
URSI AP-RASC, Sydney, Australia, 17 – 22 August 2025

Investigating Storm-Time Dynamics with High-resolution WACCMX+DART

Jiahui Hu(1), Nicholas Pedatella(2), and Seebany Datta-Barua*(1)

(1) Illinois Institute of Technology, Chicago, IL, 60616, https://www.iit.edu/
(2) High Altitude Observatory, National Center for Atmospheric Research, Boulder, USA

1 Extended Abstract

During significant geomagnetic storms a nighttime ionospheric localized enhancement (NILE), which is plasma
confined to a few hundred km extent and co-rotating on the mid-latitude nightside, has been observed at times
[1, 2]. While a number of possible mechanisms have been proposed, first-principles models do not predict the
NILE. However, data assimilation has the potential to assist models to adapt to the evidence of the NILE.

In this work we use the Whole Atmosphere Community Climate Model with thermosphere and ionosphere eX-
tension with the data assimilation research testbed (WACCMX+DART) [3, 4] to investigate the possible role
of the pre-reversal enhancement and polarization terminator on the formation of the NILE via ion drift. WAC-
CMX+DART is run at 1.9 x 2.5 deg and vertical pressure level grid, and hourly cadence for the 17 March 2015
storm. WACCMX+DART models the physics of the atmosphere from the surface to the exobase, and models the
transport of O+ in the F-region [3] self-consistently solving for the global electrodynamics, which are based on
TIEGCM and driven by the low-to-mid-latitude wind dynamo and the Heelis [5] convection pattern at high lati-
tudes. WACCM-X+DART ingests ground-based Global Positioning System (GPS) vertical Total Electron Content
(vTEC) every 6 hours, which are obtained from the Madrigal data center.

Assimilating data at this resolution and cadence, we show the electron density as a function of altitude and latitude
during the occurrence of the NILE, and find that WACCMX+DART is able to resolve the NILE feature. We also
show the ion drifts at low-to-mid-latitudes during the dusk and evening during the time when the NILE persists.
These drifts are partly consistent with those of the polarization terminator.

References

[1] S. Datta-Barua and A. J. Mannucci and T. Walter and P. Enge (2008), “Altitudinal variation of midlati-
tude localized TEC enhancement from ground- and space-based measurements,” Space Weather, 6, S10D06,
doi:10.1029/2008SW000396.

[2] Chartier, A. T. and Datta-Barua, S. and McDonald, S. E. and Bust, G. S. and Tate, J. and Goncharenko,
L. P. and Romeo, G. and Schaefer, R. K. (2021), “Night-Time Ionospheric Localized Enhancements (NILE)
Observed in North America Following Geomagnetic Disturbances,” Journal of Geophysical Research: Space
Physics, 126, 9, pp. e2021JA029324, https://doi.org/10.1029/2021JA029324 .

[3] Liu, Han-Li and Bardeen, Charles G. and Foster, Benjamin T. and Lauritzen, Peter and Liu, Jing and Lu,
Gang and Marsh, Daniel R. and Maute, Astrid and McInerney, Joseph M. and Pedatella, Nicholas M. and
Qian, Liying and Richmond, Arthur D. and Roble, Raymond G. and Solomon, Stanley C. and Vitt, Francis
M. and Wang, Wenbin (2018), “Development and Validation of the Whole Atmosphere Community Climate
Model With Thermosphere and Ionosphere Extension (WACCM-X 2.0),” Journal of Advances in Modeling
Earth Systems, 10, 2, 381-402, doi:10.1002/2017MS001232.

[4] Pedatella, N. M. and Anderson, J. L. and Chen, C. H. and Raeder, K. and Liu, J. and Liu, H.-L. and Lin, C.
H. (2020), “Assimilation of Ionosphere Observations in the Whole Atmosphere Community Climate Model
with Thermosphere-Ionosphere EXtension (WACCMX),” Journal of Geophysical Research: Space Physics,
125, 9, https://doi.org/10.1029/2020JA028251.

[5] Heelis, R. A. and Lowell, J. K. and Spiro, R. W. (1982), “A model of the high-latitude iono-
spheric convection pattern,” Journal of Geophysical Research: Space Physics, 87, A8, pp. 6339-6345,
https://doi.org/10.1029/JA087iA08p06339.


