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The Second State of the Carbon Cycle Report (SOCCR2) provides a 
current state-of-the-science assessment of the carbon cycle in 
North America (i.e., the United States, Canada, and Mexico) and its 
connection to climate and society.

These findings are based on multidisciplinary research that 
includes experimental, observational, and modeling studies from 
the last decade. 

It is intended for a diverse audience that includes scientists, 
decision makers in the public and private sectors, and communities 
across the United States, North America, and the world,



•Contains 878 pages

Highlights (plain language) & Executive Summary (technical) 4 sections

19 chapters, 7 appendices 

•Developed by 200+ diverse cross-sectoral experts 

•3764 publications cited 

•33 Chapter Leads 

•200 Contributing Authors 

•5 Science (cross-chapter section) Leads 

•11 Review Editors 

•3 years formulation & production (2015-18) 

•Over 6 Drafts reviewed over 6 times incl. by Public, U.S. National 

Academy of Sciences (NAS) publicly nominated committee, expert 

external reviewers, 21 Federal Steering Committee members. 

Facts



Why is it important?



https://carbon2018.globalchange.gov/chapter/8/

SOCCR-1 SOCCR-2



[Figure source: Christopher DeRolph, Oak Ridge National Laboratory.]



SOCCR-2

• Synthesis
• Global Context (1), North America (2), Projections (19)

• Human Dimensions
• Energy Systems (3), Urban Carbon Fluxes (4), Agriculture 

(5), Social Science Perspective (6), Tribal Lands (7), 
Decision-making (18)

• The State of Air & Land
• Atmosphere (8), Forests (9), Grasslands (10), Arctic & 

Boreal (11), Soils (12)
• The State of Water

• Terrestrial Wetlands (13), Inland Waters (14), Tidal 
Wetlands & Estuaries(15), Coastal Oceans & Continental 
Shelves (16)

• Consequences (17)



SOCCR-2, Chapter 2

Chapter 2 of the SOCCR-2 synthesizes the latest 
scientific information on the North American carbon 
budget, incorporating terrestrial, anthropogenic, 
aquatic, and coastal margin CO2 and CH4 dynamics. 
Estimates are summarized from different methods 
at the continental scale and across the three 
countries (i.e., Canada, the United States, and 
Mexico), 
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Some Key Finding

• North America—including its energy systems, land base, and coastal 
ocean—was a net source of carbon dioxide to the atmosphere from 
2004 to 2013, contributing on average about 1,008 teragrams of carbon 
(Tg C) annually (±50%) (very high confidence).

• Fossil fuel emissions were the largest carbon source from North America 
from 2004 to 2013, averaging 1,774 Tg C per year (±5.5%). Emissions 
during this time showed a decreasing trend of 23 Tg C per year, a 
notable shift from the increasing trend over the previous decade. The 
continental proportion of the global total fossil fuel emissions decreased 
from 24% in 2004 to 17% in 2013 (very high confidence). 

• Approximately 43% of the continent’s total fossil fuel emissions from 
2004 to 2013 were offset by natural carbon sinks on North American 
land and the adjacent coastal ocean (medium confidence).



Fossil Fuel Emissions



Data source: Carbon Dioxide Information Analysis Center (Boden et al., 2017).]

https://carbon2018.globalchange.gov/chapter/2/
Annual North American Fossil Fuel Emissions from 1959 to 2014



Energy use in exajoules (EJ); carbon emissions in petagrams (Pg). [Data source: EIA 2017i]

https://carbon2018.globalchange.gov/chapter/3/

Annual North American Fossil Fuel Emissions from 1959 to 2014



Carbon pools
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Carbon Pools

Carbon 
Pools Canada

United 
States Mexico North America

Total 
Biomass 20,547 21,799 2,011 44,357
Total Soils 83,249 70,691 11,879 626,705

Teragrams of C (Tg C) 

https://carbon2018.globalchange.gov/chapter/2/



Carbon Pools

Carbon 
Pools Canada

United 
States Mexico North America

Total 
Biomass 20,547 21,799 2,011 44,357
Total Soils 83,249 70,691 11,879 626,705

Teragrams of C (Tg C) 

Permafrost soils (459,000 Tg C)

https://carbon2018.globalchange.gov/chapter/2/



Major Components of the 
North American Carbon 

Cycle



https://carbon2018.globalchange.gov/chapter/2/

All values as teragrams of C per year (Tg C / yr) 



https://carbon2018.globalchange.gov/chapter/executive-summary/



https://carbon2018.globalchange.gov/chapter/executive-summary/



Other Key Finding

• Using bottom-up, inventory-based calculations, the Second State of the 
Carbon Cycle Report (SOCCR2) estimates that the average annual 
strength of the land-based carbon sink in North America was 606 Tg C 
per year (±75%) during the 2004 to 2013 time period, compared with 
the estimated 505 Tg C per year (±50%) in ca. 2003, as reported in the 
First State of the Carbon Cycle Report (CCSP 2007). There is apparent 
consistency in the two estimates, given their ranges of uncertainty, with 
SOCCR2 calculations including additional information on the continental 
carbon budget. However, large uncertainties remain in some 
components (very high confidence). 

• The magnitude of the continental carbon sink over the last decade is 
estimated at 699 Tg C per year (±12%) using a top-down approach and 
606 Tg C per year (±75%) using a bottom-up approach, indicating an 
apparent agreement between the two estimates considering their 
uncertainty ranges.*
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https://carbon2018.globalchange.gov/chapter/executive-summary/

Aquatic ecosystems



https://carbon2018.globalchange.gov/chapter/executive-summary/



https://carbon2018.globalchange.gov/chapter/executive-summary/



Sources of Methane (CH4) Emissions Estimated from Bottom-Up Methods for 

Three Regions of North America from 2003 to 2012

compiled by Saunois et al., 2016 https://carbon2018.globalchange.gov/chapter/2/



SOCCR-2 and social aspects



Primary Drivers of Carbon Stocks and Emissions

https://carbon2018.globalchange.gov/chapter/18/



Primary Drivers of Carbon Stocks and Emissions

https://carbon2018.globalchange.gov/chapter/18/



https://carbon2018.globalchange.gov/chapter/6/



https://carbon2018.globalchange.gov/chapter/6/



https://carbon2018.globalchange.gov/chapter/appendix-c/



REDDC should include efforts and commitments by a
wide range of actors and institutions that include
government organizations/ministries/agencies across
different levels of government, and between govern-
ments, the scientific community, landowners, civil soci-
ety groups and business. Conceptually, a low degree of
interoperability results in lack of data sharing, dimin-
ished communication and a weak science–policy inter-
face that limit implementation of national and
international guidelines (Figure 1). The more that
efforts are made to successfully bridge the gaps and
alleviate the barriers of interoperability, the higher the
degree of interoperability (Figure 2). Ultimately, we
propose that improving the multiple facets of interop-
erability will result in higher adaptive management [7]
and governance [8], and could facilitate regional-to-
global collaborations to foster development and imple-
mentation of REDDC.

A high degree of interoperability is particularly criti-
cal to address social-ecological challenges related to
REDDC, mainly in developing countries. Enhancing
interoperability is critical for improving observations (e.
g. changes in carbon stocks and fluxes over time and

space), forecasting capabilities, and application of
innovative technologies (e.g. remote sensing, digital
imagery, micrometeorology) to determine how to
anticipate, recognize and manage country-specific car-
bon resources across social-ecological systems [4,9,10].
Higher interoperability could close the gap between
research and policymaking communities, so efforts can
be more efficient to address important social aspects
of REDDC strategies [11,12]. For example, new infor-
mation may aid in determining how to distribute pay-
ments more equitably for carbon management to
benefit poor rural communities [13] by reducing uncer-
tainty in carbon storage potential and making REDDC
management strategies more likely to succeed. Fur-
thermore, higher interoperability could optimize
efforts and resources to provide more transparent and
robust monitoring, reporting and verification (MRV)
systems with the ultimate goal of implementing
REDDC programs and actions.

Here, we outline a conceptual framework of interop-
erability, and present Mexico as a case study of evolv-
ing interoperability for implementation of REDDC.
Mexico has been recognized as a non-Annex I country

Figure 1. Conceptual diagram of interoperability barriers (i.e. conceptual, technological, organizational, cultural) showing how
they interact to enhance interoperability to facilitate implementation of REDDC programs and actions.

58 R. VARGAS ET AL.

Interoperability for carbon cycle science

Vargas et al 2017



SOCCR2, Chapter 2: Key Findings

• NA a net source of C to 
the atmosphere over the 
last decade, driven by 
fossil fuel emissions

• The ecosystem sinks 
offset ~40% of fossil fuel 
emissions

• Consistency of bottom-
up estimates in SOCCR2 
vs. SOCCR1

• Agreement between 
bottom-up vs. top-down
estimates in SOCCR2

Thank You! 
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