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Abstract—The computer speed of SMVGEAR II was improved markedly on scalar and vector machines
with relatively little loss in accuracy. The improvement was due to a method of frequently recalculating the
absolute error tolerance instead of keeping it constant for a given set of chemistry. To test the effects of the
modification on speed and accuracy, three Eulerian model simulations were performed on two vector
machines, the Cray C-90 and Cray J-916, and a scalar machine, the Silicon Graphics Origin 2000. The first
simulation was an urban air pollution case in which gas chemistry, dynamical meteorology, radiation, and
species transport were solved together. The second and third simulations were global cases in which
chemistry, dynamical meteorology, radiation, and species transport were solved together. For the urban
case, the new algorithm reduced SMVGEAR II’s computer time by 50-67%, depending on the machine
used. For the global cases, chemistry time was reduced by 14-44%. In all simulations, normalized gross
errors were less than 1%, and the time required to solve chemistry dropped to near or below 50% of the
total model simulation time. Thus, gas chemistry may no longer be the computationally-limiting process in
many atmospheric models. The simulations show the usefulness of SMVGEAR II on a scalar workstation
with sufficient memory bandwidth. © 1998 Elsevier Science Ltd. All rights reserved.
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1. INTRODUCTION

Many numerical schemes have been developed to solve chem-
ical ordinary differential equations in atmospheric models.
These include iterative backward Euler schemes (e.g. Curtiss
and Hirschfelder, 1952; Shimazaki and Laird, 1970; Hertel
et al.,, 1993), family schemes (e.g. Crutzen, 1971; Turco and
Whitten, 1974; Austin, 1991; Elliott et al., 1993; Jacobson,
1994), hybrid predictor—corrector schemes (e.g. Young and
Boris, 1977), the quasi-steady-state approximation scheme
(QSSA) (Hesstvedt et al., 1978), parameterization schemes (e.g.
Jacob et al, 1989), Runge-Kutta-Rosenbrock schemes
(Hairer and Wanner, 1991; Sandu et al., 1996), hybrid New-
ton-Raphson iterative schemes (Gong and Cho, 1993), iter-
ative forward-backward Euler schemes (Jacobson and Turco,
1994), Gauss-Seidel schemes (Verwer, 1994), and others.
Codes that have taken advantage of Gear’s method (Gear,
1971) include the Livermore Solver for Ordinary Differential
Equations (LSODES) (Hindmarsh, 1983), the Variable Coef-
ficient Ordinary Differential Equation Solver (VODE) (Brown
et al., 1989), and the Sparse-Matrix, Vectorized Gear Code
(SMVGEAR) (Jacobson and Turco, 1994; Jacobson, 1995).

In many urban-scale models that treat photochemistry,
transport, and emissions, chemical kinetics has often taken
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up to 80-90% of total computation time (Odman et al.,
1992). When meteorology and radiation are added, the time
to solve chemical kinetics has dropped to around 65-75%
(Jacobson et al., 1996). Because gas chemistry usually takes
more than 50% of computer time in atmospheric pollution
models, it has been the limiting computational process in such
models. Thus, reducing the time required to solve chemistry to
less than 50% of total computer time is a useful goal. Gear’s
method has frequently been cited as a benchmark for accuracy
(e.g. Odman er al., 1992; Gong and Cho, 1993; Hertel et al.,
1993; Saylor et al., 1995). Reducing the time required to solve
chemistry with a Gear solver to less than 50% of total
computer time would be an important step forward.

For this paper, a speed improvement to a Gear-type code,
SMVGEAR II, was made with relatively little loss in accu-
racy. The revised version of SMVGEAR II was implemented
into regional and global scale air pollution models that
couple chemistry, dynamical meteorology, radiation, trans-
port, and emissions. In both cases, chemistry now takes near
or less than 50% of the total computer time. In the sections
below, the modification is described, and resulting changes in
speed and error are discussed.

2. MODIFICATION TO SMVGEAR II

Gear’s method solves the backward differentiation
formula (BDF). A detailed description of Gear’s solution






