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Challenges in Forecasting the 
Quiescent Thermosphere-Ionosphere Variability 
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Responses to Extreme Space Weather Events 
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 Scientific Challenge Theme: Model inputs from the solar wind  
   to tidal forcing, and means of forecasting inputs 
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98-km Zonal Wind Perturbation - Gateway to the TI  

Migrating tide  
• longitude 
invariant 

• follows the 
apparent 
motion of the 
Sun 

Total migrating + 
nonmigrating 
diurnal response 
• larger than the 
migrating 
response  

• evolving 
latitude & 
longitude 
variations 

Global-Scale Wave Model (GSWM-02*) Diurnal Climatology - April 

*Hagan and Forbes, 2002; 2003 
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TIME-GCM Tidal Temperature Amplitudes 

Constant Lower Boundary Constant Upper Boundary 

Realistic Simulation 
• Nonmigrating Semidiurnal 
Westward 1 tide (up to 14oK) 
excited in-situ (ion-neutral 
coupling) and at the lower 
boundary 

• Enhanced pseudo-tide (up to 
12oK) at mid-high latitudes during 
the disturbance on April 5-7 

after Hagan et al., 2014 
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30-km TIME-GCM Lower Boundary Conditions 
Temperature 15-18 November 2009 

• Left - climatological tides (GSWM) plus daily reanalysis data (ECMWF) 

• Right -  3-hourly MERRA reanalysis data 

• Similar salient features but comparatively more variability in MERRA 

after Häusler et al., 2014 
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TIME-GCM Neutral Densities at 270 km 
15-24 November 2009 

• Left - 10hPa daily ECMWF plus monthly GSWM climatological tidal LBC 

• Right - 10hPa MERRA 3-hourly reanalysis LBC 

• Day-to-day thermospheric variability due to tropospheric forcing 

after Häusler et al., 2014 
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Reality Check: Neutral Densities at 270 km 
November - December 2009 

TIME-GCM/
MERRA 
predictions 
(bottom) 
capture the 
salient density 
features  
observed by 
the GOCE 
satellite (top) 
but 
overestimate 
in-situ tidal 
forcing (e.g., 
Solomon et al., 
2011) 

after Häusler et al., 2014 










