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The prominent feature of the Earth photochemical systems is a number of chemical components with very short
photochemical lifetimes. So one could consider them to be in the instantaneous equilibrium. The balance of
sources and sinks of the components is represented by algebraic equations, which have to be correctly extracted
from full photochemical model describing processes in the altitude region of interests. One could use it to
determine poorly measured atmospheric species utilizing other components’ observations, to estimate reaction
rates, which are known with a significant uncertainty, and to estimate other atmospheric characteristics.
In this work we consider simultaneous photochemical equilibrium of daytime OH, HO2, and O3 at the altitudes
of the mesosphere. We derive, basing on the concept of basic dynamical models of atmospheric photochemical
systems [1], a simplified algebraic equation that relates local concentrations of these components in the 50-100
km altitude region. The parameters of the equation are air temperature, air concentration, local zenith angle, and
reaction’s rates. In order to estimate the accuracy of the equation we have performed one-year simulation of
the mesosphere and lower thermosphere using a 3D chemical-transport model. The simulation shows that the
discrepancy between the calculated evolution of the components and the equilibrium value given by the equation
does not exceed 3-4% in the full range of altitudes independent of season or latitude.
We have developed the technique suggested in [2,3] for statistical retrieval of HO2 distributions from simultaneous
satellite measurements of OH, O3, temperature, and air density. It assumes the above-mentioned equilibrium
equation is fulfilled and takes into account satellite measurement error. The work shows first results of the
technique application to MLS/Aura data [4] and compares them with HO2 offline retrieval from the MLS data [5].
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