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Introduction:  One region of the atmosphere 
remains as the last frontier – the region from 80 to 160 
km – this transition to space, encompasses parts of the 
mesosphere, lower thermosphere, ionosphere or MLTI. 
The Earth’s atmosphere has been explored by ground-
based instruments, aircraft, balloons, satellites and 
sounding rockets (see Figure 1) but these instruments 
find it difficult if not impossible to address this region. 
There, the atmosphere is forced from above and below 
(see Figure 2). In this talk I will discuss a concept that 
is both powerful and flexible, and that can address key, 
urgent issues in our understanding of the MLTI. Due to 
the significant dearth of measurements of this region, 
we will be able to make significant advances in our 
understanding if relatively simple payloads are 
launched from either equatorial, mid-latitude or high-
latitude sites. The observables and objectives remain 
the same – the factor that differs with launch site is the 
magnitude of the terms that drive the energy balance 
and, consequently, the temperature profile.  

 
Figure 1. This region, the lower thermosphere, E-

region ionosphere and the upper mesos-
phere/mesopause is the ideal subject for human tended 
suborbital science. Orbital assets, such as TIMED, 
AIM and ground-based assets, such as lidars, radars, 
and optical instruments provide valuable collaborative 
science. 

 
The MLTI is literally the gateway to space. The 

key process is the transition from a well mixed atmos-
phere to one in which diffusive separation occurs. This 
transition is important to our own planet as it is here 
that the flow of hydrogen into the upper atmosphere, 
leading to eventual escape, is controlled by the eddy 
mixing coefficient and the temperature profile.  
 

Figure 2. The Mesosphere/ Lower Thermosphere / 
Ionosphere or MLTI is forced from above and below. 
Atmospheric waves propagate from below and deposit 
their energy in the MLTI. Wave forcing from below is 
captured in the eddy diffusion coefficient. At high lati-
tudes auroral particles heat the upper atmosphere 
through particle deposition and Joule heating. Figure 
Courtesy of TIMED mission. 
 

One of the key questions that we must understand 
is: what is the temperatue structure of the MLTI re-
gion? The temperature structure in the upper 
atmosphere of all planets is controlled by the balance 
between cooling and heating terms. These terms 
demonstrate both global and local variability and they 
vary in response to solar output changes with the solar 
cycle, geomagnetic storms, and, quite possibly, 
possibly, anthropogenic influences. For example, the 
mesopause, the temperature minimum, is the coldest 
place on Earth with a temperature of around 172 K. 
This is due to the combination of the strong CO2 
cooling and the relatively low amount of absorption of 
solar radiation. The altitude of the mesopause shows 
some variation but is generally at about 85 km. The 
summer mesopause is colder than the winter 
mesopause – a consequence of gravity-wave 
dissipation which sets up a circulation pattern that 
results in downwelling at the winter pole (leading to 
adiabatic warming) and an upwelling at the summer 
pole (leading to a cooling). 

These processes, and others, constitute the lower 
boundary conditions of the MLTI. Variation in many if 
not all of the physical parameters that characterize the 
MTLI is approximately equal to the mean of that 
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parameter. In other words, if the mean electron number 
density at a particular location is 1x1011 electrons/m3 
the “one sigma values” measured will be about 1x1010 
to 2x1011 electrons/m3, at best. This variation is driven 
by forcing from above and below, and transport of 
energy, momentum and mass within the system as well 
as electric fields that may be internally generated or 
externally imposed.  

Global circulation models make a number of para-
meterizations of subgridscal processes. The most im-
portant of these are the parameterization of the eddy 
mixing coefficient, K. Others include the auroral Joule 
heating. Suborbital experiments will provide the oppor-
tunity to test those parameterizations. An associated 
science analysis program could evaluate the impact on 
the first principles models.  

This work is urgent as it directly impacts our ability 
to predict and/or model the solar cycle variability of 
the E-region ionosphere and lower thermosphere and 
supports the ongoing AIM and TIMED program. AIM 
– the Aeronomy of Ice in the Mesosphere – is characte-
rizing the distribution of PMCs and their physical 
properties. TIMED is studying the dynamics and ener-
getics of this region. There is a strong synergy possible 
with the AIM and TIMED missions.  

In the likely event that TIMED and AIM are can-
celled before the first of the next generation of subor-
bital vehicles can fly, this will be the US ITM commu-
nity’s only access (aside from traditional sounding 
rockets) to this region.  

In addition to understanding our own home and the 
transition from an atmosphere to space, we will also 
have important insights into the processes that lead to 
the evolution of other terrestrial planets – especially the 
escape of hydrogen and how that shapes the amount of 
water on a planet like Mars and Venus and how in-
creasing CO2 shapes the hydrogen budget in the upper 
atmosphere.  

In this talk I will provide more detail on the press-
ing problems in MLTI science and how these can be 
addressed by suborbital platforms. 
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