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ABSTRACT

The validation of atmospheric models is a key part of the modelling en-
terprise, but one to which increased attention needs to be given if systematic
progress is to be made in the development of predictive climate models. The
validation of current AGCMs in terms of the mean seasonal distribution of pri-
mary variables such as pressure, temperature, and wind shows a reasonable
ability to simulate the observed large-scale features, while at the same time
identifying a number of systematic errors. More recent validations have in-
cluded the simulation of variability, which reveals a modest level of skill but
with further systematic errors. Recent results from mesoscale models nested
within AGCMs, however, have shown substantial skill in the simulation of re-
gional climate. In addition to conventional data sources of various resolutions,
current model validation is enriched by the use of satellite observations and
other special data sets, as well as by the analyses from operational models.

A comprehensive atmospheric model validation program includes exam-
ination of not only the mean and variance, but of the complete frequency dis-
tribution. Moreover, in addition to the primary dynamical and physical
variables, the various derived quantities associated with fluxes and processes
and the occurrence of specific events should also be evaluated. A complete val-
idation would also include evaluation of a model’s ability to simulate more than
just the present climate and/or its ability to simulate observed climate change
(the latter aspect necessarily including the oceans). This effort will require the
acquisition, calibration and processing of global observational data sets specif-
ically for the purpose of model validation. Useful approaches toward such a
program include the reanalysis of recent decades with modern AGCMs and ad-
vanced data assimilation systems, and the extension of the various atmospher-
ic model intercomparison projects now underway to include a wider variety of
diagnostics.
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1. Introduction

The validation (defined as the determination of the degree of correctness or
validity) of atmospheric general circulation models is a necessary step in the
orderly development and use of models for both weather prediction and climate
simulation. In the latter application in particular, it is essential to know a model’s
accuracy in simulating the balances that characterize the general atmospheric cir-
culation as well as the nature of regional systematic errors. Since the atmosphere
is the central and most variable component of the climate system, knowledge of an
atmospheric model’s errors is basic to an understanding of the performance of cou-
pled atmosphere-ocean models and of models of the coupled climate system in gen-
eral, even though the errors of the ocean and other non-atmospheric model
components may be even less well-known than those of the atmosphere itself.

Atmospheric model validation has always been limited by the available data,
which has included direct observations of the atmosphere’s three-dimensional
structure and circulation for only approximately the last fifty years. Even then the
observations necessary to adequately characterize the large-scale features of the
atmosphere have been largely confined to the more populated land areas of the
Northern Hemisphere. Global observations of the cloudiness have been available
from satellites for only about twenty years, while space-based measurements of the
atmospheric radiation balance, atmospheric water vapor content, precipitation
rate and winds have been made for only about a decade. While atmospheric model-
ers have, of course, used portions of these data to perform at least a preliminary
validation of their models, in general there has not been an organized and compre-
hensive validation effort. After examining their model’s simulation of the mean
seasonal distributions of temperature, pressure, wind and precipitation, most mod-
eling groups have not made a corresponding effort validating the model’s simula-
tion of variances of these and other fields or of the simulation of regional or
extreme events, even though these features may be of more importance in applica-
tions of the model than the climatic means themselves.

The purposes of the present paper are to briefly review the present status of
atmospheric model validation, and to suggest ways in which future validation may
be made more systematic and useful in the light of necessarily limited observa-
tional and computational resources.



2. Current status of atmospheric GCM validation

The present state of atmospheric model validation is basically as character-
ized by the IPCC assessment in 1990 (Gates et al., 1990). Here the principal find-
ings of that report will be summarized insofar as they apply to atmospheric models,
followed by a brief review of more recent work.

Comparison of the observed large-scale distribution of the seasonally-aver-
aged climate with that simulated by current atmospheric GCMs (in which the sea-
surface temperature and sea ice have been taken from climatology) shows that
there is a considerable degree of skill in the models. This is illustrated in Fig.1 in
the case of precipitation for three current atmospheric GCMs of moderately high
resolution. It is characteristic that while one model may resemble the observed
precipitation most closely in a particular region, generally another model’s simula-
tion is superior in another region, i.e., no single GCM is universally the best. We
may also note that the models show a number of features in common that are not
prominent in the observed data, such as the simulation of DJF precipitation max-
ima in the North Atlantic and North Pacific oceans and the lack of a precipitation
maximum in the Southern ocean near Antarctica. (In this case, however, the possi-
ble unreliability of the observed data themselves must be kept in mind.) A gener-
ally similar level of skill is present in other seasons, and for the corresponding
large-scale distributions of pressure, temperature and circulation.

A useful overview of the accuracy of atmospheric models is given by zonally-
averaged statistics. This validation measure is shown in Fig. 2 for five representa-
tive atmospheric GCMs. Here we note that the models tend to overestimate the
observed precipitation, especially in the Northern Hemisphere during winter, and
that there is considerable scatter among the models’ results in the tropics (where a
large fraction of the precipitation is associated with parameterized subgrid-scale
convective processes). These features are similar to those seen in earlier model
simulations (see, for example, Gates, 1987), and are representative of the current
state of the art. Overall, the intermodel precipitation differences are about 1-2
mm/day, and the apparent systematic model error is of the same order.

Similar remarks may be made for the zonally-averaged mean sea-level pres-
sure shown in Fig. 3 where the several GCMs’ results display a scatter of abou 10-
20 hPa while for the most part being clustered about the observed distribution. An
exception is in high southern latitudes, where the models show substantial dis-
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Figure 2. The zonally-averaged precipitation as observed (Jaeger, 1976) for De-
cember — January — February (a) and June — July — August (b), and as simulated
by the NCAR, UKMO, GISS, GFDL and CCC atmospheric models. (From Gates et

al., 1990)
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agreement and large apparent errors. As was the case for precipitation, these fea-
tures have characterized atmospheric models’ zonally-averaged sea-level pressure
for some time (Gates, 1987) and are representative of the current intermodel differ-
ences to be expected. The data in Fig. 3 also provide evidence of a systematic
improvement of the simulations with increased (horizontal) model resolution, i.e.,
the change between GFLO and GFHI and between UKLO and UKHI, although
such error reduction is not seen in all climate variables.

A further example of the current state of atmospheric model validation is
given by the zonally-averaged zonal wind shown in Fig. 4 for the same models used
in Figs. 2 and 3. Here we see a reasonably good simulation of the overall structure
and seasonal shift of the tropospheric zonal circulation, which is a reflection of the
models’ success in simulating the mean meridional tropospheric temperature dis-
tribution. Here there is an intermodel variability of about 10ms-1 with a typical
systematic model error of about half this amount. It is evident that the models
with higher resolution simulate the strength of the mid-latitude westerlies and
tropical easterlies with more accuracy.

Atmospheric models’ simulations of other important climate variables such as
snow cover, clouds and radiation have been validated in recent years by satellite
observations. The gross features of the seasonal cycle of snow cover as given by the
limited observational data available are successfully portrayed by GCMs, although
there are large intermodel differences on regional scales. The ability of models to
simulate the radiation balance of the atmosphere depends critically upon their
simulation of the temperature, moisture, cloudiness and snow cover. In general,
model-simulated total cloudiness is in broad agreement with that given by ISCCP
data, although the vertical distribution of cloudiness is more difficult to validate.
The outgoing long-wave radiation at the top of the atmosphere (OLR) is realisti-
cally simulated by most GCMs in the tropics, where it is strongly correlated with
precipitation, while the somewhat lower OLR in the higher latitudes in winter are
generally underestimated. Apart from the polar regions, the zonally-averaged
OLR is within 20Wm-2 of that given by Nimbus 7 satellite observations. The corre-
sponding model simulations of planetary albedo, on the other hand, exhibit inter-
model differences of about 0.1 - 0.2, with a tendency for models to overestimate the
albedo in lower latitudes. (A comparison of the observed zonally-averaged OLR
and planetary albedo with those simulated by the five GCMs used in Figs. 2 and 4
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Figure 3. The zonally-averaged mean sea-level pressure for December — Jan-
uary — February (a) and June — July — August (b) as observed (Schutz and Gates,
1971, 1972) and as simulated by the NCAR, GFDL, UKMO, GISS and CCC atmo-
spheric models. The labels HI and LO refer to high- and low- resolution model ver-
sions; specifically GFHI = R30, GFLO - R15, UKHI = 2.5° x 3.75 © and UKLO =5°x
7.5°. (From Gates et al., 1990)
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