Research Plan
I am an environmental scientist with computer modeling experience in several areas of global change research from climates to ecosystems.  In transitioning from pure physics to the earth sciences, I have focused my research on environmental issues that are of great interest to undergraduates.  I am currently studying how pollutants like ozone, greenhouse gases like carbon dioxide, land use change and climate change impact terrestrial ecosystems.  I have supervised students who have worked at both local and regional scales to use site data for model calibration and also to check the results and to extrapolate them to determine the global significance.  Displaying model results for ready communication to nonscientists and policy-makers was a crucial part of my role during the U.S. National Assessment.  Mentoring students over many years has allowed me to develop simple modeling approaches to educate students with little science background in the basics of the earth sciences.  

I am currently developing an improved version of our Terrestrial Ecosystems Model (TEM) to understand how the carbon and nitrogen cycles will affect future streamflow in U.S. river basins.  The flow of water from the roots to the leaves determines the transpiration, while nitrogen feedbacks affect photosynthesis and the amount of leaves.  We have found that accounting for nitrogen-limiting conditions and the affects of pollutants that result in nitrogen deposition can have a significant affect on future water availability.  These same pollutants also result in ozone, which damages photosynthetic mechanisms (Felzer et al., 2004, 2005, 2007).  This biogeochemical modeling approach can be used to train students in basic principals of biogeochemistry and plant physiology, while allowing them to contribute to our understanding of the impacts of global warming on terrestrial ecosystems.

Coupling ecological models to emissions and climate models within an integrated modeling framework is essential to determining the interactions between humans and their physical environment.   My current model development for ozone is nested within the context of the MIT Integrated Global System Model (IGSM) to directly explore the effect of different emissions scenarios on the ecosystem response.  This integrated modeling approach gives students the opportunities to play around with different economic scenarios of the future to explore the role of policy options on the future climate and ecosystem goods and services.

Future land-use and land-cover changes will be measured by remote sensing and have a strong influence on the carbon sink.  I am currently focusing on the consequence of using land to grow crops for biofuels in the future, with an emphasis on maize in the U.S., sugarcane in Brazil, and palm oil in Indonesia.  Students are exposed to discussion of biofuels in the daily news cycle, so this research provides an opportunity to learn how well biofuels will meet our future transportation needs and their role in the carbon sink.  

My extended research experience includes climate modeling, using both global and regional climate models to explore paleoclimates and future climate scenarios.  My graduate and postdoctoral research focused on the climate since the Last Glacial Maximum (Felzer et al., 1995, 1996, 1998, 1999, 2000, 2001).  My undergraduate research in astronomy provided early experience in the utility of research as a learning tool.  I am eager to entrain students to apply the latest climate change data to questions of carbon dynamics and hydrological cycling.  Even non-science majors can benefit from applying limited computer skills with simple models to better understand issues like climate and environmental change.

