Update on Landscape monitoring and related activities
John Gross, john_gross@nps.gov
October 2004

Here’s an update on a variety of activities relevant to monitoring landscape dynamics and to better incorporating remotely sensed data into I&M activities.  In the future, I hope to send a similar update 2 or 3 times per year while this remains a high-priority area in the I&M Program.  It’s very difficult for me to keep track of all the projects, workshops, and collaborative efforts in this area and I appreciate your help in keeping me informed.  Please send me a short note or call when you initiate an activity that might be of general interest. 
This update contains information on these topics:
1Issues around communicating land use/ land cover vital signs


1Landscape projects of interest


5Remote sensing change detection paper


5NASA general agreement and proposals


6Canadian Parks collaboration


6New USFS Forest Inventory and Assessment (FIA) MOU




Issues around communicating land use/ land cover vital signs
In the Phase 2 reports submitted last year, all 12 networks identified priority vital signs relating to land use and land cover.  Many of these vital signs will lead to measures of land use or land cover outside parks, and all of us need to be aware of sensitivities, at all levels within the NPS, of activities that involve an evaluation of  what people do on their private land outside park boundaries.  These concerns have been communicated to me by networks working with park superintendents as well as others in the Washington, DC office.  In address these concerns, here are a couple suggestions that might help avoid conflict:

· In many cases, it’s appropriate to refer to monitoring “landscape dynamics” rather than land use or land cover.  The term “landscape dynamics” seems to carry less baggage.

· Focus on resources that might be impacted rather than a particularly activity.  E.g., “we’re measuring fragmentation of habitat critical to the Park’s fauna” rather than “we’re monitoring suburban developments on the fringe of the park”.  This is a general one, and it can apply to such things as disturbance to wildlife (which might be indexed to population changes or land use intensification on the boundaries of parks), impacts to ground water (as indicated by permits for new wells), and a wide variety of other processes.
Landscape projects of interest
I’ve just updated my list of projects related to use of remotely sensed data for landscape monitoring that are relevant to activities of I&M Networks.  The list is constantly changing, and it currently includes about 25 projects.  It’s clearly incomplete and I’d appreciate updates and corrections.  You can view the list at http://science.nature.nps.gov/im/monitor/docs/RS_projects_summary_2004_10.xls 
I requested an informal progress report from projects that I was aware of and that were most directed to developing protocols for landscape monitoring.  Below are summaries of the status of these projects.  My advice to networks is still to hold off on funding new projects if you can – the existing projects are making rapid progress, and there are clearly efficiencies in building on the work that is now taking place. 
If you’re new to the program and didn’t see the previous summary of activities, you can get a broader view of I&M activities by visiting the Remote Sensing and Landscape Monitoring web page (http://science.nature.nps.gov/im/monitor/lulc_rs.htm) and reading the more comprehensive summary compiled last fall.
Development of Land Use Change Protocols for The Greater Yellowstone Network

Andrew Hansen and Danielle Jones

The goals of this project are to develop monitoring protocols for land cover and land use change and to evaluate how to analyze/add value to these data to make them most useful for park managers. We are not developing new methodology for mapping land cover and use from satellite imagery.  Instead we are evaluating existing sources of data and classification methods that could be used.  The classification system is similar to Andersen Level II.  Examples of potential remote sensing based measures of land cover and use variables and sources are: riparian species composition from hyperspectral data, cover type, seral stage from Landsat, and percent tree cover and agriculture from MODIS.  Examples of ancillary data not based on remote sensing include rural home location from county tax records, human density from the US Census, and personal income from the Bureau of Economic Statistics.  We have compiled many of these data sets from previous studies and analyzed change from past to present across our region.  This will be useful to managers as a context for interpreting future monitoring data.  We are also evaluating how to add value to the land cover and use data by analyzing them in conjunction with other data to make them more interpretable to park managers.  For example, we mapped impacts of land use change on habitat for several wildlife species (e.g., grizzly bear), wildlife communities (e.g. breeding bird hotspots) and integrated indices of habitat (e.g., irreplaceability and vulnerability).  We are now 8 months into this 12 month study.  The study is on schedule with drafts nearly complete of monitoring protocols and data analysis.  Final products are expected at the end of the year.
NCRN – Developing landscape monitoring for NCRN parks 
From Shawn Carter; Collaborators: Phil Townsend, and Bob Gardner
Phil is roughly on schedule - the project was delayed a bit due to modifications to the agreement to acquire additional imagery and establish a reference archive for all NCRN parks.  Currently, all required imagery has been obtained for our set of four pilot parks (and urbanized park, a linear park, a forested park, and a mixture) and Phil's technician will be doing the orthorectification and classification over the next 4-6 weeks.  We hope to have draft maps available in mid-November.  

Bob Gardner has completed work looking at change detection and pattern analysis using LandSat imagery and is waiting on new corrected imagery to complete additional analyses.  We have a November meeting on the books to look at interim products.  The specific areas of interest are landcover classification to Anderson-level 2, a suite of indicators looking at LULC change based on Bob's four categories (p, edge/area, shape, context (I think)), methods to assess buffer requirements for riparian areas, and ways to assess forest cover degradation based on foliar insect pest damage (i.e., gypsy moths).  Retrospective analysis is now on the table with the new imagery that has been acquired.  Finally, Phil provided a draft copy of a decision tree for determining the appropriate imagery for particular management objectives (meant to get at cost analysis).
Developing a protocol for satellite remote sensing based monitoring of change in the National Parks of the NCCN
Robert Kennedy and Warren Cohen, USDA Forest Service, PNW Research Station

Al Kirschbaum, Oregon State University, Department of Forest Science

The goal of this project is to develop protocols for remote-sensing based ecological monitoring in the National Parks of the North Coast and Cascades Network. The particular challenges to monitoring in these parks are their large size (making field validation and monitoring difficult), their steep terrain (a challenge to many remote sensing methodologies), and their frequent cloudiness (often only one clear or mostly-clear Landsat image per year). 

The first five months of the project were focused on joint development of a study plan that would place the various monitoring needs of the Parks in the context of remote sensing. At two meetings with USGS and NPS personnel, we developed lists of monitoring goals, using our expertise with remote sensing to help Park personnel place bounds on what was likely achievable with remote sensing and what would need to be addressed through other approaches. A key criterion in this process was matching spatial and temporal grain of the ecological process with the spatial and temporal grain of remote sensing technologies. In early June of this year, the parks approved our study plan with a list of monitoring goals, prioritized according to these criteria. 

From May through October, we have focused on acquiring resources for validation, acquiring satellite imagery, processing imagery according to a variety of preprocessing and change detection methods, and developing and testing field validation approaches. We have visited each of the three large parks (NOCA, MORA, and OLYM) at least twice each over the course of the season. Some key lessons include: 

1) Subtle geometric distortions acceptable in most remote sensing work can cause problems for monitoring in these parks because of the nature of the monitoring goals. We have developed approaches to handle this as much as possible, and will be providing detailed descriptions of the steps needed to purchase imagery in a manner that will diminish this problem for the parks in the future. 

2) Field validation requires current-year imagery, not imagery from prior years. The use of two-year old imagery meant that many areas had changed since the latest image, and field validation was made much more difficult. Therefore, we purchased new imagery from this summer for use in all of our field validation. 

3) Because of the difficulties in obtaining cloud-free images, we have developed a change-detection method that appears to be robust to variability in radiometric and phenological conditions in the scene. This will be critical for the parks to be able to quickly assess and field-test year to year changes on the ground. 

4) We have conducted field validation on more than 200 plots across the network, and have found our methods to be robust at detecting fires, clearcuts, avalanche chute clearance, landslides, rural development, riparian channel disturbances, and, to some degree, insect outbreaks and potentially windthrow. 

NCPN – Using MODIS data to monitor vegetation and land condition
Mike White, Utah State University, and Brad Reed, USGS.

MODIS-NDVI offers a means to monitor long-term ecosystem status and to detect the occurrence of abnormal ecosystem states.  For the purpose of long-term monitoring, the NCPN/SCPN requires a clear understanding of the relationships between NVDI data and vegetation condition at specific sites.  While NDVI is know to be related to the fraction of photosynthetically active radiation absorbed by plant canopies (FPAR), leaf area index (LAI) , and green factional cover (FC), it is also strongly influenced by soil conditions, canopy geometry, the presence of senescent vegetation, etc.  Thus, across a spectrum of NPS units, it is probable that the same NDVI could represent different ground conditions.  The goal of the proposed work is to conduct a proof-of-concept campaign in which intensively measured ground conditions will be compared with MODIS NDVI.  The study will be conducted in grasslands, shrub land, and woodland (mixed pine/juniper).  Measures include: FC, Plant Area Index (similar to LAI but includes all live and dead material), and optical measures of tree/shrub budburst (to correlate NDVI and green-up).

Mike White and Brad Reed have been investigating the utility of MODIS NDVI data for monitoring “stuff on the ground” – primarily % cover, % green cover, and phenology.  This is a follow-up from an initial examination of long-term (15 yr) patterns of productivity that Brad did back in March, and a more substantial effort will be starting early next year.  NDVI has been validated in many parts of the world, but not for areas with such extensive bare ground and with the spectral characteristics of the Colorado Plateau region.

NCPN/SCPN – Is LandSat data suitable for classifying cover in NCPN parks?

In Ray Kokaly’s follow up study, he is evaluating the efficacy of multi-temporal classification methods in Arches National Park.  Using Landsat, NDVI differences between a spring and fall image are being used in a supervised and unsupervised classification of selected land-cover types (n=5).  Additionally, Ray is evaluating alternative methods for generating the signature layers used in supervised classification of Landsat.

NETN – Impacts of land cover change on the parks in the Northeast Temperate Network

Y.Q. Wang and Grey Bonyne, University of Rhode Island.  

The team is using Landsat data to evaluate land cover change for the past 30 yrs at 8 Northeast Temperate Network parks and 10 sites along the Appalachian Trail.  About 85% of the required imagery has been acquired and about 25% of the imagery for the sites has been classified, with a goal to classify areas to Anderson Level 2 categories.  In partnership with these NPS and ATC representatives, the URI team acquired an extensive library of more than 2,800 geo-referenced digital photographs.  These photographs are being used to cross-check the accuracy of land-cover data with the Landsat scenes, and offer a reference that could be used for the long-term monitoring of land cover change around the parks. They expect to finish this project in 2005.

Remote sensing change detection paper

Participants in the Landscape Workshop last January identified the unusual complexity associated with the kinds of remote sensing change detection studies requested by networks.  I&M sponsored studies tend to be more complicated because we’re frequently interested in analyses that require use of imagery that was acquired by sensors with different spatial resolutions, spectral characteristics, and processing requirements.  For example, we may want a historical analysis that uses old aerial photographs, archived TM images, and recent Ikonos or QuickBird imagery.  A surprising range of decisions must be made and documented to ensure long-term utility of results from these studies, and to ensure every study uses scientifically rigorously methods that focus on important question.  
To meet the need for a “one stop shop” for relevant information on decisions that network staff will need to address when designing a change detection study (presumably with a collaborator), we are drafting a paper that discussed the major decision, and that provides guidance on best practice for remote sensing change detection studies of parks.  At the end of May, 7 of us (2 NPS staff and 5 NPS collaborators) convened a workshop and drafted the bulk of a manuscript on this topic.  The summer field season is now over and there’s new burst of activity on the paper, and we hope that a distributable draft will be available within the next couple months. 

NASA general agreement and proposals 

NPS and NASA staff drafted a new general agreement that articulates NASA’s goal to support application of the data and technology they develop, and NPS’s increasing needs for these products.  The agreement has now been reviewed by solicitors from both agencies and all indications suggest it will be signed in the very near future.  I’ve been communicating regularly with Woody Turner, the relevant person at NASA, and we hope the MOU will facilitate increased interactions between our agencies and programs.  Special thanks to Leslie Armstrong, Lynne Murdock, and Mike Story their work on the agreement.

An exciting development is the work underway developing a proposal for a large project directed at supporting use of NASA products and technology for monitoring landscape dynamics that affect resources in National Parks.  In short, the project (if funded) would develop tools that greatly facilitate processing and interpretation of imagery for change detection studies, especially at larger scales.  The project’s team will be fleshing out the proposal and identifying ‘test sites’ – a set of parks that span gradients in environmental conditions, that are interested in participating, and for which necessary resources are available.  Strong collaborations with networks will be essential to the success of the application and to the success of the project.  If you (or your parks) are interested, and especially if the Network could contribute materially to the project (e.g., via contributed time of staff, imagery, funding or other resources), please contact me. 

Canadian Parks collaboration

Active discussions are ongoing between Parks Canada (Don McLennan) and our program on mutual interests in using remotely sensed data for monitoring Park resources.  Parks Canada has just entered into a large project with the Canadian Space Agency and our programs share many common goals.  While these are very early days, there’s a high level of enthusiasm for collaboration between Parks Canada, the Canadian Space Agency, NASA, and NPS.  We’re currently discussing plans for a workshop that we hope will lead to fruitful collaboration between the agencies.
Progress towards a new USFS Forest Inventory and Assessment (FIA) MOU

There are some strained relationships between parks and the USFS FIA program stemming from the FIA’s privacy policy, which inhibits or prevents NPS staff from acquiring accurate locations of FIA plots that are located within Parks.  USFS FIA staff (Brad Smith and Rick Guildin), John Dennis, and I have been through several iterations of a new MOU that, when finished, should solve most problems with access to coordinate data, and it should streamline submission of annual reports by the FIA.  FIA has changed its sampling scheme to something akin to a rotating panel, and this means that, in large parks, they will want to sample plots in most years (rather than sampling all plots in a Park every 5 or 10 years).  At this point, we all have a better appreciation for the issues faced by both agencies and we’ve made substantial progress, but we haven’t yet converged on an agreement that’s ready for outside review.  We expected to have a draft MOU for review by early September, but a variety of issues have stalled the MOU (these are NPS issues, not USFS delays).
