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Summary 
The objective of work package 1.1 is the construction of a range of Earth system 
models (ESMs) from existing models of Earth system components or coupled model 
systems, for subsequent application in the “stream 2” simulations of RT2 (by CNRS, 
INGV, METO-HC, MPIMET), and the development of an efficient high resolution 
physical climate system model (by DMI) for application during selected time slices of 
the simulation period covered by the forthcoming stream 2 simulations.  
 
The status of the model development achieved in the first year has been described in 
Deliverable “D1.1 Progress report on the construction and testing of Earth system 
models”. Based on developments of the first year, the work in the second and last year 
of WP1.1 aimed at the continuation of model development towards ESMs in three 
categories: physical models, carbon cycle models and aerosol system models. Table 1 
shows the model matrix emerging from the development efforts. While there is a total 
of 6 physical system models, which can be employed at lower costs for larger 
ensembles, the number of more complex carbon cycle and aerosol system models is 
smaller, 3 and 2 respectively. These Earth system models require more resources and 
the expectation is that they will be employed in smaller ensembles. 
 
Partners  Physical 

models 
Carbon cycle 

models 
Aerosol system 

models 

DMI X   

CNRS X X  

INGV X X  

METO-HC  X X 

MPIMET X X X 

CNRM(1) X   

FUB(1) X   
(1) unfunded in WP1.1, but will use their models in RT2A 
Table 1: Matrix of model systems developed for stream 2 integrations. 
 
The ESM table in the appendix shows the components of the different ESMs of all 
partners in WP1.1. 



Earth System Models for Stream 2 in RT2A 
 

1. CNRS/IPSL/LGGE 
 
CNRS/IPSL Earth system developments are based on the IPSL OAGCM (IPSL-CM4 
version), used for the 4th assessment report of IPCC.  On that base, we developed the 
new climate / carbon cycle model, coupling the physical components of IPSL-CM4 
(OPA ocean model, the LIM sea-ice model, the LMDZ atmosphere model) to the full 
ORCHIDEE soil/vegetation model (including carbon component) and PISCES for 
ocean biogeochemistry.  
 
Work in year 1 
The climate-carbon cycle model (IPSL_CM4_LOOP) was assembled, and tested. Pre-
industrial steady state simulations were performed with imposed atmospheric CO2 in 
order to have the land and ocean carbon cycles at equilibrium with the climate.  Then 
coupled simulations were performed, where atmospheric CO2 was calculated from 
the budget of land and ocean net CO2 fluxes (in the absence of anthropogenic CO2 
emissions). This simulation is crucial in order to estimate the drift of the coupled 
climate-carbon cycle system. The IPSL_CM4_LOOP shows an initial drift, over the 
first 50 years of the simulation, and then stabilize about 10 ppm below the initial 
value. 
In the context of the Coupled Climate-Carbon Cycle Intercomparison Project, 
scenario simulations were performed using the historical emissions of CO2 for the 
1860-2000 period, followed by the SRESA2 CO2 emissions for the 21st century. 
 
Work in year 2 
The model was evaluated over the 20th century in term of climate and CO2 (Figures 
1.1 and 1.2). 
 
 

 
Figure 1.1: Simulated and observed global mean temperature 
 
 

Global mean surface temperature anomalies 

Base period : 1961-1990 



 

 
Figure 1.2: Simulated and observed atmospheric CO2  
 
We also compared carbon cycle specific quantities such as the penetration of 
anthropogenic CO2 in the oceans, as well as remotely sensed evolution of 
cholorophyl and leaf area index. 
 
A land-use component as also been introduced in ORCHIDEE in order to allow for 
changes in land cover distribution. This version has been tested in the standard 
OAGCM (IPSL_CM4) for pre-industrial, present-day and future (2100) time slices. 
The model shows a global cooling associated with land cover change. A version 
combining the carbon cycle and the land use is under development for the stream 2 
simulations. 
  
 

2. DMI 
 
DMI was developing a preliminary version of the atmospheric module of the Danish 
climate model (A-DKCM) when ENSEMBLES started.  This preliminary version of 
the DKCM was constructed by combining the dynamical core of the ARPEGE 
climate version 3 and the physical parameterization package from a preliminary 
version of ECHAM5 (i.e., ECHAM5 v5.1).  During the first project year this 
preliminary version of A-DKCM was upgraded using the ARPEGE climate version 4 
dynamical core and the physical package of a formally released version of ECHAM5 
(v5.2) that had made several important revisions and bug-fixes compared to the 
previous version of v5.1.  The model was tested and its performance was compared 
with the original models of ARPEGE and ECHAM5 as well as the reanalysis data of 
ERA40.  In the second year, the model was further upgraded using the ARPEGE 
climate version 4.4 and the newer version of ECHAM5 (v5.3), in order to include new 
features of more frequent mass correction in the ARPEGE v4.4 and varying 
greenhouse gas concentrations and aerosols in ECHAM5.3.   
   



 
 
Figure 2.1: Left panel: Winter time  500 hPa  geopotential heights in the Northern 
Hemisphere (contour lines) and their systematic errors with respect to ERA40 (color 
shading) for DKCM (top), ARPEGE (middle) and ECHAM5 (bottom), respectively. 
Right panel: As the left panel but for the stationary eddy components of the 
corresponding 500 hPa geopotential height. Unit: gpm. 
 
Both features are important for scenario simulations.  The problem of exaggerated 
precipitation in the A-DKCM found in the first year was also investigated and 
identified as a post-processing error.  The model was then tested and modified for 
applications at high horizontal resolution (T159) for uses in RT2A time-slice 
experiments with forcing by MPIMET’s coupled model (ECHAM5/HD/OASIS/ 
MPIOM) and considering changes in the greenhouse gas concentrations.  



Furthermore, DMI has been developing the fully coupled DKCM.  Different 
components of the DKCM are being assembled together, and the model is expected to 
be used for stream 2 centennial integrations in RT2A within the next 18 months.  
 
The fully coupled DKCM is composed of the A-DKCM, the ocean model NEMO that 
includes the OPA9 ocean general circulation modeling system and the LIM2 sea-ice 
model, which interacts through the OASIS 3 coupler with no flux adjustment applied.  
The A-DKCM, that adopts the efficiency advantage of the ARPEGE/IFS, runs about 8 
times faster than ECHAM5.  Thus it has great potential for applications of long 
climate simulations, in particular for simulations at high resolutions.  Experiments of 
A-DKCM forced with climatological boundary conditions demonstrate that the model 
simulates the current climatology and variability reasonably well.  Figure 2.1 shows 
the Northern Hemispheric winter time (DJF) 500 hPa geopotential heights (left panel) 
and their stationary wave components (i.e., with the zonal means removed, right 
panel) simulated by the A-DKCM (top), ARPEGE v4.4 (middle) and ECHAM5 v5.3 
(bottom), respectively.  Also shown in the figures in color shadings are the systematic 
errors with respect to ERA40.  All three simulations are from a 30-year model 
integration forced with climatological SSTs at resolution of T63 and 31 vertical 
levels.  It can be seen that the systematic errors of the stationary eddies are similar in 
both distribution patterns and the magnitudes in A-DKCM and ECHAM5, while the 
errors in 500 hPa stationary waves seem largest in ARPEGE.  Figure 2.2 shows the 
zonal distributions of the daily precipitations given by the three models for northern 
winter (DJF, top) and northern summer (JJA, bottom).  For comparison, the Xie and 
Arkin’s data set based on observations are also plotted in the figure in black.   
 

 
Figure 2.2: Zonal distributions of the daily precipitations simulated by A-DKCM 
(red), ARPEGE (blue), ECHAM5 (orange) for northern winter (DJF, top) and 
northern summer (JJA, bottom).  The observed zonal averaged annual mean daily 
precipitation given by Xie and Arkin’s data set is also plotted in black. Unit: mm/day. 
 



 
The precipitation distributions simulated by different models are most different in 
lower latitudes, while they are very similar in mid- and high latitudes.   It is evident 
that, although the maximum of the equatorial precipitation in northern summer 
(bottom) seems to be most overestimated in A-DKCM, the double precipitation peaks 
around the equator observed in the northern winter (top) are best represented in A-
DKCM, with the maximum on south of the equator.  The double peak feature can also 
be seen in ARPEGE, but with the maximum misplaced on the north of the equator, 
while it is completely missing in ECHAM5.  More detailed comparisons and 
validations of the A-DKCM have been documented in Yang (2004, 2005).  In general, 
the systematic errors seen in A-DKCM are comparable with those in ARPEGE and 
ECHAM5. 
 
The coupled DKCM employed in stream2 will be configured at a linear T63, 31 levels 
resolution in the atmosphere, and a tripolar grid of approximately 2° x 2° cos φ with 
increased meridian resolution to 0.5° near the equator and 31 vertical levels in the 
ocean.  Tests and verification of the coupled DKCM are on the way.  
 
 

3. INGV 
 
The INGV ESM assembled during WP1.1 is composed of a physical core and a 
carbon cycle module (Figure 3.1). The physical core model is a newly coupled 
AOGCM (Atmosphere Ocean General Circulation Model) and it is composed by the 
ECHAM5 atmosphere model (Roeckner et al 2006), the OPA8.2 ocean model  
(Madec et al 1998) and the LIM sea-ice model (Timmermann et al 2005). The coupler 
OASIS3 (Valcke et al 2004) and the coupling interfaces developed in the PRISM EU 
project were used to exchange the relevant fields. The physical core model (hereafter 
EOL for brevity) has been tested at the T31L19 and T63L31 resolution for the 
atmospheric component and with the ORCA2 resolution for the ocean component. 
The carbon cycle module includes the SILVA terrestrial vegetation model (Alessandri 
2006) and the PELAGOS marine biogeochemistry model (Vichi et al 2006a,b). 
 

 
 
 
Figure 3.1: Structure of the INGV Earth System Model. 
 
 



SILVA (Surface Interactive Land VegetAtion) is a new Land Surface Model 
developed at INGV which includes a tiled computation of surface fluxes following the 
“SECHIBA type” approach (Docoudré et al 1993). The core parameterizations of the 
VEGAS model (Zeng et al., 2004) has been included in SILVA in order to represent 
the land vegetation and carbon dynamics. The model includes a hydrology module (2 
layers) and  a soil thermodynamics module (7 layers). It solves the surface energy and 
water balance at the interface with the atmosphere, using an implicit coupling with a 
Neumann closure. Surface parameters such as albedo, roughness length and surface 
conductance to evapotranspiration are computed interactively as a function of the soil 
and vegetation state. The vegetation model includes 4 plant functional types (broad 
leaf, need leaf, cold grass and warm grass), 3 vegetation carbon pools (leaf, root, and 
wood) and 3 soil carbon pools (slow, intermediate and fast degradation). Parameters 
such as Leaf Area Index, the vegetation cover and height, and stomatal conductance 
are computed interactively. The SILVA model can be integrated with the vegetation-
carbon dynamics activated or with fixed observed vegetation distribution. In the latter 
case a vegetation seasonal cycle is prescribed as a simple function of temperature in 
the soil. 
 
PELAGOS (PELAgic biogeochemistry for Global Ocean Simulations) is a multi-
component global ocean biogeochemistry model of the pelagic ecosystem (Figure 
3.2). The model is based on a functional stoichiometric representation of marine 
biogeochemical cycles and allows simulating the dynamics of C, N, P, Si, O and Fe 
taking into account the variation of their elemental ratios in the modelled living 
functional groups (LFG). The state variables of PELAGOS representing the pelagic 
LFGs are three unicellular planktonic autotrophs (picophytoplankton, 
nanophytoplankton and diatoms), three zooplankton groups (nano-, micro- and meso-) 
and bacterioplankton. Other state variables are nitrate, ammonium, orthophosphate, 
silicate, dissolved bioavailable iron, oxygen, carbon dioxide and dissolved and 
particulate (non-living) organic matter, for a total of 44 chemical functional families. 
The model has an explicit parameterization of autotrophic and heterotrophic processes 
in the surface and mesopelagic layers of the ocean, allowing to track the fate of 
organic carbon and the possible sequestration pathways of carbon dioxide. 

 
Figure 3.2: Scheme of functional groups in the PELAGOS model.  



 
Extensive integrations of the EOL (physical core) model have been performed for 
present conditions and have demonstrated that the coupled model is stable for at least 
several decades, at all the resolutions tested. As an example, Figure 3.3 shows the 
time evolution of the Sea Surface Temperature (SST) and the sea ice area from a 
simulations with the EOL model (atmosphere at T31L19). The SST does not show 
any substantial trend (note that year 0 in the plot is not at the model initialization, but 
after a spinup of several years).  For the sea-ice area, fluctuations are still present at 
the beginning of the time series. Thereafter, also for the sea-ice no discernible trend is 
seen. The final setting and adjustment of the model will be done at the T63L31 
resolution for the atmosphere.  
 

Figure 3.3: Time evolutions of the global annual mean Sea Surface Temperature (upper 
panel) and of the northern (blue) and southern (green) sea ice area (lower panel) from a 
simulation with the EOL model. 
 
The spatial pattern of the annual mean SSTs from the EOL model is compared to 
observations in Figure 3.4, for the tropical Pacific region. Meridional SST gradients 
are reproduced by the EOL model, however the typical AOGMCs bias at the equator 
(extended cold tong) is present also in the EOL model. Marine biogeochemistry is 
currently an active carbon cycle component of the INGV ESM. The analysis on ESM 
feedbacks between physics and biota focused on the marine bio-optical interactions in 
the equatorial Pacific. The presence of phytoplankton chlorophyll modifies the 
underwater light fields and the overall effects on SST are depicted in Figure 3.4 
(bottom), which shows the SST difference between a physics-only simulation (BLUE 
ocean) and the one with PELAGOS (GREEN ocean). SST is slightly lower in the 
GREEN experiment, although the significance of this value is still to be assessed. 
Analyses of  two 100-years simulations  (one with and one without the PELAGOS 
model) are in progress. Preliminary results indicate that the ENSO variability in the 
BLUE and GREEN ocean are broadly comparable, suggesting that the use of a 
complex biogeochemistry model has less impact on the physical system as previously 
observed with more simplified bio-optical coupled models (Murtugudde et al 2002). 



Figure 3.4: Annual mean SSTs for the tropical pacific. Reynolds dataset (upper panel); from 
the EOL (also BLUE ocean) simulation (middle panel) and for the difference GREEN-BLUE 
simulations (see text).   
 
 

 
 
Figure 3.5: Observed (SeaWiFS 1997-2004) and simulated Chlorophyll variability 
(normalized standard deviation of anomalies). Note the different color bar. 

SeaWiFS variability 

PELAGOS variability 



 
The experiments performed so far have also demonstrated the importance of the 
coupling frequency of short wave irradiance between PELAGOS and the atmosphere. 
The original PELAGOS parameterization of light harvesting by primary producers 
have been mostly tested with average daily values of solar irradiance. When higher 
frequency irradiance values are provided, the simulated phytoplankton tends to 
underestimate the annual production, particularly at higher latitudes  where daylight 
variability is larger. A possible solution to use throughout the project is to provide the 
biogeochemistry model with a light field averaged over the previous day. This 
introduces a slight time-lag in the simulated response of phytoplankton (which is 
generally observed also in marine phytoplankton)  but allows to obtain a proper 
biomass production. The currently simulated mean distribution of surface chlorophyll 
is therefore biased towards low concentrations at higher latitudes (not shown) 
although the variability is adequately captured.  Figure 3.5 shows the normalized 
standard deviation of chlorophyll anomalies, computed for the satellite-derived data 
over the period 1997-2004 and for the coupled model (60 years of integration). 
Simulated variability is lower than observed, but the patterns are appropriate. The 
largest variability is observed in the North Atlantic and North Pacific, and weakly at 
the margin of the equatorial cold tongue, indicating the interannual variability in 
response to ENSO events. 
 

4. METO-HC 
 
Starting point 
 
The pre-existing HadCM3 atmosphere-ocean general circulation model (GCM), 
incorporating physical climate and an optional sulphur cycle + sulphate aerosol 
component, was a well-established model with a large heritage of well-documented 
experimental results including various ensembles. Development and documentation of 
the new HadGEM1 global environmental model, which includes a larger range of 
atmospheric aerosols coupled to the physical climate, was nearing completion. 
 
Work in Year 1 
 
Tasks 1.1a and 1.1b: Development of HadGEM1 was completed and several 
standard simulations carried out and assessed, including a multi-century constant pre-
industrial forcings control run, transient experiments with a 1%-per-year increase in 
CO2, and “slab-ocean” experiments to quantify climate sensitivity and feedbacks. 
Two technical papers (Johns et al. 2004; Martin et al, 2004) were written 
documenting the scientific formulation of HadGEM1 and its performance in 
comparison to HadCM3 in simulating present-day climate and climate change. 
Overall, HadGEM1 outperforms HadCM3 based on evaluation of a weighted set of 
variables forming a “Climate Prediction Index” (CPI, Figure 4.1). Several scientific 
papers (Johns et al. 2006; Martin et al. 2006; Ringer et al. 2006; McLaren et al. 2006) 
were written to provide the necessary documentary references for HadGEM1 and its 
performance in the open literature as required for the IPCC Fourth Assessment 
Report. HadGEM1 (alongside HadCM3) was thus a fully operational and well-
documented model, with a growing set of simulations available to contribute to the 
ENSEMBLES Stream 1. Projects to improve the physical and aerosol components of 
HadGEM1, in particular to characterise and improve its tropical performance 



including ENSO, and to implement additional Earth System components in HadGEM, 
were undertaken aimed at providing a better basis for the stream 2 simulations. 
 
 

 
Figure 4.1: Comparison of a non-dimensional index of model skill compared with 
observed climatological fields between HadCM3 (red bars) and HadGEM1 (blue 
bars). RMS errors are normalised by the spatial average of internal climate variability 
estimated from HadCM3’s control run. The index is similar to the CPI defined and 
used by Murphy et al. (2004) but contains more variables including some oceanic and 
sea ice ones. Model data compared are 20-year averages from the control simulations. 
 
 
Task 1.1c: HadCM3 and its slab version HadSM3 were used extensively via 
parameter-based perturbations to explore uncertainty in climate sensitivity, results 
having been published in the open literature (e.g. Murphy et al. 2004). This work 
informs and provides a longer term framework for applying similar techniques using 
HadGEM1 (and other models) in future, subject to the availability of increased 
computing resources. 
 
Work in Year 2 
 
Task 1.1.4: Documentation of HadGEM1 was completed and the constant pre-
industrial forcings control run was extended to more than 1000 years. Three papers 
documenting the performance of HadGEM1 were published in Journal of Climate 
(Martin et al., 2006; Ringer et al., 2006; Johns et al., 2006) and a fourth paper is soon 
to appear in Journal of Geophysical Research (McLaren et al., 2006). 
 
Substantial improvement to some HadGEM1 performance deficiencies (tropical mean 
state, aerosols, and land surface biases) were achieved in the HadGEM1a 
development project (for example see Figures 4.2 and 4.3). The resulting model is 
undergoing a final tuning phase and expected to be spun up ready for hindcast and 
scenario experiments to begin by early 2007. The tuned HadGEM1a model (named 



“HadGEM2-OA”) is intended to form the basis for stream 2 simulations including the 
physical system plus aerosol system, interactive aerosols being a standard model 
component – one difference from HadGEM1, however, is that mineral dust is now an 
interactive component in addition to the aerosol species previously included. 
 

 
Figure 4.2: Improvements in HadGEM1a equatorial sea surface temperature and 
easterly windstress biases in comparison to HadGEM1 (with validation against 
HadISST and SOC observations). Biases are now more comparable to HadCM3. 
 
 
It is intended that the HadGEM2-OA model will be extended to include oceanic and 
terrestrial carbon cycle components as well by early 2007 and work towards this end 
is well advanced, but due to the computational cost of the combined aerosols plus 
carbon cycle system model (“HadGEM2-C”) it will not be practical in stream two 
adequately to spin up the coupled climate-carbon cycle and run it for hindcast and 
future scenario experiments on the current supercomputer at METO-HC. 
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Figure 4.3: Improvement in HadGAM1a aerosol optical depth in comparison to 
HadGAM1 (with validation against MODIS satellite retrieval). 
 
 
Instead, for the coupled climate-carbon cycle studies in stream 2 in RT2A we intend 
to use a recently developed variant of the HadCM3 model (“HadCM3C”) for the 
(sulphate) aerosol plus carbon cycle system, which is computationally much cheaper 
than HadGEM2-C. HadCM3C has been developed primarily with the aim of 
investigating parameter-based uncertainty associated with sulphur cycle and carbon 
cycle processes as part of QUMP (Quantifying Uncertainty in Model Predictions). 
HadCM3C has the same atmosphere and ocean resolution as HadCM3, but differs in 
having an improved land surface scheme (MOSES2.2) which can simulate vegetation 
and soil fluxes of carbon, and also incorporates the dynamic vegetation model 
TRIFFID. The ocean biogeochemistry incorporates the HadOCC model, a simple 
nutrient-phytoplankton-zooplankton-detritus (NPZD) ecosystem model with coupled 
carbon flows, using the UTOPIA scheme for tracer advection. HadCM3C represents a 
significant developmental step forward on the earlier, lower resolution but much used, 
HadCM3LC model (Cox et al., 2001). It should be noted that HadCM3C, like 
HadCM3LC, uses flux adjustments, which reduce its regional SST biases compared to 
HadCM3. Use of flux adjustments constrains climate drifts, side-stepping potentially 
difficult tuning and spin-up issues in the QUMP context. HadCM3C is expected to be 
spun up in readiness for hindcast and scenario runs towards the end of 2006. 
 
Using HadCM3C in stream two centennial experiments should also provide synergy 
with the work in WP1.6 on quantifying uncertainty ranges including sulphur cycle 
and carbon cycle parameter perturbations, although the experimental designs in the 
two instances will likely differ to some extent. 
 
Task 1.1.5: The parameters described in Tables 4.1 and 4.2, specific to the sulphur 
cycle and terrestrial carbon cycle schemes used in the METO-HC model, have been 
identified, along with plausible perturbed ranges, for the purpose of exploring 
uncertainty ranges associated with sulphur cycle and carbon cycle processes. That 
work will be done in WP1.6 in parallel with the stream 2 RT2A centennial 
simulations using HadCM3C. 
 

      HadGAM1 HadGAM1a 

MODIS 



Parameter 
Description 

Standard Value Range 

Ocean DMS 
emissions 

Kettle et al. global 
database with Liss & 
Merlivat estimate of 
air-sea gas exchange 
 
2d ancillary file 

Choice of 5 different data sources 
for air-sea gas exchange:  
(a) prescribed flux (Wanninkhof) 
(b) prescribed flux (Liss & Merlivat) 
(c) interactive flux (Wanninkhof) 
(d) interactive flux (Liss & Merlivat) 
(e) interactive flux (Nightingale) 

Background 
volcanic sulphur 
emissions 
Units: Tg(S)/year 

7.5 (global mean) 
 
3d ancillary file 

7.5-22.5 
 
(scale all values in ancillary file) 

Scavenging rate of 
SO2 by large-scale 
and convective rain 
Units: s-1 

Functional 
dependence on rain 
rate and SO2 
concentration 

0.33-3.00 scaling of standard 
function 

Time scale for 
transit through 
cloud 
Units: s 

3 1-9 

Size threshold for 
new particle 
formation 
Units: m-3 

106 
 
 

105-107 

Background 
minimum cloud 
droplet number 
over continents 
(care to retain 
consistency) 

3.5x107 2.0x107-6.0x107 

Aqueous phase 
oxidation of SO2 by 
ozone (ammonia 
cycle code not fully 
tested) 

Off Off-on 

Prescribed OH 
field (involved in 
DMS Oxidation) 

Derived from 
STOCHEM 
chemistry transport 
model 
3d ancillary file 

0.5-2.0  
 
(scale all values in ancillary file) 

Particle size 
distributions (non-
trivial to change) 

Aitken mode: 
Median radius 24nm 
Std. dev. 1.45nm 
Accumulation mode: 
Median radius 95nm 
Std. dev. 1.40nm 

 
24-40nm 
 
 
95-150nm 

Table 4.1: Key parameters from the sulphur cycle component of the METO-HC 
stream 2 model, their standard values and ranges of uncertainty determined by 
experts. More details of the component and the parameters can be found in Jones et al. 
(2001), Woodage et al. (2001) and Woodage et al. (2003). 
 



 
Parameter Description Standard Value Range 
nl(0) Top-leaf nitrogen 

concentration 
 
Units:  
kg N (kg C)-1 

Broadleaf: 0.040 
Needleleaf: 0.030 
C3 Grass: 0.060 
C4 Grass: 0.030 
Shrub: 0.030 

0.020-0.060 
0.015-0.045 
0.030-0.090 
0.015-0.045 
0.015-0.045 

F0 Stomatal Opening 
 
 
Units: 
Non-dimensional 

Broadleaf: 0.875 
Needleleaf: 0.875 
C3 Grass: 0.900 
C4 Grass: 0.800 
Shrub: 0.900 

0.45-0.95 
0.45-0.95 
0.45-0.95 
0.40-0.80 
0.45-0.95 

Dc Critical humidity 
deficit 
 
Units: 
g (kg)-1 

Broadleaf: 90 
Needleleaf: 60 
C3 Grass: 100 
C4 Grass: 75 
Shrub: 100 

10-100 
10-100 
10-100 
10-100 
10-100 

Q10 Temperature 
dependence of soil 
respiration 
 
Units: 
Non-dimensional 

2.0 1.5-3.0 

rg Growth respiration 
coefficient 
 
Units: 
Non-dimensional 

0.25 0.00-0.50 

Θc Critical soil 
moisture 
concentrations 
 
Units: 
Non-dimensional 

Θc= ΘWILT +    
λ(ΘSAT -ΘWILT) 
 
(ΘWILT  and ΘSAT 
depends on soil 
type) 

0<λ<1 

Lmin Minimum leaf area 
index 
 
Units: 
Non-dimensional 

Broadleaf: 3 
Needleleaf: 3 
C3 Grass: 1 
C4 Grass: 1 
Shrub: 1 

1.0-4.0 
1.0-4.0 
0.5-1.0 
0.5-1.0 
0.5-1.0 

Table 4.2. Key parameters, their standard values and their ranges for the terrestrial 
carbon cycle component of the METO-HC stream 2 model. Precise definitions and 
more explanation of the parameters can be found in Cox (2001). 
 

5. MPIMET 
 
Work in year 1 
In the first year of the project the development was focused on the improvement and 
testing of two prototype Earth system models, a carbon cycle model and an aerosol 
system model, both based on the physical climate model ECHAM5/MPIOM that was 



employed for the IPCC AR4 simulations, which are used also for the “Stream 1” 
ensemble of this project. 
 
Work in year 2 
In the second year the development brought progress in 4 areas detailed below. 
Firstly, the separate ESMs (physical, carbon cycle, aerosol system) are being 
integrated in a single ESM framework, the so-called COSMOS ESM. Secondly, the 
physical climate model has been tested for the first time with a full resolution of the 
stratosphere, as it will be required in future ESMs including ozone chemistry. A third 
and forth working field was the more detailed scientific investigation of simulations 
with the carbon cycle model and the aerosol system model. 
 
The COSMOS earth system model 
 
The classical model development at MPIMET lead to several cycles of general 
circulation models for the atmosphere and the ocean. Models for the atmosphere and 
the ocean were developed independently and their “versioning” and maintenance was 
kept separate. Coupled atmosphere ocean models were built for specific versions of 
the atmosphere and ocean model codes, sometimes including modifications of 
individual components or specific configurations, specifically for the newly 
developed Earth system models, that were not available to atmosphere or ocean alone 
model simulations. This is the motivation that has lead to the integration of all 
components of the MPIMET ESMs in a single framework, the so-called COSMOS 
ESM, from which specific configurations can be generated by standardized 
mechanisms, as developed in the PRISM project. The PRISM framework consists of a 
Model Code Environment (MCE), which contains the components of the Earth 
system model and the OASIS coupler, the Standard Compile Environment (SCE) and 
the Standard Runtime Environment (SRE). An important advantage compared to the 
classical systemis the integrated development, versioning and maintenance of the 
system in a single framework. 
 
Hence this work consisted in (1) the integration of the model codes (ECHAM5, 
JSBACH, MPIOM, HAMOCC) in the MCE, (2) the implementation of specific 
model configurations and computing system characteristics in the SCE, and (3) the 
implementation of further specifics for model execution in the SRE. The current 
COSMOS1 ESM framework allows the model configurations shown in Table 5.1. 
 
Configuration  Components Description 
cosmos-a ECHAM5 Atmosphere 
cosmos-as ECHAM5-JSBACH Atmosphere + land vegetation 
cosmos-ah 
(in work) 

ECHAM5-HAM Atmosphere + aerosols 

cosmos-o MPIOM Ocean 
cosmos-ob MPIOM-HAMOCC Ocean + marine biogeochemistry 
   
cosmos-ao ECHAM5/MPIOM Coupled atmosphere ocean 

= “Physical model” 
   
cosmos-aob ECHAM5/MPIOM-HAMOCC Coupled atmosphere ocean with 

marine biogeochemistry 



cosmos-asob ECHAM5-JSBACH/ 
MPIOM-HAMOCC 

Coupled atmosphere ocean 
model with land vegetation and 
marine biogeochemistry 
= “Carbon cycle model” 

cosmos-ahob 
(in work) 

ECHAM5-HAM/ 
MPIOM-HAMOCC 

Coupled atmosphere ocean 
model with prognostic aerosols 
and marine biogeochemistry 
= “Aerosol system model” 

Table 5.1: Model configurations that can be built from the experimental COSMOS 
Earth System Model framework following the PRISM standard. Coupled atmosphere 
ocean models or ESMs are shown in bold. 
 
 
The physical system: Effects of resolving the middle atmosphere 
 
Existing coupled atmosphere ocean models of the MPIMET resolve the atmosphere 
up to the mid stratosphere at 10 hPa, simulating essentially the troposphere and using 
the stratosphere as a boundary region where horizontal diffusion is typically enhanced 
to suppress waves at the upper boundary. The ECHAM5/MPIOM (Jungclaus et al. 
(2006) climate model, as it has been used for the IPCC AR4 experiments and other 
related studies, has a vertical grid with 31 layers, which resolves the atmosphere up to 
10 hPa (~30km).  While it is know that such tropospheric GCMs can reproduce the 
tropospheric climate realistically in many aspects, it is known also that the 
troposphere and the stratosphere are coupled dynamically, especially in the Northern 
hemisphere, where planetary waves interact with the polar vortex, and variability in 
the troposphere and stratosphere is characterized by coupled annular modes. As 
tropospheric GCMs typically suppress stratospheric variability, leading to biases in 
the polar night jet and in polar temperature, it may be expected that also tropospheric 
variability is affected, at least seasonally. A question is therefore, if resolving the 
stratosphere in a coupled atmosphere ocean GCM has significant effects in the 
tropospheric climate. For this purpose the middle atmosphere model MAECHAM5 
(Manzini et al., 2006) has been coupled to the MPIOM ocean model (Marsland et al., 
2003). The middle atmosphere model uses a vertical grid with 47 layers, which 
resolves the atmosphere up to 0.01 hPa (~80km). Further the lowermost 26 levels 
between the surface and ~100 hPa are identical in the 31 and 47 layer grids, so that, at 
the same horizontal resolution, the spatial discretization of the troposphere is identical 
in the ECHAM5/MPIOM and the MAECHAM5/MPIOM climate model. 
Two sets of experiments have been analyzed: two AMIP experiments with the 
atmosphere alone, and two coupled atmosphere ocean experiments for stationary pre-
industrial greenhouse gas conditions, each pair of experiments with a “standard” L31 
vertical grid and a “new” L47 grid resolving the middle atmosphere. The new 
experiment was started from an ocean state of the standard experiment. A stable 
climate was reached after about 60 years. 
The comparison between the AMIP experiments shows that the radiative forcing of 
the atmosphere is slightly increased, although the resolution of the troposphere and 
the setting of the parameterizations active in the troposphere are equal in both 
experiments. The 47-layer model is consequently about 0.5 K warmer in the middle 
and upper tropical troposphere, compared to the 31-layer model, and up to 1 K cooler 
in the tropical stratosphere below 50 hPa. Temperature changes in the extra-tropical 
troposphere are smaller, and near zero close to the surface. Consequently the AMIP 
experiments differ also in the zonal wind in mid and high latitudes of the troposphere, 
down to the surface. 



In the coupled model, where the SST adjusts to differences in the troposphere and 
vice versa, the experiment with the L47 atmosphere has a nearly uniform tropospheric 
temperature increase of 0.5 K, compared to the experiment with the L31 atmosphere. 
However, SST fields show a spatial differentiation as shown in Figure 5.1 for 100-
year averages of the SST in December-January-February (DJF). 
 
  
         (a) ECHAM5/MPIOM  [K]                                         (b) MAECHAM5/MPIOM   [K] 

 
 
           (c) ECHAM5/MPIOM - ERA-40   [K]                     (d) MAECHAM5/MPIOM - ERA-40   [K] 

 
Figure 5.1: Sea surface temperature in DJF, averaged over 100 years in 
ECHAM5/MPIOM (top left) and MAECHAM5/MPIOM (top right), and differences 
between the modeled SST and the observed SST of the ERA-40 period, for 
ECHAM5/MPIOM (lower left) and MAECHAM5/MPIOM (lower right). 
 
 
The error structure compared to the SST of the ERA-40 period is very similar in both 
models. While the subtropical positive biases are reinforced in the model resolving 
the middle atmosphere, areas with cold biases in the standard model are reduced, for 
example in the northern subtropical Atlantic and Pacific and in the Arctic Ocean. 
Ongoing work is focused on the analysis of the modes of variability including ENSO, 
NAO and the Northern annular mode. 
 
 
Carbon cycle modeling: Decreased Vertical CO2 Transports in the Oceans Due 
to Climate Change 
 
The ocean takes up about one third of the anthropogenic CO2 emissions, thus damping 
the increase of atmospheric CO2 concentrations and the accompanied temperature 
increase. The oceanic CO2 uptake is determined by the state of the ocean, which in 
turn is altered by climate change. We evaluate this feedback loop between 
atmospheric CO2, climate and oceanic carbon cycle (Crueger et al, 2006). 
 



We investigate two transient simulations of a version of the Max-Planck Institute 
Earth System Model (MPI-ESM), including the atmosphere (ECHAM5, Roeckner et 
al., 2003), the ocean (MPI-OM, Marsland et al., 2003) with biogeochemistry 
(HAMOCC5.1, Meier-Raimer et al., 2005) and land surface vegetation (JSBACH) 
from 1860 until 2100. Both runs are forced with observed CO2 emissions until 2000, 
afterwards the emissions of the IPCC Scenario A2 are prescribed. In order to 
eliminate the climate change effect to oceanic CO2 uptake, one simulation allows the 
feedback between atmospheric CO2 with climate, the other artificially suppresses 
climate change by fixing the greenhouse gases in the radiation code of ECHAM5. 
 
In both simulations the oceanic CO2 uptake increases nearly linearly from 1960 until 
about 2070 to about 5 GT C/yr. Not until the last few decades of the 21st century, the 
rise weakens in the climate change run, leading to a different uptake rate between the 
two runs of about 0.5 GT C/yr, i.e. 10 % of the total uptake in 2100.  
 

 
  
Figure 5.2: Annual oceanic CO2 uptake:  Differences between the climate-change 
and the no-climate-change simulation. Mean values averaged from 2070-2099. 
Negative values indicate reduced ocean uptake in the climate change simulation 
[mol/m2 yr]. 
 

 
 
Figure 5.3: Maximum Mixed Layer Depth: Differences between climate-change and 
no-climate-change simulation. Mean values averaged from 2070-2099 [m]. 
 
 



The major effect of climate change to CO2 uptake is found in parts of the South 
Pacific and South Atlantic Oceans between 35S and 60S and the North Atlantic, 
which accounts for more than 75% of the CO2 flux reduction (Fig.5.2). In these areas 
the difference pattern of the CO2 flux resembles that of the maximum mixed layer 
depth (Fig.5.3). Thus, the decrease is related to reduced vertical transports, in the 
North Atlantic accompanied with reduced meridional overturning. The reduced 
transport of CO2 in the North Atlantic leads to reduced amounts of anthropogenic 
dissolved inorganic carbon (DIC) between 2000m and 3000m depth, along the 
southward flow in the West Atlantic (Fig. 5.4). 
  

 
 
Figure 5.4: Anthropogenic DIC between 2000m and 3000m: Differences between 
climate-change and no-climate-change simulation. Mean values averaged from 2070-
2099 [106 mol/m2]. 
 
In the Southern and the Arctic Ocean, climate change induces additional CO2 uptake, 
due to sea ice melting. On the one hand this increases the atmosphere/water interface. 
Biological production also increases, but the amounts are light-limited. This flux 
increase offsets the global uptake decrease by more than 20%. An acceleration of the 
CO2 uptake reduction accompanied by climate change is expected, after sea ice has 
totally disappeared. East of the Antarctic Peninsula, the formation of Antarctic bottom 
water, associated with deep convection, is slowed down in response to climate 
change. This leads to a strong decrease DIC in deep layers between 4000m and 
5700m (not shown).  
 
Negligible net CO2-flux responses to climate change are obtained in the equatorial 
oceans, except the Atlantic, where reduced export production at least partly accounts 
for a reduced CO2 uptake. In the Equatorial Pacific decreased ocean uptake due to 
decreased export is compensated by reduced CO2 outgassing to the atmosphere due to 
increased stratification damping the upwelling of carbon-rich water. The shift of wind 
fields from 40S to 50S modifies the CO2 flux pattern.  
 
Since the delayed response of the oceanic uptake to climate change further 
simulations involving the 22nd century are needed, in order to better assess the ocean’s 
importance of the climate change - carbon cycle feedback. 
 
 
The aerosol system: climatic impact of carbonaceous aerosol emissions 
 
The climate of the 20th and 21st century has been simulated with a coupled 
atmosphere-ocean model (ECHAM5/MPI-OM) including a detailed representation of 



tropospheric aerosols (Stier et al., 2005) and their climatic effects (Roeckner et al, 
2006). The model has a T63 horizontal resolution with 19 layers and predicts the 
evolution of an ensemble of interacting internally and externally mixed aerosol 
populations (seven modes) of different chemical composition, i.e. mineral dust, sea 
salt, sulfate, black carbon (BC) and particulate organic matter (POM). Direct and 
indirect aerosol effects are treated in a mechanistic way.  
 
Externally prescribed are anthropogenic emissions of aerosols and aerosol precursor 
gases, atmospheric greenhouse gas concentrations, and variations in total solar 
irradiance and volcanic aerosol optical depth. The experiments include a pre-
industrial control run (CTL), and two 20th-century simulations (20C1, 20C2; years 
1860 to 2000) with natural and anthropogenic radiative forcings included. As shown 
in Fig. 5.5a, the model is able to simulate a stable pre-industrial climate without a 
noticeable trend in the atmosphere. The observed 20th century warming is well 
captured in the 20C simulations. This includes the warming trend during the first part 
of the 20th century, the small trend between about 1950 and 1970 and, in particular, 
the positive quasi-linear trend in the last three decades (0.15 K/decade in 20C1, 0.20 
K/decade in 20C2 compared to 0.17 K/decade in the observations).   

 

1860 1880 1900 1920 1940 1960 1980 2000
-0.5

0.0

0.5

1.0

0.0

a)

2000 2010 2020 2030 2040 2050
0.0

0.5

1.0

1.5

2.0

2.5

3.0
b)

 
 

Figure 5.5: a) Temporal evolution in global, annual mean surface air temperature 
anomalies (K) with respect to the mean 1860 to 1900 in observations (black) and 
simulations.  The, timeseries of experiments are smoothed by a 5-year running means: 
green: unforced pre-industrial control run (CTL); red:     20th century simulations 
20C1 and 20C2; black: Jones et al. 2001 
http://cdiac.ornl.gov/trends/temp/jonescru/jones.html. b) Temporal evolution (2000 to 
2050) in global, annual mean surface air temperature anomalies (K) with respect to 
the mean 1961 to 1990  (unsmoothed). red: EXP_1 with changing BC+POM 
emissions; blue: EXP_2 (constant emissions) 

 
 
In addition, two sensitivity experiments (EXP_1, EXP_2; years 2001 to 2050) were 
performed, both based on the SRES A1B scenario but with different assumptions on 
the emissions of carbonaceous aerosols (BC+POM). In EXP_1 the BC+POM 
emissions are assumed to increase according to scenario A1B, whilst in EXP_2 the 
BC+POM emissions are kept constant at their year 2000 values. Thus, the difference 
EXP_1 - EXP_2 represents the climate response to increasing BC+POM emissions. 
As shown in Fig. 5.5b, there is little evidence for a noticeable impact of the future 
carbonaceous aerosol emissions (as prescribed in EXP_1) on the evolution of global, 
annual mean surface air temperature.  
 



On the other hand, there is marked climate effect at lower latitudes where the increase 
in carbonaceous aerosol emissions is large (Fig. 5.6). This includes a statistically 
significant surface cooling in those regions, which are directly or indirectly affected 
by increasing carbonaceous aerosol emissions (Brazil, tropical Atlantic, central and 
southern Africa, northern India). In contrast, the changes in extratropical 
temperatures, where BC+POM emissions slightly decrease, are insignificant. The 
low-latitude surface cooling is caused primarily by the increase in the BC absorption 
of solar radiation of 5-60 Wm-2, depending on region and season, and by a similar 
decrease in solar radiation absorbed at the surface. The cooling of the tropical Atlantic 
can be related to the increase in BC+POM, which have their origin in the biomass 
burning regions in central Africa. The radiative heating in the BC layer and the 
corresponding surface cooling are causing a stabilization of the boundary layer over 
the tropical Atlantic. This favours the formation of stratiform clouds below the BC 
layer and amplifies the surface cooling.  
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Figure 5.6:  Differences in annual mean surface air temperature. a) years (2031 to 50) 
minus (2001 to 2020) in experiment EXP_1, and b) difference (EXP_1–EXP_2) in 
years (2031 to 2050) corresponding to the impact of changing carbonaceous aerosol 
emissions. Units are K. 
 
 
Over the low-latitude continents, where the increase in the carbonaceous aerosol load 
is most pronounced, the hydrological cycle is enhanced (not shown). Here the 
increase in precipitation, runoff, and soil moisture is caused primarily by the 
additional atmospheric absorption of sunlight due to higher BC levels and, 
subsequently, by thermally driven circulations which favor the transport of moisture 
from the adjacent oceans. The vertical redistribution of solar energy is particularly 



large during the dry biomass burning season in central Africa when the anomalous 
atmospheric heating of up to 60 Wm-2 and a corresponding decrease in surface solar 
radiation leads to a marked surface cooling, reduced evaporation and a higher level of 
soil moisture, which persists throughout the year and contributes to the enhancement 
of precipitation during the wet season.



References 
Alessandri A. 2006: Effects of Land Surface and Vegetation Processes on the Climate 
Simulated by an Atmospheric General Circulation Model, PhD thesis, Alma Mater 
Studiorum University of Bologna, Italy. 
 
Cox, P. M., 2001. Description of the “TRIFFID” dynamic global vegetation model. 
Hadley Centre Tech. Note 24, Met Office, Bracknell, United Kingdom, 17 pp. 
[ www.metoffice.gov.uk/research/hadleycentre/pubs/HCTN/HCTN_24.pdf.] 
 
Cox, P.M., Betts, R.A., Jones, C.D., Spall, S.A., and Totterdell, I.J., 2001. Modelling 
vegetation and the carbon cycle as interactive elements of the climate system. In: 
Pearce R (ed.) Meteorology at the Millennium. Academic, New York, pp 259-279. 
Ducoudre, N. I., K. Laval, and A. Perrier, 1993: SECHIBA, a new set of 
parameterizations of the hydrologic exchange at the land-atmospheric interface within 
the LMD atmospheric general circulation model. J. Climate, 6, 248-273. 
 
Crueger, T. , E. Roeckner, T. Raddatz, R. Schnur, P. Wetzel (2006): Feedback 
Mechanisms between Climate Change and Oceanic CO2-uptake, in prep. 
 
Johns, T.C.,  C. F. Durman, H. T. Banks, M.J. Roberts, A. J. McLaren, J.K. Ridley, C. 
A. Senior, K. D. Williams, A. Jones, A. B. Keen, G. J. Rickard, S. Cusack, M. M. 
Joshi, M. A. Ringer, B-W. Dong, H. Spencer, R. S. R. Hill, J. M. Gregory, A. K. 
Pardaens, J. A. Lowe, A. Bodas-Salcedo, S. Stark, and Y. Searl, 2004. Model 
description and analysis of preliminary experiments for the IPCC Fourth Assessment 
Report. Hadley Centre Tech. Note 55, Met Office, Exeter, United Kingdom.  
[ www.metoffice.gov.uk/research/hadleycentre/pubs/HCTN/index.html.] 
 
Johns, T.C.,  C. F. Durman, H. T. Banks, M.J. Roberts, A. J. McLaren, J.K. Ridley, C. 
A. Senior, K. D. Williams, A. Jones, G. J. Rickard, S. Cusack, W. J. Ingram,  D. M. 
H. Sexton, M. M. Joshi, B-W. Dong, H. Spencer, R. S. R. Hill, J. M. Gregory, A. B. 
Keen, A. K. Pardaens, J. A. Lowe, A. Bodas-Salcedo, S. Stark, and Y. Searl, 2006. 
The new Hadley Centre climate model HadGEM1: Evaluation of coupled simulations. 
J. Climate, 19, 1327-1353. 
 
Jones, A., Roberts, D.L., Woodage, M.J. and Johnson, C.E., 2001. Indirect sulphate 
aerosol forcing in a climate model with an interactive sulphur cycle. J. Geophys. Res. 
106, 20293-20310. 
 
Jungclaus, J.H. , M. Botzet, H. Haak, N. Keenlyside, J.-J. Luo, M. Latif, J. Marotzke, 
U. Mikolajewicz, and E. Roeckner (2006): Ocean circulation and tropical variability 
in the coupled model ECHAM5/MPI-OM, J. Climate, 19, 3952-3972. 
 
Madec, G., P. Delecluse, M. Imbard, and C. Lévy, 1998: OPA 8.1 Ocean General 
Circulation Model reference manual. Note du Pôle de modélisation, Institut Pierre-
Simon Laplace, N°11, 91pp. 
 
Maier-Reimer, E., I. Kriest, J. Segschneider, P. Wetzel (2005): Technical description 
of the HAMburg Ocean Carbon Cycle model, version 5.1 (HAMOCC5.1) and its 
interface to MPI-OM. Reports on Earth System Science, available from 
http://www.mpimet.mpg.de. 
 



Manzini, E., M.A. Giorgetta, M. Esch, L. Kornblueh, and E. Roeckner (2006): The 
influence of sea surface temperatures on the Northern winter stratosphere: Ensemble 
simulations with the MAECHAM5 model, J. Climate, 19, 3863-3881.  
 
Marsland, S. J., H. Haak, J.H. Jungclaus, M. Latif, and F. Röske (2003): The Max-
Planck-Institute global ocean/sea ice model with orthogonal curvilinear coordinates. 
Ocean Modelling, 5, 91-127. 
 
Martin, G. M., M. A. Ringer, V. D. Pope, A. Jones, C. Dearden, T. J. Hinton, 2004. 
Evaluation of the atmospheric performance of HadGAM/GEM1. Hadley Centre Tech. 
Note 54, 64 pp.  
[ http://www.metoffice.gov.uk/research/hadleycentre/pubs/HCTN/index.html ] 
 
Martin, G. M., M. A. Ringer, V. D. Pope, A. Jones, C. Dearden, T. J. Hinton, 2006. 
The physical properties of the atmosphere in the new Hadley Centre Global 
Environmental Model, HadGEM1. Part I: Model description and global climatology. 
J. Climate, Vol. 19, No. 7, pages 1274-1301. 
 
McLaren, A.J., H. T. Banks, C. F. Durman, J. M. Gregory, T. C. Johns, A.B. Keen, J. 
K. Ridley, M. J. Roberts, W. H. Lipscomb, W. M. Connolley, and S. W. Laxon, 2006. 
Evaluation of the sea ice simulation in a new coupled atmosphere-ocean climate 
model (HadGEM1). J. Geophys. Res. (to appear). 
 
Murphy, J. M., D. M. H. Sexton, D. N. Barnett, G. S. Jones, M. J. Webb, M. Collins, 
and D. A. Stainforth, 2004. Quantification of modelling uncertainties in a large 
ensemble of climate change simulations. Nature, 430, 768-772. 
 
Murtugudde R., J. Beauchamp, C. R. Mcclain, M. Lewis and A. J. Busalacchi, 2002: 
Effects of penetrative radiation on the upper tropical ocean circulation, Journal of 
Climate, 15, p. 470-486 
 
Ringer,  M. A., G. M. Martin, C. Z. Greeves, T. J. Hinton, P. M. James, V. D. Pope, 
A. A. Scaife, and R. A. Stratton, 2006. The physical properties of the atmosphere in 
the new Hadley Centre Global Environmental Model, HadGEM1. Part II: Aspects of 
variability and regional climate, J. Climate, 19, 1302-1326.  
 
Roeckner, E., G. Baeuml, L. Bonaventura, R. Brokopf, M. Esch, M. Giorgetta, S 
Hagemann, I. Kirchner, L. Kornblueh, E. Manzini, A. Rhodin, U. Schleese, U. 
Schulzweida, and A. Tompkins (2003): The general circulation model ECHAM5. Part 
I: Model description. Max-Planck-Institute for Meteorology, Hamburg, Germany, 
Report 349, available from http: //www.mpimet.mpg.de. 
 
Roeckner, E., R. Brokopf, M. Esch, M. Giorgetta, S. Hagemann, L. Kornblueh, E. 
Manzini, U. Schlese, and U. Schulzweida, 2006: Sensitivity of simulated climate to 
horizontal and vertical resolution in the ECHAM5 atmosphere model. J. Climate, 19, 
3771-3791. 
 
Roeckner, E., P. Stier, J. Feichter, S. Kloster, M. Esch, and I. Fischer-Bruns, 
2006:Impact of carbonaceous aerosol emissions on regional climate change. Climate 
Dynamics, DOI 10.1007/s00382-006-0147-3. 
 



Stier, P. and Coauthors (2005) The aerosol-climate model ECHAM5-HAM. Atm. 
Chem. Phys., 5,  1125-1156. 
 
Timmermann, R., H. Goosse, G. Madec, T. Fichefet, C. Ethé, and V. Dulière, 2005: 
On the representation of high latitude processes in the ORCA-LIM global coupled sea 
ice ocean model, Oc. Model., 8, 175-201. 
 
Valcke S., A. Caubel, R. Vogelsang, and D. Declat, 2004: OASIS3 User Guide 
(oasis3_prism_2-4). PRISM Report No 2, 5th Ed. CERFACS, Toulouse, France. 60 
pp. 
 
Vichi M., N. Pinardi and S. Masina, 2006a: A generalized model of pelagic 
biogeochemistry for the global ocean ecosystem. Part I: theory. J. Mar. Sys., in press 
 
Vichi M., S. Masina and A. Navarra, 2006b: A generalized model of pelagic 
biogeochemistry for the global ocean ecosystem. Part II: numerical simulations. J. 
Mar. Sys., in press 
 
Woodage, M., Robinson, L. and Roberts, D.L., 2001. Aerosol Processes: Sulphur 
cycle and soot aerosol schemes (version 1). Unified Model Documentation Paper. 
Available from the Met Office. 
 
Woodage, M., Davison, P. and Roberts, D.L., 2003. Aerosol Processes: Sulphur cycle 
and soot aerosol schemes (version 2). Unified Model Documentation Paper. Available 
from the Met Office. 
 
Yang, Shuting, 2004: The DKCM atmospheric model: The atmospheric component of 
the Danish climate model, Danish Climate Center report 04-05, 23pp. 
 
Yang, Shuting, 2005: A note on the correctness of precipitation in the Danish climate 
model, Danish Climate Centre report 05-05, 10pp. 
 
Zeng N., A. Mariotti, and P. Wetzel, 2004: Terrestrial mechanism of interannual 
CO_2 variability; Glob. Biogeochem. Cy., 19, 2539-2558. 

 



Appendix 

ESM table 
Coupled model systems available for stream 2 model ensemble simulations in 
ENSEMBLES RT2A. 
 
 
Partner System Components 

Physical IPSL_CM_4 
=LMDZ3+OASIS+OPA8+SECHIBA 

CNRS/IPSL/LGGE 

Carbon IPSL8CM4_LOOP 
=LMDZ4+OASIS+OPA8+ORCHIDEE+PISCES 

DMI Physical DKCM 
= A-DKCM/OASIS/OPA9) 

Physical EOL  
=ECHAM5/OASIS/OPA9/LIM 

INGV 

Carbon ECHAM5SILVA/OASIS/OPA9/LIM/ PELAGOS 
Physical HadCM3 (pre-existing model) 

=HadAM3/MOSES/HadOM3/UM4 
Carbon HadCM3C (stream 2) 

=HadAM3/MOSES2.2/TRIFFID/ 
HadOM3/HadOCC/UM4 
HadGEM2-C (under development) 
=HadGAM1a/MOSES2.2/TRIP/TRIFFID/ 
HadGOM1a/DiatHadOCC/UM6 

METO-HC 

Aerosol HadGEM1 (stream 1) 
=HadGAM1/MOSES2.2/TRIP/HadGOM1/UM6 
HadGEM2-OA (stream 2) 
=HadGAM1a/MOSES2.2/TRIP/HadGOM1a/UM6 

Physical  COSMOS1-physical 
= ECHAM5/HD/OASIS/MPIOM 

Carbon COSMOS1-carbon 
=ECHAM5/JSBACH/HD/OASIS/MPIOM/HAMO
CC 

MPIMET 

Aerosol COSMOS1-aerosol 
= ECHAM5/HAM/HD/OASIS/MPIOM/HAMOCC 

 
 
 
 


