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ABSTRACT

Calculations with numerical models are often referred to as numerical experiments, by analogy to classical
laboratory experiments. Usually, many numerical experiments are carried out to determine the response of a
numerical model to variations of internal or external parameters over some range of interest. If individual
experiments are inexpensive to carry out, and if the number of independent parameters is small, it may be
possible to search the entire parameter space of the model. This is difficult, however, if the dimension of the
parameter space is even moderately large or the codes are expensive to run.

In this paper methods are presented for the design and analysis of numerical experiments that are especially
useful and efficient in multidimensional parameter spaces. The analysis method, which is similar to kriging in
the spatial analysis literature, fits a statistical model to the output of the numerical model. As an example, the
method is applied to a fully nonlinear, global, equivalent-barotropic dynamical model. The statistical model
also provides estimates of the uncertainty of predicted numerical model output, which can provide guidance
on where in the parameter space to conduct further experiments, if necessary. The method can provide major
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improvements in the efficiency with which numerical sensitivity experiments are conducted.

1. Introduction

Digital computers now make it possible to find ap-
proximate solutions to mathematical models that can-
not be solved analytically. Calculations with numerical
models are often referred to as numerical experiments,
by analogy to classical laboratory experiments.

Rarely is a problem so well defined that a single cal-
culation, or a small number of calculations, suffices to
provide the desired answer. Usually, many numerical
experiments are carried out to determine the response
of a numerical model to variations of internal or ex-
ternal parameters over some range of interest. These
are usually referred to as sensitivity experiments. The
model’s parameters may represent physical processes
not explicitly included in the model, such as subgrid-
scale mixing or gravity wave drag; or they may be
boundary or initial conditions, such as the solar con-
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stant or sea surface temperature. If individual experi-
ments are inexpensive to carry out, and if the number
of independent parameters is small, it may be possible
to search the entire parameter space of the model. This
is difficult, however, if the number of independent pa-
rameters is large or the codes are expensive to run. For
example, even with only five independent parameters,
sampling only the endpoints and midpoints of each
parameter’s range would require 3° = 243 experiments.
Such an experimental design may be possible with
simple models, but with more computationally de-
manding models, such as general circulation models
(GCMs), it is not computationally feasible to sample
the parameter space densely.

Methods have been proposed to estimate the depen-
dence of a model on variations of many parameters
simultaneously. These include the adjoint method and
the fluctuation—dissipation theorem (Leith 1975; Bell
1980). The adjoint of a complex model may be difficult
or impossible to find, while the application of the fluc-
tuation—dissipation method to problems with variable
boundary conditions is not well understood. The fluc-
tuation—dissipation theorem is also essentially a linear
sensitivity estimate and it may not capture the behavior
of highly nonlinear models. Monte Carlo experiments
have been carried out with atmospheric chemistry
models to evaluate the effects of uncertainties in rate
coeflicients on the simulation of trace species ( Stolarski






