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GC-Carbon
• Endorsed at the JSC-37
• GC SSC
• GC Carbon kick off meeting (Hamburg, November
2016)
• Planned activities for 2017 (and 2018)
• Response to JSC-37 requests

GC-Carbon
Aim: to understand how biogeochemical cycles and feedbacks
control CO2 concentrations and impact on the climate system
Guiding questions:
1. What are the drivers of land and ocean carbon sinks?
2. What is the potential for amplification of climate
change over the 21st century via climate-carbon cycle
feedbacks?
3. How do greenhouse gases fluxes from highly
vulnerable carbon reservoirs respond to changing
climate (including climate extremes and abrupt
changes)?
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GC-CARBON ORGANISATION

GC-Carbon SSC
Co-chairs: Tatiana Ilyina, Pierre Friedlingstein
SSC:
Ashley Ballantyne (U. Montana, USA)
Laurent Bopp (IPSL, France)
Philippe Ciais (LSCE, France)
Corinne Le Quéré (Tyndall Centre, UK)
Gustaf Hugelius (Stockholm U., Sweden)
Pedro Monteiro (CSIR, South Africa)
Yingping Wang (CSIRO, Australia)

GC-CARBON KICK-OFF MEETING

GC-Carbon kick-off meeting
• Meeting held in Hamburg, 21-22 November 2016
• 35 participants, covering a wide range of expertise
such as plant physiology, marine biology,
atmospheric inversions, land and ocean
biogeochemistry, paleo-climate, Earth system
modelling, etc

GC-Carbon kick-off meeting
• Format
– Intro WCRP GC (David Carlson)
– Intro GC-Carbon (Tatiana and Pierre)
– Inspirational talks (Nikki Gruber and Chris Jones)
– 4 Break-out groups (process understanding on land;
process understanding in the ocean; learning from the
existing record; and towards improving projections)
– Report from BG and Synthesis

Carbon Feedbacks in the Climate System
Report from the Kick-off Workshop
21 - 22 November 2016, Hamburg, Germany

March 2017

WCRP Publication No.: 6/2017

https://www.wcrp-climate.org/gc-carbon-feedbacks-documents

GC-Carbon kick-off meeting
Report from BGs
– Processes on Land
• CO2 fertilisation and role of nutrients
• Carbon turnover time and response to climate change

– Processes in the ocean
• Ocean mixing, stratification and carbon uptake
• Biological pump and carbon export

– Learning from existing records
• New ocean products for comprehensive spatio-temporal variability
• Synthesis of surface and satellite measurements as well as manipulative experiments
• Focus on interannual to decadal variability not just mean

– Improving projections
• Extended climate-carbon feedback framework
• Decadal prediction of the carbon cycle

Planned activities (2017)
Climate-carbon Feedback framework
Current β/γ framework is scenario dependent, bases on
global temperature only, ignores different time-scales,
and regional responses.
A workshop is proposed to develop an extended climatecarbon cycle feedback framework.
This workshop would bring together mathematicians,
experts in climate feedbacks, the carbon cycle and Earth
System feedbacks
P. Cox (U. Exeter) and T. Froelicher (ETH) will coorganize.

Planned activities (2017)
Decadal prediction of the carbon cycle
Growing scientific interest in investigating interannual
(land) to decadal (ocean) predictability of the carbon
cycle. Potentially highly policy relevant (INDCs
pledges)
It is proposed to have initial discussions and a meeting
between the global carbon (GC-Carbon, GCP) and the
decadal (GC-NTCP, DCPP) communities to explore the
feasibility, the scientific and potential societal interests in
near term predictions of the carbon cycle.

Planned activities (2018)
Ocean physics and biogeochemistry
A workshop is proposed on the ocean boundary layer and its
impact on the carbon cycle focusing on mixing
parameterizations in models, variation in stratification from
data and projected trends with climate change.
Ecosystems turnover time
A focused meeting is proposed in order to provide robust
observation-based estimates of vegetation and soil carbon
fluxes, pools and turn-over times and to design a 14C global
modelling framework for evaluation of land carbon dynamics.

RESPONSES TO JSC-37 REQUESTS

JSC requests to GC-Carbon
Change title to clarify its focus
– Done. Title changed from “Biogeochemical cycles and
climate change” to “Carbon feedbacks in the climate
system”

JSC requests to GC-Carbon
Explicitly describe partnership with leading carbon
community
GC-Carbon SSC
Tatiana Ilyina (C4MIP, SCOR/FeMIP, IOC GO2NE)
Pierre Friedlingstein (GCP annual carbon budget, C4MIP)
Laurent Bopp (IMBER, C4MIP)
Philippe Ciais (GCP, annual carbon budget)
Corinne Le Quéré (GCP, annual carbon budget)
Gustaf Hugelius (Int’l Soil C network, Int’l Permafrost network)
Pedro Monteiro (CLIVAR)

JSC requests to GC-Carbon
Explicitly describe partnership with leading carbon community
In addition Kick off meeting had representatives from
iLEAPS (A. Arneth)
AIMES (P. Cox, V. Brovkin)
LUMIP (V. Brovkin)
WMO GAW (S. Houweling)
SOCCOM (N. Gruber)

JSC requests to GC-Carbon
Develop and elaborate a management plan to emphasize policy
relevance, and the relevance and future connection/challenge with
physical science.
• Policy relevance
– WCRP View ahead document, Marotzke NatureCC (2017).
Question 1: Where the carbon goes?
– IPCC AR5 “Cumulative emissions of CO2 largely determine
global mean surface warming by the late 21st century and
beyond.”. Concept of limited carbon budget is now been used
worldwide

JSC requests to GC-Carbon
Develop and elaborate a management plan to emphasize
policy relevance, and the relevance and future connection/
challenge with physical science.
• Physical sciences
– Carbon cycle is controlled by physics both on land and in
the ocean. Physical biases impact on the carbon cycle.
– Carbon cycle controls physics (from local: e.g. vegetation
phenology, transpiration; to global: atmospheric CO2)
– See KO meeting report. Several big questions are
challenges for both carbon and physics.
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Figure 1 | Comparison of CO2 seasonal amplitudes for CMIP5 historical
simulations and observations. a, c, Annual mean atmospheric CO2 versus
the amplitudes of the CO2 seasonal cycle at BRW (a) and KMK (c) for
observations (black) and CMIP5 historical simulations (colours). Markers
show the values for the individual years and the lines show the linear best
fit for each model and for the observations. b, d, Histogram showing the
corresponding gradient of the linear correlations for BRW (b) and KMK (d).
Linear trends are derived for the period 1860–2005 from historical
simulations for the models, for 1974–2013 for the BRW observations and
for 1979–2015 for the KMK observations.

1
Deutsches Zentrum für Luft- und Raumfahrt (DLR), Institut für Physik der Atmosphäre, Oberpfaffenhofen, Germany. 2College of Engineering, Mathematics & Physical Sciences, University of
Exeter, Exeter EX4 4QE, UK.
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Alaska, and at Cape Kumukahi (KMK: 19.5° N, 155.6° W), Hawaii,
(Extended Data Fig. 1). On top of this increasing CO2 trend, the uptake
and release of carbon by the terrestrial biosphere throughout the
year causes a seasonal cycle of CO2: high concentrations occur in the
Northern Hemisphere winter when there is a net release of CO2 from
the land due to the decomposition of organic matter in the soil, and
lower values are observed in summer when Northern Hemisphere
photosynthesis results in a drawdown of CO2 (ref. 16). A change in the rate of
photosynthesis (for example, due to CO2 fertilization) or decomposition
(due to temperature variability, for instance) will therefore change the
amplitude of CO2 as measured in the atmosphere. In addition, changes
in the phase lag between photosynthesis and decomposition, due to the
effects of summer drying on photosynthesis or the effects of autumn
warming on decomposition17, can also change the amplitude of the
CO2 seasonal cycle.
The observed CO2 amplitude at BRW increased from about
13 p.p.m.v. to 18 p.p.m.v. over the available observational record from
1974 to 2013, and from about 8 p.p.m.v. to 9 p.p.m.v. over the length of

CO2 amplitude (p.p.m.v.)

Uncertainties in the response of vegetation to rising atmospheric
CO2 concentrations1,2 contribute to the large spread in projections
of future climate change3,4. Climate–carbon cycle models generally
agree that elevated atmospheric CO2 concentrations will enhance
terrestrial gross primary productivity (GPP). However, the
magnitude of this CO2 fertilization effect varies from a 20 per cent
to a 60 per cent increase in GPP for a doubling of atmospheric
CO2 concentrations in model studies5–7. Here we demonstrate
emergent constraints8–11 on large-scale CO2 fertilization using
observed changes in the amplitude of the atmospheric CO2 seasonal
cycle that are thought to be the result of increasing terrestrial
GPP12–14. Our comparison of atmospheric CO2 measurements
from Point Barrow in Alaska and Cape Kumukahi in Hawaii with
historical simulations of the latest climate–carbon cycle models
demonstrates that the increase in the amplitude of the CO2 seasonal
cycle at both measurement sites is consistent with increasing
annual mean GPP, driven in part by climate warming, but with
differences in CO2 fertilization controlling the spread among the
model trends. As a result, the relationship between the amplitude
of the CO2 seasonal cycle and the magnitude of CO2 fertilization of
GPP is almost linear across the entire ensemble of models. When
combined with the observed trends in the seasonal CO2 amplitude,
these relationships lead to consistent emergent constraints on the
CO2 fertilization of GPP. Overall, we estimate a GPP increase of
37 ± 9 per cent for high-latitude ecosystems and 32 ± 9 per cent
for extratropical ecosystems under a doubling of atmospheric CO2
concentrations on the basis of the Point Barrow and Cape Kumukahi
records, respectively.
The aim of this study is to reduce the uncertainty in projected
large-scale GPP increases, on the basis of the observed trends in the
CO2 amplitude at two measuring sites by applying an emergent constraint8–11. This method utilizes common relationships between observables, such as the CO2 seasonal cycle, and Earth system sensitivities,
such as the CO2 fertilization of the terrestrial carbon sink, considering
the full range of responses from an ensemble of complex Earth system
models (ESMs).
It has been hypothesized that increasing GPP has been responsible
for an observed increase in the amplitude of the CO2 seasonal cycle at
Mauna Loa, Hawaii14, but the sensitivity of the seasonal cycle at this
high-altitude site to variations in atmospheric circulation has prevented
confirmation of this theory15. Some recent studies also suggest that
variations in the Mauna Loa seasonal cycle are partly due to changing
agriculture12,13. Here we instead analyse the observed changes in the
amplitude of the CO2 seasonal cycle at Point Barrow, Alaska, a highlatitude station much less affected by mid-latitude agriculture, and at Cape
Kumukahi, which is close to Mauna Loa but consists of ground-based
measurements that are more directly comparable to the model outputs.
Between 1974 and 2013 the global mean atmospheric CO2 concentration increased by about 75 p.p.m. by volume (p.p.m.v.) and therefore
by about the same amount at Point Barrow (BRW: 71.3° N, 156.6° W),
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is approximated from satellite observations10 and total ecosystem
respiration (TER) is calculated as the difference, that is, GPP–NBP,
with each term being a positive number. Although there are numerous C loss pathways from ecosystems11,12 , the sum of autotrophic
respiration by plants,
and heterotrophic
respiration by microbes
Warming
hiatus
(that is, TER) is the dominant C loss pathway at the global scale.
To estimate NBP uncertainty we use a novel ‘el camino’ approach
to simulate the spatial and temporal autocorrelation of errors in
atmospheric measurements and emissions, these simulations are
then combined to estimate C uptake uncertainty and statistics are
performed on all combinations of simulations13 (see Methods). By
separating NBP into its component processes of GPP and TER, we
can thus investigate how the climate sensitivity of these processes
has changed from the warming period (1982–1998) to the warming
hiatus (1998–2012)14,15 .
Has net terrestrial C uptake changed during the warming
hiatus? The rate of land surface warming decreased from a significantly increasing trend of 0.031 ± 0.012 C yr 1 (Mann–Kendall,
P value = 0.0045) during the warming period to an insignificant
trend of 0.009 ± 0.008 C yr 1 (Mann–Kendall, P value = 0.235)
during the warming hiatus (Fig. 1a). This decadal change in the rate
of land surface warming has been accompanied by an acceleration
of NBP from 0.007 ± 0.065 (PgC yr 2 (median ± ) during the
warming period to 0.119 ± 0.071 PgC yr 2 over the warming hiatus
(Fig. 1b). Furthermore, trend analyses that include simulated error
estimates show a significant increase in NBP trends during the
warming hiatus (two-tailed t-test; t-statistic = 5.39; P value < 0.01;
DF = 29), with 54% of the simulated trends in NBP negative during
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feedbacks on future climate predictions2 .
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combine atmospheric CO2 measurements with satellite
observations in a complementary way to isolate the main terrestrial
C cycle processes:
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Net biome
productivity (PgC yr−1)

The recent ‘warming hiatus’ presents an excellent opportunity to investigate climate sensitivity of carbon cycle processes. Here
we combine satellite and atmospheric observations to show that the rate of net biome productivity (NBP) has significantly
accelerated from 0.007 ± 0.065 PgC yr 2 over the warming period (1982 to 1998) to 0.119 ± 0.071 PgC yr 2 over the warming
hiatus (1998–2012). This acceleration in NBP is not due to increased primary productivity, but rather reduced respiration that
is correlated (r = 0.58; P = 0.0007) and sensitive ( = 4.05 to 9.40 PgC yr 1 per C) to land temperatures. Global land
models do not fully capture this apparent reduced respiration over the warming hiatus; however, an empirical model including
soil temperature and moisture observations better captures the reduced respiration.
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Figure 2 | Climate sensitivity of terrestrial carbon cycle processes over the
last three decades. a, Plot showing net biome productivity (NBP), where
NBP represents the temperature sensitivity of NBP over the warming
period (red) and the warming hiatus (blue). b, Plot showing gross primary
productivity (GPP), where GPP represents the temperature sensitivity of
GPP over the warming period (red) and the warming hiatus (blue). c, Plot
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