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Schematic Summary of CMIP5 Long-Term Experiments



Model Preindustrial
(AM, CSM, Control Historical RCP2.6 RCP4.5 RCP6.0 RCP8.5

ESM) Country 3.1 3.2 4.3 4.1 4.4 4.2

ACCESS1.0† Australia 8 1 8 8 8 8
BCC-CSM1.1 China 1 1 1 1 1 1

CanAM4 Canada 8 8 8 8 8 8
CanCM4 Canada 8 8 8 8 8 8
CanESM2 Canada 1 5 5 5 8 5
CCSM4 U.S. 8 6 5 5 5 6

CNRM-CM5 France 1 9 1 1 8 4
CSIRO-Mk3.6 Australia 1 10 10 10 10 10
GFDL-CM3 U.S. 1 5 1 8 1 1

GFDL-ESM2G U.S. 1 8 8 8 8 8
GFDL-ESM2M U.S. 1 1 8 8 8 8

GFDL-HIRAM-C180 U.S. 8 8 8 8 8 8
GFDL-HIRAM-C360 U.S. 8 8 8 8 8 8

GISS-E2-H U.S. 1×2p 5×2p 8 8 8 8
GISS-E2-R U.S. 1×3p 5×3p 1 5 1 1
HadCM3 U.K. 8 9 8 9 8 8

HadGEM2-A U.K. 8 8 8 8 8 8
HadGEM2-CC U.K. 1 2 8 1 8 1
HadGEM2-ES U.K. 1 4 1 4 4 4

INM-CM4 Russia 1 1 8 1 8 1
IPSL-CM5A-LR France 1 5 1 4 1 4
IPSL-CM5A-MR France 1 1 8 1 8 1

MIROC-ESM Japan 1 3 1 1 1 1
MIROC-ESM-CHEM Japan 1 1 1 1 1 1

MIROC4h Japan 1 3 8 3 8 8
MIROC5 Japan 1 3 2 2 1 2

MPI-ESM-LR Germany 1 3 3 3 8 3
MPI-ESM-P Germany 1 8 8 8 8 8

MRI-AGCM3-2H Japan 8 8 8 8 8 8
MRI-AGCM3-2S Japan 8 8 8 8 8 8

MRI-CGCM3 Japan 1 5 1 1 8 1
NorESM1-M Norway 1 3 1 1 1 1

†Unable to access data due to subscription requirement As of 3 December 2011



Model ESM ESM ESM ESM ESM ESM ESM 1%
(AM, CSM, Control Historical RCP8.5 FixClim1 FixClim2 Fdbk1 Fdbk2 CO2

ESM) Country 5.1 5.2 5.3 5.4-1 5.4-2 5.5-1 5.5-2 6.1

ACCESS1.0† Australia 8 8 8 8 8 8 8 8
Ü BCC-CSM1.1 China 1 1 1 1 1 1 1 1

CanAM4 Canada 8 8 8 8 8 8 8 8
CanCM4 Canada 8 8 8 8 8 8 8 8

Ü CanESM2 Canada 1 3 3 1 1 1 1 1
CCSM4 U.S. 8 8 8 8 8 8 8 8

CNRM-CM5 France 8 8 8 8 8 8 8 1
CSIRO-Mk3.6 Australia 8 8 8 8 8 8 8 1
GFDL-CM3 U.S. 8 8 8 8 8 8 8 1

GFDL-ESM2G U.S. 8 8 8 8 8 8 8 8
GFDL-ESM2M U.S. 1 1 8 8 8 8 8 1

GFDL-HIRAM-C180 U.S. 8 8 8 8 8 8 8 8
GFDL-HIRAM-C360 U.S. 8 8 8 8 8 8 8 8

GISS-E2-H U.S. 8 8 8 8 8 8 8 8
GISS-E2-R U.S. 8 8 8 8 8 8 8 8
HadCM3 U.K. 8 8 8 8 8 8 8 8

HadGEM2-A U.K. 8 8 8 8 8 8 8 8
HadGEM2-CC U.K. 8 8 8 8 8 8 8 8

Ü HadGEM2-ES U.K. 8 1 1 1 1 8 8 1
INM-CM4 Russia 1 1 1 8 8 8 8 1

Ü IPSL-CM5A-LR France 1 8 8 1 1 1 1 1
IPSL-CM5A-MR France 8 8 8 8 8 8 8 8

MIROC-ESM Japan 1 1 1 8 1 8 8 1
MIROC-ESM-CHEM Japan 8 8 8 8 8 8 8 8

MIROC4h Japan 8 8 8 8 8 8 8 8
MIROC5 Japan 8 8 8 8 8 8 8 1

Ü MPI-ESM-LR Germany 8 8 8 1 8 1 8 1
MPI-ESM-P Germany 8 8 8 8 8 8 8 1

MRI-AGCM3-2H Japan 8 8 8 8 8 8 8 8
MRI-AGCM3-2S Japan 8 8 8 8 8 8 8 8

MRI-CGCM3 Japan 8 8 8 8 8 8 8 1
NorESM1-M Norway 8 8 8 8 8 8 8 1

†Unable to access data due to subscription requirement As of 3 December 2011



Uncertainties in Carbon Cycle Feedbacks

Carbon cycle feedback uncertainties are large, as estimated from
analysis of the results from the 11 C4MIP models. From Denman
et al. (2007, Figure 7.14).
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ESM RCP 8.5 Atmospheric Carbon Dioxide (CO2) Mole Fraction
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ESM Historical +  ESM RCP 8.5 Atmospheric Carbon Dioxide (CO2) Mole Fraction
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Reducing Uncertainties Using Observations

To reduce feedback uncertainties using contemporary observations,

1. there must be a relationship between contemporary variability
and future trends on longer time scales within the model, and

2. it must be possible to constrain contemporary variability in
the model using observations.

Example

Hall and Qu (2006) evaluated the
strength of the springtime snow
albedo feedback (SAF; ∆αs/∆Ts)
from 17 models used for the IPCC
AR4 and compared them with the
observed springtime SAF from
ISCCP and ERA-40 reanalysis.
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Future vs. Contemporary Atmospheric Carbon Dioxide Mole Fraction

Contemporary (2006 − 2010) Carbon Dixoide Mole Fraction (ppm)
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Output Variable Availability for ESM RCP 8.5 Simulations

co2 or
Model Country co2mass nbp fgco2 fco2antt fco2nat fco2fos

ACCESS1.0† Australia 8 8 8 8 8 8
Ü BCC-CSM1.1 China 1 8 1 1 1 1
Ü CanESM2 Canada 3 3 8 3 3 8

GFDL-ESM2G U.S. 8 8 8 8 8 8
GFDL-ESM2M U.S. 8 8 8 8 8 8

Ü HadGEM2-ES U.K. 8 8 1 8 8 8
INM-CM4 Russia 1 1 8 8 8 8

Ü IPSL-CM5A-LR France 8 8 8 8 8 8
MIROC-ESM Japan 1 1 8 1 1 1

MIROC-ESM-CHEM Japan 8 8 8 8 8 8
Ü MPI-ESM-LR Germany 8 8 8 8 8 8

MPI-ESM-P Germany 8 8 8 8 8 8
NorESM1-M Norway 8 8 8 8 8 8

†Unable to access data due to subscription requirement As of 3 December 2011



ESM RCP 8.5 Land Carbon Uptake
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ESM RCP 8.5 Cumulative Land Carbon Uptake
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Concentration-Forced Historical Simulations

Global Net Biospheric Production (NBP, unit: Tg C /yr)



Global Net Biospheric Production (NBP, unit: Tg C /yr)
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CO2 Concentration (FF+OC+BAL+SHIP+AIRCRAFT)
CO2 Concentration (FF+OC+BAL+SHIP+AIRCRAFT), Adjusted based Obs



International Land Model Benchmraking (ILAMB) Project

I Develop benchmarks for land model performance, with a focus
on carbon cycle, ecosystem, surface energy, and hydrological
processes. The benchmarks should be designed and accepted
by the community.

I Apply the benchmarks to global models, beginning with
CMIP5 model results.

I Support the design and development of a new, open-source,
benchmarking software system for either diagnostic or model
intercomparison purposes.

I Strengthen linkages between experimental, monitoring, remote
sensing, and climate modeling communities in the design of
new model tests and new measurement programs.



ILAMB Project Organization



Summary

I Uncertainties in climate-carbon cycle feedbacks were large in
C4MIP model results.

I Early CMIP5 emissions-forced model results suggest a
continuing large range of uncertainty.

I Reducing the range of uncertainty in model representation of
feedbacks requires comparisons with contemporary
observations.

I Model benchmarking using internationally agreed-upon
observational data can help guide synthesis efforts.

International Land Model Benchmarking (ILAMB) Project
http://www.ilamb.org/
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