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Meso-scale Electric Fields
(150-500 km, <15 minutes)
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Can we quantify the contribution of ULF waves to the I-T energy budget 
using a Global Ionosphere-Thermosphere model?

Role of ULF Waves in Energy Deposition to I-T system
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• Significant energy deposition (Joule 
Heating) to I-T by ULF waves with 0.2-
600 second periodicity1

• GCMs traditionally use empirical 
models to estimate electric fields and 
conductivity which are better suited for 
scales: > 500 km and >15 minutes2

• Ongoing work: including meso-scale 
variability (100-500 km, <15 minutes)3

1 Dessler (1959); Greenwald and Walker, 1980; Allan and Poulter, 1984; Rae et al., 2007,2008
2 Verkhoglyadova et al., 2018 and references therein
3 Codrescu et al. 2008; Deng et al. 2009; Matsuo & Richmond 2008

Zong et al., 2017
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• Modeling of the variability through 
Global Ionosphere Thermosphere 
Model (GITM)1

• Drivers for Ionospheric 
Electrodynamics (1-min):

1. Weimer 20052 model for high-latitude 
ionospheric potentials merged with 2D 
PFISR measurements

2. OVATION Prime3 for auroral particle 
precipitation

• Simulation grid resolution: 0.75° in 
longitude, 0.75° latitude, 1/3 local 
scale height in vertical direction, 
~66s temporal resolution

Simulation Setup for the Meso-Scale Electric Fields in the 
I-T System

26-June-2019 IEMIT-MMV 3

1 Ridley et al., 2006
2 Weimer, 2005
3 Newell et al., 2009

Measurement spatial resolution 
[0.05° in latitude and 0.3° in longitude, ~10 km]
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• THEMIS-A (~20.5 MLT) 
recorded dipolarization-like 
signature in the magnetosphere 
around 0737 UT.

• PKR magnetometer (~20.5 
MLT) and PFISR electric field 
measurements are compared.

• Two different frequency: high 
(2-4 minute) and low (10-15 
minute)

• No significant response in ENS -
BEW (right)

Observations of 
Electric and Magnetic 
Fields
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• Response differs with altitude, lower altitudes showing stronger oscillations
• The ~10 minute wave energy was mostly deposited in the E-region altitudes
• Low SNR in data, validation work ongoing.

Simulated Electron Density Response to Meso-Scale Driving
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Conclusions:
• PFISR and PKR measurement showed perturbations at the same time 

interval in which THEMIS-A measurements indicated magnetotail activity.
• Both high and low frequency perturbations were present in electric field 

and magnetometer measurements.
• The simulated response showed a strong altitude dependence with 10 

minute periodicity.
Future work:
• Consistent treatment of conductivity (particle precipitation) is necessary 

to fully understand energy dissipation by ULF waves.
• More event and conjunction studies will be performed to better 

understand the coupling between M-I-T systems and characteristics of 
energy deposition.
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