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Main references on the IMCP project
Chinese Meridian Project (CMP)

Wang C, Xu J, Liu L, Xue X, Zhang Q, Hao Y, Chen G, Li H, Li G, Luo B, Zhu Y, Wang J. 2023.
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IMCP BUILD A GLOBAL LTI SCREEN ON WHICH TO DETECT, STUDY AND MONITOR
OVERARCHING GOAL THE IMAGES OF THE DIFFERENT NATURAL AND ANTHROPIC DISTURBANCES
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Geomagnetic field variations
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Global electric circuit

Space Weather
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AN “OPTIMAL” GROUND-BASED OBSERVATION SYSTEM
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GEOGRAPHIC DEPLOYMENT
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GEOGRAPHIC DEPLOYMENT

AlaskaHawaii- Fre;xgh ﬁQLynesﬁr‘
Chain© s - 2Iee Y u“

. Mohe, Heilongjiang & AN~

& Neifiongor (A4

g Manzhouli,
’ ’ &= L./ Nei Mongol 6
A) Neorgol §  Changchun, Jiin AN
" - A /Hutubi, Xinjiang §
2 Gongzhuling, Jilin @ & Longjing, Jilin
AN & Sizih B g
ZINERY mung.;ln]l-ngs \f\ AN VA Nelm?gol. nners \f\ 8Nel Mongol Mingantu, Yihegaole, Wurigentala
Korla, Xinjiang £ & Xinglong, Hebei
A Nayugusn, Gansti Beijin; "SR
> & Kashi, Xinjiang 8/\ I ANE 7(4)(P) Beiling D-n- , iaoning [
- " 4 & iemo, xinjiang 4 V2 F & Xianghe, 15" °
: G 8 WQIhal Shandong
/4 Golmud, Qinghai Taiysac, 7 4 P& »(nWen Deng, R
| ZIN ZINDs b & Malingshan, Shandong
/ S R % 8 Lianyungang, Jiangsu \f
4 ) Naqu, Xizang £ #) Hefei, Anhui
4 Al Xizang @ é 7 letel, An ”6
£ Rl :
7 » Yangbajing, Xi i
S8 '"’4" g, “."’ 8 “! ::::g" - ~ 7, u;bg/vﬁman xlanmng‘xlaognnl
o A )Lnasa, xizang® “ pingba, i\
Chongging =
4 | Shaoyang, & Nanchang, Jiangxi )
8 %~ Hunan o i
Quijing, Yunnan £ 9 >
* Dali, Yunn-n8 8 Kunming, Guilin, Guangxi aouanzhou n‘l?\h 4
A Yunnan ANE 'Xiamen, Fujian £
b AN 4 ) Lincang, Yunnan @ Nanning, Guangxi & Guangdong (Guangzhou, S|
al, Huizhou, Hong Kong‘
Qinzhou, Guangxi @ +.”
f
. IMCP 2nd Meridian Circl .
& CMP- Phase |
f o -f. & CMP- Phase Il
Eu rope-A rica-Pacitic | & CHpasetand e
AN\ lonospheric Monitoring
Instruments
. Middle and U
G ( | Atmospheric mlmnng
Instruments
, Geomagnetic and
) Geoelectric Monitoring
Instruments
\ Solar-interplanetary
/ Monitoring Instruments
, R— >
-, , TN S x




COVERAGE OF MONITORING OBJECTIVES
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COVERAGE OF MONITORING OBJECTIVES

AlaskaHawaii-French Polynesia™= . cwp—— .~ Euro-African.Chain
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ARCHITECTURE OF IMCP OBSERVATION SYSTEM

ON-SITE INSTRUMENTS

Large facilities

ISRs
LIDARs
Radioheliographs

Medium-scale
HF radars
Digisondes
FP spectrometers
Airglow imagers

Network instruments
lonosondes
Magnetometers
GNSS stations

NETWORKS

Regional

Latitudinal

Longitudinal

World-wide

Each instrument brings a
piece of the puzzle
of upper atmosphere forcing
from above and from below!

Each contribution welcome!

More effective monitoring of
natural hazards achieved
through data sharing and

collaborative research

A collaboration between
all nations that will benefit
to all nations.
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AND OVERALL LOGIC SOCIETAL

BENEFITS

MONITORING NETWORK USERS COMMUNITY
OF IMUA DISTURBANCES SCIENTIFIC QUESTION
Network of instruments and Detect, monitor, understand, predict NEW SCIENTIFIC
facilities producing complementary A certain type of disturbance of INSIGHTS
parameters of the IMUA the IMUA (the “screen”)

Virtuous NEW
circle of MONITORING

knowledge

building CAPACITIES

DATA REPOSITORIES COLLABORATIV.E RESEARCH
Shared on-line tools

On-line access : NEW
International research teams

to IMCP instruments data o FORECASTING
Advanced Study institute METHODS

OTHER G/B DATA THEORY
SPACE DATA MODELLING

Al TOOLS
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THE WAY FORWARD: Europe-Africa chain

e Set-up of an “IMCP Europe-Africa-Pacific Working Group”: Summer 2023
* IMCP workshop and School: Beijing, September 13-24, 2023

* European Space Weather Week 2023 (Toulouse, France, octobre 2023):
Topical Discussion Meeting (t.b.c.) + Science contributions on IMCP

* IMCP Europe-Africa-Pacific Circle Workshop #1 in 2024
Comments, interests and participations welcome!

Contact: michel.blanc@irap.omp.eu



IMCP
within ISWI

To stimulate
cooperation
between all
interested
countries,
continued
dialogue on the
development of
the IMCP project
under the
umbrella of ISWI
and of UNOOSA
will be
particularly
important !
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Additional slides



(AW) + (GE) Vertical coupling in the atmosphere:
World maximum of thunderstorm activity in Africa

IONOSPHERE

MESOSPHERE

quasi-static
electric fields TGF

runaway relativistic
electrons

STRATOSPHERE

Upward electric discharges from top of clouds to ionosphere close the
global ionospheric circuit

Identify how discharges are triggered, associated EM and ES generation
mechanisms , charged particle acceleration mechanisms

8
6
4
2
1
8
6
4
2
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Oct 30, 2003: CHAMP Buildup of TEC on the Dayside

(SW) LOW-LATITUDE PHENOMENA
Longest land traverse of equatorial electrojet
in Africa

Equatorial electrojet and fountain are driven by :

* Variations of the zonal ionospheric electric field
* Travelling atmospheric/ionospheric disturbances
* Cross-equatorial winds

Need to quantify the time response of:

e equatorial electrojet

e vertical plasma drifts

e sub-tropical crests

e equatorial irregularities

e spread-F

through the diversity of magnetic storms



lonosphere and Middle-Upper Atmosphere (IMUA)

A critical interface layer in Geospace
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Need to identify a set of « Key
Parameters » whose
measurements can
characterize the average state
of this critical layer and the
disturbances induced on it
both from above
and from below

South auroral
zone

South polar

cap

Neutral Particle Density (cm™)

lon Density (cm™)

FLUID EARTH

SOLID EARTH

s

= :Farallal : Padarsen Hall
Middle
' latitudes

North auroral

zone

North polar
. cap




Timescales of the different sources

Effects of IMF changes, Changes in tides and CR

substorms and storms cycle and solar activity

magnetospheric irradiation induced by solar

¥Via disturbances~

Via direct action .
in thermosphere

on ionospheric circuit

Effects of thunderstorms:
EM emissions and electricity

Effects of EM emissionson  Coupling of thunderstorm
magnetospheric particles  circuit to ionospheric circuit

Emission of atmospheric

Changes in Changes in
upper upper
atmosphere atmosphere
induced by induced by
anthropogenic astronomical
climate change climate

changes

SPACE
ENVIRONMENT

NEUTRAL
ATMOSPHERE

SOLID
EARTH

systems

Effects of volcanic
eruptions

Time constant
Year

108 Yrs Seg. Min. Hour Day

waves by weather — ~

Geomagnetic field
secular variations and
dipole reversals

—

entury 10° Yrs

DURATION OF OBSERVATIONS IN TIME DOMAIN

Albedo
variations
induced by
plate
tectonics

)

108 Yrs
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GEOGRAPHIC DEPLOYMENT
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IMCP within ISWI

To facilitate
cooperation between
all interested
countries,
continuation of
dialogue on the
development of the
IMCP project with its
two Great Circles
(and more...),
continuation under
the umbrella of ISWI
and of UNOOSA will
be particularly
welcome
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Energetic

| (SW2) MIT and cross-
ecpaion latitude coupling processes

Field , 1. Penetration to middle and low latitudes of electric
Aligned Auroral fields produced by the ionospheric closure of field-

Currents Electrojet Aligned aligned currents
Currents

2. Partial and time-dependent shielding of these
electric fields by the polarization of the inner edge
_ Pedersen of the ring current
== Currents

3. Generation of latitudinal Hadley cells by auroral
heating,latitude redistribution of angular
momentum in thermosphere, production of
westward flows in the middle latitude
thermosphere

Neutral

4. Transmission of these westward flows to the
ionosphere and plasmasphere by the “ionosphere
disturbance dynamo” mechanism

: regular currents driven by tides (upward-propagating

DEMOCRITUS ——
UNIVERSITY . . . ° °
OF THRACE 2 and in situ) generated via the lonospheric Dynamo




(AW) Vertical coupling in the atmosphere:

Atmospheric waves

_—— Wlesosphere
/ wave

: lné and mixing

Planetary waves
G Wy, Tides

= Stratosphere

! \ /C?ravutyh(ﬁs

Gravity waves

e

4 Troposphere
,  Cyclones Thun@érstorms

e A broad spectrum of atmospheric
waves are generated by the
latitudinal structure of general
circulation, weather events,
orography and land-ocean
contrasts

* They propagate upwards through
the stratosphere, mesosphere and
into the lower atmosphere

* Reflection at critical levels,
refraction, interactions with the
mean wind, dissipation determine
how much momentum and
energy they transfer to the region
of positive temperature gradient
of the thermosphere



Geomagnetic

Axial dipole strength (uT)

Poles ~150° 140 430

AN

Dipole Strength
Decrease

- CALS3k.4
-—- gufmi
— IGRF-12

1700

1800 1900
Year

(GM) Secular
variations

of the

geomagnetic
field

T = T
32000 42000 52000 62000

22000 32600 42600 52000
2020 - 2014

Drift and variations of regional anomalies




(GG + GM) Combined effects of climate change
and geomagnetic field secular variations

lonospheric Electron Density (log,, cm™)
2 3 4 5 8
T T T T T

THERMOSPHERE

MESOSPHERE

4 STRATOSPHERE

ING | TROPOSPHERE |

200 400 600 800 1000
Atmospheric Temperature (K)

Emerging pattern of global change in the
thermosphere and ionosphere, according to
J. Lastocicka et al.

(Ann. Geophys., 26, 1255-1268, 2008)

Trend in TEC [TECU / decade]

— = . ——
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120°W __ 60°W 120°F 180°

Model prediction of change in TEC between 2015 and 2070,
according to the simulations of Cnussen (2022) GRL, 49,
€2022GL100693. https://doi.org/10.1029/2022GL100693




