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TEC GIM/RIMs

Who provides Global lonospheric Maps?

» Center for Orbit Determination of Europe (CODE)
» Jet Propulsion Laboratory (JPL) E—)
» European Space Agency (ESA)

» Polytechnical University of Catalonia (UPC)
» Energy Mines and Resources Canada (EMR)

_2.5°%5°*"2 hour _

» MIT Automated Processing of GPS (MAPGPS)

N. America
~2,700 Receivers ~1 ZOE(;JrROeFéeeivers
[Tsugawa et al., 2007] Japan [Otsuka et al., 2012]

® ~1,200 Receivers
[Tsugawa et al., 2011]

What about TEC RIMs over China?
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GNSS Data Processing & TEC Derivation

e GNSS Receivers over China and adjacent areas (15°-55°N, 70°-140°E)

~300+ Receivers
Crust Movement International Space
Observation GNSS Environment
Network of China | Service(IGS) Prediction
(CMONOC) Center (SEPC)
260+ Receivers 38 Receivers 9 receivers " a5 s serc

e TEC can be derived by combining the Pseudo-range and Carrier Phase

measurements of the GPS dual frequency signals
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GNSS Data Processing & TEC Derivation

Flow chart of the TEC derivation TEC derivation @ lonospheric Pierce Points
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TEC RIMs Construction: Data Assimilation

e The aim of DA scheme is to use measured observations in combination with a
dynamical system model to derive accurate estimates of the states of the system.

N. K. Nichols (2010)

Assimilation technique: Kalman Filter

X: state variables

Z: observation vectors

d;: distance between i and j »
L;: iono-correlation length | Sin“(a)
a¥8: associated coefficients i iloi Ll

PETN a%
110 120

1. Project the state ahead X, = AX,, +BuU, ,

2. Project the error covariance P = APk_lAT +Q

v )

3. Compute the Kalman gain K, =P HT(HP,HT +R)™

4. Update estimate X =% + K (z, —HX)

5. Update the error covariance P, =(1-KH)P~




TEC RIMSs over China and Adjacent Areas (1° *1° *5 min)
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Results Comparison and Validation

Comparison with IRl and CODE TEC Cross-Validation with 8 GNSS Stations
DA IRI CODE
Lat 39.6 31.1 30.5 24.9 43.6 34.2 29.6 25.0
SUthe StrUCture \/ Lon 1159 1212 1144 1212 87.6 109.0 911 102.8
Local Variation v The TEC data at each one of the 8 stations is
Climate Variation N N excluded from data assimilation process, this makes
the chosen data independent for comparison
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Comparison with CODE GIMs

Analysis centers provide GIMs of TEC 50 *2 50 *120 min
» Center for Orbit Determination of Europe (CODE)
» Jet Propulsion Laboratory (JPL)

» European Space Agency (ESA)

» Poly-technical University of Catalonia (UPC)

» Energy Mines and Resources Canada (EMR)
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Histogram Density

Madrigal TEC

Comparison with Madrigal Database (1° *1° *5 min)

IRI TEC

Data Assimilation TEC

Root Mean Sfjuare Error

ASM VS Madrigal
IRI VS Madrigal

TECIHI - TEcMadrlgal

Mean =1.07
- Stddev = 3.45

| Stddev=5.72

TECassimllalian - TEC,

Madrigal . TEcIFII - TEcMndrgaJ

Mean =1.90

Mean = 1.63

Mean = 4.05
Stddev =2.77

Stddev = 4.18

Histogram Density

Madrigal TEC

. ﬁi’

40 60
Assimilated TEC (TECU)

40 60 20 40 60 40 60
IRI TEC (TECU) Assimilated TEC (TECU) IRI TEC (TECU)




Summary and Conclusion

A new technique has been developed to derive TEC over China and
adjacent areas using CMONOC and IGS data, and a data assimilation
method based on Kalman filter scheme is used to assimilate the TEC data
Into the background IRI model. Regional TEC maps over China and
adjacent area (70°E-140°E and 15°N-55°N) are generated accordingly
with the resolution being 1°*1° and 5 min respectively.

The accuracy and validity of data assimilation results have been verified
through the comparison with IRI, CODE, and Madrigal TEC data. The
data assimilation results are able to capture more subtle local
characteristics of TEC variation, and can get a smaller RMSE than those
results with no assimilation.

The histogram and correlation analysis also indicate that considerable
systematic improvements can be obtained when GNSS data are
assimilated into the background model, which demonstrates the viability
and effectiveness of the data assimilation method.
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