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Improving Carbon Cycle Projections for Better Carbon Management

Workshop on Development of Predictive Carbon Cycle Science;

College Park, Maryland, 7—9 March 2016

Fall foliage on New Hampshire’s White Mountains. Forests absorb large amounts of carbon from the atmosphere through photosynthesis and store a significant

fraction of the carbon in biomass and soils. A March 2016 workshop focused on how best to use modeling approaches, field measurements, and satellite observations

to improve projections of earbon eycle dynamies in response to climate change and human activities. Credit: Jingfeng Xiao
By Jingfeng Xiao, Yiqi Luo, and Gvami Shrestha @ 2 hours ago

One important step toward carbon management is developing the seience that prediets earbon eycles. Over the past 10 years, the North American Carbon Program

index html?)) has helped to significantly advance observation and monitoring systems in carbon cyele research. Observation and

) are essential to

monitoring programs such as AmeriFlux (tp://ameriflux Ibl gov/) and the National Ecological Observatory Network (NEON (hutp:

improving understanding of the carbon eyele through diagnosing the magnitude, spatial patterns, and temporal variability of carbon fluxes and stocks.
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AmeriFlux sites and NEON sites in North America measure the exchange of carbon dioxide between ecosystems
and the atmosphere. This land cover map is based on the Moderate Resolution Imaging Spectroradiometer
(MODIS) instrument on NASA’s Terra satellite. The land cover types include evergreen needleleaf forests (ENF),
evergreen broadleaf forests (EBF), deciduous needleleaf forests (DNF), deciduous broadleaf forests (DBF), mixed
forests (MF), closed shrublands (CSH), open shrublands (OSH), woody savannas (WSA), savannas (SAV),

grasslands (GRA), eroplands (CRO), urban, and barren.

Seientists met to examine the state of predictive carbon eycle research and to advance model capabilities.
However, the value of these programs would be greatly increased if their results could be used to constrain future projections of earbon eyele dynamices in response to

climate change and human activities, including carbon management efforts (https://eos.org/opinions/managing-the-carbon-cvele-requires-strong-seience). To examine the state of

predictive carbon eycle research and to advance model capabilities, seientists met in College Park, Md., with members of the Carbon Cyele Interagency Working Group

CCIWG (hittps:

in March 2016 (https://www carboneyelescience. us/news/carbon-cvele-

Participants had in-depth discussions on four themes:

intrinsic predietability: the fundamental properties of the system that determine its future trajectory
synthesis of experimental, observational, and modeling results to improve model predictive skills
technical developments to implement predictive carbon eyele science

recommendations to advance predictive carbon eyele science
Attendees also discussed specific seience questions, ineluding the following:

What are the predictive skills of current regional and global carbon models?
Why does the current generation of carbon eyele models have low predictive skills?
To what extent are model predictive skills related to researchers’ knowledge of intrinsic predictability of the system?

How can researchers synthesize results from experimental, observational, and modeling studies to improve model predietive skills?

In this context, workshop participants brainstormed needs and ideas for innovations in the carbon eyele research agenda so as to aceelerate development of predictive
carbon cycle seience. The participants agreed that the new research agenda should be conducive to developing research capacity (e.g., infrastructure, human
resources) that enables prediction of future trajectories of the global carbon eyele, with specified uncertainties, to inform decision-making on allowable carbon

emissions at a level that will prevent dangerous consequences of climate change.
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The A-Train is a constellation of satellites that crosses the equator each day at about 1:30 p.m. local time. These

satellites provide observations of Earth’s surface relevant to global earbon cycle studies. NASA’s Orbiting Carbon
Observatory 2 (0CO-2) satellite measures atmospherie carbon dioxide concentrations. The Japan Aerospace
Exploration Agency’s Global Change Observation Mission—Water (GCOM-W1) monitors ocean circulation. Data
from instruments on board Aqua inform global determinations of land cover, land surface temperature, albedo,
leaf area index, and gross primary productivity. Cloud-Aerosol Lidar and Infrared Pathfinder Satellite
Observation (CALIPSQ), a joint effort of the French space agency Centre National d’Etudes Spatiales and NASA,
and CloudSat, a cooperative effort between NASA and the Canadian Space Agency, provide three-dimensional
views of clouds and aerosols. Aura has a suite of instruments that produce high-resolution vertical maps of
greenhouse gases. The Polarization and Anisotropy of Reflectances for Atmospheric Sciences coupled with
Observations from a Lidar (PARASOL) recorded observations of aerosols and clouds in the atmosphere for a
better understanding of the Earth’s climate. PARASOL ceased operation on 18 December 2013, fully exiting the
A-Train. Credit: NASA

Workshop attendees produced a set of recommendations regarding the advancement of predictive carbon eyele science. One recommendation is to identify reasons

why current global models cannot predict the earbon cycle adequately. Another is to improve predictive abilities (https://eos.org/research-spotlights/modeling-the-future-

of-dissolved-organic-carbon-in-boreal-forests) of models by developing their data assimilation capabilities, thus enabling the integration of extensive sets of observations and

experimental results with complex models. A third recommendation is to develop novel approaches to gradually improve predictive skills of global carbon cyele
models. Such approaches could include syndicated measurement and modeling field campaigns in eritical regions, as well as interactive model-experiment and model-

observation systems.

One recommendation is to identify reasons why eurrent global models cannot prediet the carbon eyele adequately.

The workshop outcomes and the upeoming peer-reviewed publications are expected to inform related topies in Second State of the Carbon Cyele Report, a special U.S.

Global (‘.h:mge Research ngmm (USGCRP) sustained assessment report (https://www.carboneyelescience. us/news /federal-register-notice-2nd-state-carbon-cycle-report-socer-2 being
produced under the leadership of CCIWG/U.S. Carbon Cyele Science Program. These outcomes will also be used for planning the next decade of NACP.

The workshop was sponsored by CCIWG, established under the U.S. Carbon Cyele Seience Program, under the auspices of USGCRP. The workshop was coorganized by
Yiqi Luo from University of Oklahoma, Scott Denning from Colorado State University, and Gyami Shrestha from the CCIWG/U.S. Carbon Cyele Science Program

Office at USGCRP.
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Hampshire, Durham; Yiqi Luo, Department of Microbiology and Plant Biology, University of Oklahoma, Norman; and Gyami Shrestha, U.S. Carbon Cyele Science
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