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The National Aeronautics and Space Administration (NASA) solicited proposals for 
investigators to participate in a newly defined pre- Phase A and pilot initiative for the 
development of a Carbon Monitoring System (CMS). Under this CMS initiative, 
scientists at several NASA Centers will collaborate in the development of two pilot 
products:   
 

• Biomass and Carbon Storage Pilot Product: A biomass and carbon storage pilot 
product (to be hereafter referred to as the Biomass Product) will be developed. 
The focus will be on quantifying the terrestrial vegetation aboveground carbon 
stock using consistent approach(es) and performing uncertainty analysis on its 
magnitude and spatial distribution. The initial emphasis will be on production and 
evaluation of a U.S. biomass and carbon storage product, but a global product also 
will be planned.  

• Integrated Emission/Uptake (“Flux”) Pilot Product: A global product for 
integrated emission/uptake (to be hereafter referred to as the Flux Product) will be 
developed. This product will be created through a combination of space-based 
measurements of atmospheric carbon dioxide (from Japan’s Greenhouse gases 
Observing Satellite (GOSAT), NASA’s Tropospheric Emission Spectrometer 
(TES), and other instruments), carbon cycle models and assimilation systems, and 
observationally-constrained, but model-calculated, information about the 
processes that couple the surface to the atmosphere.  
 

NASA sought proposals from independent scientific and technical experts to guide the 
development and evaluation of these two pilot products as members of a Science 
Definition Team (SDT).  Specifically, SDT members will:  

• Review and provide scientific and technical input regarding the overall 
development plan for a pilot product;  

• Recommend refinements to the product development approach, algorithms, and/or 
models, recognizing the overall approach has already been selected and that the 
time and other available resources will be limited;  

• Provide guidance for the development of an evaluation plan that includes both 
validation and characterization of uncertainties associated with a product and 
participate in product evaluation activities;  

• Provide guidance on the nature of the data sets and initial pilot product(s) to be 
produced and how they may be used for carbon policy and carbon management;  

• Provide liaison with the broader science, applications, and user communities or 
the related activities of other U.S. Federal agencies;  



• In the case of the Biomass Pilot, participate in the development of a plan for a 
global terrestrial biomass product to follow the regional and national products; 
and  

• Work in close association with NASA HQ and the NASA Center-led teams 
implementing the development of the pilot products to achieve the CMS goals.  

 
NASA received a total of 24 proposals in response to the solicitation and has selected 16 
for funding and 14 for CMS SDT membership.  The total funding to be provided for 
these investigations is approximately $1 million over 18 months. The investigations 
selected are listed below. The Principal Investigator, institution, investigation title, and 
proposal summary are provided. Co-investigators are not listed here. 
 
 
Proposals Selected for Carbon Monitoring System Science Definition Team Membership: 
 
 
Avelino Arellano/University of Arizona 
Development of a Carbon Monitoring System from an Ensemble Coupled Data 
Assimilation Perspective 
 
This proposal is in response to the NASA ROSES 2010 A.39 solicitation. In particular, 
this is a request to participate on the development and evaluation of the NASA Integrated 
Emission/Uptake “Flux” pilot product as member a of the Carbon Monitoring System 
Science Definition Team (SDT). The NASA Center-led pilot study aims to provide 
global maps of surface carbon fluxes that are constrained by atmospheric observations of 
CO2 using data assimilation tools to combine information from observations and model 
output. A critical component of this study is the characterization of errors associated with 
a) prior estimates of carbon fluxes, b) modeling atmospheric transport, and c) 
atmospheric carbon observations. The ensemble approach proposed in the pilot study is 
an extremely useful application in characterizing these errors. However, intrinsic in this 
approach is the need to generate realistic and reasonable ensemble perturbations. As a 
member of the team, I propose to augment the activities of the pilot study by providing 
ensemble simulations derived from propagation of these errors within a system that 
mimics a numerical weather prediction with chemistry. Ensemble simulations of 
atmospheric CO2 and CO (and preselected CO2 and CO tagged tracers) will be generated 
and analyzed using perturbed meteorology and/or surface fluxes in the Community Earth 
System Model (CESM1). In conjunction with CO2, relatively well-observed species like 
CO offers a unique opportunity to investigate errors associated with modeling constituent 
transport. This work is an extension of current ensemble DA capabilities of CESM’s 
Community Atmosphere Model with Chemistry (CAM-Chem) and National Center for 
Atmospheric Research Data Assimilation Research Testbed (DART) (e.g. joint 
assimilation of MOPITT CO and meteorological observations by Arellano et al., 2010 
and Arellano et al., 2007). Results will be provided as independent model data to SDT 
and the pilot study production team. Expertise in ensemble data assimilation, inverse 
modeling of CO sources (Arellano et al., 2004; Arellano and Hess, 2006) and use of 
satellite data (Edwards et al., 2009) will be provided during the course of the pilot study. 



 

Molly Brown/NASA Goddard Space Flight Center 
Developing a Framework for Evaluating CMS Pilot Products to Promote 
Engagement with the User Community 
 
In this proposal for membership on the CMS Science Definition Team, I will focus on 
extending the user base and evaluating the usefulness of the biomass and flux pilot 
products. Through discussions with Dr. Molly Macauley of Resources for the Future, we 
will collaborate to develop an evaluation process for the pilot products so that they have 
the highest likelihood of developing products that can be incorporated into systems and 
processes used in decision-making.  If selected for the SDT, I will have three roles in the 
SDT: 1) develop a framework that will enable quantitative evaluation program for both 
pilot projects and will assist the implementation of the evaluation of the biomass project; 
2) develop long-term strategies for the science products that are in the appropriate spatial 
and temporal extent, precision and resolution that will be useful in for decision makers; 
and 3) provide a laison with the broad science, applications and user communities in the 
US Federal agencies in order to reduce replication and improve knowledge of and 
ultimate use of the products.  The proposal summarizes my background, expertise and 
ability to have these roles in the CMS SDT. 
 

Nancy French/Michigan Tech University 
Biomass Burning Assistance for NASAs Carbon Monitoring System 
 
In support of the NASA Carbon Monitoring System (CMS) the Michigan Tech Research 
Institute (MTRI) proposes to provide expertise and outputs on aspects of carbon cycling 
related to wildland fire and agricultural burning (a.k.a. biomass burning).  Under the 
proposed project Dr. Nancy French will serve as an expert in fire emissions estimation to 
provide needed expertise and data sets for aspects of the Integrated Emission/Uptake 
(“Flux”) pilot project.  Dr. French has been involved with geospatial evaluation of 
wildland fire effects for over 20 years and is currently funded to help quantify impacts of 
agricultural burning as a Co-I for a NASA Applied Science Program grant (A. Soja, PI). 
Her expertise in remote sensing of fire effects, including burn area mapping, fire severity, 
and emissions modeling, will provide an in-depth knowledge set for evaluation of the 
impacts of fire on carbon fluxes that are currently included within the CASA models 
being used in the pilot study.  We propose to supply, as needed, both input and validation 
data for the biomass burning emissions part of the CASA-GFED land-atmosphere carbon 
model, and provide expertise from French and her team on interpretation of nuances 
related to fire effects, including remote measure of burn area and fire severity, that drive 
variability in emissions and post-fire vegetation function. 
 

 
  



Sean Healey/United States Forest Service 
Assessing Potential Impacts of Ground Sample Bias in Global CMS Biomass 
Estimates, Now and in the DESDynI Era 
 
Sean Healey is proposed as a member of the Science Definition Team (SDT) of NASA’s 
Carbon Monitoring System (CMS).  He and the listed co-investigators are all affiliated 
with the Forest Service’s FIA (Forest Inventory and Analysis) program, and as a group, 
they have extensive experience using FIA data both to develop official forest statistics 
and to calibrate and validate maps created with remotely sensed data.  This proposal will 
add to the SDT a practical element related to the limits of FIA data and the data needs of 
the forest management community.   In addition, independent research is proposed to 
leverage the properties of FIA’s sample to better understand how CMS might perform 
both beyond the borders of the United States and in the DESDynI era.   
 
The optical satellite imagery which will form an important part of any near-term global 
CMS biomass product often does not offer good resolution of moderate and high levels of 
forest biomass.  In the absence of predictors able to discriminate among levels of a 
particular target variable, many modeling approaches minimize prediction error by 
predicting toward the mean of the reference dataset.  If that reference dataset is biased 
(not a representative sample), biomass predictions can be systematically skewed either up 
or down.  While FIA in this country does comprise a representative sample, CMS in 
many parts of the globe will have to rely upon ad hoc collections of management 
inventory stand exams which are often skewed toward harvestable (high biomass) 
conditions.  Over large areas, the potential for even small systematic prediction bias may 
create very large errors in carbon storage estimates.   
 
We will use intentionally biased sub-samples of FIA data from the state of Oregon as 
reference data to test the effect of such bias upon state-level CMS estimates of biomass.  
In addition, using these same biased sub-samples, we will replace optical data in the CMS 
system with pseudo-data representing the higher correlation with biomass anticipated 
with DESDynI-based predictors.  DESDynI’s increased prediction precision may reduce 
the rate at which predictions default toward the mean and may therefore reduce 
propagation of ground sample bias in the CMS mapping process.  These activities should 
shed light upon: 1) the likely effects of non-representative reference data on the global 
CMS biomass product, and 2) the degree to which DESDynI may diminish prediction 
error related to ground sample bias. 
 

Richard Houghton/Woods Hole Research Center 
Biomass for Carbon Budgeting 
 
R.A. Houghton is proposing to be a member of the Science Definition Team (SDT) for a 
Carbon Monitoring System (CMS).  He would participate in development of the Biomass 
product. He has spent 25 years estimating the global net flux of carbon to the atmosphere 
from changes in land use, an estimation that requires information on biomass and carbon 
stocks. Over time his estimates have become more and more spatially detailed, and the 
next step is to co-locate changes in land use with carbon density at the spatial resolution 



of change. That will improve estimates of carbon flux enormously at all scales. The step 
after that will be to use multi-temporal, spatial data of aboveground biomass to estimate 
change more directly (without necessarily identifying land-use change first). That 
approach will identify additional sources and sinks of carbon, heretofore unobserved, and 
may help resolve and explain a large portion of the residual terrestrial sink.  Both a one-
time map of biomass and successive maps of biomass change will help with the 
monitoring, reporting, and verification of REDD and LULUCF, whether at the project or 
national level. Future demand for space-borne measurements of biomass and biomass 
change will only grow. The time is right for a carbon monitoring system, a major part of 
which will be measurement of aboveground biomass from space. 
 

Eric Kasischke/University of Maryland 
Evaluation of Approaches for Assessing the Impacts of Natural Disturbances on 
Aboveground Carbon Storage in and Emissions from  U.S. Forests - A Carbon 
Monitoring System Science Definition Team Proposal 
 
The principal investigator proposes a set of activities that will be carried out as a member 
of the Science Definition Team (SDT) for NASA’s Biomass and Carbon Storage Pilot 
Product (BCSPP).  The PI would provide expertise in the broad area of impacts of natural 
disturbances (fire, insects, and hurricanes) on forest carbon stocks, with a strong 
foundation in research on the impacts of fire on carbon cycling in boreal forests. The 
foundation for serving on the SDT is based on > 20 years of research on satellite mapping 
of fires, using SAR to estimate aboveground biomass in boreal and temperate forests, 
using VIS/IR data to assess post-disturbance vegetation recovery, developing approaches 
to estimate biomass consumption during fires, and developing approaches to use 
information derived from remote sensing data in carbon cycle models. The PI also has 
directed and carried out field studies used to develop and validate remote sensing 
information products and has access to or knows of data sets that can be used for 
validation activities associated with the BCSPP. The PI organized and led a disturbance 
synthesis activity for the North American Carbon Program that involved 100 researchers 
from the U.S., Canada, and Mexico. This activity not only provides an understanding of 
data sets needed to quantify the impacts of disturbance on terrestrial carbon budgets, but 
provides a foundation for liaisons with the broader scientific community (along with the 
extensive contacts the researcher has with scientists conducting carbon cycle research in 
the boreal forest). Specific expertise that the PI will provide to the BCSPP and its SDT 
include: (a) evaluation of the remotely-sensed data products being used in the BCSPP to 
map natural disturbances to forests; (b) evaluation of the approaches used to map 
aboveground biomass using PALSAR, with a specific focus on errors introduced by 
variations in soil moisture; (c) evaluate of approaches to estimate carbon consumed 
during fires; and (d) assessment of approaches needed to model how natural disturbances 
influence stand carbon cycle dynamics. The PI will provide written reports to the 
members of the BCSPP and SDT on his evaluations of specific products and approaches. 
The PI will also aid in identification of sites that could be used during validation 
activities, and identify additional field data sets that could be used. The PI will also 
participate in activities to define and develop products that can be used by policy makers 



and managers. Finally, the PI will work with members of the BCSPP and SDT in 
developing a plan for the development of global biomass product. 
 

Josef Kellndorfer/The Woods Hole Research Center 
Mapping Biomass - Past Experiences and Future Directions in Data Fusion and 
Product Validation 
 
ith the successful inclusion of REDD+ in the UNFCCC agreement of the Conference of 
the Parties 16 in Cancun, accurate and scientifically defendable measurements of forest 
carbon fluxes are ever more important. The science community is called to the task to 
provide solid data sets and methods for tracking forest carbon fluxes and assess 
accuracies, which are suitable for a carbon-trading framework. This initiative by NASA 
to lead the effort of global mapping is a welcome and needed step forward, in particular 
to gain broader community assessment of what is possible, and where there are 
limitations in current approaches to carbon flux measurements and monitoring. The PI 
and collaborators are keen to work with NASA HQ and Centers on the CMS biomass 
mapping pilot study. 
Presently, the PI is leading several related projects on biomass mapping with a major 
subset of data sets proposed for the biomass mapping pilot study. Also, he is leading a 
pan-tropical mapping project of forest cover and structure with ALOS-PALSAR radar 
data. Extension of gained expertise to global scale mapping is core to the PI’s interest in 
reducing uncertainties in global carbon flux estimates from land cover change. 
Furthermore, as a member of the DESDynI Ecosystem Structure Science Study Group, 
keen interest in preparation for this mission is aligned with involvement in this pilot 
activity. 
 

Molly Macauley/Resources for the Future 
Development and Evaluation of  Pilot Projects for a Carbon Monitoring System 
 
The Carbon Monitoring System Science Definition Team (CMS SDT) will play a pivotal 
role in the stewardship of the CMS biomass and carbon flux pilot products during their 
research phase to help shape their policy relevance. My commitment in serving on the 
CMS SDT is to further the CMS goal of bringing enhanced understanding of carbon 
cycle science to bear in informing public policy. I bring experience as a research 
economist working to advance understanding of the public benefits of Earth science data 
and their economic value for decision making, including the role of measurement and 
monitoring of physical attributes of the carbon cycle in climate policy.  I have led 
international teams of researchers using Earth science data products to improve resource 
management and have extensive experience in policy advisory roles to enhance the link 
between data and their application.  
 
The most salient climate policy issues for the CMS pilot products include newly 
emerging requirements of federal regulation of greenhouse gases (GHG), particularly 
under the Clean Air Act (CAA); a host of new regional and state initiatives; the 
longstanding challenge of improving GHG inventories under the United Nations 
Framework Convention on Climate Change (UNFCCC); and ongoing international 



concerns relating to the need for development of globally consistent measures and 
transparent means of measuring, monitoring, reporting, and validating (MMRV) biogenic 
sequestration and carbon fluxes. In serving on the CMS SDT, my commitment would be 
to identify, interpret, and integrate the aspects of these issues that are most relevant to the 
pilot projects.   
 
I propose three tasks to support this effort.  One task is to provide guidance for 
ascertaining how good is good enough in the development of the CMS pilot products. 
Given the constraints of time and funding for the pilot products, to what extent can and 
should they be designed not only to enhance carbon science, but to support public 
decisions? What are the highest priorities and who will make use of the products in 
serving the public? What is the role of uncertainty characterization in the application of 
the products for policy? 
 
The second task includes characterization of the economic importance of the CMS data 
products. This effort would enable the CMS to align with priorities set forth by the Office 
of Management and Budget (OMB) asking agencies to better assess the impact of their 
science, technology, and innovation investments (OMB 2010). The economic value of 
carbon cycle data products is underappreciated.  In the case of carbon management, for 
example, federal agencies estimate that the management of biogenic carbon sequestration 
can reduce the economic cost of stabilizing GHGs by as much as 80 percent (US EIA 
2009, 2010; US EPA 2009, US CBO 2009a). However, these agencies emphasize that 
realizing these savings will require significantly improved means of measurement and 
monitoring of carbon sources, sinks and fluxes. This sets the stage for demonstrating the 
value of CMS products. For this task, I will draw from my research on the value of 
information to outline a framework relevant for the CMS to use in defining and 
conveying the economic significance of its data products.  
 
The third task is to support the CMS goal of enhancing its relationships with the broader 
academic, applications, and user communities as well as activities of other agencies. For 
this task, I identify initial communities and propose a set of meetings, briefings, and other 
opportunities for the CMS SDT to engage with these groups.   
 
Taken together, these tasks will balance CMS science and its policy relevance in serving 
the public, integrate CMS products with decisionmaking, and put in place a framework 
for CMS to continue to meet these goals going forward. 
 

Anna Michalak/University of Michigan 
Carbon Monitoring System Science Definition Team Membership Proposal for 
Anna M. Michalak (Integrated Emission/Uptake Pilot Product) 
 
Through this proposal, Dr. Anna M. Michalak is requesting to become a member of the 
NASA Carbon Monitoring System Science Definition Team (SDT) for the Integrated 
Emission / Uptake (“Flux”) Pilot Product.  Dr. Michalak will contribute to each of the 
key activities of the SDT, and brings considerable expertise to each aspect of the SDT’s 
role.  In addition, several ongoing project currently led by Dr. Michalak had direct 



relevance to these roles outlined in the call for proposals.  In brief, the SDT roles and Dr. 
Michalak’s expertise are:  (i) Review and provide scientific and technical input regarding 
the overall development plan for a pilot product (Dr. Michalak has over a decade of 
experience in inverse modeling, including  a proven track record in estimating carbon 
fluxes using atmospheric observations); (ii) Recommend refinements to the product 
development approach, algorithms, and/or models (Dr. Michalak has pioneered the 
development of the geostatistical approach to atmospheric inverse modeling, has 
developed approaches for parameterizing inversions including covariance parameter 
estimation, has coordinated the computational development associated with large-scale 
atmospheric inverse problems); (iii) Provide guidance for the development of an 
evaluation plan that includes both validation and characterization of uncertainties 
associated with a product and participate in product evaluation activities (Dr. Michalak’s 
research group has made substantial contributions to uncertainty assessment in 
atmospheric inverse modeling and the evaluation of flux estimates); (iv) Provide 
guidance on the nature of the data sets and initial pilot product(s) to be produced and how 
they may be used for carbon policy and carbon management decisions (Dr. Michalak is 
co-lead for the development of the new U.S. Carbon Cycle Science Plan); (v) Provide 
liaison with the broader science, applications, and user communities or the related 
activities of other U.S. Federal agencies (Dr. Michalak has worked with the Carbon Cycle 
Interagency Working Group through her work on the U.S. Carbon Cycle Science Plan, 
has been an associate member of the OCO science team, has been the co-lead of the 
ASCENDS science definition committee, etc.); (vi) Work in close association with 
NASA HQ and the NASA Center-led teams implementing the development of the pilot 
products to achieve the CMS goals (Dr. Michalak has long-standing collaborations with 
carbon scientists at JPL and GSFC).  Dr. Michalak is the PI on several research projects 
that are directly relevant to the Flux Pilot Product, including three ongoing NASA-funded 
projects, one ongoing NSF-funded project, and one ongoing DoE-funded project. 
 

Herman Shugart/University of Virginia 
Carbon Monitoring 
 
This proposal is a response to funding opportunity number NNH10ZDA001N-CMS.  The 
PI, H.H. Shugart, proposes for membership on the Science Definition Team for the 
Carbon Monitoring System (CMS) as a scientific and technical expert.  He has worked on 
several projects in the past with NASA centers, notably Goddard and Langley Space 
Flight Centers and the Jet Propulsion Laboratory.  He is enthusiastic for the opportunity 
to continue to work with the NASA Centers in the production and validation of the two 
CMS pilot products.  Much of the PI’s research for the last several years has emphasized 
the importance of understanding the structure of vegetation and the influence of 
vegetation structure on the compositional and functional dynamics of natural vegetation.  
The PI is familiar with a variety of forest survey systems used for the development of 
basic data for the quantification of biomass levels in forests and other ecosystems.  He 
also is familiar with process-based carbon-flux models and has reviewed these models in 
scholarly books. He has worked with several different approaches to modeling the carbon 
dynamics of forests and other ecosystems.  The PI has used vegetation data and global-
carbon-budget-related data for several decades.  He currently serves on the ad hoc 



committee for the DESDynI satellite system and as a NASA observer on the European 
Space Agency BIOMASS satellite instrument team.  He has several different channels for 
liaison with other Federal Agencies and with the international community as well.  Over 
his career, the PI has worked in close association with NASA-HQ and the NASA Center-
led teams on planning and research design projects.  He is enthusiastic about the goals go 
the carbon monitoring systems and its importance to national and international 
environmental science and policy.  The intent of this proposal is to show from the PI’s 
past and present scientific work an indication of his potential contribution to the several 
capabilities and products that are outlined in the NSPIRES announcement. 
 

Guoqing Sun/University of Maryland 
Proposal to be a Member of the Science Definition Team for Carbon Monitoring 
System (CMS) 
 
Spatial structure of vegetation including plant height and biomass are important factors 
that influence the exchanges of matter and energy between the landscape and atmosphere, 
and the biodiversity of ecosystems. The combined use of lidar’s direct sampling 
measurements and the areal mapping capabilities of radar and optical sensors create a real 
possibility and opportunity to map global ecosystem structures and functions that link to 
carbon dynamics. Current data sources (imagery data from LANDSAT, MODIS, SRTM, 
PALSAR, and lidar data from GLAS, LVIS) provide adequate data for producing 
regional biomass maps with the accuracies and spatial resolutions that couldn’t be 
achieved before.  
Since early 1980s, I have been an investigator of various projects in NASA Programs 
such as SIR-B, SIR-B continuation, SIR-C/XSAR, FED, BOREAS, LCLUC, TE, and 
others. During these projects, I have developed radiative transfer models for microwave 
(3D polarimetric and interferometric radar backscatter models), and for lidar remote 
sensing (lidar waveform model), and algorithms of using combined forest growth and 
remote sensing models, and neural networks or statistic models for retrieval of forest 
parameters from radar, lidar and optical data.  Biomass mapping from SAR data were 
investigated at both flat and mountainous areas. Regional biomass maps at Central 
Siberia and Russian Far East/Northern China have been produced using GLAS samples 
and MODIS data from our projects. In responding to NASA’s call for investigators to 
participate in the pilot initiative for the development of a Carbon Monitoring System 
(CMS). I’m eager to be involved in the efforts on production and evaluation of a U.S. 
biomass and carbon storage product, and make my contributions to the goal. 
This proposal is for a membership in the Science Definition Team working closely with 
the NASA Centers in the production and validation of the CMS biomass and carbon 
storage pilot products for Carbon Monitoring System (CMS). In addition to participate in 
reviewing and providing scientific and technical input regarding the overall development 
plan for the biomass product, I will spend additional time to 1) test our current algorithms 
for biomass estimation at other sites in US; 2) improve data processing method and 
algorithm for biomass mapping in mountainous areas from lidar and SAR data; and 3) 
investigate the scale issue between field plot, lidar footprint, SAR and optical sensors 
(LANDSAT and MODIS) data when the biomass estimation models developed at one 
scale being used in another scale. 



 

Robert Treuhaft/Jet Propulsion Laboratory, Caltech 
Data Fusion, Error Analysis, and a Global Biomass Product: Proposal for 
Membership on the Carbon Monitoring System Science Definition Team 
 
This proposal for Robert Treuhaft's (proposer) membership in the Carbon Monitoring 
System (CMS) Science Definition Team (SDT) pertains to the Biomass and Carbon 
Storage Pilot Product (BCSP). In order to develop national and eventually global carbon 
storage and change products, the proposer will focus on the following objectives: 1) 
Organize a systematic review of all technical approaches to remote biomass estimation, 
including their interrelations and complementarity, for the use of SDT members in 
guiding core efforts; 2) Review and recommend refinements to data fusion strategies, 
providing guidance on systematic, and, where possible, model-based modes of combining 
data types; 3) Guide quantitative error analysis used to validate the BCSP, addressing 
errors in both field and remotely sensed biomass estimates; and 4) Develop a plan for 
global biomass monitoring articulating the technical challenges and possible alternative 
data fusion strategies for tropical forests. The first objective will address the wide variety 
of approaches to biomass estimation to bring all SDT members to the "same page". In the 
second objective, "data fusion" means the combining of several observations to estimate 
one quantity, biomass in this case. Undoubtedly a variety of sensors will be needed to 
estimate biomass with the best accuracy and coverage. The third objective on error 
analysis is aimed at a quantitative evaluation plan in the form of an error budget, modeled 
after more recent publications in which both remote sensing and field measurement errors 
are considered. The fourth objective addresses the plans for a global biomass product by 
concentrating on the complexities and challenges of remote sensing of tropical forests 
outside of the continental United States. 
 
The approach and methodology of the proposal is based on a conceptual picture which 
breaks biomass estimation into three categories: 1)  Model-based estimation uses 
structural features of forests, such as height or profile moments, estimated from remote 
sensing data, along with ancillary data types to derive correlations between the remote 
sensing data and biomass. 2) Structure-based estimation draws correlations between  
structural features of forests from either lidar or InSAR. 3) Observation-based estimation 
uses remote sensing observations directly without first estimating structure.  
 
Because the BCSP must be a multi-sensor product, the first two objectives are significant 
in that they will enable guidance from the SDT on the optimal use of many different 
sensors toward the most accurate biomass estimates. Parameter estimation approaches 
used by the proposer in previous work will be part of his guidance as to methods for 
combining data types. The third objective on error analysis is significant in that the SDT 
is charged to establish an evaluation plan for the BCSP. The significance of developing a 
plan for global monitoring lies in the inclusion of tropical forests in biomass estimation 
algorithms. Because they are the most complex forest target, constitute about 50% of the 
Earth's biomass, and there have been a few different approaches to biomass estimation in 
tropical forests published, it will be important for the SDT to guide the Centers regarding 
tropical forests in a global product. The proposer has spent most his time in the last 6 



years working on tropical forests. The proposer's experience in the correspondence 
between bulk canopy structural characteristics from lidar or interferometric SAR and 
biomass will also contribute to actuating the above objectives. 
 

Curtis Woodcock/Boston University 
Quantifying the Accuracy and Uncertainty in Remote Sensing Products of Land Use 
Change: Implications for Carbon Monitoring 
 
We propose to contribute to the Biomass Pilot of the carbon monitoring system by 
working closely with and providing guidance to the investigators involved in the 
estimation of land use change rates.  Our experience concerning the effect of uncertainty 
in estimates on land use change rates on terrestrial carbon budgets indicates: (1) close 
attention to accuracy assessment is essential; (2) integration of the accuracy assessment 
results into the final estimates of land use change rates often leads to surprising large 
differences from the original remote-sensing based rates and (3) quantifying the 
uncertainty (or confidence intervals) in the land use change rates is the best measure of 
the value of remote sensing estimates; and (4) large uncertainties in land use change rates 
translate into large uncertainties in terrestrial carbon budgets.  Our guidance and 
recommendations will derive from our experience over the past few years quantifying the 
effect of land use change on terrestrial carbon budgets in a variety of locations around the 
world (Olofsson et al., 2010; Kummerle et al., 2010; Jeon et al., 2011b). 
 
Additionally, we propose to serve as a liaison to several key groups with significant 
interest and expertise related to carbon monitoring.  Woodcock is Team Leader for the 
Landsat Science Team and will facilitate coordination of efforts as they relate to the 
Landsat Program.  Woodcock also serves as Co-Chair of the Land Cover Implementation 
Team in GOFC-GOLD (Global Observation of Forests and Land Cover Dynamics), and 
will serve as liaison to this group of international scholars that has worked for over a 
decade to promote monitoring of the world’s forests, including carbon dynamics.  As part 
of his role in GOFC-GOLD, Woodcock is involved in the GEO Forest Carbon Tracking 
Task, and can work to coordinate efforts between the NASA Carbon Monitoring System 
and this international group.  Similarly, Woodcock contributes to the GOFC-GOLD 
Sourcebook for REDD reporting. 
 

Jingfeng Xiao/University of New Hampshire 
Providing Scientific and Technical Guidance to the Development and Evaluation of 
the Integrated Flux Pilot Product: Forcing Evaluation, Parameter Optimization, 
Uncertainty Assessment and Product Validation 
 
More accurate quantification of net carbon dioxide exchange over regions, continents, or 
the globe can improve our understanding of the feedbacks between the terrestrial 
biosphere and the atmosphere in the context of global change and facilitate climate 
policy-making. The development of a benchmark carbon flux product using NASA’s 
state-of-the-art models and observational constraints is essential for improved 
understanding of the global carbon cycle and carbon policymaking. I believe that my 
research experience and expertise can significantly contribute to the pre-Phrase A and 



pilot initiatives for the development of the Carbon Monitoring System. I propose to 
provide scientific and technical input to the development and evaluation of the Integrated 
Flux Product. The guidance and insights I propose to provide can be summarized as 
follows: (1) provide guidance and recommendation to the overall development plan for 
the Flux Product; (2) evaluate and/or calibrate key spatial input data to the CASA model 
that can lead to significant biases in flux estimates; (3) optimize the key parameters of 
CASA using carbon fluxes measured at eddy covariance flux towers (e.g., Fluxnet) and 
state-of-the-art data assimilation techniques; (4) conduct uncertainty assessment of the 
bottom-up flux estimates derived from CASA; (5) produce global gridded flux fields for 
the period April 2009 - April 2010 from Fluxnet data, MODIS data streams, and 
aboveground biomass data using our EC-MOD upscaling system; (6) develop an 
evaluation plan and validate bottom-up flux estimates (CASA) using our independent, 
novel gridded flux fields; (7) evaluate the top-down fluxes derived from GOSAT 
observations using our EC-MOD flux fields. In addition, although I only propose for 
Science Definition Team (SDT) membership for the Flux Product, I plan to assimilate the 
global aboveground biomass and tree height maps and the Pilot Biomass Product that will 
also be developed for the Carbon Monitoring System into our EC-MOD upscaling system 
to account for the effects of disturbance and stand age, which will improve our flux 
estimates and also demonstrate how the pilot biomass product can be used to improve the 
estimates of flux fields and the constraining of terrestrial carbon budgets. I will be happy 
to work closely with NASA Headquarters and the NASA Center core teams in the 
production and validation of the Integrated Flux Product. I will attend the SDT meetings 
and be available for teleconferences as needed. 
 

 
 
Additional Proposals Selected to Join the NASA Center Team Developing the Flux Product: 
 
 
Annmarie Eldering/Jet Propulsion Laboratory/Caltech 
TES and ACOS Expertise for CMS Flux Project 
 
My objectives as a member of the CMS Science Definition Team are to support the flux 
pilot project by: 
 * Providing expertise about the remote sensing ACOS and TES X CO2 datasets  
 * Delivering guidance for the overall development plan, evaluation plan, and dataset 
definition based on my experience in flight projects,  
 * And supplying knowledge of carbon cycle science. 
The CMS projects require a broad set of expertise to be successful, and I can supply 
needed elements of that expertise.  
 
My proposed participation in the CMS SDT will directly support the NASA Earth 
Science Research Program goal of improving our understanding of the global carbon 
cycle and to quantify change in atmospheric CO2.  By bringing my expertise in the ACOS 
and TES retrievals and expert knowledge of the datasets, I can assist with the exploitation 
of satellite remote sensing resources and end-to-end system expertise to assist the NASA 
Earth Science program in responding to the CMS directions. I have worked for a decade 



on large flight projects, and my experience on team and with the demands of developing 
work plans and goals to meet overall project objectives is directly applicable to the needs 
of CMS. 
 

 
Stephan Kawa/NASA Goddard Spce Flight Center 
Science Definition Team for Carbon Monitoring System: Carbon Flux Evaluation 
 
This is a proposal to become a member of the Science Definition Team for development 
of a NASA Carbon Monitoring System (CMS).  I propose to apply previous experience 
and results of ongoing work in carbon cycle process modeling and observational 
evaluation to help guide and evaluate the Integrated Emissions/Uptake (Flux) Pilot 
Product activity of the CMS.  My understanding of Flux Pilot objectives and close 
familiarity with many of its components and methods should allow me to make useful 
contributions to refinement of the Flux Product plan, to aid in interpretation of variations 
among ensemble members, and to provide direction for evaluation of products.  
Furthermore, I would plan to actively participate in evaluating Flux Pilot products 
through comparison with similar products from my ongoing Atmospheric CO2 
Observations from Space (ACOS) project, which will infer CO2 surface fluxes in a 
procedure similar to that of the Flux Pilot.  This will include using atmospheric CO2 
observations that are not currently included in the Flux Pilot evaluation plan.  The 
objective of this proposal is to forge a mutually beneficial collaboration with the CMS 
team that will enhance the value of the Flux Product; improve our overall understanding 
of carbon cycle processes, models, and data; and help chart the pathway to a scientifically 
meaningful CMS including assessment of the role of NASA satellite data.  The eventual 
outcome is a set of guidelines and requirements for developing a greenhouse gas 
monitoring system in support of carbon management decision-making. 
 

 


