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Week 1: Carbon-climate lectures & 
tutorial exercises

Week 2: This workshop

Week 3:  Original projects with CMIP5 model 
output

ASP Summer Colloquium 2013: 
Carbon-Climate Connections in the Earth System
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How do ocean and 
terrestrial processes 
alter the allowable 

emissions for climate 
stabilization?

http://www.scienceimage.csiro.au/
http://www.scienceimage.csiro.au/
http://www.scienceimage.csiro.au/
http://www.scienceimage.csiro.au/
http://www.scienceimage.csiro.au/
http://www.scienceimage.csiro.au/


UMD) simulate a sink/source transition for the land
carbon flux. The source arising in the UMD simulation
is mainly due to the fact that this model already simu-
lates a very weak land carbon uptake in the uncoupled

simulation (uptake of 0.3 GtC yr!1 for the 1990s and 1
GtC yr!1 by 2100). These two models are also the ones
that simulate the larger atmospheric CO2 concentration
by 2100, as the land is a source of CO2 at that time. This

FIG. 1. (a) Atmospheric CO2 for the coupled simulations (ppm) as simulated by the HadCM3LC (solid black),
IPSL-CM2C (solid red), IPSL-CM4-LOOP (solid yellow), CSM-1 (solid green), MPI (solid dark blue), LLNL
(solid light blue), FRCGC (solid purple), UMD (dash black), UVic-2.7 (dash red), CLIMBER (dash green), and
BERN-CC (dash blue). (b) Atmospheric CO2 difference between the coupled and uncoupled simulations (ppm).
(c) Land carbon fluxes for the coupled runs (GtC yr!1). (d) Differences between coupled and uncoupled land
carbon fluxes (GtC yr!1). (e), (f) Same as (c), (d), respectively, for the ocean carbon fluxes.
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~16 GtC/yr @ 2100 ~8 GtC/yr @ 2100

~7 GtC/yr @ 2100 ~2 GtC/yr @ 2100

Friedlingstein et al. 2006 Arora et al. 2013

Uncertainty among models



Uncertainty when compared to data
1724 K. E. O. Todd-Brown et al.: Soil carbon drivers and benchmarks in Earth system models

Fig. 2. Global soil carbon (top), net primary production (middle), and soil carbon turnover times (bottom) for observations and ESMs.
Turnover times were calculated as HWSD carbon divided by MODIS NPP for the observations, and simulated global soil carbon divided by
simulated global NPP for the ESMs. The gray hashed area on the top panel represents the 95% confidence interval for global soil carbon
in the HWSD based on a qualitative uncertainty analysis (see text). The hashed area on the middle panel represents ±2 standard deviations
around the mean global NPP estimate from Ito (2011) based on empirical models. The hashed area on the bottom panel indicates the range
of turnover times for global soil carbon found in the literature (Amundson, 2001; Raich and Schlesinger, 1992). For soil carbon and NPP,
each global estimate is separated into individual biome components according to the legend shown in the top panel.

observed in the NCSCD. HadGEM2, BCC-CSM1.1, INM-
CM4, MPI-ESM, and CanESM2 also simulated soil carbon
totals below the preliminary CI95 for the NCSCD. In con-
trast, GFDL-ESM2G and MIROC-ESM overestimated high
latitude soil carbon stocks by 45–60%. Only IPSL-CM5 and
GISS-E2 soil carbon fell within the CI95 for the NCSCD.
Variation in global soil carbon stocks simulated by ESMs

could be driven by variation in modeled NPP, and we found
that global terrestrial NPP varied by a factor of 2.6 across the
models (Fig. 2). CCSM4, BCC-CSM1.1, CanESM2, INM-

CM4, GISS-E2, and MIROC-ESM all predicted global NPP
values within 2 standard deviations of the Ito (2011) estimate
of 54 PgC yr�1, ranging from 46 to 73 PgC yr�1, whereas
the remaining 5 models fell outside this range. NPP from
MODIS was similar to Ito (2011) at 52 PgC yr�1. At high
northern latitudes, NPP estimates from the ESMs were more
variable (1.7 to 10.1 PgC yr�1), compared to a MODIS esti-
mate of 4.7 PgC yr�1 (Fig. S6 in Supplement).
Turnover times for global soil carbon from the ESMs var-

ied by a factor of 3.6, between 10.8 and 39.3 yr, using global

Biogeosciences, 10, 1717–1736, 2013 www.biogeosciences.net/10/1717/2013/

Todd-Brown et al. 2013



What important processes are unaccounted 
for in carbon-climate simulations and how 

do they contribute to the uncertainty? 



How are the processes similar 
between ocean and terrestrial 

ecosystems?

How can research progress in one 
ecosystem help inform the other?



This week:
Overview of the state of carbon-climate 

interactions

IPCC 2007



This week:
Are important remineralization pathways and 

dynamics missing from carbon-climate 
simulations?

N. Cassar, Duke  
www.mbl.edu

http://www.mbl.edu
http://www.mbl.edu


This week:
What are the impacts of including demographic 

dynamics of individual organisms on carbon-
climate interactions?

http://www.redwood.forestthreats.org/wind.htm

http://firstlook.pnas.org/seeking-sailors-to-help-measure-phytoplankton-populations/

http://www.redwood.forestthreats.org/wind.htm
http://www.redwood.forestthreats.org/wind.htm
http://firstlook.pnas.org/seeking-sailors-to-help-measure-phytoplankton-populations/
http://firstlook.pnas.org/seeking-sailors-to-help-measure-phytoplankton-populations/


This week:
How does variability in physical climate 
influence carbon-climate interactions?

Credit: © BAS noaa



This week:
How should we best represent trophic 
dynamics in models of carbon-climate 

interactions?



This week:
How can data be used to constrain the 
modeled dynamics of these ecosystem 

processes?



Goals
1) Have cross-system discussions throughout the 

week.
45 minute talks with 15 minutes of discussion
30 minutes talks with 10 minutes of discussion

2 poster sessions

2) Outline the key processes that are missing from the 
carbon-climate uncertainty estimates and potential 
paths forward to better including the processes in 

Earth System models.

3) Engage interested participants in preparing a review 
paper that will serve as an overview of the processes 

for both ocean and terrestrial communities.

4) Have fun!



The plan

1) Verbal discussion around talks and posters.

2) Written collaborative interactions through a Google 
document.

3) Break out groups to highlight the key processes 
missing from the uncertainty.


