Data Assimilation of Thermosphere Neutral Densities iIn WAM
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N - Abstraqt- | | 3. Assimilate CHAMP for November 2003 Storm
The Iterative Driver Estimation and Assimilation (IDEA) data assimilation technique was used with the Whole Atmosphere

Model (WAM) to improve neutral density specification in the upper thermosphere. Two different neutral density data sources Due to the Intensity of the November 2003 storm, two changes have been applied in the IDEA
were used to enhance the capability of simulating the global thermosphere state. The first was the accelerometer estimates of techniqu e:

neutral density from the Challenging Mini-Satellite Payload (CHAMP). The second was the neutral density estimates from _ _ _ _ _
the Global Ultraviolet Imager (GUVI) limb scan airglow observations aboard the Thermosphere lonosphere Mesosphere * Allowing Kp to exceed beyond 9 (Kp>9 is allowed in the WAM simulation)

Energy and Dynamics (TIMED) satellite. Due to the intensity of the November 2003 storm, two changes were necessary in e  Changing the relationship between Kp and the solar wind velocity to make the solar wind
WAM. The first was allowing the Kp scale to exceed beyond 9 and the second was changing the relationship between Kp velocity increase when Kp>9 (Figure 5)

and the solar wind velocity used to drive the WAM model. With these changes, the results showed that IDEA effectively
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captures the thermospheric neutral density at the CHAMP satellite altitude (i.e. 400 km) and follows the time-dependence 2571 , [ , | [ hinner lines: raw data

through the November 2003 storm period. Furthermore, a cross-compared was conducted with the limb scan measurements __wﬁm x::g Ebij;’,ievigrc';;ir;s Thicker lines stand for their averages of 3 CHAMP orbits
obtained by GUVI at various altitudes. In general, GUVI neutral density in the range of 270-320 km show the closest gl g (i.e., about 4.5 hours) with a moving window of 1.5 hours
agreement with WAM when CHAMP data was assimilated by IDEA. We speculate on the potential for observations from . | ==CHAMP )

GUVI at 300 km during the daytime to be used as a data source in the IDEA-WAM simulations. These simulations
demonstrate the utility of the IDEA data assimilation technique and that using either accelerometer observations (e.g.,
CHAMP) or UV airglow limb measurement (e.g., GUVI) during extreme storm periods can equally well be used. The study
also demonstrates that physical models with data assimilation can contribute to neutral density specification for enhanced
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orbit determination and prediction of the low Earth orbit satellites. "= , - T R e
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a linearized least squares minimization is then atime. « GUVI data exhibit more fluctuations compared to model output, possibly due to systematic biases and inversion algorithm assumptions degrading at
IDEA reinitializes the model for 24 hr into the * |DEA was not able to effectively capture the CHAMP densities since the Kp estimates * In general, this shows that GUVI limb scan measurements are the most consistent with CHAMP and IDEA at altitudes ranging from 270 to 320 km. A
past, and during this interval, the external drivers was maxed out at 9 during 1000-1900UT on the 20th, but the model was still not able to bias of 0.02%, RMSe of 13.5%, and STD of 13.5% between GUVI and IDEA along the GUVI orbits are lower than the corresponding values of -4.1%,
estimated in the previous iteration are applied to reach the high levels of the observed density, since the original empirical relationship of 23.5%, and 23.0% between CHAMP and IDEA (Table 1). In addition, the 3-orbit-averaged values also show strong agreement, with bias, RMSe, and
the model, and the model responds accordingly. Kp with solar wind/IMF delivers insufficient energy and heating to the thermospheric STD of -0.1%, 5.7%, and 5.7%, respectively, which are comparable to the corresponding values of -2.3%, 5.2%, and 4.6% between CHAMP and
After the iterative procedure converges, the data system. To make up for the density discrepancy, IDEA enhanced the F10.7 value; (Table 1). These show the potential utility of using GUVI limb scan measurements as the data source in the IDEA data assimilation system.

assimilation window can move forward to ingest however, the response of the modeled neutral density to the enhanced F10.7 value was

. : : : This study has been submitted to Space Weather and is
newly available data not strong enough to capture the observed increase in CHAMP density. As a result, the _
WAM density was not capable of capturing the CHAMP density until approximately Su m mary and FUtu re WO rk currently under review.

0200UT on the 21st, after the recovery phase had begun.

* Good agreement between IDEA vs CHAMP and IDEA vs GUVI demonstrates the utility of
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