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The non-linear nature of stratospheric chemical reactions makes them sensitive to mixing and diffusion. Most
stratospheric Climate-Chemistry Models neglect the effects of sub-grid flow structures on chemistry. Several pre-
vious studies have pointed out that such unresolved small scales could significantly affect the chemistry. However
this problem has not been thoroughly studied from a theoretical point of view. To fulfill this gap, we investigate
the interactions between advection, diffusion and chemistry for a simple bimolecular reaction between two ini-
tially unmixed reactants, within the framework of two-dimensional isotropic and homogenous turbulence. This is
a highly simplified representation of quasi-isentropic mixing in the stratosphere.

Our goal here is to describe and understand how the production rate of the product species is affected by the size
of the smallest scales of the tracer field, as determined by the tracer diffusion coefficient κ. The spatial average of
the prognostic equation for the product’s concentration involves the covariance of the reactants. The time evolution
of this covariance depends in turn on a dissipative term, and on second and third order chemical terms. The set
of equations is not closed and any finite resolution model would need a parameterization of the dissipation and a
closure hypothesis on the chemical terms. To study these terms, we perform ensembles of direct numerical simula-
tions using a pseudo-spectral two-dimensional periodic model. The ensembles span different initial conditions of
the flow and different tracer diffusion coefficients κ.

Our results show a strong dependence of the total production on the diffusion coefficient. This production scales
like κp(t) , where p(t) is a positive decreasing function of time. This scaling is very similar to the one found by
Tan et al. (1998) for atmospheric flows on the deactivation of chlorine by nitrogen oxide at the southern edge of
the winter time polar vortex. Furthermore, the time derivative of the reactants’ covariance is found to be only very
weakly dependent on the chemical reaction rate, for both slow and fast chemistries compared to the advection. The
variations of the dissipation and of the chemical terms with the reaction speed compensate each other. As a conse-
quence, the calculation of the product’s concentration using the covariance of the dissipation without chemistry is
a good approximation of the effect of diffusion with chemistry.
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