Advection and diffusion

The species continuity equation describing the atmospheric transport and dispersion of a
pollutant on the stereographic projection with the vertical (c-p) coordinate has the
following form:
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where g = c¢/p is a species mass mixing ratio;

c and p are the volume concentration and the local air density;

p* = ps — p; is the difference between the local surface pressure pg and the model top pressure p;;

o = (p — p:)/p" is the vertical o-coordinate, where p is a local air pressure;
0 = do/dt is the vertical scalar velocity in the (6-p) coordinate;
Vy and Vy denote horizontal divergence operator and wind velocity respectively;

K, is the vertical eddy diffusion coefficient; and g is the gravitational acceleration.

In the continuity equation we omitted horizontal eddy diffusion because of the coarse
horizontal grid resolution. The local air density p at fixed o-layer is coupled with air
temperature T, and the pressure difference p* through the equation of state:
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where R, is the gas constant for moist air.

The first two terms on the right hand side of the continuity equation describe horizontal
and vertical advection of a pollutant in the atmosphere. The third term represents vertical
eddy diffusion, the last term describes variety of sources and sinks (emissions, chemical
transformations, depositions etc.). The equation is solved by means of the operator-
splitting procedure [e.g. Yanenko, 1971; Marchuk, 1975; McRae et al, 1982]. Following this
method, the original equation is approximated by several operator-split equations
describing different physical and chemical processes, which are solved sequentially during
each time step.



Advection

The sub-equation of the continuity equation (1) describing horizontal advection has the
following form:
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where 1 and ¢ are the geographical longitude and latitude; Rg is the Earth radius; V; and V,, are

zonal and meridional components of the wind velocity respectively.

Equation (2) is solved numerically using Bott flux-form advection scheme [Bott, 1989a;
1989b, 1992]. This scheme is mass conservative, positive-definite, monotone, and is
characterized by comparatively low artificial diffusion [see e.g. Dabdub and Seinfeld, 1994].
In order to reduce the time-splitting error in strong deformational flows the scheme has
been modified according to [F£aster; 1993]. The original Bott scheme has been derived in
the Cartesian coordinates. To apply the scheme to the transport in spherical coordinates it
has been modified taking into account peculiarities of the spherical geometry. Detailed
description of the Bott advection scheme in the spherical coordinates is presented in
[ Travnikov, 2001].

The vertical advection part of equation (1) is written as follows:
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This one-dimensional advection equation is solved using the Bott scheme with second-
order area-preserving polynomials generalized for a grid with variable step Ac.

Eddy diffusion

The non-linear equation for vertical eddy diffusion:
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has been approximated by the second-order implicit numerical scheme in order to avoid
restrictions of the time step caused by possible sharp gradients of the species mixing ratio.
The obtained finite-difference equation is solved by means of the decomposition -
backsubstitution method.
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