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High-Latitude electrodynamics in models
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Resolution effects
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Measurements and Models

3D ion velocity measurements with
EISCAT beam-swing campaigns

Transmitter/
Receiver

g g = 0p(Neg) - (Eg + Uy X B)?

Qm = O-P(Ne,m) ' (Em + Uy X B)z

Stochastic inversion, following Nygren et al., (2011):

M=A-x+¢€ x

M: measurement vector

A: theory matrix

x: unknow variables (vF)

€: measurement uncertainties

¥: covariance matrix of €

EJ_=—UF><B

Q- z) M

X. most probable solution
Q: Fisher information matrix
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TIE-GCM WACCM-X

1. Convection model: 1. Convection model:

* Heelis * Heelis

« Weimer « Weimer

« AMIE « GAMERA
« AMGeO

2. Model resolution: 2. Model resolution:
e 2.5° e ~1°
e 1.25° e ~100km (1°)
 ~25km (0.25°)

3. Model version: 3. Model version:
« 2.0 « FV-SD (finite volume,
3.0 specified dynamics)
» SE (spectral elements)

4. EISCAT campaigns:
« 09 - 28 Sep 2005 4. EISCAT campaigns:
« 14 - 25 Sep 2009 * none




TIE-GCM Results
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1. Data assimilative convection models improve agreement of local Joule heating rates and EISCAT measurements by 8%,
28%, and 54% for low, moderate, and high geomagnetic activity

2. Increasing the horizontal resolution from 2.5° to 1.25° increases the Joule heating rates by 20% on average

3. The internal model time step does not affect the Joule heating rates




WACCM-X Results 1 (24 August 2005 storm)
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Total Joule heating power increased by 276% in GAMERA coupled runs compared to
Heelis and Weimer forcing

GAMERA forcing shifts maximum Joule heating further south (geomagnetic latitude)
Small-scale structures resolved in GAMERA-coupled WACCM-X run
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WACCM-X Results 2 (24 August 2005 storm)
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Summary

1.

Data assimilative convection models improve agreement of local Joule heating
rates and EISCAT measurements by 8%, 28%, and 54% for low, moderate, and high
geomagnetic activity

Increasing the horizontal resolution from 2.5° to 1.25° increases the TIE-GCM Joule
heating rates by 20% on average

The internal model time step does not affect the Joule heating rates

Total Joule heating power increased by 276% in GAMERA coupled runs compared
to Heelis and Weimer forcing

GAMERA forcing shifts maximum Joule heating further south (geomagnetic latitude)
High-resolution WACCM-X configuration affects neutral dynamics on a global scale

Sharpness of small-scale electron density structures increased by high-resolution
model configuration, resulting in local Joule heating variability
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