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Abstract

Dataset and Methodology
This analysis involves multiple arrays derived from storm day and prestorm day data directly 
adopted from GOLD. The method is to create two arrays from GOLD that include latitude, 
longitude, and ΣO/N₂ values for both the storm day and the prestorm day (the day before the storm 
day) on the same scan numbers. Afterwards, by subtracting storm day ΣO/N₂ data values from 
prestorm day ΣO/N₂ data values, a new array of the difference between storm time and the original 
background data (defined as prestorm day) can be created. To focus on the region best observed by 
the GOLD satellite, the data are then filtered by longitude, keeping only values within the 60°W to 
30°W range. Next, the filtered data are binned by latitude into 3-degree intervals (e.g., 
60°N~57°N) to get the average values of ΣO/N₂ difference values. The plot next to it shows the 
zonal average ΣO/N₂  difference of the 60°W~30°W bin as a graph of latitude versus ΣO/N₂ 
difference, allowing visualization and quantification of the transition latitude type as it passes the 
ΣO/N₂ = –0.15 threshold.

This research aims to examine the thermospheric and ionospheric responses to geomagnetic storms 
through analysis of the column density ratio (ΣO/N₂). During geomagnetic storm events, the 
thermosphere exhibits latitudinally dependent behavior, characterized by expansion in high-latitude regions 
and compression near the equator. The transition latitude, defined as the latitude where thermospheric 
behavior shifts from compression to expansion, is introduced to identify the response of the thermosphere 
to geomagnetic storms. Using storm cases (Kp >= 5) during October 2018 to December 2024, our results 
show that 1) All storms with Kp ≥ 7 cause Δ∑O/N₂ transition latitude in at least one hemisphere, 
whereas when Kp < 7, 30% of storms show no transition latitude. 2) The Pepsi-like Δ(ΣO/N₂) 
structure tends to occur during boreal winter, while transition latitude in single-hemisphere are 
more common during boreal summer. 3) Averaged meridional winds observed by ICON support 
the idea that background wind conditions modulate storm-time effects, contributing to the 
seasonal variability in the formation of transition latitudes.
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•96 geomagnetic storms were analyzed and categorized into four morphological cases based on 
the ΣO/N₂ transition latitude pattern, 28 storms exhibited the symmetric 'Pepsi-like' structure 
(Type 1), peaking during equinox months (MarchMay, SeptemberNovember)

•Not all storms with Kp ≥ 5 produce a clear ΣO/N₂ transition latitude
•Storms with neither transition latitude formation (Type 4) occur only when Kp < 7
•Seasonal variation of the occurrence frequency of different cases can be explained by 
limitation of the GOLD field of view and seasonal background wind

•Supported by ICON observations of mean meridional winds. Gan et al. (Figure 3) shows that 
the meridional wind blows southward in summer, northward in winter, and is relatively calm 
during the equinoxes.

•Existence and symmetry of transition latitude patterns are modulated by seasonal and 
hemispheric factors

Result & Discussion

Fig. 2 - Transition Latitude cases and its Seasonal distribution
The size of each marker reflects how many storms share the same month and Kp combination
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Fig 1. - GOLD Result with Transition Latitude Types

Future Work
•Investigate the connection between kp index and 
transition latitude pattern

•Investigate background mechanisms between the types 
with and without clear transition latitude under the same 
season and kp index

•Include TIE-GCM data for data-model comparison on the 
transition latitude

Fig. 3 - Altitude versus day-of-year ICON mean 
meridional winds at 30°N in 2021 Gan et al. (2024)


