with Dst, has the largest magnitude during the main
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Severe Storm May 2005
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Fig.3 Comparison and correlation of Dst index proxies for the Severe storm in May 2005. A) Comparison
between Fuquene LDi (Dst,; blue line), Ascension LDi (Dst,; yellow line) and Dst-index (black line). At
the top left there is the Pearson correlation coefficient between Dst, and Dst-index (r,); Dst, and Dst-index
(r,9); and Dst, and Dst, (rg,). B-D) Scatter plots between various proxies throughout the severe storm. Each
Figure shows the correlation for each hourly-mean value of the proxy. In color, we show the corresponding
date in 2005. The size of the dots shows the value of the Dst index. The correlation coefficient is shown on
the top left corner and the dashed line shows the best-fit line and its equation is shown in the top left corner.
These series show how the correlation is relatively good except for the storm time. Each proxy captured
the minimum value at slightly different times and different minimum values. In B and D we see Dst; has
minima larger (i.e. shallow dip) than expected from other proxies associated with local time

phase of the severe storm (aquamarine blue dots). The discrepancy in correlation is observed
mainly during strong storms (purple and yellow). We found that Dst, in ASC exhibits similar
behavior, but this proxy is more closely related to Dst, (see Figure 3C, see Table 3).

We observe a parallel between Dst, with Dst,, and Dst,, with Dst, correlations related to
the intensity recorded by each proxy. This suggests that there might be a local time influ-
ence, where Dst, is better represented by Dst,, because the contribution of SJG data over
Dst,,, that has a similar local time as FUQ. Likewise, Dst, is similar to Dst, because the
HER contribution presents a similar local time with ASC.

Figure 4 shows the proxies during the month of June 2015. The main storm occurred
between June 22nd and June 26th and is classified as Severe. There is a high correlation
between Dst-index and the proxies (> 0.9) (see Table 3). The Dst, minimum occurs a few
hours before Dst-index. However, Dstf and Dst, capture the main features of the Dst index
as well as the storm behavior (see Fig 4A).

Figures 4 B-D show that the correlations are weaker at the main phase of the storm
(shown in green). Also, the correlations 1, and r,, are the higher proxies correlations
(> 0.92)(see Table 3). This exhibits the local time influence where Dstf is similar to
Dst,, and Dst,, is similar to Dst, because of similarities in local time. The r,, correlation
is worse during the storm, and it is caused by the time difference of the minima (see
Fig. 4C).
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Severe Storm June 2015
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Fig.4 Same as Fig. 3 but for the Severe storm in June 2015. This severe storm exhibits a more complex
behavior and this results in worse proxy correlation indices. The spread in the scatter plot is larger during
the storm time for each of the cases shown here than in Fig. 3. In B and C, we see that Dstf and Dst, show

more intense storms

Strong Storm July 2004
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Fig.5 Same as Fig. 3 but for the Strong storm in July 2004. This storm can be separated into clear sections
with storm min and recovery when another is superimposed. The correlation indices worsen but all proxies

capture the three stages clearly
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3.1.2 Strong storms

We observe a strong geomagnetic storm between July 22nd to August 1st, 2004 (Fig 5).
This storm is a multiphase storm that presents several local minima. Figure SA shows Dst,
and Dst, exhibit the multiple steps of the storm as Dst-index. The proxies and Dst-index
correlation is high (>0.88) (see Table 3).

The weakest correlation occurs during the multiple Dst-index minima of the storm
(green to yellow dots) (see Fig. 5 B-D). r4, and r,, are the largest correlations and exhibit
the correspondence between Dst, with Dst,, and Dst,, with Dst, (see Fig 5 B, C). However,
Fig. 5 B, D show a slope less than 1 of best-fit lines. This indicates a difference in the rate
of change between the proxies, possibly associated with the multiphase behavior.

3.1.3 Moderate storms

During October 2013, we identify 3 moderate geomagnetic storms (Fig. 6). Dst, and Dst,
record the 3 storms and capture the main features (Fig. 6A). During this period the correla-
tion of the proxies and the Dst-index decreases to moderate (> 0.73). Dst, and Dst, exhibit
more intense main phase minima. We observe that all correlations are worse during the
quiet time and the recovery phase of the storms (see Fig. 6 B-D). Also, the slopes of the
best-fit lines are less than 1. This indicates a difference in the variations captured by each
proxy. However, ry, and r,, still exhibit the highest correlations that support a local time
effect in the proxies.

Moderate Storm October 2013
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Fig.6 Same as Fig. 3 but for the Moderate storm in October 2013.Moderate storms show a worse correla-
tion than severe storm data. The correlation is also worse during the quiet time in this time series
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3.1.4 Quiet and unsettled geomagnetic environment

We study two periods of quiet time (Figs 7 and 8). The first one corresponds to August
2008 and the second one corresponds to October 2014. Dst, and Dst, records the quiet
month behavior during each period. During this period, the proxies present more variations
compared to the Dst index. Also, the correlation between the proxies and Dst-index ranges
from medium to moderate (see Table 3).

14, and r,, correlations as well as the slopes of best fit, do not support the local time
influence observed during active periods. Also, ry, correlation is the lowest in both periods
of time (3). This shows that proxies from a single observatory do not capture the same
features.

The lower value of the correlation suggests that during quiet periods the RC does not
induce a significant field over ASC and FUQ. It is likely other currents, such as the Sq that
has not been completely removed, play a more significant role during quiet periods.

3.2 Local time influence

In Figure 3B-D we observe that each proxy has a different minima during the storms. Dst,,
and Dst, have deeper minima than the other proxies during the severe storm (May 15th).
The Dst-index minimum occurs at 08:00 UT, which coincides with the local time of Dst,,
and Dst, being close to midnight. In contrast, Dst, has a shallower minimum and its local
time is after dawn. This suggests that storm intensity is affected by the local time. This
behavior is likewise present in Figures reffig:2015B-D. In this case, not only the intensity is
different in each proxy, but also the time of the main storm.

Similarly, the decrease in the correlations in Figure 6B-D is associated with the differ-
ence in the intensity captured by each proxy. Regarding the intensity differences of each
proxy in Fig. 6B-D, we observe that for the first storm Dst,, has the deepest minimum
while Dst, and Dst, has the less intense main phase. This storm occurs at 07:00 UT, which
indicates that Dst,, is close to midnight and Dst, Dst, are close to noon and dawn respec-
tively. Similarly, the second storm in Fig. 6 occurs at 00:00 UT. Dst, and Dst, exhibit the
more intense main phase and their local time is dusk and midnight respectively. At the
third storm Dst; and Dst, exhibit the deepest values, while Dst, exhibit the less intense
storm. As Dst index records the storm at 23:00 UT, Dstf and Dst,, local time is dusk and
midnight respectively, and Dst, local time is near dawn.

During the 2004 strong storm is not possible to determine if the intensity is dependent
on the proxies’ local time due to the multiphase behavior of the storm (see Fig. 5).

To study in detail the local time (LT) influence on storm intensity we constructed a local
time array. We select the Dst index observatories (HON, SJG, HER, KAK) as principal
observatories and select a secondary observatory in the same time zone as the principal
observatory. The secondary observatories are Easter Island (IPM), Fiqune (FUQ), Taman-
rasset (TAM), and Learmonth (LRM) (see Table 2 and Fig. 2).

Figure 9 shows two storms in 2013. Figures 9 A and B exhibit the period from July
4th through July 10th, 2013. Dst-index suggests a moderate storm with the main peak at
the end of July 6th. Figure 9A shows how the storm starts at the same time for Dst_gs
Dst, s and Dst-index. However, Dst_gs reaches the storm maxima before the Dst-index.
Also, Dst, |5 reaches the storm maxima almost at the same time as Dst-index, which exhibit
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Fig.9 Local time variation during two events from 2013. Their plot shows Dst-proxy versus UT time. Col-
our red represents Local Time from 06:00 to 18:00; blue represents Local time from 18:00 to 06:00. Black
line: Dst-index. Open/filled red circle corresponds to 06:00 h local time; open/filled blue circle corresponds
to 18:00 h local time; A-B) July 4th to 9th, 2013 event. A) solid line: proxy HON-IPM (Dst_gs) and dashed
line: proxy HER-TAM pair (Dst_5). B) solid line: proxy SIG-FUQ (Dst_,5) and dashed line: proxy KAK-
LRM pair (Dst,g5). C-D) November 5th to 10th, 2013 event. C) solid line: proxy HON-IPM (Dst_gs) and
dashed line: proxy HER-TAM pair (Dst, 5). D) solid line: proxy SJIG-FUQ (Dst_y5) and dashed line: proxy
KAK-LRM pair (Dst,gs). These graphs show how the local time affects the intensity of the storm. The
deeper minima occur between dusk and midnight. During dawn and midnight, we see shallower minima

more intense storms than that recorded by Dst-index. Dst_g5 minima occur at night and
Dst, ;s minima occurs at dusk. Figure 9B shows how Dst, g5 reaches the more intense values
(< —100nT), but Dst_,5 does not capture the storm. Dst, g5 minima occur at dusk, while
Dst_,5 is between dawn and noon during the storm’s main phase.

Figures 9 C and D show the events from November 6th to November 10th, 2013. We
observe two moderate storms during this time: on November 7th and 9th. Figure 9 C shows
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that Dst, ;5 and Dst_gs record both storms. During the first storm, Dst, ;5 and Dst-index main
phase occurs at the same time and the minimum point represents almost the same intensity.
Also, Dst_gs has a slight decrease but does not reach storm values. The Dst, ;5 minimum is
at afternoon and Dst_gs minimum occurs at dawn. During November 9th storm, Dst_ 5 and
Dst_gs have a similar behavior as Dst-index. Dst_g5 exhibits a more intense storm than Dst-
index, while Dst 5 records a less intense storm than Dst-index. Dst_g5 minimum occurs
after dusk and Dst, ;5 minimum occurs close noon.

Figure 9 D shows the Dst, g5 and Dst_,5 comparison with Dst-index. During November
7th storm, we observe that Dst, g5 has captured the storm, but reaches more intense val-
ues (> -80 nT). On the other hand, Dst_,5 does not record the storm. When the Dst-index
minimum occurs, Dst_,5 LT is at dawn. On the other hand, the Dst, g5 LT is after dusk.
At November 9th storm, both Dst_,5 and Dst,¢s, exhibit the storm features. Despite the
fact that both proxies capture the storm, there is an important difference in the intensity of
the storm. Dst_,5 records a less intense storm than Dst-index at LT dusk and Dst, g5 has a
deeper minimum at LT dusk.

We find that the magnitude of the effects on Earth depend not only on the solar wind
energy and density or magnetic field orientation, but also on the local time of the observa-
tory while the storm develops. The areas most affected by a given geomagnetic storm are
those between dusk and midnight during the onset and storm maxima. The geomagnetic
storm is a global phenomena that induces rapid changes around the globe changing the
geomagnetic environment rapidly, but we have found that the fastest changes around the
equator occur on the night close to dusk, as a response to the intensifying ring current.
Our results suggest that LDi indices can be used to characterize the influence of magnetic
storms as localized events as well as identify regions of increased vulnerability during geo-
magnetic storms.

4 Conclusions

Geomagnetic storms can disturb operations and technology on ground (e.g. Boteler 2019;
Mac Manus 2022) and space (Zheng et al. 2019). Their effects may destroy infrastructure
and result in very costly consequences. In order to understand these effects scientists study
the sun, the solar wind and its interaction with the geomagnetic field. In this work, we use
geomagnetic observatory data to determine the influence of geomagnetic storms of vari-
ous magnitudes on these observatory measurements, probing the equatorial geomagnetic
environment.

We calculated the variation of the horizontal magnetic field component measured at
equatorial observatories (LDi at ASC and FUQ), as well as matching local-time pairs of
mid-latitude observatories.

The marked differences between pairs as well as the equatorial LDi measurements indi-
cate that a global index, such as the Dst, is not enough to characterize the effect a geo-
magnetic storm may have at ground level, and it is necessary to develop a well-distributed
equatorial field with comprehensive local time coverage to better characterize the influence
on auroral regions that are susceptible to disturbances during geomagnetic storms.

With our results, we have shown that in order to assess in real time the geomagnetic
variations at a specific location, when you do not have a local geomagnetic observatory, it
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is important to use a local time measurement of the geomagnetic field, instead of only rely-
ing on global indices (e.g. Kp, ap and Dst) which might underestimate the local conditions.
Additionally, single equatorial observatory measurements are a good indicator of the equa-
torial ring current (both axisymmetric and asymmetric components) which is correlated
to auroral oval expansion, and the increase in geomagnetic variability at higher latitudes
(Yokoyama et al. 1998), where ground induced currents will be more damaging.

Our study extends the applicability of local Dxt indices proposed by Yakovchouk et al.
(2012). By incorporating equatorial proxies we will add more insights that will help to
understand the spatial distribution and temporal evolution of the storms. Geomagnetic
observatories need a long time commitment of resources and funding. In order to have a
sufficient local time coverage, it is necessary to guarantee the timely production of good
quality data.
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