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1. Action Team Science Goals
The original goals in: http://www.arcus.org/search-program/goals and the “Activities to Implement the Five-Year Goals” remain as originally stated.

2. Action Team Membership
The Permafrost Action Team currently is represented by activities of the Permafrost Carbon Network. The Permafrost Carbon Network has an ad-hoc steering committee formed by lead and co-lead scientists of data synthesis products. This group leads the Permafrost Carbon Network members consisting of more than 250 scientists from 90 institutions and 17 countries. Details to the network organization and membership are given on http://www.permafrostcarbon.org/PI%20and%20steering%20committee.html

[Add text on process for convening the Action Team as distinct fro the RCN steering committee]

3.  Summary of Activities in Reporting period 
Activities: As part of the activities of the Permafrost Action Team, the Permafrost Carbon Network held its 4th Annual Meeting on December 14th 2015, prior to the Fall Meeting of the American Geophysical Union in San Francisco, CA. The meeting was highly attended with more than 90 participants. The morning of the meeting was structured into short presentations given by synthesis product leads where results from completed synthesis activities were presented as well as new ideas proposed. Breakout sessions followed in the afternoon with a focus on a) Modeling, Benchmarking and possible CMIP6 activities; b) Arctic coastal processes and Yedoma region carbon pools; and c) Aerobic and Anaerobic upscaling using a Pan-Arctic thermal scaling approach. During those breakout sessions meeting participants had the opportunity to get involved by providing their expertise and ideas to the synthesis leads. The short presentations were uploaded and shared with members of the Permafrost Carbon Network online through a password protected site. 

In early May of 2015 we held another workshop for the Permafrost Carbon Network in Flagstaff, AZ. This two-day workshop included steering committee members and leading scientists of the Permafrost Carbon Network (a total of 25 participants). We had a particularly strong representation of early career scientists at this workshop and could engage a number of new scientists to take on the lead for a synthesis. Prior to the meeting, participants were asked to prepare a scoping document for the project they had taken the lead on, which then served as basis for discussion during the workshop. The topics that were discussed were:
1) Improving interactions with the Earth System Modeling community
2) Development of Benchmark Data Sets for Model Evaluation
3) Coordinated Model Experiments
4) Thermokarst Landscapes: Pan-Arctic distribution and vulnerability to climate change
5) Thermokarst Carbon Upscaling
6) Thermokarst and thermo-erosion rates synthesis
7) Where, when will the Arctic become wetter or drier?
8) A regionalization scheme to study permafrost carbon vulnerabilities
9) Produce estimates of uncertainties of wetland, lake, gas hydrates, and fossil methane emissions and of methane uptake by terrestrial ecosystems that minimizes double accounting
10) Produce estimates and uncertainties of methane emissions from permafrost in coastal waters of the Arctic Ocean and its marginal seas that make optimal use of the data available and attempt to separate these emissions into their various sources (decay of submarine permafrost, dissociation of hydrates, fossil fuel sources, and from terrestrially derived carbon)
11) Synthesize top-down estimates of methane emissions for the permafrost region (both on shore and off shore) to identify uncertainties in space and time 
12) Organic matter composition in waters draining permafrost landscapes
13) Peatlands across northern biomes: their geographical extent, peat depth and stocks of carbon and nitrogen
14) Assessing the decomposability of organic carbon in permafrost-region soils: navigating the quagmire of soil organic matter fractions
15) Circumpolar spatial scaling of soil carbon and nitrogen stocks
16) Refining Yedoma Carbon Stocks
17) Synthesizing the use of carbon isotope (14C and 13C) approaches to understand rates and pathways for permafrost C mobilization and mineralization
18) The depth distribution of soil carbon: quantification of northern profile datasets

All scoping documents were revised and updated after the workshop and shared with the whole network to give all members an opportunity to get involved. During the workshop we also worked out options for data sharing and started planning the 5th annual meeting of the Permafrost Carbon Network taking place on Sunday, December 13th 2015 in San Francisco, CA. 

Products and outcomes: 
Individual synthesis progress was achieved across all working groups of the Permafrost Carbon Network over the last year. The five working groups include: Soil Carbon Quantity, Soil Carbon Quality, Abrupt Thaw/Thermokarst, An/aerobic Issues, and Modeling Integration.

The Soil Carbon Quantity working group successfully published a research article in Biogeosciences titled ‘Estimated stocks of circumpolar permafrost carbon with quantified uncertainty ranges and identified data gaps’ (Hugelius et al., 2014). These newly revised estimates of permafrost soil organic carbon assign ~ 500 Pg of carbon to non-permafrost soils, seasonally thawed in the active layer or in deeper taliks, while ~ 800 Pg of carbon is perennially frozen. These estimates are ~300 Pg lower than previous estimates and are based on significantly larger databases. Additionally, several new projects are in progress which focus on a) Peatlands across northern biomes: their geographical extent, peat depth and stocks of carbon and nitrogen; b) Synthesis of the recent literature on Yedoma carbon stock and vulnerability; c) Development of a Yedoma Database; d) Development of a Yedoma distribution and thickness map; e) Circumpolar scaling of soil carbon and nitrogen stocks; f) Synthesis of carbon isotope (14C and 13C) approaches to understand rates and pathways for permafrost C mobilization and mineralization; and g) Depth distribution of soil carbon to quantify northern profile datasets. All of these activities will provide variables and estimates that can be used by the modeling community.

The Carbon Quality working group successfully published a new synthesis using anaerobic incubations in Global Change Biology in early 2015 (Treat et al., 2015). The manuscript identified maximum methane production to decrease with depth, while the carbon dioxide to methane production ratio increased with depth. Global warming potential was highest from tree and graminoid dominated sites and lowest from sites with shrubs and sites without moss cover. Incubation temperature, pH, % carbon, mean annual precipitation, mean annual air temperature, ecosystem type, moss type, vegetation zone, and sample depth were identified as the best predictors of methane production and explained 45.8% of the variance among samples.
A new synthesis that looks at the effects of changing environmental controls on carbon release from permafrost was recently submitted to Nature Climate Change (Schädel et al.). This study quantified the effect of increasing temperatures and changes from aerobic to anaerobic soil condition using 26 incubation studies from the permafrost zone. We showed that a 10 °C increase in incubation temperature doubled carbon release from permafrost and that soils incubated under aerobic conditions released 3.4 times more carbon than under anaerobic conditions. Our results show that when permafrost thaws and drains, one unit of soil will have a more than three times higher impact on climate change than when the same unit of soil thaws under undrained conditions. With this new synthesis we provide additional variables to the modeling community that are particularly useful in terms of constraining the permafrost carbon feedback to climate change. Additionally, we have identified gaps in how incubation results are reported and measured and are working on a manuscript with suggestions and improvements for standardized incubation procedures to determine the decomposability of soil organic matter. 

As part of the Anaerobic/Aerobic working group, a meta-analysis on the biodegradability of dissolved organic carbon in permafrost soils and waterways was recently published as a discussion paper in Biogeosciences (Vonk et al., 2015). The main results suggest that climate-induced shifts of continuous permafrost into discontinuous permafrost regions could affect the degradation potential of thaw-released dissolved organic carbon as well as its variability throughout the Arctic. Another synthesis effort combines thirty years of research on methane emissions of Pan-Arctic lakes and ponds (Wik et al. in preparation). 

A cross-group synthesis (Aerobic/Anaerobic and Thermokarst working group) uses available maps of environmental conditions to define a number of thermokarst regions and to characterize each region with regard to typical thermokarst features and degree of thermokarst pre-disposition to future thermokarst development. The purpose of the thermokarst maps is both to be used as a visualization of permafrost characteristics and vulnerability, but can also be used as a tool for scaling of carbon fluxes associated with permafrost thaw. Changes in permafrost carbon associated with abrupt thaw (thermokarst and thermal erosion) are poorly understood and are not accounted for in most large-scale upscaling efforts. The Permafrost Carbon Network has made considerable effort in the last year in tracking changes in permafrost carbon loss or increase in ecosystem carbon uptake following thermokarst and thermal erosion. This will allow for a first order investigation of the potential magnitude of permafrost carbon release associated with these processes. 

The Modeling Integration working group finalized a modeling intercomparison retrospective analysis of carbon emissions from the permafrost zone with a follow-on product of projections of future emissions over the next century. Both manuscripts are drafted and reviewed by co-authors and manuscripts will be submitted within the next 6-12 months. There are also a number of ancillary papers from the retrospective analysis under development. These papers focus on (1) carbon dynamics in Northern Eurasia, (2) gross primary production in the permafrost region, (3) winter soil thermal dynamics, (4) decadal trends in soil thermal dynamics, and (5) soil thermal dynamics on the Tibetan Plateau. 

The successfully completed synthesis activities of the Permafrost Carbon Network over the last four years comprised the cornerstones for a new upscaling approach. This data-constrained modeling approach combines three elements, soil carbon maps and profiles to identify the distribution and type of carbon in permafrost soils, incubation experiments to quantify the rate of carbon lost after thaw; and models of soil thermal dynamics in response to climate warming. This approach is called the Permafrost Carbon Network Incubation-Panarctic Thermal scaling approach (PInc-PanTher, Koven et al. (in review)). The main results indicate a global sensitivity of frozen soil carbon to climate change of -14 to -19 Pg carbon °C-1 on a 100 years’ time scale. Despite neglecting many important processes that might amplify or mitigate carbon release from permafrost soils, this data-constrained modeling approach provides an additional estimation to the prediction of rates of CO2 and CH4 release from thawing permafrost. 

The collective effort of the leads of many previous and ongoing synthesis activities of the Permafrost Carbon Network resulted in a review article published in Nature in April of 2015 (Schuur et al., 2015). The review outlined the current state of knowledge about the impact of thawing permafrost carbon on climate in a future warmer world. We reviewed the size of the carbon pool stored in the permafrost region and confirmed that tremendous quantities of carbon are accumulated deep in permafrost soils. Reviewing laboratory incubations using permafrost soils, we concluded that a substantial fraction can be mineralized by microbes and converted to CO2 and CH4 on timescales of years to decades. Abrupt thaw processes are common features in northern landscapes that expose large quantities of organic matter to decomposition, however, these processes are entirely absent from large-scale models used to predict the rate of climate change. The main conclusion of this review paper is that greenhouse gas emissions from warming permafrost are likely to occur at a magnitude similar to other historically important biospheric carbon sources such as land-use. 

Collaborators: The Permafrost Action Team closely collaborates with scientists from Next Generation Ecosystem Experiments for the Arctic (NGEE Arctic), the Arctic-Boreal Vulnerability Experiment (ABoVE), the Circumpolar Active Layer Monitoring Network (CALM), and the Global Terrestrial Network for Permafrost (GTN-P). We also have a strong connection with the International Permafrost Association, Climate and Cryosphere, the International Arctic Science Committee, the Interagency Arctic Research Policy Committee (IARPC), and the Global Carbon Project.

Training and professional development: The Permafrost Action Team is highly engaged in training early career scientists. We engaged many new junior scientists in the last year to work with more senior scientists by leading a synthesis activity thereby offering key training and exposure to early career scientists. This pairing is a structural feature of the Permafrost Carbon Network and serves to integrate new researchers into science synthesis.

Impacts: See previous text

Dissemination and Outreach: As part of our outreach activities we chaired a session at the Fall Meeting 2015 of the American Geophysical Union that attracted 71 abstracts and resulted in three slots of oral presentations and one poster session. We also presented results of Permafrost Carbon synthesis activities at multiple scientific meetings and briefings (IARPC2, International Permafrost Association, Polar Research Board; online participation; NGEE Arctic Annual Meeting in San Francisco, CA; North American Carbon Program Meeting in Washington, DC; Climate and Cryosphere Steering Committee Meeting in Boulder, CO, Bonanza Creek LTER Meeting in Fairbanks, AK, Flagstaff Leadership Program, Flagstaff AZ) and disseminated scientific findings through news articles and a blog post with Carbon Brief. Additionally, our website (www.permafrostcarbon.org) serves as a forum for permafrost carbon related topics and is regularly updated with the newest publications and activities of the Permafrost Carbon Network.

Publications and Products as part of the Permafrost Action Team:
Hugelius G, Strauss J, Zubrzycki S et al. (2014) Estimated stocks of circumpolar permafrost carbon with quantified uncertainty ranges and identified data gaps. Biogeosciences, 11, 6573-6593.
Koven CD, Schuur EaG, Schädel C et al. (in review) A simplified, data-constrained approach to estimate the permafrost carbon-climate feedback. Philosophical Transactions of the Royal Society a-Mathematical Physical and Engineering Sciences.
Schädel C, Bader MKF, Schuur EaG et al. Changing environmental contrls affect the strength of the permafrost carbon feedback.
Schuur EaG, Mcguire AD, Schädel C et al. (2015) Climate change and the permafrost carbon feedback. Nature, 520, 171-179.
Treat C, Natali SM, Ernakovich J et al. (2015) A pan-Arctic synthesis of CH4 and CO2 production from anoxic soil incubations. Global Change Biology.
Vonk JE, Tank SE, Mann PJ et al. (2015) Biodegradability of dissolved organic carbon in permafrost soils and waterways: a meta-analysis. Biogeosciences Discuss., 12, 8353-8393.

4. Planned Activities for Upcoming Reporting Period
As part of our outreach activities, we co-host a session at the conference ‘Our Common Future under Climate Change’ in July of 2015 in Paris, France. During the session the newest results about biogeochemical feedbacks to climate change are presented including results from the permafrost zone. Additionally, this conference serves as a platform to engage with stakeholders, non-governmental organizations, policy-makers and the media. 

The Permafrost Action Team plans on hosting the 5th Annual Meeting of the Permafrost Carbon Network on Sunday, December 13th in San Francisco, CA prior to the Fall Meeting of the American Geophysical Union. At this meeting, newest updates on ongoing synthesis activities will be presented to the large network with active involvement of participants in break-out sessions in the afternoon. 

5. Budget Dashboard
To be added.
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