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[1] The observed evolution of the global-mean surface
temperature over the twentieth century reflects the combined
influences of natural variations and anthropogenic forcing,
and it is a primary goal of climate models to represent both.
In this study we isolate, compare, and remove the following
natural signals in observations and in climate models:
dynamically induced atmospheric variability, the El Nifio-
Southern Oscillation, and explosive volcanic eruptions. We
make clear the significant model-to-model variability in
estimates of the variance in global-mean temperature
associated with these natural signals, especially associated
with the El Niflo-Southern Oscillation and explosive
volcanic eruptions. When these natural signals are removed
from time series of global-mean temperature, the statistical
uncertainty in linear trends from 1950 to 2000 drops on
average by about half. Hence, the results make much
clearer than before where some model estimates of global
warming significantly deviate from observations and where
others do not. Citation: Fyfe, J. C., N. P. Gillett, and D. W. J.
Thompson (2010), Comparing variability and trends in observed
and modelled global-mean surface temperature, Geophys. Res. Lett.,
37,L16802, doi:10.1029/2010GL044255.

1. Introduction

[2] The twentieth century evolution of global-mean sur-
face temperature reflects the combined influences of natu-
rally occurring climate fluctuations (e.g., oceanic, volcanic,
dynamical and possibly solar variability), anthropogenic
emissions of various gases and aerosols (e.g., greenhouse
gases, sulphate aerosols, and black carbon aerosols), and
land use changes (e.g., deforestation). In a recent study some
naturally occurring fluctuations were identified and removed
by subtracting from the observed record of global-mean
surface temperature three known signals of natural climate
variability, namely, dynamically induced atmospheric vari-
ability associated with anomalous temperature advection
over the Northern Hemisphere land masses, the El Nifio-
Southern Oscillation (ENSO), and explosive volcanic erup-
tions [Thompson et al., 2009]. The residual time series so
obtained reveals near monotonic warming since about 1950,
presumably of anthropogenic origin, as well as interannual
variations tied to land-sea coupling. Here, we take the logical
and important next step of extending this calculation to the
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multi-model ensemble of twentieth century simulations per-
formed in support of the Intergovernmental Panel on Climate
Change (IPCC) Fourth Assessment Report [Intergovernmental
Panel on Climate Change, 2007]. The objectives of this study
are two-fold: 1) To isolate and compare the observed and
simulated signals of natural climate variability. 2) To com-
pare the observed and simulated post-1950 trends in the
presence and absence of these naturally occurring climate
fluctuations.

2. Data and Models

[3] The observed temperature data used in this study are
the HadCRUT3 combined land surface temperature and sea
surface temperature (SST) datasets [Brohan et al., 2006].
The temperature dataset is available via the Climatic Research
Unit at the University of East Anglia and is provided in
monthly-mean form on a 5° (latitude) by 5° (longitude) grid,
and is expressed as anomalies with respect to the 1961 to
1990 base period. The observed sea-level pressure (SLP) data
are provided by the National Center for Atmospheric Research
Data Support Section and are also given as monthly-means
on a 5° (latitude) by 5° (longitude) grid as described by
Trenberth and Paolino [1980]. The seasonal cycle is removed
from the SLP data by subtracting the long-term mean cal-
culated for the period 1950 to 2000 as a function of calendar
month.

[4] The Atmosphere Ocean Coupled Climate Model
(AOGCM) data used in this study are from the Coupled
Model Intercomparison Project 3 (CMIP3) [Meehl et al.,
2007] database of climate model simulations archived at the
Program for Climate Model Diagnostics and Intercompari-
son (PCMDI) at the Lawrence Livermore National Labo-
ratory. We consider a multi-model ensemble of twentieth
century simulations driven with observed greenhouse gas
and sulphate aerosol forcing, and in some cases, volcanic
forcing. The 24 models considered are BCC-CM1 (A,4),
BCCR-BCM2-0 (B,1), CCCMA-CGCM3-1 (C,5), CCCMA-
CGCM3-1-T63 (D,1), CNRM-CM3 (E,1), CSIRO-MK3-0
(F,3), CSIRO-MK3-5 (G,1), GFDL-CM2-0 (H,3), GFDL-
CM2-1 (1,3), GISS-AOM (J,2), GISS-MODEL-E-H (K,5),
GISS-MODEL-E-R (L,2), TAP-FGOALS1-0-G (M,3),
INGV-ECHAM4 (N, 1), INMCM3-0 (O,1), IPSL-CM4 (P,1),
MIROC3-2-MEDRES (Q,3), MIROC3-2-HIRES (R,3),
MIUB-ECHO-G (8S,5), MPI-ECHAMS (T, 1), MRI-CGCM2-
3-2A (U,5), NCAR-CCSM3-0 (V,1), NCAR-PCM1 (W 4)
and UKMO-HADCM3 (X,2); with model identifier and
number of independent realizations analyzed shown in
parentheses. The simulated surface temperature and SLP fields
are interpolated onto the same 5° (latitude) by 5° (longitude)
grid as the observations and are thereafter treated identically to
the observations including masking with observed coverage.
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