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Introduction:  The region of the atmosphere encom-
passing the mesosphere and lower thermosphere (50-
120 km altitude) is possibly the least sampled and least 
understood region of the Earth’s atmosphere.  This 
region of the atmosphere is impossible to sample by 
balloons and spacecraft, and only briefly sampled by 
rockets.  To date the primary means of studying this 
region is through the use of either ground-based or 
satellite remote sensing.  Remote sensing by satellites 
is a powerful means of monitoring this part of the at-
mosphere, but has its own drawbacks, such as poor 
vertical and horizontal resolution determined by in-
strument weighting functions, and highly constrained 
sampling locations determined by the satellite’s orbital 
geometry.   Several issues in mesospheric photochemi-
stry are particularly impacted by lack of high spatial 
resolution measurements of key reactants and trace 
gases.   

. 
Discussion:  Several key mesospheric trace gases, such 
as water vapor, methane, and carbon monoxide have 
chemical lifetimes comparable to their dynamical 
transport timescales.  As such, these species are espe-
cially useful as tracers of dynamical processes.  How-
ever, in order to characterize dynamic aspects of the 
atmosphere from the distributions of these tracers it is 
important to understand their respective chemical pro-
duction and loss processes to high accuracy.  This is 
very important for using these species to understand 
the transition region known as the turbopause which is 
the region where the atmosphere undergoes a transition 
from being controlled by dynamics to diffusive control.  
In addition, this region is the atmosphere is where solar 
influences (e.g. solar UV variability) are expected to 
maximize. 

There are a variety of observations of these impor-
tant trace gases which suggest that we don’t yet have a 
sufficiently complete understanding of mesospheric 
photochemistry to be confident in using them as pure 
tracers of dynamical processes.  For example, water 
vapor exhibits layers of enhanced mixing ratio both at 
low latitudes and high latitudes which cannot be ac-
counted for by gas phase chemistry [1].   Mesospheric 
ozone above the mesopause shows evidence suggestive 
of enhanced mixing rates, presumably from gravity 
wave breaking, that are as yet not sufficiently characte-
rized to determine the relative role of mixing and che-
mistry in the control of the ozone profile.  There are a 
variety of dynamical processes which act on both small 
and large scales, which should lead to observable ef-
fects on trace gas distributions in the upper mesos-

phere, yet are not well understood due to critical ob-
servations [2]. 

High spatial resolution measurements of these and a 
variety of other trace gases and radicals from the next 
generation of suborbital vehicles could provide a new 
window on understanding the details of the balance 
between chemistry and dynamical processes in the me-
sosphere and lower thermosphere.   The ability to di-
rectly sample the environment, i.e., measureing the 
concentrations of both long- and short-lived chemical 
species at high spatial and temporal resolution, and at a 
varity of latitudes and seaons, would provide the neces-
sary information to test the completeness of our photo-
chemical theories and at the same time test our under-
standing of the dynamical processes controlling this 
region of the atmosphere.  In this talk we will discuss 
several examples where such measurements might pro-
vide a much-needed new approach to mesospheric-
lower thermospheric science. 

 
References:  
[1] Summers, M.E. et al., (1997) Sciences, 277, 

1967-1970. 
[2] Fritts, D.C. and Alexander, M. J. (2003) Rev. Geo-

phys., 41, No.1, 1029. 
 

4036.pdfNext-Generation Suborbital Researchers Conference (2010)


