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1. Essentials

High Freguency Waves FPass Through the Atmosphere -

The density of the ionosphere | | |
changes mainly according to
the solar activity, it reflects and
modifies radio waves used for
communication and navigation.
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2. lonospheric Scintillation

» Scintillation is caused by small-scale (tens of meters to tens of km)
structure in the ionospheric electron density along the signal path, usually
named as ionosphere irregularities.
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2. lonospheric Scintillation

» The 1onosphere scintillation can reduce the accuracy and the
confidence of GNSS service, even cause lock-lose of the signal.




GNSS Applied In lonosphere Research




m GNSS Applied in lonosphere Research
1.lonosphere Monitoring Network

lonosphere Monitoring Network
established by CAS
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GNSS TEC technique have been
new lonosphere monitor
il methods.
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®Fames There have been many
® Installed . . .

* lonosphere monitoring networks
in the world.
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http://www.stern.ac.cn/
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1.lonosphere Monitoring Network

Latest sub-ionospheric point at 2021-10-22 07:44:30
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1.lonosphere Monitoring Network

BJGG (40.0°N, 116.4°E) 2021-10-22

BJGG (40.0°N, 116.4°E) 2021-10-22 08:44:30 : ; .
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2. Geomagnetic Storm Observation
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The geomagnetic storm is a major
disturbance of near Earth space
environment, which can Dbe
reflected from TEC signals of GPS
and BeiDou.

The white arrows indicate the
motion of the plasma when the
geo-magnetosphere was
compressed by the interplanetary
shock.
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2. Geomagnetic Storm Observation

BeiDou GPS

The geomagnetic storm is a major
disturbance of near Earth space
environment.

Intense geomagnetic storms usually start
with a sudden commencement.

Total electron content (TEC) derived from
navigation data can reveal features of
storm sudden commencement.
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3. GNSS as Platforms for Scientific Instruments

Earthward: July/30/2016 Tailward: July/14/2016
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4. Three Dimension lonospheric Plasma Structure

3D Ionospheric plasma Structure
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Liu et al. (JGR 2010)

Real-time monitoring of the
ionosphere will contribute
to the modeling work,
which is necessary for the
nowcast and forecast of the
ionosphere.
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5. Earthquake and Tsunami Warning
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https://www.jpl.nasa.gov/images/nasa-sees-tohoku-oki-earthquake-and-tsunami-in-earths-upper-atmosphere
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> Space weather (ionosphere) events can affect the performance
of GNSS service.

> GNSS can supply more monitoring ways for space weather
(ionosphere) research and be carrying platform for space weather
payloads.

> With the help of GNSS, better space weather models can be
built, and such models will be useful in many fields.
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The Challenge and Opptunity

ISES Solar Cycle Sunspot Number Progression
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https://www.swpc.noaa.gov/products/solar-cycle-progression
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The Challenge and Opptunity

> The upcoming of the 25th solar cycle certainly is challenge and test for
the GNSS. The stability of GNSS service will be verified in severe
space weather events.

> Severe space weather events is also opptunity for the developing of
the space weather model. Many space physicists are waiting for the
upcoming of the 25th solar cycle.
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Data of Space Weather
1. Data released in ICG-14

S O D R AN A A AR A Image Electron Spectrometer (IES)

FR: Atk RBRdE: 2019-12-09
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Table 1 Characteristic parameters of BD-IES sensor head

RYEGSEFRTEIMERURLE, FhERTRBEEE. Parameters: Energy range (50-600 keV)
s N Electron channel: El 50-68
AN =1
. E2 68-93
http://www.beidou.gov.cn/ iy il
yw/gfgg/201912/t20191209 | +ErsEstnrGEEHAS E4 130-170
: 5 - . ES 170-240
_19614.html?from=timeline —O—N&F+=RNA o i
E7 320-440
B4 E8 440-600

Field-of-view +15° x 180°
1. "BREBFEN" SRR . - ’le' 0 fle\\ | | +
500 MB data f||e Angular coverage (range/intervals) 180°/9
2. "RURERTIEN BIRRBASRY (UR) S R T e B
2015.10-2018.12

3. It SIMEEEREHREEEE T *the geometric factor is the average value of nine directions.
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1. Space Plasma and Satellite Surface Charging Monitor

Low Energy Electron/lon
Spectrometer

Magnetometer

Radiation dosimeter

Surface potential detector

Energy: 0.1~15 keV
FOV: 21t
Resolution: < 15%+2%

Range: -65000 nT ~ +65000 nT
Noise: 10 nT

Radiation dosage: 0~ 107rad

Surface potential : 0.1 ~10 kV

Detect parameters of in-situ
electrons and ions, such as energy,
flux, density and velocity.

Measure the environmental
magnetic field around the satellites.

Measure total radiation dose to
evaluate the lifetime of satellite.

Monitor the satellite’ s surface
potential.
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2. Energetic Electron Detection Packages

Medium-energy Electron
Spectrometer (MES)

High-energy Electron Detector
(HED)

Deep Dielectric Charging Monitor
(DDCM)

Energy: 50~600keV
FOV: 30°x180°
Geometric factor: <~2.0x10-3

Energy: 0.5~3.0MeV
FOV: 30° cone-angle
Geometric factor: < ~1.0x10-2

Charging Voltage: -2.5 kV to 0 V
Charging Current: 0.01-50 pA

Measure the energy spectra and
flux changes of medium electrons
in the outer radiation belt.

Measure the energy spectra and
flux changes of high electrons in
the outer radiation belt.

Measure the deep dielectric
charging current and voltage.
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