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BACKGROUND
Title: Developing a Cost-effective Methodology for Assessing Changes in Net Carbon Emissions, Sequestration and Storage, and Associated Co-benefits, in Complex Agricultural Landscapes 

Abstract: A team of Cornell faculty members and graduate students advanced partnerships and knowledge about practical, low-cost methods for assessing changes in net carbon emissions, sequestration and storage, and linked ecosystem services and livelihood benefits in complex agricultural landscapes.  Research in Zambia contributed to a paper published in PNAS; external grants awarded to project leaders are valued at over $5M; influential policy briefs were prepared; teaching resources with potential for global impacts were produced; and valuable existing partnerships were strengthened and new ones formed.   

Cornell Participants: 
Faculty PI: James Lassoie (Natural Resources) 
Faculty Co-PIs: David Wolfe (Horticulture), Alex Travis (Biomedical Sciences and The Baker Institute for Animal Health), David Lee (Applied and Managerial Economics), Stephen DeGloria (Crop and Soil Sciences), and Louise Buck (Natural Resources)

Graduate Students: Samuel Bell (PhD, Applied and Managerial Economics), Kim Bothi (PhD, Natural Resources), Sam Bosco (MS, Horticulture), Lydiah Gatere  (PhD, Crop and Soil Sciences), R. Jamie Herring (PhD, Natural Resources), and Steven Vanek (PhD, Crop and Soil Science) 

Research Assistant: Patricia Casal Rodriguez (Natural Resources). 

Duration: May 2009 – August 2013 (included approved no-cost extension)

Study Locations: New York State and Zambia 

Amount: $100,000

RESULTS

Research 
Carbon Monitoring: Our research advanced the development of a low-cost approach to soil carbon assessment involving use of existing soil and cropping history data bases and satellite land-use imagery for strategic soil sampling and geostatistical models to reduce required sample number for strategic soil sampling at landscape scale. We evaluated infrared spectroscopy and other rapid ‘proxy’ methods for estimating soil carbon (C) after calibration with standard laboratory methods.  Our work in New York State dairy cropping systems to compare various techniques for measuring soil C and various geospatial statistical methods found that the spatial structure of surface C levels could be used to predict soil C at lower depths, thus reducing the number of required deep samples and reducing costs at a minimal loss of accuracy. In our work with small land-holder farmers in Zambia who are beginning to adopt conservation farming (CF) practices we documented a statistically higher soil C in CF plots at the 0 to 15 cm depth but not at deeper layers in the soil profile after just 1-3 years of adoption of CF practices, as well as statistically higher soil C beneath existing Faiderbia albida trees.  
Food Security: Our research to assess food security and CF technology adoption in the Luangwa Valley, Zambia among resource-poor farmers who live adjacent to some of country’s most prestigious wildlife tourism areas demonstrated spontaneous and rapid spread of ‘carbon-friendly’ agricultural practices in ecologically sensitive regions. The groundswell of farmer interest in locally adapted conservation agriculture practices that our household survey revealed is influenced importantly by the innovative Community Markets for Conservation (COMACO) program that promotes market-based incentives to improve agricultural land-use practice and natural resource conservation. The survey establishes a useful baseline for the COMACO program against which it will measure linkages between food security and the adoption of carbon-restoring agricultural production and related land-use practices in the future.  
Outreach 
The results of this AVF project related to work with COMACO and the Wildlife Conservation Society in Zambia is being incorporated into an established web-based educational system, www.conservationbridge.org. This includes a documentary video (complete) and written case study (in progress) that highlight the results of the project, especially as reported in Lewis et al. (2012). This will provide worldwide access for students, researchers, and practitioners to the findings of this project.

Cornell and External Partnerships/Teams

A number of meaningful partnerships were developed and implemented by the Cornell team during this AVF project. These include: 1) an enhanced relationship with COMACO (Community Markets for Conservation) in Zambia, which is led by the Wildlife Conservation Society; 2) a broadened and strengthened partnership with EcoAgriculture Partners; 3) new partnerships with Keith Paustian and Steve Ogle (Colorado State University; DayCent simulation model of soil carbon dynamics), Steve Apfelbaum (Earth Partners), Keith Driver (Leading Carbon Limited), and Jeffrey Hayward (Rainforest Alliance); and 4) a newly established relationship with the National Socio-Environmental Synthesis Center. 
An outgrowth of our work is a team lead by AVP project Co-PI David Wolfe that includes faculty from Cornell, Columbia, and Colorado State Universities, and directors of two USDA national research laboratories that was awarded a $4.7 M USDA AFRI/NIFA grant to develop new tools for accounting and management of greenhouse gases and carbon in agroecosytems. 

IMPACTS

This AVF project brought together an interdisciplinary team of Cornell faculty and graduate students (see Cornell Participants above) to examine carbon sequestration and associated co-benefits (termed C++) in complex ecogricultural landscapes. Not only has it positioned Cornell researchers to advance our understandings of this complex issue related to sustainability, especially by leveraging significant external funding, it also has provided a global platform for extending this knowledge to scientist, practicing professionals, and students. 
Research
The soil C assessment in Zambia, although not comprehensive, suggests a soil C sequestration benefit to CF practices being implemented by COMACO farmers. Our work as part of this project and the new, on-going USDA-NIFA project is providing a methodology for low-cost soil C assessment and evaluation of specific spatial modeling approaches to predict soil C at un-sampled, subsurface locations. Also this work is providing insight into how agroecosytem management of the upper soil profile (e.g., 0-30 cm) to optimize crop productivity affects soil C dynamics in surface and subsurface layers that affect long-term C sequestration.
Based on the results of research through this AVF, COMACO has continued to stress adoption of practices designed to improve soil C sequestration. These include no-till farming and increasing use of agroforestry. Over time, Gliricidia has become more prominent in their plans because it is much faster growing than Faidherbia, leading to future research questions on the relative merits of the different tree species. 

COMACO has approached Cornell to have a more permanent research relationship so that topics such as soil C sequestration, communication with and education of farmers in sustainable practices, development of new food products and a rural poultry industry, impacts on participants’ livelihoods, health and well-being, etc., can be assessed in rigorous fashions. 
Outreach
Incorporation of the case study developed during this AVF project into the Conservation Bridge Learning System will greatly enhance its visibility and usability by researchers, practitioners, and students worldwide. It will illustrate the complexities associated with addressing sustainability issues involving climate change, environmental conservation, and rural livelihoods in developing countries.   
Over the past four years we have developed www.conservationbridge.org as an Internet-based platform that supports interdisciplinary education by using ‘real-world’ multimedia case studies (Lassoie, et al., 2012). It has been tested in a variety of courses at Cornell University and elsewhere (e.g., Beijing Normal University, EARTH University, UC-Berkeley, University of Melbourne, Prince Edward Island University, and Zamorano University). Evaluations indicate that its use enhances student understanding, motivation, and confidence at all academic levels. In addition, collaborating practitioners and researchers have recognized the value of their participation in building and using Conservation Bridge case studies. Hence, Conservation Bridge links a broad professional community with young scholars who are seeking experientially-based educations in preparation for careers in environmental conservation and sustainable development. In exchange, it provides the professional community access to the research and education benefits associated with contemporary universities worldwide. As an open-access, collaborative educational platform, Conservation Bridge has the potential for wide use across the US as well as globally. Our AVF project is now part of this evolving education-research-practice community, which will include collaboration with the National Socio-Environmental Synthesis Center in Annapolis, MD (http://www.sesync.org). (Note: see Next Steps Building on AVF – J. Lassoie below for plans to further develop and promote this collaborative outreach network.)

Follow-up Internal and External Funding
Awarded to J. Lassoie (AVF PI): 



1) $149,764, USDA International Science and Education Program (Lassoie lead PI), 
awarded for 7/1/10 to 8/1/12 (plus 1-year no-cost extension), The Global Agriculture 
Network: A New Interactive Approach for Improved Learning about Global Food System 
Sustainability

2) $72,000, USDA FFF Smith-Lever Lassoie lead PI), awarded 10/1/13 to 9/31/16, 
Enhancing the Effectiveness of CCE Environmental Programs by Promoting 
Understanding Using the Conservation Bridge Collaborative Learning System
Awarded to D. Wolfe (AVF Co-PI):  


1) ~$4.7 M, USDA-AFRI/NIFA (Wolfe lead PI), awarded for 2/1/11 to 1/31/16, New 
Tools and Incentives for Greenhouse Gas, Carbon, and Nitrogen Accounting and 
Management 
in Corn Cropping Systems

2) $90,000, USDA FFF Smith-Lever (Wolfe lead PI), awarded for 10/1/11 to 9/31/14, 
Providing New York Vegetable, Fruit and Dairy Farmers with Greenhouse Gas and 
Carbon Management Tools
Not awarded to J. Lassoie (AVF PI):


1) $999,983, NSF Climate Change Education Partnership Program – Phase I (J. Lassoie 
lead PI; L. Buck Co-PI), submitted 5/24/10 (for 2-years), ClimateNet: A National 
Education Network for Enhancing Authentic Learning About Ecosystem Dynamics in the 
Face of a Changing Climate


2) ~$5 M, USDA-AFRI/NIFA Climate Change Mitigation and Adaptation in Agriculture 
Program (J. Lassoie lead PI; D. Wolfe & L. Buck Co-PIs), submitted 6/2/10 (for 5-years), 
Building a National Educational network for Learning about Climate change Mitigation 
and Adaption in Agriculture


3) ~$10 M, US Agency for International Development (A. Travis lead PI; J. Lassoie Co-
PI; L. Buck Co-Investigator), submitted 7/17/12 (for 5-years), Cornell Center for Rural 
Resilience: Single Institution Center Proposal

4) $536,550, NSF Transforming Undergraduate Education in Science, Technology, 
Engineering, and Mathematics – Phase 2 (Lassoie lead PI), submitted 1/14/13 (for 2-
years), The Global Agriculture Network: A New Interactive Approach for 
Improved 
Learning about Global Food System Sustainability (Note: This proposal was judged to be 
“worthy and well-developed,” but “premature.” We were encouraged to reapply in 2014 
after the completion of currently funded projects.)

NEXT STEPS BUILDING ON AVF

The original AVF team no longer functions as a coordinated research group, but its members are building from experience gained during the AVF project. Current or planned activities of key members are summarized below.

Co-PI L. Buck

With funding from CCAFS (CGIAR Research Program on Climate Change, Agriculture and Food Security) through EcoAgriculture Partners (key partner in this AVF project), L. Buck now leads an action research project that engages agriculture carbon projects in East Africa (Ethiopia, Kenya, Uganda) in strengthening local institutional capacity for securing C benefits for smallholder farmers on a sustainable basis.  A key element of local capacity building for managing agriculture carbon initiatives on a long term basis involves learning to assess net C accumulation in the landscape using cost-effective methods such as those explored during this AVF project.  (see: Shames, S., E. Wollenberg, L.E. Buck, P. Kristjanson, M. Masiga, and B. Biryahwaho. 2012. Institutional Innovations in African Smallholder Carbon Projects. CCAFS Report 8. Copenhagen, Denmark: CCAFS. Available at http://hdl.handle.net/10568/21222)

PI J. Lassoie

The case study developed around this AVF project, COMACO: A Market Driven Conservation Based Approach to Conservation, will be incorporated into the Conservation Bridge Learning System, which will greatly increase the usability of this work and the visibility of ACSF worldwide (see: Lassoie et al., 2012). Further enhancement of this Internet-based learning system will be the primary focus of J. Lassoie over the next year, which includes a six-month leave of absence beginning 11/1/13. During 2013-2014 he will (1) complete final project reports for three funded projects (two from USDA, one from NSF); (2) submit three manuscripts to referred journals with R. Jamie Herring and others (these will form R.J. Herring’s PhD dissertation); (3) complete an edited textbook with R.J. Herring, L. Buck, and two Chinese collaborators (Meeting the Needs of Nature and Society: Case Studies in Environmental Conservation and Sustainable Development) currently under contract with Higher Education Press, Beijing, PRC; (4) initiate a recently funded Smith-Lever project that will develop case studies focused on critical, high visibility CCE programs (e.g., in areas of climate change, hydraulic fracturing, human-wildlife conflict, invasive plants); (5) at their recent request, incorporate Conservation Bridge into case studies being developed by the National Socio-Environmental Synthesis Center; (6) revise and resubmit a two-year proposal to NSF’s Transforming Undergraduate Education in STEM Program. He also hopes to encourage ACSF to incorporate results from selected AVF projects into the Conservation Bridge Learning System in order to enhance their visibility and use by researchers, practitioners, and students worldwide. This might include the development of a new AVF proposal for consideration in the 2014 funding cycle.  
Co-PI A. Travis

A. Travis and Cornell have maintained a research relationship with COMACO in Zambia since the soil C work performed under this AVF. These efforts have focused on food sciences and veterinary medicine, particularly the One Health connections between poultry health and husbandry and human health and development (and livelihoods). Although unsuccessful in our HESN application to US AID, we continue to look for new opportunities to obtain extramural awards. As the new Associate Director for the Environment with the ACSF, A. Travis is seeking a stable funding source for a long-term research relationship with COMACO. If successful, this work would involve additional studies on soil C sequestration and possible access for smallholders to C markets.  He also continues to collaborate with personnel involved in this AVF, recommending Dr. K, Bothi to CARE to perform survey work in Zambia (which she completed), and with Sam Bell on other questions involving natural resource economics. 
Co-PI D. Wolfe

The current five-year USDA-NIFA/AFRI project led by D. Wolfe is now in its third year. Several presentations on geostatistical modeling for soil C monitoring were made at the most recent (2012) International Agronomy and Soil Science Annual Meeting, and an abstract on subsurface soil C dynamics as affected by farm management practices has been submitted for the December 2013 American Geophyscial Union Conference (expected 24,000 attendance).  Publications in preparation for peer-reviewed journals include one on geostatistical modeling and one on using mid infrared spectroscopy for estimating soil inorganic C (in collaboration with scientists from the USDA Soil Survey Lab in Lincoln, NE).  He has recently published a book review chapter that includes discussion of conservation agriculture in developing countries as both a climate change adaptation and mitigation strategy. In addition, D. Wolfe and several other Cornell faculty members recently travelled to Ethiopia regarding climate change adaptation research there (focused on drought tolerance in potato), and met with potential collaborators for future proposals, including leaders of national government and non-government agencies, and farmers.  

COMPLETED PRODUCTS
Referred Publications
Lewis, D., S. Bell, J. Fayc, K. Bothid, L. Gatere, M. Kabilaa, M. Mukambaa, E. Matokwanif, M. Mushimbalumef, C. Morarug, J. Lehmann, W. Schulzeb, J. Lassoie, D. Wolfe, D. Leeb, L. Buck, and A.J. Travis. 2012. Community markets for conservation (COMACO):  Using markets to link biodiversity conservation outcomes with sustainable improvements in rural livelihoods and food production in the Luangwa Valley, Zambia. Proceedings of the National Academy of Sciences (PNAS) 108(34): 13957-13962. (Note: in special issue on integrated conservation and development, edited by C. Barrett, A. Travis, and others) 
Wolfe, D.W. 2013. Climate change solutions from the agronomy perspective. IN: Hillel, D. and C. Rosenzweig (eds). Handbook Climate Change and Agroecosystems: Global and Regional Aspects and Implications. Imperial College Press and American Society of Agronomy. 
Moebius-Clune, B.N., O.J. Idowu, R.R. Schindelbeck, H.M. van Es, D.W. Wolfe, G.S. Abawi, and B.K. Gugino. 2011. Developing standard protocols for soil quality monitoring and assessment. IN: Bationo A., B. Waswa, J.M. Okeyo, F. Maina, and J.M. Kihara (eds.). Innovations as Key to the Green Revolution in Africa: Exploring the Scientific Facts. Springer: New York, NY.

Published Proceedings

Lassoie, J.P., R.J. Herring, and K.-A. S. Kassam. 2012. Conservation Bridge: Enhancing the management of national parks and protected areas through collaborative, real-world learning, research, and practice. IN: Proceedings Education for Sustainable Development through National Part Experiences, Session 3: Enhancing the Management of National Parks and Protected Areas through Partnerships. 9/11/1212. IUCN World Conservation Congress, Conservation Campus No. 0130, Jeju, Korea. pp. 56-81. (also in Korean) 

Theses/Dissertations Completed
Bosco, S. F. 2012. Soil carbon variability and assessment in a corn cropping system in the United States and in Zambia. MS Thesis, Cornell University, Ithaca, NY.

Gatere, L.W.  2012. Crop yields response to conservation farming and spatial-temporal effects in Zambia. PhD Dissertation, Cornell University, Ithaca, NY.
Documentary Video

Herring, R.J. and A.J. Travis. 2013. COMOCO: A Market Driven Conservation Based Approach to Conservation. HabitatSeven Production. Currently available at http://vimeo.com/60228954 (will be added to www.conservationbridge.org when written case study is completed). 

Published Abstracts of Contributed Presentations
Lassoie, J.P., R.J. Herring, R., and L.E. Buck, L.E. 2010. Agriculture bridge: Connecting students and practitioners to enhance multidisciplinary experiential learning. 2010. IN: Proceedings NACTA/SERD Conference: Collaborate, Communicate, Celebrate, Pennsylvania State University, State College, PA, 6/22-25/10. pp. 78-79.

Kassam, K.-A., T. Mourad, J. Lassoie, and R.J. Herring. 2012. Creative multi-media approaches to conservation education for the next generation.  IN: Official Meeting Program for the 97th Meeting of the Ecological Society of America: Life on Earth – Preserving, Utilizing, and Sustaining our Ecosystems. Portland, OR, 8/5-10/12. p. 40-41.

Sherpa, S. and D.W. Wolfe. 2012. Geostatistical modeling and visible and near-infrared reflectance spectroscopy to estimate soil carbon stocks. IN Proceedings: Soil Science Society of America Annual Meetings, 10/21-24/12, Cincinnati, OH. ASA/SSSA Madison, WI (available at society digital library: https://dl.sciencesocieties.org/).

Wolfe, D.W. et al. 2012. An integrative approach to carbon, nitrogen, and greenhouse gas accounting and management in corn production systems. IN Proceedings: Soil Science Society of America Annual Meetings, 10/21-24/12, Cincinnati, OH. ASA/SSSA Madison, WI (available at society digital library: https://dl.sciencesocieties.org/).
Lassoie, J.P. and R.J. Herring. 2013. Linking students to researchers and practitioners to enhance interdisciplinary experiential learning. TUES PI-Led Workshop. IN: Proceedings for the 2013 NSF/AAAS TUES Principal Investigators Conference: Transforming Undergraduate Education in STEM (TUES): Building a Community to Transform Undergraduate STEM Education, Washington, DC, 1/23-25/13. p. A156-A157. 

Wolfe D.W. et al. 2013. Evaluation of long-term agroecosystem management on changes in subsurface vs. surface soil carbon fractions and dynamics. IN: Proceedings American Geophysical Union Annual Conference, 12/9/12, San Francisco, CA.
Posters Presented
Travis, A., D. Wolfe, L. Buck, D. Lee, C. Moraru, J. Lassoie, S. Bell, S. Bosco, K. Bothi, L. Gatere, and C. Seeley. 2010. Using conservation farming, soil carbon, and agricultural markets to save wildlife in Zambia. Cornell Trustee Council Annual Meeting, Research Section,11/29/10, Cornell University, Ithaca, NY. 
Wolfe, D., A. Travis, S. DeGloria, L. Buck, J. Lassoie, S. Bosco, S. Bell, and L. Gatere. 2010.
Soil carbon assessment from A to Z (America to Zambia). Cornell Trustee Council Annual Meeting, Research Section 11/29/10, Cornell University, Ithaca, NY. 
Lassoie, J.P., R.J. Herring, and K.-A. Kassam. 2013. Bridging learners with practitioners: Interdisciplinary experiential learning in conservation science using Conservation Bridge. IN: Proceedings for the 2013 NSF/AAAS TUES Principal Investigators Conference: Transforming Undergraduate Education in STEM (TUES): Building a Community to Transform Undergraduate STEM Education, Washington, DC, 1/23-25/13. pp. 32-33.
Invited Seminars

Lassoie, J. and D. Wolfe. 2009. New approaches for assessing carbon sequestration, other ecosystem services and livelihood benefits in complex agriculture landscapes. Invited Department Seminar, Department of Crop and Soil Science, Cornell University, Ithaca, NY. 10/22/09. 

· Lassoie, J.P. 2010. Using a coupled human and natural systems approach to understand 

complex environmental problems: Assessing carbon++ in complex ecoagricultural landscapes. Chongqing Forest Research Institute, Chongqing, PRC, 1/15/10. 
Lassoie J.P. 2010. Using a coupled human and natural systems approach to better understand 

Complex Environmental Problems: Assessing Carbon++ in Complex ecoagricultural landscapes. Southwest University, Chongqing, PRC, 1/14/10.
Lassoie, J.P. 2010. Using a coupled human and natural systems approach to better understand 

complex environmental problems: A case for land-use Carbon++. Laboratory of Arid and Grassland Ecology, School of Life Science, Lanzhou University, Lanzhou, PCR, 1/12/10 .
Policy Briefings 

Lassoie, J.P. 2009. Policy Roundtable on Climate Change and US - China Relations. Open Society Institute, New York, NY, 8/22/ 09. (invited panel member)
Lassoie, J.P. 2009. Developing a cost-effective methodology for assessing changes in net carbon emissions, sequestration and storage, and associated co-benefits, in complex agricultural landscapes. Roundtable on Agriculture and Carbon. Food and Agriculture Organization of the United Nations, Washington, DC, 9/2/09. (invited feature speaker)
Christine, N. and S, Shames (eds). 2010. Advances in agricultural GHG measurement and monitoring: implications for policy makers. (Contributions from AVF project members S. Bell, P.C. Rodriguez, and S. Vanek).  EcoAgriculture Policy Focus, Issue 6, December.  Available at: http://www.ecoagriculture.org/publication_details.php?publicationID=337
1

