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Introduction: This white paper is based on a report on "Science Objectives and Observation 
System for the International Meridian Circle" prepared by William Liu, Michel Blanc, John 
Foster, and more than 3 dozen international scientists.  From this effort, we highlight key 
science goals for this international effort and suggest technical approaches to achieve these 
goals, generally characterized by using a global, cross-disciplinary, and long-lasting strategy.  
Our Spaceship Earth sails the Solar System in a sea of plasmas, interfacing with it via a critical 
boundary layer through which a broad diversity of energy transfer processes takes place at 
various time scales: our Earth’s Ionosphere, Upper, and Middle Atmosphere, which will here be 
named IMUA for short. The two dynamic regimes above and below IMUA co-exist and interact, 
making this layer a unique coupling domain for dynamic processes and a major sink region for 
energy transfer processes in geospace. Five main mechanisms can be identified when 
considering energy exchange: 

● Solar irradiation at a range of wavelengths responsible for IMUA energetics and plasma 
production; 

● Electrodynamic coupling of solar and heliospheric activity and disturbances to the 
magnetosphere and ionosphere, which is substantially latitudinally dependent; 

● Emission, propagation, and dissipation of atmospheric waves; 
● Lower atmosphere circulation perturbations which couple horizontal and vertical motions 

at different locations and scales; 
● Release into the atmosphere of gas and aerosol produced by volcanic activity and 

anthropogenic emissions (including greenhouse gases). 
Under the action of these different processes, energy deposited into the IMUA is ultimately 
traceable to dynamic perturbations developing both above and below it. Given a well-designed 
science plan for their interpretation, IMUA observations can be used as tracers of these 
perturbations, thus turning the IMUA into a giant, planetary-scale spherical screen on which one 
can detect, study, and characterize these disturbances.  
 
Overarching science goal: We propose to monitor, understand, predict, and mitigate the 
hazards and major perturbations threatening our human environment by means of the 
deployment, coordinated operation, and scientific use of a global observing system providing 
continuous monitoring of the IMUA covering the different temporal scales of the perturbations. 
To reach this goal, we suggest deploying a global-scale, ground-based observation system to 
be complemented by a space segment tailored to its specific needs. This system will be used to 
study different types of disturbances and hazards, in particular, A) Solar activity and 
heliosphere/ solar wind/magnetosphere/ ionosphere disturbances (minutes to decades); B) 
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Disturbances of the troposphere/ stratosphere weather system acting through atmospheric 
waves and electricity (hours to years); C) Disturbances and long-term evolution of the climate 
system (months to decades); D) Secular variations of the geomagnetic field; and E) Lithospheric 
activity and earthquakes (seconds to years). We propose to address several fundamental 
questions associated with these disturbances: I). What are their coupling mechanisms to IMUA? 
II). What is their impact on our space environment? III). How can we use their effects on the 
IMUA to improve the characterization and prediction of these threats? 
 
Required observation systems: To enable the study of IMUA questions from geospace and 
interdisciplinary sciences perspectives, observations are needed to cover very short (time scale 
of ~seconds)  variations, as well as long time scale variations, from diurnal, solar rotational, to 
decadal periods. This implies that this system should be deployed and operated continuously 
with a carefully planned and relatively uniform observing quality, with its data analyzed and 
delivered to its community users with short enough delays to enable continuously improving 
science analysis. Furthermore, the system’s architecture needs to use the fact that energy 
deposition from above and below drive IMUA disturbances with a large range of spatial scales, 
from small-scale local instability, mesoscale, and regional deep gradients of plasma distribution, 
medium-scale waves, to global scale general circulation. As such, this complexity of IMUA 
responses requires both regional dense networks of sensors as well as the global distribution of 
large facilities. Finally, the characteristic latitudinal evolution in IMUA responses to space 
weather disturbances requires extensive meridian coverage of observations to track and 
characterize the storm dynamics on a global scale. 
 
All categories of disturbances and hazards A)-E) described above are well organized in latitude 
(mainly geographic for weather and climate, mainly geomagnetic for the entries of energy due to 
space weather), except for seismicity and volcanism. This dominant latitude dependence is 
synergistic with a significant longitude dependence for weather and climate, mainly due to 
land-ocean contrast. Thus, the minimum scientifically useful coverage of our proposed 
observation system would feature full latitudinal coverage, either geographic [disturbances 
and hazards B) and C)] or geomagnetic [A) and D)]. The 120E – 60W Great Circle meridian, 
spanning east Asia, west Australia, and the Americas, happens to pass very close to the two 
geomagnetic poles and offers maximum land coverage for instrument deployment, providing 
almost ideal geographic and geomagnetic latitude coverage. 
 
For capture of land-ocean contrast and important longitudinal variations in the geomagnetic field 
configuration, an optimum strategy adds a second Great Circle in quadrature.  In particular, the 
30E – 150W meridian covers central Europe and Africa on one side and stretches across the 
Pacific from Alaska close to the Hawaiian archipelago and to French Polynesia on the other 
side. 
 
A number of essential ground-based observational techniques and systems are already in place 
or planned to be installed along these two Great Meridian Circles.  These include solar and 
interplanetary observations that detect solar internal structure and dynamics, solar magnetism 
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and solar activity, and the propagation of the solar output through interplanetary space, neutron 
detectors that monitor the interaction of primary cosmic rays with the Earth's atmosphere, 
magnetometer systems that detect solar wind-induced disturbance currents and atmospheric 
motion and ionization induced quiet-time currents, global ionospheric radio sensing 
networks encompassing arrays of incoherent scatter radars, ionosondes, HF and other radars 
to detect ionospheric plasma structures and dynamics, and dense GNSS receiver networks for 
measuring total electron content, and optical networks for imaging neutral airglow emission 
and measuring atmospheric motion and thermal status. 
 
Along the 60W/120E meridian circle, the observational chain to address the IMUA sciences is 
being built now or has been aggressively planned in a highly coordinated manner in the Eastern 
Hemisphere. The American sector is scattered with existing observational instruments but has 
large gaps in coverage and capabilities that limit substantial progress on a number of frontier 
scientific questions.  In alignment with long-term goals for US Heliophysics community research, 
we propose to address these gaps pertaining to the US east coast into the south American 
sector close to 60-75W longitudes. In particular, we suggest in a time frame of 10-15 years the 
establishment of: 
1. A dense network of bottom-side ionospheric sounding systems to monitor ionospheric 

plasma gradients below the F2 peak during space weather conditions, and to gauge  fine 
structures associated with IMUA variability induced by lower atmospheric disturbances and 
further below through complementary GNSS TEC measurement coverage; 

2. A dense network of optical instruments (FPIs and All-sky imagers) to monitor atmospheric 
motion and waves, essential to understanding ionospheric plasma variations driven by 
disturbances from above and below; 

3. A network of magnetometers to monitor the solar wind and magnetospherically induced 
currents and their latitudinal variations, with special interests in subauroral and equatorial 
regions. 

4. Greatly enhanced observational capabilities at central observatories of geophysical 
significance, comprising a major facility (e.g., an incoherent scatter radar) and a cluster of 
other instruments, providing multi-scale observations for multiple IMUA parameters with 
fine spatial and temporal resolution. These enhanced capabilities include extended 
long-term observational data sets afforded by next-generation hardware systems, as well 
as computational clouds for efficient and high volume facility data processing and 
distribution. 

 
The proposed efforts listed in items 1-4 are highly aligned with the DASI (Distributed Array of 
Small Instrument) concept suggested by the Decadal Strategy for Solar and Space Physics 
(Heliophysics). We suggest prioritizing instrumentation investment in the vicinity of the proposed 
meridian Great Circles across the Eastern American sectors. An incremental approach can be 
taken to mix enhancing central observatories (item 4) with developing specific types of networks 
(items 1-3).  We also suggest supporting scientific research effort in the AMUI area through true 
international collaboration and coordination for the collective welfare of the Heliophysics 
communities, breaking through non-science barriers. 
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