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Abstract
In this report an overview of the future projections (SRES A2, A1B, B1) included in the stream
one simulations of the ENSEMBLES project and relevant information for users of the data is
given. Basic technical details of the contributing climate models are presented and their
individual results for their projections of future climate change in the 21st century are given for
selected variables. Furthermore, multi-model ensemble properties like ensemble mean, spread
and standard deviation are shown. Beside the analysis of the temperature and precipitation
evolution as time-series, horizontal- and vertical climatologic annual and seasonal mean
patterns are presented.
In addition, the analysis includes model characteristic
interdependencies among different quantities.
In the ensemble we find a robust signal of global warming and precipitation increase in the 21st
century relative to the reference period with higher signal to noise ratio for the temperature
signal. The magnitude of temperature increase at the end of the 21st century depends on a low
or high green house gas emission scenario, rather than on the specific model, or the choice of
the initial condition.

1. Introduction
The third assessment report of IPCC WG1 (Cubasch et al, 2001) suffered from a major
shortcoming: the model projections for the future climate were based on only 8 model
experiments and only few scenarios, mainly the SRES A2 scenario, but also older or idealized
scenarios had been run. To obtain values for other scenarios, a box diffusion model has been
employed as interpolator. This approach gives only a limited amount of information about the
uncertainties of the projections.
The ENSEMBLES first stream 21st century simulations have been set up to assess different
sources of uncertainty in the projections. The experimental design follows the
recommendations made by the IPCC for the AR4 (Meehl et al, 2007).
First, to isolate the model errors, an ensemble of different climate models, a so called multimodel ensemble (see section 2.1), is used to sample uncertainties in model formulation (Palmer
et al 2005). Several climate change projections have been calculated with seven European
climate models, developed in European research centres.
A second source of uncertainty is the incomplete knowledge of the present state of the climate
system. Initial condition ensemble runs (section 2.2) have been performed to estimate the
uncertainty in the projections of future climate change due to internal variability (Selten et al,
2004; Sorteberg & Kvamsto, 2006).
A third source of uncertainty in the projections of the climate system is the assumption of
future anthropogenic emissions of greenhouse gases. The strategy for the ENSEMBLES
simulations follows the guideline of the IPCC and uses three different emission scenarios
(Nakicenovic & Swart, 2000) to sample possible developments of greenhouse gas emissions in
the future (section 2.3).
In the ENSEMBLES project these three ensemble methods are combined to give a
comprehensive estimate of the uncertainty for different quantities in climate change projections
(sections 4.1, 4.2, and 4.3).

2. Experimental design
2.1 Models
Seven different AOGCMs are used for the generation of a multi-model ensemble (see Table 1).
The models differ in various details and thus sample a variety of model uncertainties. There are
a number of structural differences across the models, e.g. grid-point models and spectral
models are used or different numerical methods have been applied to solve the known
equations of motion. Different horizontal and vertical resolutions, as well as different physical
parameterization schemes are implemented. Two models (EGMAM and CNRM-CM3)
explicitly resolve the stratosphere.
Table 1 gives a brief overview of basic details of the AOGCMs and simulations performed.
Detailed model descriptions of the contributing models can be found on ENSEMBLES web
page: http://www.cnrm.meteo.fr/ensembles/public/results/tableaudoc.html.

2.2 Initial conditions
Initial condition ensembles with three members each have been run with the ECHAM5 and
EGMAM models. The initial conditions for the 20th century simulations are taken from the
corresponding pre-industrial equilibrium runs (Bengtsson et al, 2006 and Spangehl et al, 2008).
The three 20th century simulations of ECHAM5 provided by MPI are initialised with an
increment of 25 simulation years from the pre-industrial equilibrium run. A fourth realization
of ECHAM5’s A1B projection is produced at the DMI computing facilities and was initialised
from the same experiment, but more than one hundred simulation years later. For the 3member initial condition ensemble of EGMAM an increment of 50 simulation years in the preindustrial equilibrium run is used to initiate the three 20th century simulations.

2.3 Forcings
Within ENSEMBLES, the 21st century projections are forced with anthropogenic green house
gas (GHG) emissions only. Volcanic and solar forcing is kept constant at the historic value
used for the 20th century simulations. The forcing is based on the reconstruction of Solanki and
Krivova (2003).
The GHG emission scenarios assumed for the 21st century projections follow the special report
on emission scenarios (SRES) of the International Panel on Climate Change (Nakicenovic &
Swart, 2000). Multi-model ensemble simulations for each of the SRES scenarios A2, A1B and
B1 are produced. These emission scenarios follow different storylines for the economic and
cultural development of the world.
Following these storylines emissions of long-lived greenhouse gases CO2, CH4, N2O, as well as
SO2 emissions are derived. The emissions of long-lived greenhouse gases are translated to
concentrations using biogeochemical models. For a detailed description of the emission
scenarios see also: http://www.grida.no/climate/ipcc/emission/
Forcing of sulphate aerosols (Brasseur & Roeckner, 2005) is included in all models but
EGMAM. HadCM3 and HadGEM1 account for changes in tropospheric and stratospheric
ozone, ECHAM5 considers changes of stratospheric ozone only. HadGEM1 experiments
include additional forcing from fossil fuel black carbon, biomass smoke emissions and land use
changes (Stott et al., 2006).

Table 1: Overview of the contributing models and available stream one simulations produced in the framework
of the ENSEMBLES project.
Partner

IPSL

MPI

DMI

CNRM

FUB

METO

Model

IPSL-CM4

ECHAM5
MPI-OM

ECHAM5
MPI-OM

CNRM-CM3

Atmosphere component

LMDZ-4

ECHAM 5

ECHAM 5

ARPEGE V3 ECHAM4-MA HadGAM1

Resolution (top level)

ocean component

2.5°x3.75°
T63 L31
L19 (10hPa) (10hPa)

T63 L31
(10hPa)

EGMAM

T63 L45
(0.05hPa)

T30 L39
(0.01hPa)

HOPE-G

HadGEM1

- HC

NERSC

HadCM3

HadAM3

T63 L31
(10hPa)

HadGOM1

HadOM3

NERSC modif.
MICOM2.8

1.25°
L20

1.5°
equat. Refined
L35

MPI-OM

MPI-OM

OPA 8.1

Resolution

2°
part.
refined
L31

1.5°
L40

1.5°
L40

2°
part.
refined
L31

T42
equat.
refined
L20

1°
equat.
refined
L40

Scenario A1B for
21st century

yes

yes ( 3 x )

yes

yes

yes ( 3 x )

yes

Fixed concentrations for
22nd century
(750 ppm stabilization)

yes

yes ( 2 x )

yes

yes

yes ( 3 x )

yes

Scenario B1 for
21st century

yes

yes ( 3 x )

yes

yes ( 3 x )

yes

Fixed concentrations for
22nd century
(550 ppm stabilization)

yes

yes ( 3 x )

yes

yes ( 2 x )

yes

Scenario A2 for
21st century

yes

yes ( 3 x )

yes

yes ( 3 x )

1% CO2
increase per year until
quadrupling

ARPEGE V3

1.25°x1.88° T42 L19
L38(3.1hPa) (10hPa)

OPA 8.1

Fixed conentrations for
22nd century
(835 ppm)
1% CO2
increase per year until
doubling

BCM2

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes ( 3 x )

yes

yes

yes

yes

yes

yes

yes

yes

yes

3. Methods
3.1 Processing
NetCDF files with original resolution for monthly and daily mean data of the stream one
simulations are centrally available from the CERA database hosted by the Model and Data
group in Hamburg. See: http://www.mad.zmaw.de/projects-at-md/ensembles/
For the analysis the output fields are spatially interpolated to a common, regular grid with a
resolution of 2.5° longitude x 2.5° latitude by a conservative mapping.

3.2 Ensemble analysis
For the analysis it is assumed that all models simulate the climate with a comparable quality.
To build the multi-model ensemble mean for different quantities all models are therefore
equally weighted, in spite of their different abilities to simulate present-day climate (Räisänen,
2007).
Only in order to avoid a stronger influence of the models which contribute with multiple
realizations, the individual realisations from the n-member initial condition ensembles from
ECHAM5 and EGMAM are weighted with the factor 1/n in the multi-model ensemble.
The standard deviation presented for the global patterns is the standard deviation across the
climatological means of ensemble members and excludes the temporal variance of the analysed
quantity, i.e. first, the temporal mean for each model run is calculated and thereafter the
standard deviation from the multi-model mean.

4. Results
In this chapter the different simulated changes of surface air temperature, precipitation and sea
level pressure are analysed and a description of the multi-model ensemble in terms of ensemble
mean, spread and standard deviation between the estimated long-term mean changes is given.

4.1 Temperature
4.1.1 Global mean changes
Figure 1 shows the time series of global annual mean warming in the 21st century of the
different models and the ensemble mean (see 3.2) of this quantity. Values are annual means,
relative to the 1980 to 1999 average from the corresponding 20th century simulations. Ensemble
global annual mean warming for year 2099 in the scenario A2 amounts to 3.86K, to 2.99K in
scenario A1B and to 1.91K for scenario B1. The time series show a high signal-to-noise ratio
indicating a robust signal of global warming.
In Figure 2 the projected ranges of the global annual mean warming for two time periods 20112030 and 2080-2099 relative to the 1980-1999 mean are compared for different scenarios. In
addition, the multi-model ensemble means are shown.

The temperature increases in BCM2 and EGMAM are generally below the ensemble mean
warming. IPSL-CM4 and HadGEM1 show the largest global warming. HadCM3 is close to the
ensemble average for all scenarios. The multi-model ensemble mean warming for 2011-2030
amounts to approx. 0.6°C for all three SRES scenarios. Insignificant differences in ensemble
mean changes for this time period reflect the close agreement between the scenarios on
atmospheric greenhouse gas concentrations in the next two decades. The spread of global
mean temperature in the model projections in each scenario amounts to approximately 0.3-0.4K
for 2011-2030.
For the last two decades of the 21st century (2080-2099) the projections of the three SRES
scenarios give in the ensemble average considerably different global mean temperature
anomalies (1.8K, 2.8K and 3.3K). The multi-model ranges of global warming for 2080-2099
mean above 1980-1999 mean for B1, A1B and A2 are 1.4-2.3K, 2.2-3.3K and 2.7-3.6K
respectively.
Projected multi-model spread of temperature changes triples for the time period 2080-2099
compared to the 2011-2030 period (approx. 1K vs. 0.3K). Relative to the multi-model mean
anomaly the spread is constant (B1) or reduces (A1B, A2) in the later period.
The spread in the initial condition ensembles with ECHAM5/MPI-OM and EGMAM,
associated with unforced climate variability due to different initial conditions, does not exceed
0.25K. It is therefore smaller than the inter-model spread and smaller than the differences
resulting from the different forcings.

4.1.2 Patterns of change
Figure 3 to Figure 11 show spatial patterns of annual (ANN), winter (DJF) and summer (JJA)
mean surface air temperature changes for three scenarios B1, A1B, A2. Average changes over
the 20-year time period (2080 to 2099) with respect to the reference period (1980 to 1999) in
the corresponding simulations of the 20th century climate have been calculated.
We find a robust pattern of temperature changes among the contributing models. The largest
temperature increase occurs over the Arctic in boreal winter. Warming over land is larger than
over ocean enhancing the land sea contrast in near surface temperature. Less warming is
simulated over the Southern Ocean. In boreal summer the warming is more confined to
continents and sea ice covered areas of the Southern Ocean. EGMAM and IPSL-CM4 simulate
regional cooling in the Southern Ocean. The patterns of warming are very similar for different
emission scenarios but differ in their magnitude. As expected, the most pronounced warming is
found in the A2 scenario, whereas the weakest warming is shown in the B1 scenario.
Large temperature changes in the Arctic are related to the changes in sea ice extent and volume.
Arzel et al. (2006) assess the ability of the participating models in ENSEMBLES to reproduce
the observed sea ice cover over the late 20th century and compare the projected sea ice changes
over the 21st century in response to increasing concentrations of greenhouse gases in both
hemispheres. The winter Arctic sea ice extend averaged over the period 1981 to 2000 is
somewhat overestimated by HadGEM1. In line with the strongest simulated Arctic temperature
increase HadGEM1 and ECHAM5/MPI-OM show the largest decrease in sea ice extent and
volume, but with a pronounced decrease of sea ice extent in HadGEM1 and sea ice volume in
ECHAM5/MPI-OM.
Reduction of the northward heat transport by the weaker THC in the North Atlantic results in a
cooling south of Greenland relative to the 1980-1999 mean in BCM2 and CNRM-CM3 for all
three scenarios. All other models show a reduced warming in this region.
An interesting feature is seen in HadGEM1's A2 projection (see Figure 10): the black carbon
effect due to biomass burning reverses the GHG-induced warming in Northern Central Africa
in winter and leads to a cooling instead.

Patterns of inter-model standard deviations are similar for different scenarios, but the
magnitude generally increase from B1 to A2. Considerable variations among the ensemble
members are found in the Arctic, south-west of Greenland, Amazon Basin of South America
and along the Antarctic circumpolar water belt.
A Principal Component Analysis (PCA) is applied to decompose the inter-model variance of
the projected temperature changes (2080-2099 mean vs. 1980-1999 mean) for scenario A1B
into dominant patterns. Results are presented in Figure 12. The PC1 explains 49% and PC2
19% of total inter-model variance. The first EOF pattern is characterised by a strong warming
in northern high latitudes with the maximum over Barents and Kara Seas. The scores for
different models (PC1) indicate that this warming is much stronger in HadGEM1 compared to
other models, especially to BCM2, EGMAM and IPSL-CM4. The second EOF pattern
highlights different model behaviours south west of Greenland. It is most pronounced between
IPSL-CM4 on the one hand, and BCM2 and CNRM-CM3 (both simulate a slight cooling in this
region) on the other.

4.1.3 Zonal mean changes
Latitude-height distributions of the zonal mean temperature changes in winter (DJF) between
2080-2099 and 1980-1999 for SRES A1B scenario are presented in Figure 13. All models
show warming in the troposphere and cooling in the stratosphere. Above the surface layer the
largest warming occurs in the middle und upper tropical troposphere. The maxima vary
between +4K (in BCM2 and EGMAM) and +7K (in ECHAM5/MPI-OM and IPSL-CM4). The
cooling in the stratosphere increases above 10hPa in the EGMAM model and reaches a
maximum of -12K. An analysis of troposphere-stratosphere interactions (Huebener et al, 2007)
suggests an increased tropospheric wave forcing of the stratosphere (increased eddy heat flux at
100hPa in 40°-80°N) during northern winter. This leads to a more dynamically active lower
polar stratosphere and an increased number of major stratospheric warmings. Consequently, in
winter the northern polar lower stratosphere shows a warming tendency in EGMAM. Similarly,
the radiative cooling is shifted into the lower polar stratosphere in the IPSL-CM4 model.
ECHAM5/MPI-OM, HadCM3 and HadGEM1 simulate a temperature increase in the lower
southern polar stratosphere due to the prescribed recovery of the stratospheric ozone at the end
of the 21st century.
Large inter-model standard deviation values are found in the upper troposphere and in the
tropopause height as well as in the northern and southern polar stratosphere.

4.2 Precipitation
4.2.1 Global mean changes
The precipitation change projected by the models follows a linear relationship between global
precipitation and temperature changes. (see Figure 14). Thus, all models simulate a global
mean precipitation increase (see Figure 1), but with a weaker signal to noise ratio than for the
temperature signal and less increase than the Clausius-Clapeyron equation would imply (Allen
& Ingram, 2002).
The multi-model global annual mean precipitation rise for the year 2099 relative to the
reference period (1980-1999) amounts to 5.4 % for scenario A2, to 4.6 % for scenario A1B and
to 3.4% for scenario B1.
The multi-model mean shows less standard deviation from this linear relationship than the
individual models. It can be seen that the analysed models have significant different gradients
in this relation. Furthermore, minor differences in the gradients for individual models occur in
different scenarios (not shown).

4.2.2 Patterns of change
Figure 15 and Figure 16 show patterns of precipitation change for 2080-2099 relative to 19801999 for the SRES A1B scenario in boreal winter (DJF) and boreal summer (JJA).
In winter (DJF) the models show reduction of the precipitation over Central America, Northern
Africa and the Mediterranean. Both of the METO-HC models simulate a strongly reduced
precipitation over Amazonia. In summer (JJA) the precipitation is reduced over the continents
in the temperate zones. In the Mediterranean the precipitation decrease is extended further
northward and eastward compared to the winter pattern. A large precipitation reduction is seen
over the Caribbean Sea and parts of North America. The monsoon in Southern and Eastern
Asia intensifies.
Strong precipitation changes of opposite sign between individual models can be seen in regions
of tropical oceans (e.g. HadCM3, IPSL-CM4). Consequently, largest inter-model standard
deviation is found in the tropics showing the disagreement between the models on magnitude
and pattern of precipitation change in this region (Douville et al, 2006).
Figure 17 shows the geographical distribution of the number of models which simulate
precipitation increase and highlights model agreements, as well as the disagreements. In
general, the models agree on a precipitation increase along the Intertropical Convergence Zone
(ITCZ) and on decreasing precipitation in the subtropics. A robust feature across all models is
mid- to high-latitude precipitation increase (most pronounced during winter of each
hemisphere) associated with increased water holding capacity of the warmer atmosphere and
poleward moisture transport.

4.3 Sea level pressure
4.3.1 Patterns of change
Winter (DJF) and summer (JJA) patterns of sea level pressure changes for 2080-2099 for the
A1B scenario relative to 1980-1999 are shown in Figure 18 and Figure 19. The sea level
pressure deepens over the polar regions of both hemispheres. This is a consistent feature across
all models. The pressure reduction in polar regions is accompanied by a pressure increase in
subtropical highs. These pressure changes imply an intensification of the southern and northern
annular modes.
The high inter-model standard deviation values over the Antarctic and mountain areas are
partly due to the model dependent orography representation and the applied pressure reduction
procedure.

5. Discussion
The time evolution of the global mean temperature change in the 21st century shows a warming
with a high signal to noise ratio growing with rising levels of green house gas concentrations.
Due to the similar evolution of GHG concentrations in the SRES scenarios for the upcoming
two decades (2010-2030) the uncertainty in the global mean warming in this early period is
mainly due to inter-model differences in sensitivity to the GHG forcing. The internal
variability, measured by the spread in the initial condition ensembles (less than 0.2K), is lower
than the inter-model differences in the multi-model ensembles (more than 0.3K) already during
this early period. This is arguably due to the size of the initial condition ensemble or the
strategy of generating the initial conditions.
However, the ratio of inter model differences to initial condition differences becomes a lot
larger in the period of the last two decades of the century (2080-2099).
The dominant source of uncertainty in the projections of the temperature change during this late
time interval is clearly the assumption of the future GHG concentrations. The distributions of
projected global mean temperature change over the period are disjoint for the A2 and B1
scenario and the multi-model mean difference for these scenarios amounts 1.5K. Whereas the
inter-model differences are below 1.1K and the spread in initial condition ensembles does not
exceed 0.25K.
The multi-model mean patterns of temperature change are very similar in the different emission
scenarios and are somewhat scaling with the GHG concentrations. It is the well known pattern
(Cubasch et al, 2001) that the land areas warm more than the oceanic regions with highest
warming over the Arctic region. The highest standard deviation across the multi-model
ensemble is found in northern winter in the Arctic region and around the North-Atlantic near
Iceland and Greenland. But also on the North American continent and tropical Africa nonnegligible standard deviation can be seen. In southern winter the highest standard deviation is
found in the Antarctic circumpolar water belt.
The ensemble standard deviation in the Arctic region is mainly driven by a very strong
warming in the HadGEM1 experiment contrasted by less warming particularly in BCM2,
EGMAM and IPSL-CM4.
The signal of a precipitation increase follows a linear relationship between temperature and
precipitation changes. A robust signal of precipitation increase is found in the time evolving
change of global mean precipitation, although the signal to noise ratio is lower than for the
temperature signal.
The pattern of precipitation change for the A1B scenario supports the results given by the IPCC
AR4 (Meehl et al, 2007). In the northern hemisphere winter the precipitation in the ITCZ and in
the mid-latitudes is increased, while it decreases in the subtropical belt, thus reinforcing the
deserts. In northern hemisphere summer the precipitation decreases in the Mediterranean,
Australia and Middle-America, while it increases in India and Indochina.
The highest standard deviation in the simulated precipitation change across the multi-model
ensemble is found in the tropics where magnitude and position of the maximum increase differs
among the models indicating different meridional positions of the ITCZ in the models.
The ENSEMBLES models reproduce the IPCC results (Meehl et al, 2007), i.e. in the global
means and in the patterns within the limits of the uncertainties. This is not surprising, since at
least 25% of the models contributing to the IPCC-results are ENSEMBLES models.

Acknowledgments:
We thank all partners in RT2A.3, namely the Nansen Environment and Remote Sensing Centre
in Bergen, Norway (NERSC), the Centre National de la Recherche Scientifique, Insitut Pierre
Simon Laplace, Paris, France (IPSL), the Hadley Centre for Climate Change, Met Office,
Exeter, UK (METO-HC), the Danish Meteorological Institute, Copenhagen, Denmark (DMI),
the Max Planck Institut für Meteorologie, Hamburg, Germany (MPI), Meteo France, Centre
National de Recherches Météorologiques, Toulouse, France (CNRM), for there close
cooperation. A special thank goes to J.F. Royer for his effort in coordinating the RT2 activities.

Relevant Links:
Model descriptions: http://www.cnrm.meteo.fr/ensembles/public/results/tableaudoc.html
Emission scenarios: http://www.grida.no/climate/ipcc/emission/

CERA Database: http://www.mad.zmaw.de/projects-at-md/ensembles/

References:
Allen M., Ingram W. (2002): Constraints on future changes in climate and the hydrologic cycle. Nature,
Vol 419, 224-232, doi:10.1038/nature01092
Arzel O., Fichefet T., Goosse H. (2006): Sea ice evolution over the 20th and 21st centuries as simulated
by current AOGCMs. Ocean Modelling, 12, 412-427.
Bengtsson L., Hodges K.I., Roeckner E., Brokopf R. (2006): On the natural variability of the preindustrial European climate. Clim. Dyn., DOI 10.1007/s00382-006-0168-y
Brasseur G.P., Roeckner E. (2005): Impact of improved air quality on the future evolution of climate.
Geophys. Research Letters., Vol. 32, L23704, doi:10.1029/2005GL023902
Cubasch U., Meehl G.A., Boer G.J., Stouffer R.J., Dix M., Noda A., Senior C.A., Raper S. and Yap
K.S. (2001): Projections of future climate change. In: Climate Change 2001: The Scientific Basis.
Contribution of Working Group I to the Third Assessment Report of the Intergovernmental Panel on
Climate Change [Houghton J.T., Ding Y., Griggs D.J., Noguer M., van der Linden P., Dai X., Maskell
K., Johnson C.I. (eds.)]. Cambridge University Press, ISBN 0521 01495 6
Douville H. (2006): Detection-attribution of global warming at the regional scale: How to deal with
precipitation variability? Geophysical Research. Letters., 33, L02701, doi:10.1029/2005GL024967
Douville H., Salas-Mélia D., Tyteca S. (2006): On the tropical origin of uncertainties in the global land
precipitation response to global warming. Climate Dynamics, Vol. 26, 367-385, doi 10.1007/s00382005-0088-2
Huebener H., Cubasch U., Langematz U., Spangehl T., Niehoerster F., Fast I., Kunze M.; (2007):
Ensemble climate simulations using a fully coupled ocean-troposphere-stratosphere GCM.
Philosophical Transactions of the Royal Society, Series A, 365, 2089-2101.

Meehl, G.A., T.F. Stocker, W.D. Collins, P. Friedlingstein, A.T. Gaye, J.M. Gregory, A. Kitoh, R.
Knutti, J.M. Murphy, A. Noda, S.C.B. Raper, I.G. Watterson, A.J. Weaver and Z.-C. Zhao (2007):
Global Climate Projections. In: Climate Change 2007: The Physical Science Basis.
Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on
Climate
Nakicenovic N., Swart N. (eds.) (2000): Special Report on Emissions Scenarios. A Special Report of
Working Group III of the Intergovernmental Panel on Climate Change. Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA, 599 pp.
Palmer T.N., Shutts G.J., Hagedorn R., Doblas-Reyes F.J., Jung T., Leutbecher M. (2005): Representing
model uncertainty in weather and climate prediction. Annu. Rev. Earth Planet. Sci., 33, 4.1 – 4.31.

Räisänen J. (2007): How reliable are climate models? Tellus Vol. 59A 1, S.2-29
Solanki S.K., Krivova N.A. (2003): Can solar variability explain global warming since 1970? Journal of
Geophys. Research, 108 (A5), 1200, doi: 10.1029/2002JA009753
Selten F.M., G.W. Branstator, M. Kliphuis, and H.A. Dijkstra (2004): Tropical origins for recent and
future northern hemisphere climate change.
Geophys. Res. Lett., 31, L21205, doi: 10.1029/2004GL020739

Sorteberg A., Kvamsto N.G. (2006): The effect of internal variability on anthropogenic
climate projections, Tellus, 58A, 565–574
Spangehl S., Cubasch U., Fast I., Hübener H., Kaspar F., Kirchner I., Körper J., Langematz U.,
Niehörster F., Schimanke S. (2008): EGMAM - A coupled AO-GCM with middle atmosphere:
Simulation of pre-industrial and present-day climate and a note on climate sensitivity. Meteorologische
Abhandlungen des Meteorologischen Instituts der FU Berlin, Serie A, in press
Stott P.A., Jones G.S., Lowe J.A., Thorne P.W., Durman C.F., Johns T.C., Thelen J.-C. (2006):
Transient simulations with the HadGEM1 climate model: causes of past warming and future climate
change. Journal of Climate, Vol. 19, No. 12, pages 2763-2782.

Temperature change for A2, A1B and B1

Precipitation change for A2, A1B and B1

Figure 1. Time series of the global annual mean temperature changes [K] (left) and precipitation
changes [%] (right) for the SRES scenarios A2, A1B and B1 relative global mean in the reference
period 1980-1999.

Figure 2. Multi-model ranges of the global annual mean temperature change (K) for two time periods
2011-2030 (left) and 2080-2099 (right) relative to the 1980-1999 mean for scenarios B1, A1B and B2 as
simulated with climate models participating in ENSEMBLES. Colour lines mark the projected mean
warming for individual models, black lines correspond to multi-model ensemble means. Multiple
realizations are shown for ECHAM5/MPI-OM and EGMAM. Red asterisks mark ensemble mean
changes according to IPCC AR4 that is based on a larger model ensemble. To facilitate the visual
intercomparison of all three scenarios the ensemble spread is shaded without accounting for HadGEM1
contribution (no SRES B1 experiment).

Figure 3. Annual mean surface air temperature change (K) for the “low emission” scenario B1 and the time period 2080-2099 relative to the 1980-1999 mean
for individual models as well as multi-model ensemble mean and inter-model standard deviation of projected changes as measure of ensemble spread. For
ECHA5/MPI-OM and EGMAM temperature change averaged over 3 realisations is shown. Simulation B1 with HadGEM1 is still ongoing due to development
work towards further model improvement and planned to be completed by early 2007. The left colour bar refers to the temperature anomalies, the right colour
bar to the standard deviation.

Figure 4. As Figure 3, but for winter (DJF mean).

Figure 5. As Figure 3, but for summer (JJA mean).

Figure 6. Annual mean surface air temperature change (K) for the “medium emission” scenario A1B and the time period 2080-2099 relative to the 1980-1999
mean for individual models as well as multi-model ensemble mean and inter-model standard deviation of projected changes as measure of ensemble spread. For
ECHA5/MPI-OM and EGMAM temperature change averaged over 4 (3) realisations is shown. The left colour bar refers to the temperature anomalies, the right
colour bar to the standard deviation.

Figure 7. As Figure 6, but for winter (DJF mean).

Figure 8. As Figure 6, but for summer (JJA mean).

Figure 9. Annual mean surface air temperature change (K) for the “high emission” scenario A2 and the time period 2080-2099 relative to the 1980-1999 mean
for individual models as well as multi-model ensemble mean and inter-model standard deviation of projected changes as measure of ensemble spread. For
ECHA5/MPI-OM and EGMAM temperature change averaged over 3 realisations is shown. The left colour bar refers to the temperature anomalies, the right
colour bar to the standard deviation.

Figure 10. As Figure 9, but for winter (DJF mean).

Figure 11. As Figure 9, but for summer (JJA mean)
.

Figure 12 First two EOF patterns from the PCA of the annual mean temperature change (2080-2099 wrt. 1980-1999)
anomalies from multi-model ensemble mean for the scenario A1B (left), corresponding PCs (middle) and two-model
temperature differences according to the magnitude of the PCs (right). The spatial correlation coefficient between
EOF1 and temperature difference HadGEM1-BCM2 is 0.89, between EOF2 and temperature difference IPSL-CM4BCM2 is 0.95.

Figure 13 Cross-sections of the winter (DJF) zonal mean surface air temperature changes (K) for the scenario A1B
and time period 2080-2099 relative to 1980-1999 for models participating in ENSEMBLES. BCM2, ECHAM5/MPIOM, HadCM3, HadGEM1, IPSL-CM4 extend up to approx. 10hPa. The top layer of CNRM-CM3 is located at
0.05hPa, the top layer of EGMAM is at 0.01hPa. For this analysis data for the standard pressure levels until 10hPa
was used (except for EGMAM). Contour lines show absolute temperature changes above 5K. To provide detailed
information, ensemble mean and standard deviation are shown for altitude range from 1000 to 10hPa only.
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Figure 14. Global annual mean precipitation changes [%] versus global annual mean temperature changes [K] for
scenario A1B.

Figure 15.Winter (DJF) mean precipitation change (mm/day) for the “medium emission” scenario A1B and the time period 2080-2099 relative to the 1980-1999
mean for individual models as well as multi-model ensemble mean and inter-model standard deviation of projected changes as measure of ensemble spread. For
ECHA5/MPI-OM and EGMAM precipitation change averaged over 4 (3) realisations is shown. The left colorbar refers to the precipitation anomalies, the right
colorbar to the standard deviation.

Figure 16. As Figure 15, but for summer (JJA mean).

Figure 17. Number of models (0=”none”, 7=”all”), that simulate an precipitation increase for 2080-2099 in
comparison to 1980-1999 for SRES A1B scenario in winter (DJF, left) and in summer (JJA, right)

Figure 18. Winter (DJF) mean sea level pressure change (hPa) for the “medium emission” scenario A1B and the time period 2080-2099 relative to the 19801999 mean for individual models as well as multi-model ensemble mean and inter-model standard deviation of projected changes as measure of ensemble spread.
For ECHA5/MPI-OM and EGMAM precipitation change averaged over 4 (3) realisations is shown. The left colour bar refers to the sea level pressure
anomalies, the right colour bar to the standard deviation.

Figure 19. As Figure 18, but for summer (JJA mean).

