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This report summarizes my accomplishments between the period June 2006 and July 2007 under the Presidential Fellows Award.  Work on the project has progressed well.  It is particularly encouraging that two student research assistants received ATP funding and all three students, Jamieson Wicks, Patrick McDonough, and Matthew Desmarais presented preliminary results at the State GIS Day in Boston and the Undergraduate Research Symposium at BSC.  This report provides further details.
Project Description

Purpose:  Southeastern Massachusetts (SE Mass.) is experiencing dramatic rates of landscape change, largely due to human activity, and it is not fully understood how these activities influence local and regional climate. The overall goal of the project is to evaluate the effects of landscape variability on local climate variables, such as air temperature, humidity, wind speed, and rates of evaporation and transpiration. In particular the team expects results demonstrating that urban development in SE Mass. creates local climate variability and trends that more significantly affects our life-style than the “global warming” reported by the IPCC (Intergovernmental Panel on Climate Change) assessment. We hope that our results will encourage smarter planning practices in the future and provide data for advancing models for projecting future regional and global climate change.  
Scope:  The objectives include: 1) laboratory and field testing of the ETNET system, 2) deployment of ETNET in various natural and human-made landscapes to record weather variables for estimating evaporation and transpiration (ET) and to create microclimate classifications based on landscape characteristics, and 3) comparison of landscape impacts on patterns of ET and temperature using Geographic Information Systems (GIS).  We have completed objective 1 and are currently working on 2 and 3.
WORK COMPLETED

Laboratory and Field Testing
Our goal was to deploy weather stations at seven sites with different landscapes, both natural and developed. We strived to maximize the number of sites to capture as many land cover types as possible, while maintaining all the measurements necessary for evaluating evaporation and transpiration. Applying leading edge technology and innovative thinking we managed to reduce the cost of seven automatic weather stations from $14,000 to $5000 without significant loss of measurement integrity. Two students reviewed the literature on meteorological sensors. Two students received ATP grant funds to develop and complete sub-projects. One student used PVC plastic parts to design a weather shield for a small data logger that records light, air temperature, soil temperature, and relative humidity. A second student designed a solar radiation sensor incorporating low power consumption solid-state components and a foam core hemisphere made of a wiffleball. The same student also helped design and fabricate wind meters made of electric motors and half pingpong balls. All three students worked together to calibrate the sensors against the standard solar radiometer on the BSC weather tower and the wind tunnel in the Science building.
Deployment of ETNET

All three undergraduate research assistants helped to deploy weather sensors. Because of the time spent on research and development and approvals necessary for some sites, all seven sites were not fully operational until December 2006. The sites lie between Attleboro and Plymouth Massachusetts, including the roof of an industrial building in Attleboro, a modern suburban community in Taunton, the roof of Sears at the Silver Galleria Mall, the edge of the Hockomock swamp on Lake Nippenicket, the Chapel parking lot at BSC, the Great Hill at BSC, and atop a coastal bluff at the Manomet Center for Conservation Sciences. Since the first station was installed in August 2006, we have taken monthly site visits to monitor seasonal changes and download data from the sensors. 

Comparison of Landscapes and ET Calculations
Students analyzed weather data results and interpreted remote sensing images and landuse maps from the seven sites. A fourth student, Scott Damron, was hired to replace one student that graduated in December 2006. This student continued to develop the GIS portion of the project by combining 21 existing landuse classes to produce five types of landuse for use by the BROOK90 and ETref hydrological models. One student and myself ran the models on a PC and computed the actual and reference (wet grass) ET for all five class types given the weather data input from each site. Total daily ET for each site was determined by multiplying the proportion of each landuse type within a 2 km diameter circle around each weather station. Consequently, given daily average weather data and landuse classification from past years, we now have the methodology for comparing past ET for sites with climate data. 

WORK REMAINING

Fall 2008, I am recruiting at least two students to assist in the collection of historical archives of land use, data layers from the MassGIS, and creating several scenarios of future land use change to continue development of a geographic information system (GIS) for mapping and studying the past, current and future impacts of land use change local climate change. As anticipated in the original proposal, ETNET will have international applications, such as the recently installed network in the the Peruvian Andes.
We currently have numerous tables and graphical results to post on a dedicated web site, and we plan to publish the site early Fall 2007.

Through collaboration with colleagues at The Ohio State University (OSU) and the University of Delaware (UD), we augmented our existing weather station (installed 2005) in the Llanganuco Valley, Peru, with ETNET sensors in June 2006. Pending logistical and technological support to download of data from sensors located challenging terrain, this site will allow us to evaluate the effects of elevation on temperature and ET.
I am spending time this summer and fall semesters to write and submit manuscripts covering both the local and international components of this project. I am currently developing proposals to continue building upon this project, including at least one proposal to NSF with an RUI (undergraduate research) component in collaboration with colleagues at OSU and UD and the Peruvian environmental agency INRENA. Overall, the original ETNET team was happy with the progress and unique learning experience offered by the Presidential Fellows Award. I learned the value and challenges of directing a team to complete a project and I plan to use this experience in future projects. I am eager to share updated results through National meetings in the upcoming year. After my sabbatical this Fall, I look forward to integrating ETNET methods and results into my classroom activities.
