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Outline

• WINDII was launched in 1991 on NASA’s Upper Atmosphere 
Research Satellite and operated until 2003. 

• This study is of the O+ (2P – 2D) 732 & 733 nm dayglow emissions.
• O+ excitation is photoionization from O, so using the C-IAM the 

thermospheric atomic oxygen concentration [O] is derived. 
• Comparisons are made with GUVI (Global Ultra Violet Imager, on 

TIMED) and with NRLMSISE-00
• A stationary wave 1 is observed in the longitudinal variation of [O].
• The relationship to WINDII winds is explored.
• An exactly opposite pattern to [O] is found for CHAMP mass density.



WINDII Images of O+ (2P – 2D) 732 & 733 nm emission

• (Left) Raw daytime images from the two WINDII fields of view imaged side 
by side. The ring pattern is formed by the off-axis change of wavelength 
through the interference filter.

• (Right) The transmittance-corrected images inverted to height profiles. 



Excitation of the O+ (2P – 2D) emission
• The 2P level is excited in the 

daytime by solar photoionization 
from the ground state of O by 
wavelengths < 66.6 nm. 

• It has a lifetime of 5 sec so is 
partially quenched before 
radiation.

• For O quenching we chose the one 
of three literature values (Stephan 
et al. 2003) of 8.4 x 10-11 cm3 s-1, 
that agreed best with the 
NRLMSISE-00 model. 

• If the solar flux is known then the 
atomic oxygen concentration [O] 
can be determined. 



Retrieval of the atomic oxygen [O] using the C-IAM

• The Canadian Ionosphere and Atmosphere Model (C-IAM) has two-way 
coupling between the extended Canadian Middle Atmosphere Model 
(CMAM) and the Upper Atmosphere Model (UAM).

• The C-IAM extends from the surface to the inner magnetosphere and is able 
to describe the impact on the upper atmosphere and ionosphere of self-
consistently generated lower atmosphere dynamical variability. 

• The thermospheric composition provided by the model has been used to 
simulate the O+(2P – 2D) airglow emission at 732 and 732 nm

• The [O] was derived by iteration to make WINDII and the C-IAM agree.



Latitude variations for 2 days

WINDII □ NRLMSIS  ∆     C-IAM ─   GUVI  □ NRLMSIS  ∆     C-IAM ─   

• Two days of similar F10.7, in 1993 for WINDII, 2003 for GUVI. NRLMSIS shows 
a smooth variation, the C-IAM more variation, and WINDII and GUVI much more. 

• Note is that at -40° latitude, WINDII and GUVI both show depressed [O] values. 



[O] latitude longitude maps for Days 93075 & 93077

• The dashed lines are the wave 1 components of the zonal wind for three 
latitude regions. 

• The winds from are from O(1S) emission observed on adjacent days. 



O(1S) 557.7 green line emission rates with vector winds

Maps of daytime O(1S) emission rate at 200 km for the days adjacent to 
the O+ days in the previous slide, with vector winds overlaid



Local time propagation of wave 1 [O] by season
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CHAMP and GRACE for 40°-60° NH above SH below 



Summary

• WINDII averaged atomic oxygen [O] is 75% that of NRLMSIS, while 
GUVI is 80% of NRLMSIS; WINDII and GUVI are in close agreement.  

• A longitudinal wave 1 in [O] is identified, with a minimum at 130°
longitude, around 40° latitude, most prominently in the southern 
hemisphere, except in the local winter season when it vanishes. 

• The wave 1 is stationary in local time. 
• CHAMP measurements of mass density show the same pattern as 

WINDII, but in reverse, with a maximum in mass density where a 
minimum in atomic oxygen is found. 
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