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Introduction

Climate models are an essential tool for predicting future climate changes. However, not all
models are created equal, and the accuracy of climate models needs to be tested against
historical conditions in order to determine which models perform well or poorly. Here we
compare 43 simulations of historical temperature change from the Coupled Model
Intercomparison Project Phase 5 (CMIP5) to instrumentally derived surface temperature
fields from Berkeley Earth (Rohde et al. 2013), NOAA NCDC (Smith et al. 2008), NASA GISS
(Hansen et al. 2010), and Hadley / CRU (Morice et al. 2012).

The inherently chaotic properties of weather imply that climate models will never
reproduce the exact history of Earth’s weather. Nonetheless, by looking at long-term
characteristics of models, aggregate statistical properties, and variations across perturbed
model runs, it should be possible to characterize the simulated climate of each model.
These properties are compared to similarly calculated characteristics from each of the
instrumentally estimated climate fields.

Comparison of Land-Average Temperature in 43 Historical
Climate Models to Instrumental Observations
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Average surface air temperature over land relative to a 1951-1980 baseline. When viewed
as large scale averages, it is easy to believe that most models are similar, and yet during the
twentieth century, the fastest warming climate model showed more than six times the rate
of warming as the slowest responding model.

Implied Climate Sensitivity during Historical Period
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Transient Land—Only Climate Sensitivity
(1880-2000, °C / 2 x COZ)

During the historical period a wide range of climate sensitivities are implied from climate
models (blue dots), indicating considerable model uncertainty about the temperature
response to greenhouse gas forcing. Variations across model runs are indicated with
horizontal and vertical bars. These show that the range of responses cannot solely be
attributed to model internal variability. The climate model sensitivities, though spanning a
wide range, do frame the sensitivities implied from the historical temperature fields.

Temperature Trend (1900-2000)

Observational Reconstructions
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CMIP5 Global Climate Models

GFDL-CM3
Globe: 0.23 Land: 0.22 Ocean: 0.24

CSIRO-Mk3-6-0
Globe: 0.20 Land: 0.22 Ocean: 0.19
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ACCESS1-3
Globe: 0.27 Land: 0.29 Ocean: 0.26

MIROC5
Globe: 0.29 Land: 0.31
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GFDL-ESM2G

Ocean: 0.29 Globe: 0.30 Land: 0.38 Ocean: 0.27

CMCC-CESM
Globe: 0.34 Land: 0.47 Ocean: 0.29

HadGEM2-AO
Globe: 0.39 Land: 0.38 Ocean: 0.39

ACCESS1-0
Globe: 0.39 Land: 0.54 Ocean: 0.33

CMCC-CMS
Globe: 0.40 Land: 0.59 Ocean: 0.33

GFDL-ESM2M
Globe: 0.41 Land: 0.59 Ocean: 0.33

CNRM-CM5 NorESM1-ME
Globe: 0.41 Land: 0.45 Ocean: 0.40 Globe: 0.43 Land: 0.51 Ocean: 0.39
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NorESM1-M
Globe: 0.45 Land: 0.57 Ocean: 0.40

CMCC-CM
Globe: 0.47 Land: 0.63 Ocean: 0.41

GISS—-E2—-R-CC
Globe: 0.56 Land: 0.69 Ocean: 0.51

GISS—E2-R
Globe: 0.50 Land: 0.71 Ocean: 0.42

CESM1-CAM5
Globe: 0.51 Land: 0.57 Ocean: 0.49

GFDL—-CM2p1
Globe: 0.53 Land: 0.73 Ocean: 0.44

MIROC-ESM—-CHEM
Globe: 0.56 Land: 0.55 Ocean: 0.56

CanESM2
Globe: 0.57 Land: 0.70 Ocean: 0.52

CNRM-CM5-2
Globe: 0.61 Land: 0.63 Ocean: 0.60

FGOALS—g2
Globe: 0.62 Land: 0.77 Ocean: 0.56

MIROC—-ESM
Globe: 0.64 Land: 0.64 Ocean: 0.64

GISS—-E2—-H
Globe: 0.68 Land: 0.86 Ocean: 0.60

IPSL-CM5B-LR
Globe: 0.70 Land: 0.79 Ocean: 0.66

bcc—csm1-1—-m
Globe: 0.68 Land: 0.99 Ocean: 0.55

inmcm4
Globe: 0.66 Land: 0.91

IPSL—-CM5A-MR
Globe: 0.66 Land: 0.77 Ocean: 0.61

Ocean: 0.56
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EC-EARTH
Globe: 0.71 Land: 0.99 Ocean: 0.60

FIO-ESM
Globe: 0.76 Land: 0.97 Ocean: 0.67

MPI-ESM-P
Globe: 0.76 Land: 1.06 Ocean: 0.65

MPI-ESM-MR
Globe: 0.79 Land: 1.05 Ocean: 0.68

IPSL-CM5A-LR

Globe: 0.82 Land: 0.99 Ocean: 0.76

CESM1-BGC
Globe: 0.94 Land: 1.08 Ocean: 0.88

MPI-ESM-LR
Globe: 0.83 Land: 1.11  Ocean: 0.71

CCSM4
Globe: 0.92 Land: 1.03 Ocean: 0.87

bcc—csm1-1
Globe: 0.88 Land: 1.12 Ocean: 0.78

GISS—-E2—-H-CC
Globe: 0.84 Land: 1.03 Ocean: 0.76

CESM1-WACCM
Globe: 0.96 Land: 1.11  Ocean: 0.89

CESM1-FASTCHEM
Globe: 0.98 Land: 1.27 Ocean: 0.87

BNU-ESM

Globe: 1.06 Land: 1.31 Trend maps derived from observational and climate model

temperature fields over the period January 1900 to
December 2000. Observational grid cells are left blank if
more than 10% of months were not reported. Above each
map is a summary of the average global, land, and ocean
trend in °C / century. Differences in warming rate and
structure are clearly visible over this historical period.
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Response to Historical Volcanic Forcing

Nearly all climate models show a larger globally-averaged response to volcanic forcing than
implied from the changes observed in historical instrumental temperature fields.
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Transient Ocean—-Only Climate Sensitivity
(1880-2000, °C /2 x COZ)

Weather and Climate Fluctuations

On monthly time scales, the temperature fields in all models show greater variability due to
weather over land than is observed with direct instrumentation. On decadal time scales the
internal climate variability of the models is more similar on average to the internal variability of
the instrumental fields; however, most models have regions with decadal variability that exceeds
the highest decadal variability seen in observations.
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Monthly Average Weather Variability
(Land-Only, 1880-2000, °C)

Maximum Monthly Average Weather Fluctuations
(Land-Only, 1880-2000, °C)

Absolute Average
and Seasonality

Models exhibit considerable dispersion re-
garding Earth’s absolute average tempera-
ture and mean seasonal range.

Smoothness of
Trend Fields

When considering nearby locations, instrumen-
temperature trend fields tend to be some-
nat smoother than the typical model.
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Spatial Std. Dev. of Climate Trend
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RMS Change in Climate Trend at 750 km Land-Average Absolute Temperature
(Land-Only, 1950-2000, °C / century) (1880-2000, °C)
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Regional Amplification of Climate Change

Models exhibit a wide range of possible values for Arctic amplification of climate change, though
the mean value is near observations; however, most models expect more Antarctic warming than
has been observed. Compared to the median model, observational data suggests faster
warming in the Northern mid latitudes and slower warming near the Equator. Models that
suggest amplified warming at the equator are inconsistent with existing observations.
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