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Questions addressed during the breakout session

· What are the most important science questions?

· What are the most promising opportunities for interdisciplinary collaboration?

· Where will there be strong societal benefit?

· How can upcoming NASA missions address topics of interest?

Summary

The initial presentation covered an overview of the global carbon cycle based on the 2007 IPCC Assessment, and discussed trends and drivers. The basic changes and causes of trends: increasing atmospheric CO2, the interannual variability of sinks caused largely by climate variability, and the long-term trends in strength of ocean and land sinks were discussed.

In the discussion, we covered the need for increasing ability to project trends under emission and management scenarios, and the need to consider effects on society including indirect or side effects. “Management” needs to be expanded to climate, from exclusively carbon. Hindcast model-data comparisons are needed, and to achieve this, data mining and global syntheses should be encouraged by NASA. Tipping points need to be anticipated and monitored. Uncertainty evaluation needs to become routine. Carbon cycle and ecosystem modeling are converging, and the coupled carbon-climate system, including disturbance, feedbacks and management, needs to be included in IPCC analyses.

Participants in the session were almost exclusively from the land community. For this reason, the ocean issues were not discussed.

Main points of discussion
1. Can we narrow the range of feedback estimates?  Hindcasting is an important approach to improve our models, which requires attention to developing good historical data sets.

2. There is an ongoing need for improved global data sets, for example, soil, vegetation, ocean productivity, etc. at high spatial resolution.

3. There is a critical need for a global time-series of land disturbance data – and a specific call for NASA to help secure the global holdings of time series of Landsat scenes.  The group noted that while good progress has been made for North America, many other areas of the globe lack such synthesized information and the challenges will be greater. 

4. There is an urgent need to anticipate, geograhically, where critical “tipping points” are likely to be reached, i.e., to predict places where significant change may be imminent (e.g., sensitive high-latitude systems).  We need to design a global observation system (network) designed to monitor critical variables that will give an early warning of adverse climate change/carbon cycle impacts.   
5. Over the next decade, there is a need to shift from managing carbon to managing climate.  What are the implications of this shift in global thinking?  We will need to quantify all GHGs as well as the physical effects of management such as albedo and transpiration.  These diverse variables will need to be integrated into a comprehensive climate accounting system.  Such changes in global climate accounting will have a big impact on policies which are currently focused on managing the carbon cycle with some attention to a few other greenhouse gases such as N2O and CH4.

6. Verification of carbon/climate management actions is increasingly critical.  What is the role of NASA (and other agency) sensors and monitoring systems, including data archives and future systems? This is a global issue of the need for capacity building among many countries (including the U.S.) to enable accurate and consistent accounting at scales from small projects to the globe.

7. There is a continuing need for more attention to uncertainty analysis of monitoring systems, and for projections especially with regard to changing risk of disturbance under climate change.

8. How can we manage human impacts on the carbon/climate system?  For example, how do tradeoffs between food and fuel (e.g. corn for ethanol) affect the system?  What is the role of NASA sensors in conducting such analyses?  How to integrate this kind of interdisciplinary analysis among agencies and disciplines? 
Detailed Breakout Notes

INTRODUCTORY PRESENTATION

Trends: What are the driving mechanisms of carbon cycle variability and trends?  Fossil fuels usage, etc. We need to separate anthropogenic vs. natural and quantify mechanisms. Flux variability is connected to ENSO – dominated by land.  Global scale – during El Nino high flux in tropics – land signal larger than ocean. Ocean trends – changing PP with MEI at stratified regions.  Also suggest pCO2 in North Atl. is declining.  Are these signals real or aliasing of data?
Predictions: IPCC WG1 – coupled Climate-Carbon model. Chapter 7 figures.
Management: Ocean sequestration, land sequestration, iron fertilization 
Side-Effects: Ocean acidification – bad for pteropods, good for coccolithophores. Who will benefit / lose. How will ecosystems change?

DISCUSSION

Beyond just carbon when considering climate impact of ecosystem: Albedo is an important off-setting factor in temperate forests.  May see net-cooling if cut forests.  Know where disturbances occur.  Can NASA help?  Temperate zone is very diverse, but its hard to assign value to each forest.  Need differences teased out.  Different types of vegetation.  Some areas likely better known than others.  Remote-sensing efforts need to be combined with vegetation maps.  This depends on climate background – snow vs. summer.  Albedo has many human influences – cropland, etc.  Depends on what forest is transformed to.  Carbon cycle and ecosystem modeling are becoming same thing.  Broadens application.  Verification – how much carbon was actually stored – increased issue.  Remote sensing  - a way of assessing what needs to be followed up on.  

Coupled models – do they consider albedo impacts of vegetation? Depends on the models.   Can use different albedo depending what is growing – changes with temp.  Difficulty – number of well-defined values are low.  But not only albedo – it is the entire feedback.  Hard to completely decouple.  For example – broad leaves vs. needle leaves.  Is IPCC missing the biosphere feedback? Not in the Chapter 7 models that include carbon cycle feedbacks (C4MIP) Main AR4 models, doing central temperature projections different from these.  

Disturbance:  North American Continent disturbance map is available (decadal scale).  Also have at 1 to 10 km scale.  But only for North America (including Canada and Mexico). Can this be done for other countries?  Asking NASA to get copies of all Landsat images. Do we need new types of sensors to measure disturbance?  

Need hindcast comparisons of models to data.  No long data records of climate-carbon interactions.  Need to include disturbance algorithms.  Need global time-series of disturbance – possible on large area maybe.  Need the best data to do model validation.  Highly detailed studies are easier to do locally.  Simplify and do globally.   But getting this funded is hard since get negative kickback from local experts on global models. Can we narrow space of feedback responses with NASA research? Know it is important, how to we move forward?

Running SID(B) globally at GSC.   Have modeling plan years before mission.  Need to mention spatial scale.  As go from local to global – loss of detail. But perhaps this is OK, and need experts involved in doing the best job possible. Do not have infinite resource.  

Need to have a better parameterization of vegetation that can bridge gap between small-scale and large-scale models.  

Tipping-point questions.  How much of a temperature increase should we aim for, what is threshold?  2 degrees globally – higher increase in the north – perma-frost.  Deep C pools at high latitudes.  2007 increase in CH4 – is this indicative of a tip?  

Studying impacts- could be specific areas where NASA capabilities can aid in exposing impacts.  Can identify pools of C that are most vulnerable, and focus study there.  Gets back to time-series – only the data shows where models are missing dynamics.   

Maybe to late observe once tipping points have already occurred – need to identify where they may occur.  Need observational design studies.  What type of design needed to ID an area of impact? Models could help very much with this.
Is NASA are they encouraging computational studies? Resources? The infra-structure is there with the satellite missions.  Even more important – gather what we can from data that we have – use time-series to validate models.  The land surface models will run at higher resolution than atmosphere. Can work to capture transient rates.  Doesn’t take much computing time.   

Landsat – have good resolution images since ~1972.  Have good estimates of where changes have occurred. In some areas of world, ground statistics are poor. But Landsat is not available globally.  In some areas – i.e Africa.  Now have USGS images of Africa.  Not yet been called upon to do disturbance on global scale.  Data is there but needs to be put in consistent format.   Even just last 30 years.   Should mine the 4 million USGS scenes.  So, it is an inter-agency issue. Need to cooridinate, NASA with USGS etc.  

Responsible C management techniques:  Where to we plant trees, what happens to albedo?  Terrestrial – ocean feedback systems.  We  need to wrap carbon management, just a piece of problem, into climate management.  NASA – program can take all proposals – decide if good or bad idea based on what needs to be done. i.e sulfate aresols.  Should NASA have a climate service? – NOAA already has one in budget.   Need to look at projections of a managed climate.  But policy analysis may not work in a NASA science mission.  NOAA is operation agency – a bit different. 

Monitoring with remote sensing – unless someone uses data and models or analyzes to show trend, doesn’t attract public.   If parts of RFP doesn’t get requested, work never gets done.  Need to set proposal standards – things that must be investigated by each research group.  Program managers can promote enhanced coordination.    Maybe national labs need to take this charge.  

Data cleanup – not something scientists want to do.  What is the right approach?   Routine monitoring is already done and expected.  Need top-down recognition of data mining needs.  2 million scenes are soon available.  But its big task to analyze. Can an individual PI get funded to do this?
Ancillary observations of the dynamics that govern disturbance are needed.  What are the disturbance patterns and mechanisms in order to predict change and how to manage (i.e which species of trees to plant)?   C management in other countries is also sought by U.S. entities, so a US investment (using remote sensing, for example), is of likely benefit to US interests. But can NASA work with 50 other developing countries ? Done in Panama.  Cost can be huge.  Needs to be a research issue for NASA.  

Influence of society on carbon management. Food, shelter, etc.  Need a global study of impact of humans on C budget.  Food consumption, for example.  When population is large in area that doesn’t produce much food, this is a carbon source balancing a terrestrial sink elsewhere.
How much land is cropped globally?  Have estimates of usable crop land but not what actually is used.  What are crop failure rates?  Need for models.  Can remote sensing help?
Population Density – used to decide where wind turbines could go globally.  High-density population maps are from satellite data, can meld with country census data.  But still this tells just snapshots of how land is used.  Don’t have time-series of population density changes.  

Need to check on high-resolution C models across a variety of climate conditions and ecosystems.  Then need to explore active C management on sequestration side, and also mitigate respiration.  

