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Outline

 Ionospheric Irregularities/Scintillation

 - ROTI and scintillation indices

 - Irregularities monitoring using GNSS

 Regional Ionospheric Irregularities Mapping

 - Crustal Movement Observation Network of China

 - ROTI at different sampling rates

 - ROTI maps

 Summary
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2. Scintillation

Figure courtesy of C. Carrano

Ascension Island, 2002

Ionospheric Irregularities/Scintillation

Low frequency GNSS data (e.g., 30s, 1s)

 Rate of change of TEC index (ROTI)

𝑅𝑂𝑇 =
𝑇𝐸𝐶 𝑖 − 𝑇𝐸𝐶 𝑖 − 1

𝑡𝑖 − 𝑡𝑖−1
𝑅𝑂𝑇𝐼 = 𝑅𝑂𝑇2 − 𝑅𝑂𝑇 2

(Pi et al., 1997)

 ROTI, detect the presence of

ionospheric irregularities that cause

scintillations.

(Basu et al. 1988)
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(Basu et al., 1999)

(Pi et al., 2013)

ROTI and Scintillation Indices

(a) ROTI & 𝑆4 (b) ROTI & 𝜎𝛷

(Yang et al., 2015)
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(Cherniak et al., 2017)

Irregularities Monitoring Using GNSS

(Cherniak et al., 2018)

ROTI maps: IGS new official ionospheric product
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• GNSS network, CMONOC

- Crustal Movement Observation Network of China

- more than 260 GNSS sites (Trimble receiver)

- 1s, 30s GPS data

- March-April, 2015

• ROTI calculated based on
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Regional Ionospheric Irregularities Mapping

Sampling
Time interval

(running window)

Samples

(Number)

1s 5 min 300

5s 5 min 60

15s 5 min 20

30s 5 min 10

CMONOC

𝑅𝑂𝑇𝐼 = 𝑅𝑂𝑇2 − 𝑅𝑂𝑇 2

• 𝐿𝐺𝐹 𝑖 = 𝐿1 𝑖 × 𝜆1 − 𝐿2(𝑖) × 𝜆2

• 𝑅𝑂𝑇 =
𝐿𝐺𝐹(𝑖)−𝐿𝐺𝐹(𝑖−1)

∆𝑡×1016×40.3×
1

𝑓1
2−𝑓2

2

• ROTI, at different sampling rates

• -1s, 5s, 15s and 30s

• ROTI mapping over China region

• -260 GPS sites, CMONOC

• -every 10 min, 30 min and 1 hour

• -ionospheric response to geomagnetic storms



IGS Workshop 2018

7

ROTI at different sampling rates

PRN10, Sanya

April 13, 2015

Sanya, April 15, 2015

1s 15s 30s

Correlation coefficient between ROTI and S4

Sanya, April of 2015
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ROTI at different sampling rates (cont.)

30s

5s

1s

HKST, March 15, 2015 0 2 4 6 8
0

2

4

6

8

5s_ROTI

1
s
_
R

O
T

I

y = 1.1917 x +0.14073

Coef = 0.99424

 

 

Data Linear regression y=x

0 2 4 6 8
0

2

4

6

8

30_ROTI

1
s
_
R

O
T

I

y = 1.9729 x +0.27065

Coef = 0.91141

0 2 4 6 8
0

2

4

6

8

30s_ROTI

5
s
_
R

O
T

I

y = 1.7289 x +0.07315

Coef = 0.93886

0 0.2 0.4 0.6 0.8
0

0.2

0.4

0.6

0.8

5s_ROTI

y = 1.0981 x +0.15366

Coef = 0.77827

0 0.2 0.4 0.6 0.8
0

0.2

0.4

0.6

0.8

30s_ROTI

y = 0.76945 x +0.2609

Coef = 0.32269

0 0.2 0.4 0.6 0.8
0

0.2

0.4

0.6

0.8

30s_ROTI

y = 0.75473 x +0.09531

Coef = 0.45475

March 15, 2015 March 16, 2015

Disturbed Quiet



IGS Workshop 2018

9

ROTI at different sampling rates (cont.)
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)• ROTI with a high sampling rate 

• - represents small scale-size of ionospheric irregularities
• (1s-ROTI, 200 m; 5s-ROTI, 1 km; 30s-ROTI, 6 km)

• - 1s-ROTI may indicate irregularities (~400 m scale-size ) that cause
• scintillations of GPS L1 signal.

• - a larger magnitude (high-frequency parts of the ROT spectrum)

• Correlation between ROTIs 
- 1s and 5s ROTIs, higher correlation

- 1s and 30s ROTIs, lower correlation

- correlation level is higher on disturbed days
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Flowchart of ROTI Mapping

Batch processing GPS data 

from CMONOC (1s, 30s)

Ready for 1s, 30s GPS 

data from CMONOC
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Are 30-s ROTI maps capable of 

reflecting the ionospheric irregularity?
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ROTI Maps over China

• ROTI maps, output in the IONEX-like format

Region: 10ºN-55ºN, 70ºE-140ºE;

Grid:      2º in latitude and 2º in longitude; 

Height: 350 km at IPPs;
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HKHT, in south of China
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ROTI Mapping during a geomagnetic storm
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• Geomagnetic storm, on March 17, 2015

• - The most intensive one in the solar cycle 24 so far;

• - Kp index had a maximum value of 8-;

• - A sudden commencement, at around 04:45 UT;

• - Recovery phase started on March 18, 2015;

• ROTI mapping during this large storm

• - 1s and 30s GPS data from CMONOC;

• - 10-18 UT (18-02 LT), March 16-17, 2015;

• - 10 min, 30 min and 1 hour;

• - Grid: 2º in latitude and 2º in longitude; 

• - Height: 350 km at IPPs;

• Ionospheric irregularities/scintillations

• - occurred before the storm commenced;

• -but absent in the south of China on March 17, 2015;
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ROTI Maps (March 16-17, 1 hour)

30s

1s
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ROTI Maps (March 16-17, 30 min)

30s
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ROTI Maps (March 16-17, 10 min)

30s

1s
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Summary

• ROTIs at 1s, 5s, 30s sampling rates

• - ROTIs correlated with scintillation indices

• - show a high correlation level on disturbed days

• ROTI maps, 10-min, 30-min and 1-hour GPS data

• - can reveal temporal/spatial evolutions of ionospheric irregularities

• - representation effect: 30-s ROTI maps are comparable to 1-s ROTI maps

• - 30-s observation is capable in irregularities monitoring.

• - The quantitative difference between   1-s ROTI and 30-s ROTI for 
monitoring the ionospheric irregularities will be studied further.

• ROTI maps, developed as one of routine products at SHAO
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Thank You!

Regional Ionospheric Irregularities Mapping at 

Different Temporal Scales Using GNSS 

Networks and Its Applications 


