International Facility for Remote Sensing Research and Education
Participants

Prof. Steve Ackerman: Atmospheric and Oceanic Sciences (AOS)
Dr. Paolo Antonelli: Space Science and Engineering Center (SSEC)
Dr. Paul Menzel: National Oceanic and Atmospheric Administration (NOAA)

Dr. Allen Huang: Cooperative Institute for Meteorological Satellite Studies (CIMSS)

Mr. Liam Gumley: Cooperative Institute for Meteorological Satellite Studies (CIMSS)
Vision
The vision of the International Facility for Remote Sensing Research and Education is to enable students to experience the excitement of learning and discovery that comes through international collaboration in the area of environmental remote sensing. We believe that in  parallel with the transformation in scientific knowledge that accompanies research, students should learn to work effectively in international research teams comprised of scientific and engineering professionals and students with different cultural backgrounds.

Project Overview

To understand, preserve, and protect the environment of our Earth-atmosphere system, scientists and engineers have long been using remote sensing to monitor and predict its evolution and changes. Environmental remote sensing is global in nature, and to fully gather and interpret the information required to understand our fragile planet, the international remote sensing community must bring scientists, engineers, and students together to share expertise, conduct research and ultimately provide decision makers with the information they need to effect changes that will impact the future climate and habitability of the Earth.

We propose to establish an International Facility for Remote Sensing Research and Education which focuses on research topics that will advance understanding and monitoring of the Earth environment at global and regional scales, and also facilitates educational experiences for US and foreign students to prepare the next generation of remote sensing scientists for international collaboration and research. We propose to establish links between existing regional centers of expertise in specific areas of remote sensing including wildfire detection, coastal ocean productivity, and air quality. Each regional center will be the focal point for collaborative research projects on advanced techniques for interpreting remote sensing observations in their field of expertise, and for disseminating the acquired knowledge to the local region and to all project partners.

We propose to conduct educational workshops at each regional center on a regular basis to introduce local students to the fundamentals of remote sensing; expose them to practical research applications of remote sensing; and help prepare them to become the next generation of remote sensing educators and researchers.
US students will participate in the joint research projects through student exchanges between partner institutions; virtual collaboration on research projects; participation in field experiments; and tutoring during international workshops. 

Background
For the last five years AOS, SSEC, NOAA, and CIMSS researchers have devoted part of their time to educate international scientists, engineers, and environmentalists on advanced remote sensing topics. Since 2001 CIMSS and SSEC have supported 16 courses in 10 countries (Italy, Australia, Poland, China, South Africa, Norway, Costa Rica, U.S.A., Russia and Taiwan) training more than 400 international participants in the field of remote sensing of the Earth-atmosphere system. In most cases the host institute provided logistics, travel, and housing, while UW salaries were supported through a combination of center resources, a former NASA research grant
 and vacation time.
 The experience accrued shows that this effort has achieved:

· A sustainable, productive, and long-term collaboration among international institutes;

· The successful training of the next generation of remote sensing scientists, engineers and environmentalists;
· The establishment of a foundation that has the potential to achieve the objective of PIRE in research and education for remote sensing.
Due to logistical and resource limitations, the educational and research interactions between US and foreign students have been very limited. UW-Madison graduate students are usually limited to the education and training provided by U.S. professors. Other domestic and international students’ engagements are in the area of assisting foreign students in accessing research resources at UW and often in one direction. As a result, few research collaborations have been made. U.S. scientists and engineers usually are not given enough opportunity to be exposed and to participate in coordinated international research projects and cannot directly benefit from the unique culture and ingenuity that their foreign counterparts possess. 
Participants
To support NSF’s objective to engage resources within and across institutions to build strong international partnerships, we propose to team with four international institutes. The strategic location of the institutes will enable a well-represented worldwide collaboration for remote sensing research and education. Partner institutes will provide the facilities for carrying out the research activities in their own region and for hosting local educational workshops. In this way UW-Madison will share the training responsibilities and research opportunities with its partners and will be able to focus on developing advanced training material and identifying and nurturing collaborative research projects. The international partners are:

· Mediterranean Agency for Remote Sensing (Italy) serving Europe, North Africa, Middle East; 

· University of Johannesburg (South Africa), serving Central and Southern Africa;
· Curtin University of Technology (Australia), serving Oceania;
· Nanjing University of Information Science and Technology (China), serving Asia.

· 
Research Approach

The proposed research approach makes use of local facilities for direct reception and processing of remote sensing satellite data at each partner institute. Each institute has established an X-band ground station for receiving direct broadcast data from the NASA Terra and Aqua spacecraft, which both carry an array of advanced instruments for earth observation. Furthermore, NASA has funded the development and distribution of software for processing the satellite data from raw instrument packets to geophysical products. This enables each institute to produce a common set of remote sensing products, which can be analyzed and interpreted in different ways depending on the particular research area. The research topics specific to each partner institute will be as follows:

· Mediterranean Agency for Remote Sensing: Remote sensing of atmospheric trace gases including SO2, CH4, CO, CO2, and NOx. These gases are important contributors to air quality, surface visibility, and global warming.

· University of Johannesburg: Remote sensing of wildfires and their impact including real-time fire detection, burn scar mapping, and vegetation change. Natural and anthropogenic wildfires have important consequences in disaster management and ecosystem change.
· Curtin University of Technology: Remote sensing of coastal ocean productivity. Coastal waters are important regions to monitor for natural resource management.

· Nanjing University of Information Science and Technology: Remote sensing of air pollution and dust storms. Anthropogenic sources of air pollution are an increasingly important problem in developing countries, and dust storms are a rising concern especially in light of human induced deforestation.
Each institute will direct a student-led research project aimed at investigating and understanding the local research topic, and will present their findings at a joint workshop with all the project partners. UW will provide assistance in research oversight, and will send UW graduate students to participate in field experiments where calibration and validation datasets are collected. UW will also conduct application specific workshops at each partner institute to ensure they have the knowledge and tools necessary to undertake and successfully complete focused research projects in their remote sensing area.
Education Approach


The proposed education effort has two phases. Phase I aims to train students and scientists who are new to the remote sensing field while building the foundation for stable, long-term collaborations between partner institutes and our center. We will provide the training material for the basic courses (lectures, notes, labs, software) and the human resources for teaching and supervising the research activities. Training will include both international workshops that U.S. students will attend, and distance-learning events at each site using a widely accepted remote sensing training tool developed at UW. The proposed education program will cover full end-to-end activities of remote sensing: from data collection, through calibration and geo-referencing, to algorithm development, data processing, product generation, data utilization and applications, to archive and distribution. This phase will also build the necessary connections to begin developing instructional skills so that the international institutes can, in the future, host their own workshops with minimal support from UW.
The program will provide participants with an understanding of remote sensing concepts, gain insight into how satellite, airborne, and ground based sensors function, and provide the necessary skills to access, manipulate and extract information from remote sensing data. Courses are based on lectures and group labs to ensure a balanced approach and integration of theory and application. The instructional emphasis on theory and applications changes according to the needs of the audience. Participants are asked to work in groups for a short-term research project, which would be a part of thesis work. Access to remotely sensed and in situ data for locally interesting case studies (e.g. biomass burning, pollution, urban heat islands, land resource management, and monitoring of costal waters) provide ideal case studies for a phenomenological-oriented way of teaching basic and advanced concepts in remote sensing. This approach is heavily based on the integration of state-of-the-art observations and algorithms, local knowledge of the environment, and theoretical knowledge of the underlying physical processes.

Phase II will focus on full exploitation of collaborative long-term research projects. Each institute’s strengths, identified and consolidated during Phase I, will lead to an efficient and stable way of carrying out collaborative research. The training effort carried out over the past five years has led to joint activities between foreign institutes and CIMSS/SSEC and we anticipate further collaborations, this time including US students. Our proposed International Facility for Remote Sensing Research and Education not only addresses the PIRE initiative but is also consistent with the philosophy of improving the collection, management, exchange, access to and use of remote sensing data. At the end of our proposed five-year project we will have established strong research ties between individuals and research institutes around the world. Future funding will be provided through research grants from each institute's home country while collaborations will be conducted under the PIRE framework.
Project Structure

A series of collaborative workshops will bring participants together each year. Students will learn various aspects of remote sensing engineering and research, begin development of a community, and define common research interests. Having attended a workshop, students will then assist in the planning of future workshops. Post-workshop activities will include virtual exchanges of research issues and advances. Faculty from different institutes will serve on research committees of its partners in a manner consistent with University requirements. Graduating international students will have the opportunity to visit CIMSS and graduating CIMSS students will be able to conduct research project in our international partners.
Research communities thrive when all participants take responsibility for achieving the goals. A challenge is to successfully establish this collaborative environment. We propose to draw on the core ideas of Learning Communities to define a research community that deepens collaborative research and education between U.S. institutions and our international counterparts. 
1. 
2. 
3. 
4. 
Having identified the appropriate learning framework, we will use current research on the establishment of Learning Communities and our own experience to guide the development of this institute.

Expected Benefits

· Opportunities for foreign scientists who have no access to advanced programs in remote sensing in their countries will learn directly from researchers and teachers of leading institutes;

· Establishment of long-term collaboration between five international institutes;

· Opportunities for the establishment of a more extended network of collaborative institutes, where UW and the selected institutes will be the focal points, and the regional institutes sending students to the courses will be terminal points;

· Opportunities for U.S. students to actively collaborate in research projects with foreign students and scientists;

· Opportunities for CIMSS/SSEC and UW-Madison to work in collaboration with international institutes to carry out advanced research projects on both local and global scales;

· Opportunities for foreign students to visit our research center and for U.S. students to visit foreign institutes, for short and/or extended periods of time.

· Opportunities to foster a worldwide workforce in enhancing the capability to monitoring and predicting our planet earth by way of remote sensing. 
Evaluation Criteria
Under this NSF program we will expand the demonstrated benefits of previous successful workshops to 1) involve US students in the international collaboration on both educational and research activities; 2) create a structure that assures a long-term stability and 3) develop research collaborations between partnering institutes. Thus, evaluation of the program will likely include the following general measures of success:

· Number of research papers by UW-Madison students that include international authors;

· Number of visiting students/scientists across the institutes;

· Number of students participating in the program;
· Number of research projects focus on the earth-atmosphere system study linking findings and discoveries by joint and partner efforts; 
· Creation of a successful remote sensing facility infrastructure to support the sustained research and education collaboration.
� The NASA grant, which has ended, was to support international communities establish a direct broadcast station to receive NASA satellite data.    
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