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● The Pre-Reversal Enhancement (PRE) is an enhancement of the eastward equatorial electric field near 

sunset, driven by the F-region neutral wind dynamo. Its strength has been linked equatorial plasma 

bubble occurrence, which degrade GPS and radio communications. The drivers of the PRE's day-to-day 

variability remain uncertain. A natural candidate is variations in the zonal neutral wind, a driver for the 

PRE mechanism [1].

○ Abadi et al. (2021) [2] found r = 0.42 between F-region zonal winds (~250 km) and PRE strength, 

but used measurements at a single location and neutral winds at a limited altitude range.

○ Ghosh et al. (2020) [3] used the GAIA model to show that F-region zonal winds at the PRE peak 

time are correlated with PRE strength (r ≈ 0.5 above 300 km). However, this study was confined to 

a single location and relied entirely on simulation model output.

● We investigate: (1) whether the magnitude of the PRE is correlated with the concurrent zonal neutral 

winds, and (2) whether day-to-day changes in PRE strength are correlated with day-to-day changes in 

concurrent zonal neutral winds. Both analyses are stratified by solar flux level.

● We use ICON [4] measurements 

between 1 January 2020 and 24 

November 2022

● We use version 6 plasma drifts 

from ICON IVM-A and version 6 

neutral wind measurements from 

ICON MIGHTI.

● We use WACCM-X simulations to 

investigate how MIGHTI sampling 

gaps affect observed correlations. 

We interpolate simulation data to 

times, altitudes, latitudes, and 

longitudes sampled by ICON. We 

consider two cases of WACCM-X 

datasets: 

Figure 1. Example time series for January 6, 2020 illustrating the 

three dataset configurations. ICON and MIGHTI data (top row), 

WACCM-X without gaps (middle row), and WACCM-X with gaps 

(bottom row).

For each ICON orbit crossing the magnetic 

equator at 17-20 SLT, we:

1) Subtract a background linear trend from the 

IVM meridional velocity

2) Fit a Gaussian to the background-subtracted 

meridional drift to calculate PRE strength [4].

3) Average MIGHTI zonal neutral winds in the 

same 0.25 hr SLT bin as the PRE peak.

4) Pair orbits 24 ± 1.5 hrs apart at the same 

magnetic longitude (within 10°). Compute 

ΔPRE and Δwind for each pair.

5) Separate by solar flux. Calculate correlations 

between PRE strength and winds. Apply false 

discovery rate corrections to p-values [5].

Figure 2. Left: Meridional drift (black) measured by IVM 

on March 14, 2020. Background linear fit (purple) using 

drift measurements during 16-17 SLT and 20-21 SLT 

Right: background-subtracted IVM meridional drift 

(black) and a Gaussian fit (blue). The strength of the PRE 

is quantified as the peak of the Gaussian fit, denoted 

with a red square.

Figure 3. We identify pairs of ICON orbits that cross the magnetic equator at approximately the same 

location (within 10°) between 17-20 SLT about one, two, and three days apart from each other. We 

calculate the PRE strength and plot the PRE strengths of each orbit in each pair against each other. 

The PRE strength decorrelates from r=1 at Δt = 0 to r = 0.485 at Δt = 1 day  to r = 0.292  at Δt = 3 days, 

demonstrating the PRE exhibits day-to-day variability and is not dominated by climatological trends.
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Figure 4. We identify pairs of ICON orbits that 

cross the magnetic equator at approximately 

the same location (within 10°) between 17-20 

SLT about one, two, and three days apart from 

each other. We average MIGHTI neutral winds 

measurements taken during those orbits 

between 18-18.25 SLT for three representative 

altitude bins. 

F-region winds (r = 0.436 after 3 days) retain 

more coherence than E-region winds (r = 

0.173).

Figure 5. Correlations between 

PRE strength and concurrent 

zonal winds, stratified by solar 

flux. Solid lines indicate 

statistically significant correla- 

tions (FDR-corrected p ≤ 0.05). 

Dashed lines do not pass 

statistical significance tests.

Figure 6. Correlations between 

day-to-day changes in the PRE 

strength and day-to-day changes 

in concurrent zonal neutral winds, 

stratified by solar flux. Solid and 

dashed lines are as in Figure 5.

The PRE decorrelates over 1-3 days (Fig. 3)

● r = 0.485 after 1 day

● r = 0.433 after 2 days

● r = 0.292 after 3 days

Direct correlations between PRE strength and 

zonal winds show stronger relationships (Fig. 5)

● Strongest during high solar activity

● ICON: r ≈ 0.374 at 300–310 km for F10.7 > 100

Neutral winds show similar decorrelation (Fig. 4)

● Comparable timescales over 1-3 days

● Upper F-region winds remain coherent longer

Day-to-day wind changes are weak predictors of 

day-to-day PRE changes (Fig. 6)

● ICON correlations are mostly positive, but few 

bins meet statistical significance criteria

● WACCM-X correlations rarely exceed |r| ≈ 0.2

Neutral wind–PRE correlations are weak on a day-to-day difference basis, but emerge more strongly 

in direct correlations under high solar activity and high altitudes (>200km).

Future work will

● Extend the analysis to other local time windows beyond the concurrent PRE peak bin. For example, 

testing whether winds 1–2 hours before the PRE peak are better predictors

● Screen for geophysical disturbances (substorms, high-speed solar wind streams, solar flares) to 

isolate the PRE response to neutral winds

● Explore nonlinear statistical methods (e.g. Spearman rank correlation or mutual information) to see 

if the wind–PRE relationship is better described nonlinearly
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