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Annual/Semiannual Variation in the 
Thermosphere

– Neutral Density, Satellite Drag Data

-2.00

-1.50

-1.00

-0.50

0.00

0.50

1.00

0 50 100 150 200 250 300 350

Day of Year

G
(t)

Solar Max Years

Solar Min Years

Ave July Min = Day 209 ,  Sig = 20 days

Ave July Min = Day 204 ,  Sig = 12 days

Bowman,2004.

N
or

m
al

iz
ed

 S
ea

so
na

l V
ar

ia
tio

n 
of

 D
en

si
ty

at Perigees: 200 km – 1100 km



Comparison of TIEGCM Neutral Density to 
Satellite Drag Data
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Estimated Seasonal Variation of Eddy 
Diffusivity in MLT

Observations: seasonal variation of eddy diffusivity [e.g.: Fukao et al.,  1994;
Sasi and Vijayan, 2001]

Modeling (gravity wave breaking): consistent with observations 
[e.g., Garcia and Solomon, 1985]



New Comparisons of TIEGCM Simulations 
to Observations
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Annual/Semiannual in TIE-GCM
Mass Density



Mass Density, Temperature, and Composition

Qian et al., 2013
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WACCM-X: Composition and Kzz

Liu et al., 2018



WACCM-X: Ionosphere

Liu et al., 2018



WACCM-X: Mass Density



Model Biases and Uncertainties: 
Mixing by Subgrid Scale Waves



Temperature and Composition 
on Fixed Altitudes



Temperature and Composition 
on Fixed Pressure Surfaces


