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This talk will provide an overview of the big-picture CEDAR research questions.
What are we trying to answer by studying the detailed processes below?
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Areas to be (briefly) discussed

1. High latitude forcing and the MTI response
2. Meteorological driving of the MTI

3. The growing number of observations

1. Sirulating the above.| ol model

MTI — Mesosphere, Thermosphere, and lonosphere




High-latitude forcing and MTI response
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What is the distribution in space and time of the high-latitude energy inputs?

Heelis Weimer

Energy Flux Potential

10:00 UT, 5 April 2010

Joule Heat

(Courtesy of Gang Lu)




What is the distribution in space and time of the high-latitude energy inputs?

Ensemble Potential
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What is the distribution in space and time of the high-latitude energy inputs?

Observation and Large-scale Small- and Meso-sacle Variabilities
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What is the energy input due to small-scales?

(Zhu et al., 2018)




What is the distribution in space and time of the high-latitude energy inputs?

Neutral temperature response at 400 km
due to Joule heating at different altitudes.
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What is the conductivity in the high-latitude ionosphere?

(Huang et al., 2012)




What is the MTI response to geomagnetic storms?

11 Problem (blue) and 11 Control (red) Storms
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Why are some storms “anomalous” in our ability to model the MTI response?

(Knipp et al., 2013)




What is the MTI response to geomagnetic storms?

~ Differential TEC
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Why are some storms “anomalous” in our ability to model the MTI response?
(Lei et al., 2018)




What is the MTI response to geomagnetic storms?

The MTI response to geomagnetic storms is driven by changes in:
Heating
Neutral winds (large scale and TADSs)
Electric fields

Composition

What drives the IT variability during storms on different spatial and temporal scales?
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Meteorological Influence on the MTI

Meteorological Driving of Geospace
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What is the lower atmosphere contribution to variability of the MTI?
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What are the sources and mechanisms that couple the lower
atmosphere to MT]I variability?
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What is the lower atmosphere contribution to variability of the MTI?
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What is the role of the lower atmosphere on the day-to-day
variability and seeding of ionosphere irregularities?

(Fejer et al., 1999)




How does the wave spectrum evolve with height?

SABER ot 110 km Amplitude, Diurnal Exosphere Amplitude, Diurnal

Longitude (deq)

How are waves dissipated and generated in the lower
thermosphere where there are few existing observations?

(Forbes et al., 2009)




How does the wave spectrum evolve with height?
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How are waves dissipated and generated in the lower
thermosphere where there are few existing observations?

(Oberheide et al., 2011)




How does the wave spectrum evolve with height?

Planetary Wave-1 Amplitude, 60N
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How does the wave spectrum evolve with height?

V{m/s) at 1.5e—3hPa Feb 4 UT 0.00

(Liu et al., 2014)

What is the interaction between small-scales (gravity waves)
and large-scales (tides and planetary waves)?




What are the drivers of long-term changes in the MIT?
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How do anthropogenic, geomagnetic field, and solar variability
contribute to long-term variability in the MTI?

What influence do long-term trends have on the MTI response
to geomagnetic/solar and lower atmospheric variability?

(Courtesy of Stan Solomon)
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What is the interaction between lower atmosphere variability and geomagnetic/solar variability?

Realistic Lower
Atmosphere

Climatological Lower
Atmosphere

(Hagan et al., 2015)
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The growing nhumber of geospace observations

Current and upcoming satellite missions:

GOLD (data since Oct. 2018)
COSMIC-2 (launch June 24, 2019)
ICON (launch TBD)

TIMED, Swarm, DMSP, ...

Ground-based observations:

SuperDARN

Incoherent Scatter Radars

GPS total electron content (TEC)
Auroral Imagers

Lidar

Radars

Fabry-Perot Interferometers




_The growing number of geospace observations

(Stan Solomon)




_The growing number of geospace observations

(Stan Solomon)




_The growing number of geospace observations

ohosaondes

(Stan Solomon)




_The growing number of geospace observations

(Stan Solomon)




_The growing number of geospace observations

GPS

(Stan Solomon)




_The growing number of geospace observations

GPS

(Stan Solomon)




_The growing number of geospace observations

(Stan Solomon)




_The growing number of geospace observations

(Stan Solomon)




The growing nhumber of geospace observations
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The growing number of geospace observations

(Stan Solomon)



The growing nhumber of geospace observations

23:30 UT
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The growing nhumber of geospace observations

23:30 UT

How to make effective use of observations measuring
erent parameters at different times and locations?
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