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Outline

1. The radio occultation data set

2. Survey of results

1. Value of radio occultation to ionospheric space
weather: electron density profile shape

2. Benefit of COSMIC-2: more profiles, and filling in
geospatial “holes”

3. Driver estimation (“holy grail”)
3. Summary and conclusions -
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GPS Receivers in Low Earth Orbit:
Electron Density Maps

- JPL/USC GAIM

GAIM ion density longitude slices

Low-Earth Orbiter
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Coverage of Daily IGS Network and
@  Regional Networks
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Global Assimilative lonospheric Model
Data Assimilation Process

Driving - Physics ‘ Mapping State
To Measurements

Forces Model
Adiust ¢ State and State and
ustmen . .
of Pai ameters covariance covariance Innovation Vector
Forecast Analysis
4DVAR Kalman Filter

* 4-Dimensional Variational Approach « Kalman Filter
* Minimization of cost function by estimating driving e Recursive Filtering
parameters * Covariance estimation and state
* Non-linear least-square minimization correction
* Adjoint method to efficiently compute the gradient of Optimal interpolation
cost function Band-Limited Kalman filter

« Parameterization of model “drivers”

AJM/JPL 5



&‘US I 1 I I I I |
Line of sight
te+05 4
2
o
o
©
B 5
2
©
elBH| £
()
3
L Magnetic equator
0=
Intersections of :
P magnetic field lines,
: - magnetic geopotential lines _&55<
- and magnetic longitudes gt
4406 1
// T
-6e+6 +
-ee.ﬂ;a | | 1 | | 1 |
1e+06 Ze+06 Je+0s de+lb Se+l6  BeHls  Te+ls e+l

Se+06

GAIM Magnetic Aligned Grids

Single Dipole GAIM—++

M Py
6o @wﬁf’j’" o P
30°N [rue ' 30°N
oM _y s N
0 Y iéﬁ-‘m- 0
30°S L ELQN 30°S
60°S e, 60°S
s eSS —
0 60°E 120°E 180 120°W  60°W

Multiple Dipole GAIM++

+gb18:0 -1?0 -120 -30 -SEO -3

0 +30 +60 +90 +120 +150 +180
: L skl H

AJM/JPL

6




GAIM VTEC RMS Difference Versus
JASON Altimeter
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Ground and COSMIC Coverage Example (Sept 21, 2006)

Global Distribution of GPS Ground Tracks for Sept 21, 2006 COSMIC Tangent Points Tracks for Sept 21, 2006
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COSMIC Coverage on Nov 21, 2008
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Assimilating COSMIC: Comparisons to
Altimeter TEC Over Oceans
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The use of COSMIC+ground-GPS data over ground-GPS only significantly

improved TEC predictions for all 3 days processed: 30, 28 and 44% respectively.

Attila Komjathy, Brian Wilson, Xiaoqing Pi, Vardan Akopian, Miguel Dumett, Byron Iijjima, Olga Verkhoglyadova and
Anthony J. Mannucci, “JPL/USC GAIM: On The Impact of Using COSMIC And Ground-Based GPS
Measurements To Estimate Ionospheric Parameters,” JGR 2011
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Regional Coverage and COSMIC-2
Simulation Experiment

dTEC over ocean (GAIM) - Probability[ | dTEC|<10%)]
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Arecibo ISR Study for June 26, 2006

Ground and Space Ground Tracks For UTC Hour 20
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COSMIC
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ALTAIR to LEOs

IRl and GAIM TEC Integrated from
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Profile Shape is Critical

Profile above ALTAIR, 2008-09-17 12:31, lat=9.4, lon=167.5

1000
30STE'C |ntegr'ated frqm ALTA‘IR to tarlget LEQ (meanl alt. = §36 km) . ~ IRl (5.1 TECU)
— Rl 900 f +— Climate (11.1 TECU) 1
<« Climate +— GPS (5.1 TECU)
25 — GPS 1 800 - e—o GPS (nonlocal) (9.6 TECU) |
oo GPS (nonlocal) 700 A |
20 =
§ 600 :
3
E s 2 500 -
o 2
w
& 400 .
10
300 .
200 | ,¢ i
5
1095 05 10 15 2.0 25 30 35 %0 4.5
0 . . . . . . . . Electron density (m~3) lell
12:32:00 12:33:00 12:34:00 12:35:00 12:36:00 12:37:00 12:38:00 12:39:00
Uni I Ti
niversalfime Loo Profile above ALTAIR, 2008-09-17 08:24, lat=9.4, lon=167.5
40STEC integrated from ALTAIR to target LEO (mean alt. = 490 km) ' x— IRl (13.9 TECU)
' ' ‘ S— ' 900 +— Climate (19.3 TECU) 1
Climate ‘ +~— GPS (14.2 TECU)
35 ] 800 i
' GPS e—e GPS (nonlocal) (19.2 TECU)
o—o GPS (nonlocal) 700 |
30
§ 600 -
325 §
= £ 500 -
i Ed
&2 400 §
300 :
200 _
1005 —— ' 3
5 lell

08:25:00 08:26:00 08:27:00 08:28:00 08:20:00 Electron density (m~?)

— Universal Time

AJM/JPL 15



Improvement from COSMIC

soSTEC integrated from ALTAIR to target LEO (mean alt. = 490 km)

Profile above ALTAIR, 2008-09-17 05:00:00, lat=9.4, lon=167.5
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COSMIC Coverage on Nov 21, 2008
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CNOFS Coverage on Nov 21, 2008
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lonosonde Locations in RSA

lonosonde locations

Green — ground GPS
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Climate

Ground + Cosmic

Nmf2 (e/m?3) Statistics for Nov 21, 2011
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Range Delay at L1 (m) Range Delay at L1 (m)

Range Delay at L1 (m)

Day-To-Day lonospheric Variability
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Regions In Geospace: Ionosphere is
Near-Earth Space

7— DEFLECTED SOLAR WIND PARTICLES

INCOMING SOLAR WIND PARTICLES

PLASMASPHERE

Space Weather Risks AIJM/JPL AIM/JPL



Variability During Geomagnetic Storms
October 30, 2003
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Storm Day: Oct 29, 2003, NGAIM
and Truth Storm Features at NLIB

VTEC Map from gaim_state_rll_20031029_194B00.mat
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Ionospheric Electron Density Storm-Time
Perturbations
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Xiaoqing Pi, Anthony J. Mannucci, Byron A. Iijima, Brian D. Wilson,

Attila Komjathy, Thomas F. Runge, and Vardan Akopian (2008), “Assimilative
Modeling of Tonospheric Disturbances with FORMOSAT-3/COSMIC and
Ground-Based GPS Measurements,” Journal Of Terrestrial, Atmospheric and
Oceanic Sciences, 2008
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Global Assimilative lonospheric Model
Data Assimilation Process

Driving - Physics ‘ Mapping State
To Measurements

Forces Model
Adiust ¢ State and State and
ustmen . .
of Pai ameters covariance covariance Innovation Vector
Forecast Analysis
4DVAR Kalman Filter

* 4-Dimensional Variational Approach « Kalman Filter
* Minimization of cost function by estimating driving e Recursive Filtering
parameters * Covariance estimation and state
* Non-linear least-square minimization correction
* Adjoint method to efficiently compute the gradient of Optimal interpolation
cost function Band-Limited Kalman filter

« Parameterization of model “drivers”

AJM/JPL 26



Driver Estimation Using 4DVAR

Prod Estimation 6/1/2002
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Slant TEC (TECU)

Filtered STEC (TECU)
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Potential application:
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JPL Tools for Detecting Natural Hazards:
GAIM

All GIM Residuals Near the Epicenter in Japan on March 11, 2011
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Summary & Conclusions

1. The radio occultation data set

2. Survey of results

1. Value of radio occultation to ionospheric space
weather: profile shape

2. Benefit of COSMIC-2: more profiles, and filling in major
gaps
3. Driver estimation (“holy grail”)

3. Summary and conclusions
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