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Supplementary Texts15

1 ICON, GOLD, Data Coverage and Choice16

We use GOLD (Global-Scale Observations of the Limb and Disk) neutral temperature and17

ICON/MIGHTI (Ionospheric Connection Explorer/Michelson Interferometer for Global High-18

Resolution Thermospheric Imaging) horizontal vector wind data representative of two winters,19

i.e., non-SSW (December 2019 - January 2020) and SSW (December 2020 - January 2021) north-20

ern winters. ICON is operational since December 2019 and observes the low- to middle-latitude21

thermosphere between 10◦S and 40◦N (Immel et al., 2018). However, the data are available af-22

ter 6 December 2019, therefore, for both winters, we use the 52-day data from 6 December to23

26 January centered around 1 January 2021 (the SSW onset). ICON version 5 green line day-24

time horizontal winds have been binned daily from 90–200 km, including data with solar zenith25

angles less than 80◦ (i.e., χ < 80◦). Also, bins with less than 50 data points have been excluded,26

in order to avoid low statistical significance. We concentrated our analysis on the Northern Hemi-27

sphere low- to middle-latitude (0◦–40◦N). The associated latitude-local time coverage at ∼10028

km is shown in Figure S1. ICON’s latitude-local time coverage varies from month to month. There-29

fore, it would be inconsistent to compare the monthly mean fields. It is for this reason we have30

analyzed the altitude-time variations considering only daytime measurements. The typical un-31

certainties in MIGHTI green line wind measurements are 8.7–10 m s−1 (Englert et al., 2017).32

GOLD observes the Far Ultraviolet (FUV) spectrum of Earth’s atmosphere at geostation-33

ary orbit, from 0610 to 0040 Universal Time (UT) every day. Thermospheric temperatures are34

retrieved from the daytime disk scan measurements. The effective disk neutral temperatures (Tdisk)35

are derived from the N2 Lyman-Birge-Hopfield (LBH) emission profile at a height of approx-36

imately 150 km. The Tdisk data product is created from spatial-spectral image cubes from the37

disk scans (Level 1C data). These pixels are binned 2×2 spatially, resulting in a data product38

that has a spatial resolution (nadir) of 250 km × 250 km, with a precision of ±55 km (Eastes et39

al., 2020). We use version 4 of the level 2 Tdisk data product. The longitude-latitude grids are40

fixed for all scans. The Tdisk data file has flags for data quality issues at the file and pixel lev-41

els. Observations with dqi > 0 at both levels are not considered in our analysis. To increase signal-42

to-noise ratio (SNR), observations of χ > 65◦ have been removed. Random errors in the 2×243

binned data vary with SNR of the N2 LBH emission and ranges from 20 (for high SNR) to 9044

K (for low SNR). Figure S2 shows the spatiotemporal coverage for 2 representative days, 31 De-45

cember 2019 and 31 December 2020. The coverage represents the good quality retained Tdisk46

temperature profiles. In panels (d) and (i), an uneven latitude versus SZA (χ) distribution is seen.47

Higher latitudes are covered at higher χ’s, which has implications for the observed temperatures.48

There is also less longitudinal coverage for high χ around −45 longitude, but otherwise there is49

even χ coverage across all longitudes. Two successive years were chosen to demonstrate the neg-50

ligible amount of variability between the two years in terms of the orbital coverage.51

In Figure 4 in the main text, a linear model was fitted to the data for each of the latitude52

bands in order to better visualize the variability. The standard deviation of the residuals were then53

used to generate the error bars in the plot, rather than the standard deviation of the raw temper-54

ature data. Therefore, the error bars in the plot should be interpreted as indicating the variabil-55

ity around the fitted linear trend, rather than the absolute variability in temperature.56

2 Solar and Geomagnetic Condition during the Winters of 2019/2020 and 2020/202157

Figure S3 shows the solar and geomagnetic conditions in terms of the F10.7 cm solar ra-58

dio flux and the daily mean Ap index, respectively, during the non-SSW (Decembers 2019 - Jan-59

uary 2020) and SSW (December 2020 - January 2021) northern winters. While the space weather60

conditions are overall relatively quiescent during both winters, the solar activity during the SSW61

winter is higher than during the non-SSW winter, since the former corresponds to the ascend-62

ing phase of the solar activity, while the latter is the solar minimum. Although the magnetic ac-63

tivity is comparable in both years, it exhibits day-to-day variability with occasionally higher ac-64
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tivity during the SSW winter than the non-SSW winter. For Figure 3 we have removed 5 days65

in the non-SSW winter and 11 days in the SSW winter, corresponding to days with Ap > 7.66

The cyan shading marks the range of the data used for ICON and GOLD analysis (6 December67

- 26 January in both winters). Before 6 December 2019, ICON horizontal winds are not avail-68

able and in all our analysis, we have excluded days before 6 December to be consistent in our69

comparison of the different winters as states in Section 1.70

The source of these files is Geomagnetic Observatory Niemegk, GFZ German Research71

Centre for Geosciences, Potsdam, Germany. All files are available from: ftp://ftp.gfz-potsdam72

.de/pub/home/obs/Kp ap Ap SN F107/ (Matzka et al., 2021).73
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3 Supplementary Figures88

Figure S1. ICON latitude-local time coverage for the non-SSW (December 2019–January 2020) and SSW

winters (December 2020–January 2021). The different colors in each panel represent a different day. White

spaces show the lack of coverage.
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Figure S2. GOLD spatiotemporal coverage for retained Tdisk data profiles. Panels (a)-(e) demonstrate the

coverage for December 31 2019 and panels (f)-(j) demonstrate the coverage for December 31 2020.
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Figure S3. Variation of the (a) geomagnetic activity (Ap) and (b) solar activity (F10.7) during the

2019/2020 non-SSW (black) and 2020/2021 SSW winters (red). Vertical green line marks the day zero,

which is the onset of the major warming (i.e., 1 January 2021). The gray shading represents the time of the

data analysis in this study.
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