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Thermosphere-lonosphere Coupled Data Assimilation

N

Update (assimilation) Forecast

~ “

WEAK COUPLING — only through forecast cycles
STRONG COUPLING — through both assimilation/forecast cycles

Advantages of strongly coupled data assimilation

1) Infer unobserved thermospheric states from abundant
ionospheric observations and facilitate ionospheric forecasts

2) Inform model dynamics through self-consistent assimilation
increments among model states (e.g., winds, temperature,
plasma and neutral constituents, etc...)
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Ensemble Kalman filtering with NCAR-TIECGM

MODEL - TIEGCM
x” = My(x{"), Fy + €®)

forecast step X = {U, V,T,|O],]O2],Ne,..., F}

P(x¢|Vi-1)
dissipative forced dynamics
high-dimension
OBSERVATIONS
update step y: = H(x¢t) + €
p(x¢| Vi) x p(¥e|xe)p(Xe| Vie—1) electron density y = {Ne}

irregular and sparse

Data Assimilation Research Testbed http://www.image.ucar.edu/DARes/DART
TIEGCM http://www.hao.ucar.edu/modeling/tgcm



IROWG I-A Coordination WS, 10/3/14 Experiment |

COSMIC Electron Density

Occultation Locations for COSMIC, 6 S/C, 6 Planes, 24 Hrs
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OSSE - COSMIC electron density profiles
2437 profiles/day; Apr 8 2008; 60 min assimilation cycle; 90 ensemble member

4 Global RMSE of electron density
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OSSE - 24-hour Ensemble Forecast Experiment

Initialized by Data Assimilation Analysis
Global RMSE of electron density forecast computed from 90 ensemble members
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Ground-based GPS TEC
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ASSIMILATION and FORECAST - Ground-based TEC
4000 GPS stations; Sep 10-11 2005 (Kp 7-8); 60 min assimilation cycle; 90 ensemble member

Assimilation (F-O) 27-h Forecast
35¢
% “-Dry Run ‘ +-Dry Run
N_and O" i |- Assimilation

5 30 Te 30 o\ ~ |+Forecast
o N_O" and O/N S ~ |==Obs. Error
- 25 voe 2 > 25/
E """ Obs. Error 8
£ 20 | <20
0 S
% o
315 o 15t
® %)
L =
v 10 T 10/
=
o

5 5

M"‘*’
0 | | - - e e o
00:00 06:00 12:00 18:00 00:00 06:00 12:00 08:00 06:00 12:00 _18:00 _00:00 06:00 12:00

Local Time (UT - 6) Local Time (UT - 6)

Comparison with GUVI/SSUSI data confirmed that
O/N, was successfully inferred by GPS-TEC

[Chartier et al., 2014]
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COSMIC electron density
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Infer unobserved thermosphere states
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OSSE - COSMIC electron density profiles
2437 profiles/day; Apr 8 2008; 60 min assimilation cycle; 90 ensemble member

RMSE of neutral (top) and electron density (bottom) (pressure level 10-29; 150-500km)
STRONG COUPLING x ={U,V,T,[0],[0,]Ne}
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ASSIMILATION - COSMIC electron density profiles

April 8-9 2008; 60 min assimilation cycle; 90 ensemble member
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Mass Density Prediction vs. CHAMP Observation
STRONG COUPLING x ={U,V,T [O],[0,],[Nel}

Root-Mean-Square-Difference
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Summary - Coupled Data Assimilation

WEAK COUPLING — only through forecast cycles
STRONG COUPLING — through both assimilation/forecast cycles

1) Inform model dynamics through self-consistent assimilation
increments among model states (e.g., winds, temperature,
plasma and neutral constituents, etc...)

2) Improve our capability to forecast the ionosphere forecast

3) Infer unobserved thermospheric states from abundant
ionospheric observations

4) Increase geophysical information content of RO and
ground-based GPS observations

All the DART/TIEGCM assimilation tools used in this work are available from
http://www.image.ucar.edu/DAReS/DART




