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Introduction

Remote Sensing (RS) is a dynamic technology that allows the collection of information about an object (the earth’s surface) without being in physical contact with the object.  The collection systems range from conventional cameras mounted on aircraft to sophisticated scanners on orbiting satellites.  Analysis of remotely sensed data (typically digital image data) requires specialized software and personnel with expertise in these fields.  A major advantage of using remote sensing technologies is that resource managers can extend ground-based measurements or observations over the landscape by correlating those observations with remotely sensed data of a similar time period or over several years or seasons for which data were previously collected.  Potential applications include mapping and monitoring various resources or conditions (land cover, fire, invasive species, high-resolution elevation, etc.) within the National Park System.  Remotely sensed data and analysis provides an economic and low risk (to staff safety) alternative to costly fieldwork in remote, extensive backcountry areas.

Other land management agencies (U.S. Forest Service, BLM, BOR, NRCS) have recognized the advantages of utilizing this technology and have incorporated it into the structure of their organizations. The National Park Service is underutilizing RS technologies, and there is an important unmet need to better manage and coordinate many aspects of RS infrastructure and resources.  In the natural resource arena, several parks and I&M Networks are working with USGS and NASA to acquire RS mapping and monitoring data. Other Natural Resource Inventory projects have identified RS data needed for baseline mapping projects. At the present time, there is no remote sensing program or lead contact that can support, plan for future use and development, or be responsible for these kinds of activities.

Background

In the 1980s and early 1990s, the NPS had significant remote sensing expertise and capabilities as part of the GIS Division.  Personnel from that division led applied projects, represented NPS in national forums, held training within NPS, and kept NPS personnel updated about the latest remote sensing systems and analysis techniques.  Those personnel and capabilities were lost to the NBS in 1994.  Presently, RS is represented in the NPS only by an informal group of GIS and Natural Resource Inventory Coordinators.

A recent survey of the various NPS regional GIS coordinators revealed that 3 of the regions (NCR, AKR, IMR) have some remote sensing capabilities, 3 regions (NER, PWR, MWR) have no in-house capabilities and one region (SER) is currently acquiring these capabilities.  Over 25 parks and NIFC are performing or contracting remote sensing activities including the acquisition of imagery with no centralized forum for exchanging information on methodologies, standard protocols for monitoring, or consolidation of purchasing software or imagery.   The Inventory and Monitoring Program is acquiring RS processing software capabilities in FY 2003.  

Recommended NPS Remote Sensing Program Items  

Establish an NPS Remote Sensing Program that meets the following needs: 

· Training on the fundamentals of RS and awareness of developing systems and capabilities

· Applications expertise and support

· Applied research

· Technical evaluation of new systems and applications

· Data acquisition

· Archiving and management

· Development of partnerships

· Funding for these activities

These activities and capabilities can be developed within the NPS at various organizational levels and through the use of partnerships and contracts.  The approach and implementation will be determined by available funding, FTEs, internal coordination, and potential partnerships.  At a minimum, NPS needs a national point of contact that can coordinate RS planning and begin to help provide for the needs stated above.  

The RS workgroup proposes that the NPS convene an official committee to evaluate the specific needs for remote sensing within the NPS and develop an administrative structure for an NPS Remote Sensing Program.

Examples of  Potential Partnerships

The NPS needs to more effectively cooperate and collaborate with other agencies that are presently collecting remote sensing data that are not utilized or under utilized by the parks due to a lack of knowledge, coordination, and expertise.  To maximize its partnership opportunities, the NPS needs knowledgeable and dedicated remote sensing staff.  A list of partners and coordination opportunities are discussed below.  

NASA

As the premier civilian remote sensing agency, cooperative opportunities with NASA are a key for success of the NPS remote sensing program.  

NASA reorganized their Earth Science Initiatives last year to focus on collection, distribution and research of remotely sensed data in scientific areas including atmospheric and carbon cycling, invasive species, terrestrial systems, change detective and predictive modeling, detecting and measuring anthropomorphic activities on the earth. They are particularly interested in partnering with earth science researchers and remote sensing data users to establish the infrastructure necessary to utilize the terabytes of data that is being collected and that will be collected by new systems planned for the near future. 

The NPS has successfully piloted some remote sensing projects with NASA such as acquisition of high resolution LIDAR (Light Detection and Ranging) elevation data over several coastal parks.  Another project used satellite imagery to cooperatively map invasive plants within NPS units.  In addition, NASA has periodic calls for project proposals for cooperative projects with other agencies.  Although, the NPS has appointed and maintained a liaison position with NASA for several years in the past to promote cooperative opportunities, the Service has never provided a remote sensing expert that could fully participate in planning and project coordination with peers within NASA and the NPS.  A new interagency agreement between the NPS and NASA needs to be developed and signed in order to continue to develop these opportunities. To maximize collaborative and partnership opportunities with NASA, the NPS needs one or more full time, professional remote sensing coordinators to interface with park staff and promote NASA projects and resources.  Brief synopses of ongoing projects and opportunities with NASA are noted below.

· LIDAR Mapping: In January 2003, a core NPS RS working group met with principal investigators from USGS Center for Coastal and Regional Marine Studies, St. Petersburg, Florida and NASA Goddard Space Flight Center and discussed long-term needs related to ongoing, pending, and potential LIDAR cooperative projects related to the Northeast Coastal and Barrier Network (ASIS, CACO, FIIS, GATE), Southeast Coastal Network (CAHA, CALO, CUIS), PORE, Florida and Caribbean Network (BISC, VIIS, DRTO) and the Great Lakes I&M Network.  These projects have already collected significant amounts of data some of which have been integrated into park operations.  As demand for these data increases, USGS and NASA cooperators continue to express interest in having more centralized coordination in the NPS to assist with cooperative funding and resources, project planning, field support, and data management of ongoing and pending activities.  The NPS group agreed that they could provide interim support but that a more effective long-term solution with dedicated personnel and resources for centrally managing RS projects should be pursued.  

· Landsat Projects: In cooperation with NASA personnel from the Landsat Program Office at Goddard Space Flight Center (NASA/GSFC), proposals for cooperative efforts have been scoped and submitted to NASA HQ for funding without success.  The NPS has no one assigned to evaluate these unsuccessful proposals and coordinate new submissions with NASA cooperators.

· Invasive Plants Detection and Mapping: The NASA Office of Earth Science and USGS are developing a National Invasive Species Forecasting System for the management and control of invasive species on all Department of Interior and adjacent lands.  The project will use early detection and monitoring protocols and predictive models developed at the USGS Fort Collins Science Center to create assessments of invasive species patterns and vulnerable habitats.  The project will include multiple high-level data resources from Federal and commercial sources.  This effort includes USDA (Forest Service and Agricultural Research Service), National Park Service, USGS, Mississippi State University, and Ames Research Center.  The NPS desperately needs a well-qualified remote sensing specialist to coordinate this project.

· NASA Announcement NRA-03-OES-03: Interdisciplinary Science in the NASA Earth Science Enterprise: This NASA Research Announcement (NRA) provides an opportunity for members of the scientific community and government agencies to propose interdisciplinary research related to seven questions taken from the NASA Earth Science Enterprise (ESE) Research Strategy.  One of the research questions in the announcement specifically speaks to issues important to the NPS: “What are the consequences of climate and sea level changes and increased human activities on coastal regions?”  To participate in this well-funded research opportunity, the NPS needs a remote sensing professional to collaborate with NPS coastal scientists and academic partners to identify and propose relevant scientific studies and projects related to more than 90 coastal parks.

USGS

The U.S. Geological Survey is the primary mapping agency for the U.S., and many of its mapping products are based on remotely sensed imagery.

· Multi-Resolution Land Characteristics (MRLC) Project: The Multi-Resolution Land Characteristics (MRLC) consortium group of federal agencies originally joined together in 1992 (MRLC 1992) to purchase Landsat imagery for the nation and to develop a land cover dataset.  Beginning in 1999, a second-generation consortium of USGS, EPA, BLM, USFS, NOAA, NASA, NPS, and USDA has joined together with the USGS EROS Data Center to create a new Landsat image and land cover database for the nation called MRLC 2001. MRLC 2001 is designed to meet the current need of Federal agencies for nationally consistent satellite remote sensing and land-cover data.  More than two terabytes of MRLC 2001 Landsat imagery were delivered to the NPS in November of 2002 and data collection and delivery are ongoing.  The NPS GIS Program Manager coordinates the MRLC, but NPS has yet to identify and fund permanent resources to process and manage these data, which could be included in the proposed NPS remote sensing program.

· Fire Burn Perimeter and Intensity Mapping: Fire burn perimeter and intensity mapping using a normalized burn ratio (NBR) technique developed by Carl Key (USGS office, Glacier National Park) and Nate Benson (Everglades National Park) compares pre-fire and post-fire Landsat scenes to generate a continuous index of burn severity.  The terrain corrected Landsat scenes are collected on or near anniversary dates so that vegetation is in similar phenological states.  NBR projects are being carried out through the USGS EROS Data Center at high priority fire parks in the continental U.S. and in Alaska.  Burn severity products provide a landscape level understanding of the mosaic pattern of fire effects and burn scars.  The data are valuable for fire team assessments, prescribed burn planning, updating fire fuel and vegetation layers, and fire behavior modeling and research.  As with the MRLC data, NPS has yet to identify and fund permanent resources to manage these data and information products, which could be included in a NPS remote sensing program.

DOD

The U.S. Department of Defense makes classified satellite imagery available to other U.S. Government agencies via its Civilian Applications Program.  The NPS cooperates with the DOD via the Global Fiducials Program.  To participate in the GFP, NPS staff members must obtain high-level security clearance and travel to secure sites to view and work with the imagery.  Once the imagery are processed into Imagery Derived Products (IDPs) of limited resolution, they can be declassified for use by NPS resource management.  IDPs from the high-resolution imagery are useful for ecological mapping and monitoring projects such as glacier monitoring, wetland and vegetation mapping, and digital orthophotography.  Since its inception in 1998, the GFP has collected imagery over 62 NPS sites, but to date, only a small number of IDPs have been produced, declassified, and delivered to NPS users.  To maximize the value of the ongoing collection of GFP data, the NPS needs to assign dedicated personnel to research, evaluate, plan, coordinate, and manage NPS projects with DOD and DOI cooperators to produce and utilize IDPs for parks.

Data Management

Many remote sensing data are available to the NPS for low or no cost of acquisition.  However, many of these data are in a raw state and require processing and/or conversion into useable products and digital media that can be delivered to NPS users.  For successful use and implementation of remote sensing data products, the NPS must provide long-term resources for data processing, delivery, and archiving.  Remote sensing data require large quantities of digital storage and high-end computer hardware and software to work produce useable products.  The NPS I&M Program provides similar digital data archival resources for its natural resource inventories (including oversight by a Federal Information Manager), but the scope and scale need significant expansion to accommodate remote sensing data.  If managed in conjunction with the I&M archive, successful stewardship of NPS remote sensing data could be outsourced via a CESU cooperator and student assistant(s).

