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Forbes and his colleagues in their quest to understand the relationships 
between Earth’s weather and space weather. This work has allowed 
them to uncover how atmospheric waves propagate upward and cause 
variations and perturbations in the conditions of near-Earth geospace.

Recently, a PhD student of Professor Forbes, Federico Gasperini, 
analysed data from the TIMED, CHAMP and GOCE satellites to show 
that waves excited in the lower atmosphere by tropical heating travel 
very high in the atmosphere, effectively linking lower atmosphere 
activity with the atmospheric drag that satellites experience. From his 
calculations, Gasperini concluded that between from 60% and 80% 
of the total variability in the thermosphere (during a time when the 
Sun was relatively quiet) can be traced back to vertical waves from the 
lower atmosphere, while only 10–20% is due to solar and geomagnetic 
effects. The remaining 10–20% of the variability was due to other 
processes that were unclear.
 
In any event, Gasperini, along with Professor Forbes and his colleagues, 
has proven that there is a large coupling effect from the lower 
atmospheric conditions – our weather – and activity in the upper levels 
of the atmosphere that interact with near-Earth space weather. Not 
only do the conditions in space – primarily the result of the solar wind 
interacting with the Earth’s magnetosphere – have an effect on Earth’s 
upper atmosphere weather, but Earth’s lower atmosphere weather 
can have a vertical effect on the conditions up there, in geospace. It’s a 
complex and synergistic system that warrants further study. Of course, 
further study is already in the works.

Plans for Studying Near-Earth Space in the Near-Future

Plans for the immediate future are promising. Professor Forbes has 
recently been funded by NASA and the NSF to use the Thermosphere-
Ionosphere-Mesosphere Electrodynamics General Circulation Model 
(TIME-GCM) developed at the National Center for Atmospheric 
Research to numerically isolate the components of the ionosphere/
thermosphere system. The TIME-GCM program is a 3-D time-dependent 
model of atmospheric conditions that reaches from about 30 
kilometres above the surface to altitudes of 500–600 kilometres. The 
model simulates the circulation, temperature, electrodynamics, and 
compositional structure of the mesosphere, the thermosphere, and the 
ionosphere. The results of this model will enable the team to construct 
more specific models that take into account the massive data available 
from the various satellites. Professor Forbes says they hope this 
material will help them ‘understand wave-wave interactions and other 
sources of complexity in the A-I system.’

Professor Forbes also plans to spend time using the unique data 
expected from the upcoming ICON mission. ICON – NASA’s Ionospheric 
Connection Explorer, expected to be launched in mid-2017 – is 
specifically designed to collect data from the atmospheric levels where 
Earth weather and space weather collide. This is right up Professor 
Forbes’ alley, and he thinks this mission will greatly advance our 
understanding of how waves of the lower atmosphere drive conditions 
in the ionosphere. Beyond ICON, Professor Forbes tells Scientia that 
his future research ‘depends on which of my pending proposals are 
funded, and what emerges in the field that strikes me as interesting and 
challenging.’ When the sky’s the limit, you have lots of options.

Energy and momentum are transferred from one point to another within the atmosphere-ionosphere system through the generation and propagation of 
waves. In the ionosphere wind perturbations associated with the waves can redistribute ionospheric plasma, either through the electric fields generated 
via the dynamo mechanism, or directly by moving plasma along magnetic field lines. Adapted from Figure 8.10, Solar and Space Physics Decadal Survey, 

National Academy of Sciences, 2012.

Solar and Space Physics Decadal Survey, National Academy of Sciences, 2012.
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Lower Atmosphere 
Effects on Space 

Weather

Electron density variability —   
affects HF radio communications, 
satellite navigation and 
communications.

Neutral density variability —    
affects satellite drag, causing 
uncertainties in orbital and reentry 
predictions. 
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- Excited in the tropical troposphere by latent heat release in 
deep convective clouds. 

- Large source of variability in the thermosphere and 
ionosphere.
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OLR
Outgoing Longwave Radiation 

Infrared radiation emitted from Earth and its 
atmosphere to space. 

Measured by radiometers onboard NOAA’s 
polar orbiting satellites.

Serves as proxy for tropospheric convection, 
because convective cloud tops are cold and 
thus emit little long-wave radiation.

NOAA
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Link to Tropospheric Convection

OLR (blue) and TIME-GMC mean wind at 400 km (red)
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OLR (blue) and TIME-GMC mean wind at 400 km (red)
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OLR (blue) and TIME-GMC mean wind at 400 km (red)
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OLR (blue) and TIME-GMC mean wind at 400 km (red)
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