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1. Background

Many modelling groups have completed or are in
the process of performing simulations of the 20th cen-
tury with ocean-atmosphere general circulation models.
The simulations are driven with various combinations
of external climate forcings, such as anthropogenic in-
creases in greenhouse gases and sulphate aerosols,
changes in solar radiation and forcing by explosive
volcanism; and the different forcings are incorporated
either into separate simulations or combined. These
simulations have proven to be very valuable for our un-
derstanding of 20th century climate change (see, Figure
1; Stott et al., 2000; Meehl et al., 2003).

For example, efforts to detect climate change, at-
tribute it to causes and estimate the contribution from
different external climate influences generally rely on
such simulations to derive “fingerprints” for the vari-
ous factors contributing to climate change (see Mitchell
et al., 2001). This use of 20th century simulations is not
limited to understanding global scale surface tempera-
ture changes, but can also be applied to the detection of
climate change in smaller spatial scales (e.g., Zwiers and
Zhang, 2003) and other variables (c.f. Allen and Ingram,
2002). Since results are often sensitive to the model used
(e.g. Hegerl et al., 2000) and details of the forcing, detec-
tion and attribution studies need to incorporate model
uncertainty by using a range of models for reliable re-
sults (see Mitchell et al., 2001; Gillett et al., 2002). Also,
results using a variety of models can help to derive un-
certainty measures for future climate change based on
the ability of the models to reproduce the 20th century
(for example, Allen et al., 2000).

Simulations of the 20th century have also proven
very helpful for understanding the difference between
the surface and lower tropospheric temperature trends
(Santer et al., 2000), for the study of changes in the prob-
ability distribution of climate variability (e.g. the North
Atlantic Oscillation / Arctic Oscillation; Osborne, 2002,
or El Niño) under similar conditions as observed. Fur-
thermore, the validation of climate models has tradition-
ally relied on comparing the output of “control
simulations” without interannual changes in external
forcing with observations. However, since the observa-
tions are probably influenced by external influences, a
comparison between simulations and observations sub-
ject to the same external influences can often be more
meaningful than a comparison with control simulations.
Similarly, studies of climate variability will also benefit
from the availability of data that can be directly com-
pared with the observations.

Therefore, it was decided at the recent meeting of
the Working Group on Coupled Models (WGCM, the
parent committee of Coupled Model Intercomparison
Project (CMIP)), to go forward with a new CMIP pilot
project called “20th Century Climate in Coupled Mod-
els” (20C3M). The goal is to collect data from 20th cen-
tury simulations from as many coupled ocean-atmos-
phere models as possible. The accessibility of the data to
the user community will help in providing assessments
of past and future climate change by a variety of meth-
ods, incorporating forcing and model uncertainty.

Previously CMIP was involved in idealized forc-
ing experiments (1% CO2 increase) that facilitate direct
comparison. We recognize that the 20th century
simulations will differ in which forcings are used, and
in how the forcings are incorporated into the model (e.g.
direct forcing by sulphate aerosols through changes in
surface albedo; use of indirect sulphate aerosols or a fully
interactive chemistry; see Cubasch et al., 2001). However,
since our understanding of the size, spatial pattern, time
evolution and relative importance of the forcings is lim-
ited, we consider the diversity in forcings a representa-
tion of forcing uncertainty. Therefore, the only stipula-
tion of the 20C3M project is that there must be docu-
mentation of the forcings and forcing datasets used in
the simulations.



CLIVAR  Exchanges

2

1860 1880 1900 1920 1940 1960 1980 2000
Year

-0.5

0.0

0.5

1.0

T
em

pe
ra

tu
re

 c
ha

ng
e 

(K
)

-0.5

0.0

0.5

1.0
HadCM3 20th Century Ensembles

PCM 20th Century Ensembles
global temperature: anomalies from 1890-1919 average

1900 1920 1940 1960 1980 2000

T
em

pe
ra

tu
re

 a
no

m
al

ie
s 

(K
) 0.9

0.6

0.3

0.0

-0.3

Year

Figure 1: a) Global-mean near-surface temperatures as observed (solid line) and as modelled by HadCM3 (shaded band) when the
HadCM3 simulations (4 ensemble members) include both anthropogenic and natural forcings due to well-mixed greenhouse gas
increases, the direct and indirect effects of sulphate aerosols, tropospheric and stratospheric ozone changes, changes in solar
output and stratospheric aerosol from explosive volcanic eruptions (c.f. Stott et al., 2000).
b) observations compared to ensemble average and uncertainty range from the Parallel Climate Model (PCM; Meehl et al., 2003;
5 ensemble members), forced with natural and anthropogenic forcings (short dashed, lighter shaded area) and natural forcings
only (long dashed, darker shaded area).
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2. Requirements for participation

We will collect simulations that represent the vari-
ous groups’ best effort to simulate 20th century climate.
Since this is a pilot project, we are requesting only a lim-
ited subset of the model output (as opposed to CMIP2+
where all model output was collected). We recommend
ensemble simulations of at least 3 members, but fewer
or single simulations are also welcome. We request model
data for a simulation period starting typically in the late
19th century and ending in 2000 (the minimum require-
ment is data for the period 1961-2000 to enable compari-
son with observations using the same climatology and
sampling the emerging anthropogenic signal). Ideally,
we request the following variables:

Monthly surface data

1. Sea level pressure

2. Precipitation

3. Surface air temperature

4. Sea level (of the ocean surface)

5. Sea surface temperature

6. Sea-ice extent

7. Sea-ice thickness

8. Soil moisture 1 according to AMIP: “mrsos” (soil
water content in the upper 0.1 m)

9. Soil moisture 2 according to AMIP: “mrso” (total soil
water content); both soil moisture fields in kg/m2

Monthly 3-D data

1. 3-D cloud amount

2. 3-D atmospheric temperature (on standard AMIP
pressure levels)

3. 3-D ocean temperature

4. 3-D ocean salinity

Daily data

1. Sea level pressure

2. Precipitation

3. Minimum surface air temperature

4. Maximum surface air temperature

Subsets (that should include monthly surface air
temperature and sea level pressure) are also acceptable.
The data should be sent in NetCDF format, following
NetCDF Climate and Forecast (CF) Metadata Conven-
tions (see http://www.cgd.ucar.edu/cms/eaton/
netcdf/CF-current.htm)

Contributing coupled models should submit or
have submitted control simulations to CMIP, and have
made a 2 times CO2 equilibrium run with a slab ocean
configuration.

To enable comparison between model results, we
request the following documentation:

1. List of anthropogenic forcings (e.g. CO2, other green-
house gases, sulphate aerosol) and/or natural
forcings (e.g. solar, volcanic forcing)

2. Source and, if available, reference for forcing agent
datasets

3. If possible, estimates of radiative forcing for indi-
vidual forcing agents and net forcing (e.g. experi-
ment minus control), annual or decadal means, glo-
bally averaged or with spatial pattern information

4. Initialization and spin-up procedure

5. Land-sea mask

6. Orography and bathymetry

7. Land surface characteristics (documentation of soil
and vegetation scheme, if climatological or interac-
tive)

8. Surface albedo characteristics and functional depend-
ence (e.g. documentation of snow ageing and mask-
ing, ice ponding)

We request that data be sent as soon as possible. When a
sufficient representation of 20th century data is available
in the archive at PCMDI, we will send out a new
subproject announcement soliciting analyses of the da-
tabase as we have done for the other phases of CMIP.

If you are interested in submitting data and have any
questions or problems, please contact Curt Covey at
PCMDI (covey1@llnl.gov). He will be handling the ar-
chival of the model data. Please contact him also when
you are ready to start transferring your model data.
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