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This report summarizes formal presentations, breakout group activities, and additional ideas and information generated by the NPS workshop on landscape monitoring.  Presenters and participants were given a chance to review, revise, and supplement material, but the report has not been subjected to peer review.  Material in this report includes unpublished intellectual property that participants have generously contributed.
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This document and the associated presentations can be downloaded from: http://science.nature.nps.gov/im/monitor/lulc_wrkshp.htm
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1. 
Overview
Presentation file:  John_Gross_intro.pdf
Many Inventory and Monitoring (I&M )Networks must determine how best to monitor broad-scale processes and activities important to Park ecosystems and to Park managers.  The intellectual and technical challenges posed by the need for broad-scale monitoring are as large as the spatial scale, and evaluation of broad-scale features are complex because:

· multiple scales are important and analyses of pattern and process vary with scale,
· mvaluations and interpretations of metrics and measurements are contentious,
· broad-scale studies usually rely on remotely sensed data, which uses highly specialized and rapidly evolving technology,
· projects tend to be multidisciplinary and involve teams of people, and
· studies typically require a major commitment of resources by networks.
To address landscape-level monitoring needs, no fewer than nine projects are currently  commissioned by networks (2004), while other networks have delayed projects until some clarity on approaches, needs, methods, and reporting issues has emerged.  This workshop was designed to help meet these needs by bringing together NPS staff, experts from academia and other agencies, and researchers actively engaged in projects sponsored by I&M Networks.  

The overall goals of the workshop were to:

· foster collaboration and communication among participants,
· work towards better, more uniform approaches by identifying:
· a broad conceptual framework, and 

· widely applicable conceptual models;
· identify core indicators at a landscape scale, and
· identify key challenges and a way to address them.
The workshop consisted of an introduction by John Gross and Steve Fancy, five formal presentations, open discussions, and specialized breakout groups focused on conceptual models, landscape description, and change detection.  This report includes summaries of all presentations and proceedings from breakout groups. Chapters in this report are meant to be used in conjunction with the visual presentations displayed during the workshop, and while chapters in the report can usually be read on their own, the presentations are a vast enhancement.  Where material was clearly and completely presented in the accompanying presentation file, very little effort was expended to duplicate information that was otherwise readily accessible. The primary goal of this report is to make information from the workshop accessible to those that were unable to attend and to serve as a summary of the proceedings. 
2. Natural Resource Challenge Inventory & Monitoring
Steve Fancy

Inventory and Monitoring Program, NPS, Ft. Collins, CO

Presentation file: Steve_Fancy_IM_Prgm.pdf

The Natural Resource Challenge (NRC), passed by Congress in 1998, provided new policy and funding to the NPS with the overall goal to revitalize and expand the natural resource program within the park service and improve park management through greater reliance on scientific knowledge.  The NRC provided significant new funding for the Inventory and Monitoring Program (I&M), which has an overall goal to determine status/trends in the condition of park resources. Monitoring programs are to support management by their ability to: 

· Assess the efficacy of management and restoration efforts;

· Provide early warning of impending threats;

· Provide a basis for understanding and identifying meaningful change in natural systems characterized by complexity, variability, and surprises.

Monitoring plans are being prepared for 32 Networks that include 270 Park Units (Parks, Historical Monuments, etc.) with a geographical range from American Samoa to the arctic circle.  Monitoring plans are being prepared with an explicit understanding that parks are open systems strongly influenced by activities outside Park borders, relevant measurements will occur at small to large scales, ecosystems have stochastic dynamics and “surprise” is to be expected, and that protecting and managing a park's natural resources requires a multi-agency, ecosystem approach

Most park units are small and 50% of parks are <1500 ac (~600 ha), although most of the land area is in relatively few very large parks (80% of the total acreage is in 10% of parks).  Many small parks are effectively islands within a landscape managed for a very different purpose.  

The Network Approach

To effectively implement the Inventory and Monitoring program, a networks approach was adopted to allow all parks to identify their most critical data needs and begin monitoring planning/design work now, with a need for minimum infrastructure.  A network consists of a group of parks that share consistent funding and professional staff to plan, design, and implement an integrated monitoring program. Networks consist of 3-19 parks, and they are being funded incrementally over a period of years.  Twelve of the 32 networks were included in the first year of full funding, while the final 10 networks will not be fully funded until at least fiscal year 2005. Networks provide core professional staff that parks can build on and they augment work already being done by park staff.  The network approach is primarily an administrative tool that provides for greater efficiency by sharing staff & funding; monitoring must be responsive first to park-level issues, data needs, and managerial interests.  The program philosophy is to start with a modest program, but be optimistic!  Our belief is that if we build a strong foundation and demonstrate the value of scientific data for park stewardship, funding & staffing will grow.

The intent of park vital signs monitoring is to track a subset of physical, chemical, and biological elements and processes of park ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of stressors, or elements that have important human values. Programs focus on identifying and monitoring the most significant indicators of long-term ecological trends and highest concerns among the parks in each network

The Program’s current approach is:

1. Parks and network identify their most critical data needs, and determine partnership opportunities (maximize the use and relevance of data; get the most for your monitoring dollar).

2. Once that is done, identify common ground and additional opportunities for collaboration and consistency among approaches and protocols.

3. Promote sharing/comparing of protocols and datasets via data management and protocol clearinghouse.

4. At the national level, use qualitative measures and in a few cases, standardized quantitative measures, to report on the condition of natural resources and important highlights and trends Servicewide.

To implement the monitoring program, each network is required to prepare a detailed monitoring plan. The monitoring plan is prepared in three phases, each of which takes 1-2 years. Except for special circumstances, on-the-ground monitoring and data collection is not funded until the monitoring plan is completed and approved.  
Designing a Monitoring Program requires a large up-front investment that should be represented in the protocol document. Protocol documents must follow a standard format (Oakley et al., 2003) and they require:

· Clear statement of questions being asked, including Measurable Objectives

· Sampling framework/design

· Step-by-step procedures for collecting, managing and analyzing the resulting data

· Expectations/examples for presenting the data in graphs, tables, reports

· Personnel requirements and training

· Operation requirements: scheduling, equipment needs, startup costs and budget requirements

References
Oakley, K. L., L. P. Thomas, and S. G. Fancy. 2003. Guidelines for long-term monitoring protocols. Wildlife Society Bulletin 31:1000-1003.

http://science.nature.nps.gov/im/monitor/index.htm - Monitoring Program web site. This is the main means for communication within the program it is a large and comprehensive source of information. The Remote Sensing / Landscape Monitoring page is: http://science.nature.nps.gov/im/monitor/lulc_rs.htm.
3. An Ecological Approach for Monitoring Change Around Protected Areas
Andrew Hansen and Danielle G Jones
Ecology Department, Montana State University

Presentation file: Andy_Hansen_ecol_approach.pdf

Nature reserves were initially envisioned as natural areas comprised of intact ecosystems that, when left alone, would retain their natural processes and biodiversity without intervention. Our current understanding is that few, if any, protected areas are sufficiently large and diverse to maintain natural processes without some reliance on habitats outside their boundaries.  Management of preserves or parks is intricately linked to activities outside park boundaries. Land use, in particular, is a pervasive issue because man’s activities can disrupt ecological flows and thereby alter ecological processes and biodiversity within preserve areas.  A critical need for the I&M program is thus to extend the bounds of monitoring to the extent of the functional ecosystem, with will generally extend well beyond Parks boundaries.
This talk is organized around themes of:

· Ecological framework for monitoring – with examples from east Africa and Yellowstone
· Case study from Heartlands Network

· Monitoring as part of adaptive management across networks 
Major ecological mechanisms affected by land use intensification outside preserve boundaries are summarized in table 3.1 (Hansen and DeFries in prep).
Table 3.1.  Ecological mechanism accounting for effects of land use intensification. 
	Mechanism
	Type

	Change in effective size of reserve
	Species Area Effect

Minimum Dynamic Area

Trophic Structure

	Changes in ecological flows into and out of reserve
	Disturbance initiation and runout zones

Placement in watershed or airshed

	Loss of crucial habitat outside of reserve
	Ephemeral habitats

Dispersal or migration habitats

Population source sink habitats

	Increased exposure to human activity at reserve edge
	Poaching

Displacement

Exotics/disease


Species area effect (slides 21-26)
The species area effect is well know from island biogeography, and in the case of preserve areas a reduction in biodiversity can follow isolation of a preserve from surrounding habit.  An isolated preserve is effectively an “island” of habitat, and thus the current effective size of the reserve may be much less than that available prior to isolation. By estimating current habitat area and the number of mammal and bird species, it is possible to estimate future loss of biodiversity.  This type of analysis, applied to the Greater Yellowstone ecosystem and others, predicts losses of 5-35% of mammal and bird biodiversity (slide 26).  These predictions from the methodology were validated against lists of threatened species in the Yellowstone, Maasai Mara, and a Mayan forest ecosystem.  The integration of species-area relationships, landscape ecology, and land use modeling provides a particularly compelling example of the integration of ecological theory to management of biodiversity.
Minimum dynamic effect and other effects
Minimum dynamic effect refers to the smallest area necessary to support natural processes like fire or windthrow, and maintain the structure and distribution of patch types and sizes.  In effect, this principle says that you need a preserve area that is large relative to the size of the largest typical disturbance.  In Yellowstone NP, for example, fires burned about 40% of the park area.  Few, if any, parks have seriously considered their size relative to that necessary to sustain a natural regime of disturbances as defined by size, magnitude, and frequency.  
A landscape-scale monitoring program should be sensitive to the placement of a preserve and influences on large-scale movements.  Preserve areas high in a watershed may suffer from isolation due to impoundments or processes farther downstream, whereas downstream preserves are more likely to be impacted by pollutants or changes in hydrological regime that occur upstream.  Land use outside parks can also strongly impact animal movement (e.g., bison and elk in Yellowstone NP), thereby reducing populations of animals that require large areas.  Population trends of large herbivores in Africa (slide 38) clearly revealed the impact of land use intensification outside very large East African preserves. Similarly, analyses of bird reproduction in and near Yellowstone NP showed that most reproduction occurred outside Park boundaries, and suggested that for some species the park may serve as a population sink, reliant on reproduction in better habitats outside park boundaries. These relationships stress the importance of considering and monitoring lands well outside Parks in order to understand and better manage populations within Park boundaries (Hansen and Rotella 2002; Hansen et al. 2002).
Ecological Mechanisms and Guidance for Monitoring

Knowledge of the most important ecological mechanisms influenced by land development is important because it provides a scientific basis for selecting indicators and interpreting results.  Table 3.2 provides examples of these links with suggested monitoring variables.  

	Mechanism
	Type
	Monitor

	Change in effective size of reserve
	Species area effect

Minimum dynamic area

Trophic Structure
	Land use and habitat area

Disturbance patterns

Wildlife populations

	Changes in ecological flows into and out of reserve
	Disturbance initiation and runout zones

Placement in watershed or airshed
	Disturbance patterns

Water and air quality

	Loss of crucial habitat outside of reserve
	Ephemeral habitats

Dispersal or migration habitats

Population source sink habitats
	Land use and habitat location

Animal movements

Animal demography

	Increased exposure to human activity at reserve edge
	Poaching

Displacement

Exotics/disease
	Human density

Human activity

Exotics/diseases


Table 3.2.  Ecological mechanisms influenced by land development.
Heartland Case Study – Hansen and Gryskiewicz (2003)
The Heartland Network consists of 15 parks located in Arkansas, Missouri, Kansas, Iowa, Ohio, and Minnesota.  Some parks were created for their natural resource values, while the mission of others is to preserve historical sites or other features unrelated to natural resource values. The methodology used in the study was to:
1. Identify key objectives and drivers

2. Characterize current landscape settings and change

3. Develop conceptual models linking land use change and ecological functioning

4. Develop potential indicators and monitoring protocols

Because of the diversity represented in the Network’s parks, an initial step was to select a subset of parks that had biodiversity objectives in their management plans and that had identified land use change as an important issue.  The selected group of parks was further divided into functional groups defined by the background matrix and topographical setting:
· Embedded in a forest matrix

· Embedded in an agricultural matrix

· Land-based parks

· River-based parks

A variety of metrics was used to characterize existing land use.  These included relatively fine-scale features such as land cover (30m pixels) as well as county-level data on populations, housing density, etc. (Table 3 in Hansen and Gryskiewicz 2003).  This characterization clearly revealed large differences in the current setting of parks, and it indicated the direction and rate of change of some important attributes that will likely influence both land use and park visitor rates in the future.

A set of conceptual models was developed to provide a framework for analysis and for communicating both important relationship and links between proposed indicators and system functioning (see Figures 15-16g in Hansen and Gryskiewicz 2003).  From the models and analyses, a set of indicators was recommended that incorporated relevant information from imagery, surveys, and other sources.  The list of recommended indicators included:

· Land Cover Change

· Population Density

· Housing Density

· Wildlife Monitoring: Breeding Bird Survey

· Biological and Physical Aquatic Surveys

· Hydrologic Flow Regimes

Role of Monitoring in Adaptive Management

Regional management of ecosystems will be needed to sustain biodiversity over long periods of time, and a key challenge is to integrate management of parks and surrounding lands. Monitoring is a central and integral component of adaptive management (e.g., Walters and Holling 1990; figure 3.1), and visionary adaptive management will be needed to integrate research, monitoring, and management of regions that include lands administered by multiple private and public organizations.  Broad-scale thinking about linkages between parks in a Network and across jurisdictional boundaries is needed as a basis for deciding what to monitor and for using the resulting data to improve management of parks and surrounding lands.  

[image: image1]
Figure 3.1.  Role of monitoring program in regional management.
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Hansen, A. J. and J. J. Rotella. 2002. Biophysical factors, land use, and species viability in and around nature reserves. Conservation Biology 16:1112-1122.

Hansen, A. J., R. Rasker, B. Maxwell, J. J. Rotella, J. D. Johnson, A. W. Parmenter, L. Langner, W. B. Cohen, R. L. Lawrence, and M. P. V. Kraska. 2002. Ecological causes and consequences of demographic change in the new west. BioScience 52:151-162.
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Andy Hansen’s publication page, with links to the Landscape Biodiversity Lab - http://www.homepage.montana.edu/~hansen/documents/a_pubs.htm.
Also see notes from the conceptual models breakout session.
4. An Overview of the Landscape Sciences Program in the National Exposure Research Laboratory - EPA 

W.G. Kepner
NERL, US EPA, Las Vegas, NV

Presentation file: Bill_Kepner_EPA_prgrms.pdf

Bill presented an overview of the EPA Landscape Sciences Program based in Las Vegas, NV.  The program consists of about 30 scientists and support staff with expertise across the spectrum of disciplines needed to conduct complex, multidisciplinary studies at site, landscape, regional, and national scales.  Key research areas are to:

· Develop landscape assessment approaches/simple models to assist in the identification and prioritization of watersheds/ water bodies vulnerable to non-point source pollution (regional scale down)

· Initial focus on nutrients, sediments, fecal coliforms, and surface runoff

· Develop new remote sensing approaches to improve assessments of watersheds/water bodies at risk to non-point source pollution

· Conduct regional and national assessments (historic/current/alternative futures) of watersheds/water bodies vulnerable to non-point source pollution 

· Develop tools to aid environmental decision makers in evaluating vulnerability of watersheds/water bodies to non-point source pollution

To support these objectives, key research areas are:

· Data enhancement/improved accuracy

· Detecting landscape features/pattern with new sensors

· Detecting landscape features/pattern using new analysis techniques

· Change detection

· Landscape indicator/model development 

· Statistical approaches to improve interpretations/assessments
Projects are based at locations throughout the US and in foreign countries. The lab has strong connections with NATO and currently has several projects based in Europe.

Remote sensing research
Most project make extensive use of LandSat data, although other sources are used.  A current example is the Southwest Regional GAP (SW ReGAP) project, which covers ~560,000 mi2 in NV, UT, CO, AZ, and NM. This is the first regional USDI GAP project and products will include seamless vegetation and other coverages for the entire area, and conduct analyses using habitat characterizations for 836 vertebrate species.  
A key concept for projects is development and delivery of data browsers, which are simple tools that make imagery data accessible to non-specialists.  These may be delivered on CDs with the data and are available on-line via the EPA server.  EPA has found that retention and archiving of underlying data is critical to the long-term utility of projects, and data browsers help meet the goal to ensure preservation of underlying data.
Integrated Assessment
Integrated assessment has been a major focus of the landscape assessment group and two showcase examples are the Mid-Atlantic environmental assessment and the San Pedro project.  These projects supported development and refinement of software driven by coverages that include a DEM, soils, land cover, and land use.  The analyses of the assessment includes evaluation of the current state, but perhaps more importantly these are typically linked to models that project trajectories of land use.  Assessment tools are then able to project the environmental consequences of decisions that impact the extent and spatial distribution of land use.  In general, the assessments are most focused on water watershed condition issues and some, like SW ReGAP include biodiversity or wildlife concerns.
Tool Development

Primary software tools used in the assessments are ATtILA (Analytical Tools Interface for Landscape Assessments) and AGWA (Automated Geospatial Watershed Assessment) tool. 

ATtILA – Estimates about 50 landscape metrics, including window-based estimates of connectance.  Good visual interface that greatly facilitates display of results.  

AGWA and ATtILA  (see URL below) – are primarily  ArcView GIS user interfaces.  However both tools are being migrated to ArcGIS. AGWA links to two hydrological process models, i.e. SWAT and KINEROS, to produce surface hydrological response outputs related to landuse and landscape change.
Change Detection Case Study – Upper San Pedro River

(see slides for description of study area and outline of methods)

This was a major project based in southern NM.  See Kepner et al. (2000) and citations in the Change Detection breakout group summary for detailed information. 

· About 40 mi of riparian area was purchased by by USDOI in 1986 and designated by Congress as a National Riparian Conservation Area in 1988. 

Miscellaneous

· Acquisition of imagery for entire US and Mexico justified, in part, the SanPedro project.  Mexico classified all their images, but not the US under the North American Landscape Characterization (NALC) project (EPA, NASA, and USGS).
· EPA (via Bill) has conducted several 1 to 1 ½ day workshops on using the ATtiLA and AGWA software.  Instruction is not a core mission, but a workshop could probably be arranged if there was sufficient interest.
Potential post-workshop activities:

Training sessions on implementation and use of ATtILA and AGWA.
References:
Jones, K. B., A. C. Neale, T. G. Wade, J. D. Wickham, C. L. Cross, C. M. Edmonds, T. R. Loveland, M. S. Nash, K. H. Riitters, and E. R. Smith. 2001. The consequences of landscape change on ecological resources: An assessment of the United States mid-Atlantic region, 1973-1993. Ecosystem Health 7:229-242.
Kepner, W. G., C. J. Watts, C. M. Edmonds, J. K. Maingi, S. E. Marsh, and G. Luna. 2000. A landscape approach for detecting and evaluating change in a semi-arid environment. Environmental Monitoring and Assessment 64:179-195.

http://www.epa.gov/nerlesd1/land-sci/ - EPA Landscape Ecology home page.
http://www.epa.gov/nerlesd1/land-sci/tools.htm - Information on software tools ATtILA (Analytical Tools Interface for Landscape Assessments) and AGWA (Automated Geospatial Watershed Assessment).
5. Pattern, Process and Hypothesis Testing

Robert H. Gardner and Philip A. Townsend

Appalachian Laboratory, University of Maryland Center for Environmental Science, Frostburg

Presentation file: Bob_Gardner_pattern.pdf

Landscapes are interesting: they are ever-changing, diverse, beautiful, disturbed, and exhibit an interesting complexity.  Landscape metrics are uninteresting: they are uncertain, esoteric, obscure, and unusable.  But they are also necessary to:
· ask whether landscape pattern has changed over time;
· compare different landscapes;
· evaluate consequences of management options, policies, conservation practices;
· anticipate changes in process (e.g., species loss).
There is an important link between pattern and process, but landscape ecologists have done a very poor job of posing testable hypotheses and developing the metrics necessary to unambiguously test them. There are a plethora of metrics, but few with well-documented statistical properties. Thus there are many bad examples and far too few good examples of studies that clearly link pattern to process.
History of Landscape Metrics
Some key points:
· There’s a considerable history of spatial statistics, from long before computers were available

· Pielou’s 1963 book Introduction to Mathematical Ecology provided an important summary for ecologists
· Krummel et al. (1987) was perhaps first really good example linking pattern to process.  Posed hypothesis and then examined data to test it.

· Later developments were use of fractals, then development of neural models
· Neutral models important as they, for the first time, provided a null hypothesis

Material below is a subset of slides 11-16.  
Key lessons and examples

· there are only a few fundamental variables affecting landscape pattern

· other metrics are correlated and therefore redundant

· the number of land-cover classes dramatically affects the analysis results 

· aggregated maps, or those developed with different classification rules, should not be compared

· map scale (grain and extent) must be carefully specified

· extent affects boundaries

· Log-log regressions are unreliable 

· small clusters bias estimates because fractals for objects < 100 sites are biased by the shape of the grid

· Mean fractal of patch-wise averages are also unreliable

· because distribution not normal

· Most reliable estimate 

· the fractal dimension of the largest patch

· this is what the physicists do and what RULE reports
Average patch sizes are usually useless.  Patch size distributions are almost always non-normal and the shape of the distribution contains useful information.  A geometric mean may be useful and will virtually always be more indicative of “typical” conditions than an arithmetic mean.
Useful Pattern Statistics – Simulation Results
Plotnick and Gardner (2002) used simulation modeling to explore the ability of FragStats output to explain variation in simulations of dispersal and establishment of an invasive species.  They examined every pattern statistic produced by FragStats. Results were:

· p (proportion of “suitable habitat”) and H (autocorrelation statistic; a measure of aggregation) accounted for most (~58%) of the variance in velocity of dispersal
· Fecundity (R) was unimportant

· Niche width provided important information only on where the simulated “species” could occur

· No other FragStats statistic explained any additional significant amount of variance
Recommendations (slides 34-39)

· All landscapes should be described (metadata) with a minimum sets of metrics and statistics, including:

· grain and extent

· data source, land-cover classification rule, caveats for wise use

· number (N) and amount (pi) of each class type 

· Metrics should be consistently evaluated

1. Are they sensitive (and monotonic) to pattern change?

2. How are they affected by scale (grain and extent of map)?

3. What are the confidence limits (i.e., how much change is needed to be significant)?

4. Clear, mathematical description with analytic comparison to related metrics and methods should be available

5. Computer code for calculations made available
· Innovations required.  

· Why not rely more on established statistical methods to evaluate patterns?

· i.e., test differences in distributions of patch sizes.  These distributions are non-normal and simple averages do not work. 

· Monte Carlo methods (such as bootstrapping) are under-utilized

Comparison of observed pattern with random map provides one null hypothesis.

Truth tables (below) provide a power test: 

[image: image2]
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Also see notes from the landscape pattern breakout group.

6. Applying NatureServe Methods and Data to Landscape Metrics in NPS Inventory and Monitoring 

Pat Comer
Chief Terrestrial Ecologist, NatureServe, Boulder, Colorado

Presentation file:  Pat_Comer_NatureServe.pdf

NatureServe was established in 2000, splitting many science functions off from The Nature Conservancy (TNC).  NatureServe ‘central’ staff consists of about 100 scientists divided between four regional offices and the head office in Arlington,Virginia.  In addition, there are about 600 scientists in the NatureServe member programs - Natural Heritage Programs - in each state and the Navajo Nation. NatureServe member programs use a standard methodology and develop a core data set on the location, quality, status and trend of biodiversity “elements.”  Many of these data sets are currently in on-going development and application by NPS units, and we welcome continued – if not expanded – collaboration.

Overall, NatureServe takes a coarse/fine filter approach, where ‘coarse filters’ (classified ecosystems and vegetative communities) are biodiversity elements used to identify and assess characteristic ecological processes and environmental settings.  Rare and vulnerable elements (rare/imperiled species/subspecies &communities) form the ‘fine-filter’ of biodiversity elements that warrant further attention and study in any given conservation project.  By taking this combined approach – selecting both representative and vulnerable biodiversity elements – one can efficiently identify critical ecological processes in need of conservation attention for a given landscape of interest. 

NatureServe’s suggested guiding principles for ecological monitoring are:

1. Let native biodiversity from the area drive the identification of criteria 
and indicators

2. Utilize multiple thematic, spatial, and temporal scales for indicators 

3. Take an adaptive approach balancing consistency over time with evolving priorities for data acquisition and analysis

It is worth noting that TNC and NatureServe have been conducting ecoregional assessments across the United States since 1997.  In each of these 80+ ecoregions, regional expertise has been tapped to define a suite of representative ecosystem types, plus rare communities and rare/vulnerable species, for focused conservation attention.  A given ecoregion might include between 200-500 “targeted elements” and a given NPS park unit might include (perhaps) 10-50.  These lists would be of great utility to NPS networks and individual parks for review to initially identify important biodiversity elements that could serve as one focus for I&M.

In many cases, each ecosystem type, community, and species/subspecies is described in terms of its typically spatial character.  That is, some species and communities occupy highly localized habitat patches, while others occur in linear patterns (e.g., riparian, coastal types), while others occur in large patches.  Still others form the dominant matrix of an ecoregion, and some migratory species operate at very broad regional scales.  This spatial dimension of individual biodiversity elements – especially for those that naturally function at larger patches of habitat - can be quite useful for identifying a subset of important landscape-scale processes to consider for monitoring on a given landscape. 

For example, the intensity, patch dynamics, and return interval of wildfire vary considerably between lodgepole pine forest, Douglas-fir dominated mixed conifer forests, and ponderosa pine woodland systems in and around Yellowstone National Park.  The spatial character and intensity of wildfire among mapped locations of these ‘large patch’ or ‘matrix forming’ ecosystem types might form a set of important landscape-scale indicators for monitoring.  Similarly, many area-sensitive birds and mammals require recurrent juxtaposition of habitats in patches of a given size. This knowledge can immediately suggest other useful indicators for landscape monitoring. 

A major component of NatureServe’s work is focused on spatial data and mapping. Because a vegetation map is basic to many activities, considerable effort has been allocated to classify vegetation and ecosystem types across the United States and beyond.  NatureServe’s standard classification units include Terrestrial Ecological Systems (about 750 in the US), US-NVC Alliances (~1,800 in the US), and US-NVC Associations (~5,000 in the US).  These are used as both mapping and analysis units.  As noted by other speakers, it is extremely important that parks utilize standard classifications for mapping land cover and land use to enable consistent application of landscape metrics.  There has been substantial progress in advancing standardized ecological classification for land cover mapping at varying spatial and thematic resolutions.  See additional detail in the Landscape Change Detection Breakout Group write-up for more description of the National Land Cover Data (NLCD), the US National Vegetation Classification (US-NVC) and NatureServe ecological system classification units, all of which are interlinked and in use for land cover mapping across the United States. They apply to mapping land cover from national/regional to local areas. 

NatureServe’s element occurrence (EO) specifications form the basis for mapping the occurrence of species and communities on the ground. Each element has an associated EO specification that describes what constitutes a recognizable occurrence and may include standard methods for recognizing and mapping certain habitat subcomponents; or for distinguishing among potentially interacting subpopulations.  

Once occurrences are defined with standard methods, one may then develop and apply criteria to provide an indication of ecological integrity for ecosystem types, and at the species level to evaluate viability.   These criteria are commonly called EO Rank specifications.  They result in data that NPS users might commonly see, with each occurrence being given an A, B, C, or D ‘occurrence rank.’  Imbedded within the ranking criteria are a listing of key ecological attributes and documented assumptions about their natural ranges of variations, as well as an initial “best guess” about important thresholds.  So for example, a set of criteria might include a range of size patches that characterize “large” to “small” examples of habitat for a given ecosystem type.  In many cases, e.g., the concept of “minimum dynamic area” is imbedded within EO Rank specifications for a given element, with the minimum size of the patch being sufficient to allow for characteristic disturbance patch dynamics. These criteria form the basis for identifying indicators for monitoring all biodiversity elements, and those that relate to landscape-scale indicators are also included. Currently, the NatureServe Terrestrial Ecological systems classification database includes draft criteria for approximately 100 ecological system units across the United States.  More are in development through NPS and other related projects (e.g., US Forest Service assessments).  EO Ranking criteria are developed for many vulnerable species as well, and are available from NatureServe.  

NatureServe has recognized problems in uniformly applying ranking criteria across geographical regions, and  has initiated an effort to develop an ecoregional spatial framework that will facilitate regional adjustments to thresholds between ranks for specific criteria and indicators.  These adjustment factors explicitly recognize that some differences are related more to natural variation that occurs across geographical regions than to the ecological condition of elements.

NatureServe has a nascent program to model and evaluate landscape integrity (slides 26, 27 in the presentation file).  So far, methods have been developed to support conservation planning in subregional landscapes where element occurrence data are far from complete.  Landscape integrity is estimated from GIS coverages that include land use, roads, sources of toxins or disturbance, and other factors.  Current methodology allows flexibility to differentially weight land use factors; and to vary their likely effect over space.  For example, with specific knowledge about the impact of roads on interior forest conditions (e.g., direct impact for 75 m, then degrading thereafter) could be built directly into the landscape integrity model. Integrity maps can be overlaid with ecosystem maps to identify spatial relationships and to identify high-priority locations for conservation efforts.  

References:

http://biology.usgs.gov/npsveg/standards.html for info on the NPS Vegetation Mapping Program

http://natureserve.org/prodServices/ecomapping.jsp - NatureServe page for ecosystem mapping. http://natureserve.org/getData/ecologyData.jsp - NatureServe terrestrial ecological systems classification and occurrence ranking criteria for >100 ecological system types.

http://esa.org/vegweb/ for information on the US-NVC

http://www.natureserve.org/explorer/ for descriptive information on species, communities, and ecological systems 

http://whiteoak.abi.org/eodraft/ - includes working draft documents on mapping standards for NatureServe element occurrence data

7. The USGS Geographic Analysis and Monitoring (GAM) Program: Assessing the rates, causes, and consequences of landscape change

Bradley C. Reed

SAIC, USGS EROS Data Center, Sioux Falls, SD
Presentation file: Brad_Reed_USGS_prgms.pdf

Slides in this presentation addressed three main topics.  Because the slides were unusually complete and accurately communicate the content of the presentation, interested readers are strongly urged to view the presentation. This is a very brief summary and it reports on only a small proportion of the information available in the presentation file.  

A key USGS goal with regard to the I&M program is:

“By 2010, the USGS will have an operational capability to routinely assess the status and trends of our Nation’s ecosystems, and be able to forecast ecosystem status for a period into the future.”  This goal expresses a huge overlap with I& M Program goals.
The USGS program is based on remotely sensed data, and it stresses a spatial framework that permits analysis and reporting at local, regional, and national scales.  
MRLC (Multi-Resolution Land Characteristics Consortium)

The MRLC is a partnership between BLM, EPA, NASA, USGS, NPS, NOAA, and NRCS to acquire and analyze imagery at 10-yr intervals.  In effect, the MRLC acquires imagery that is then corrected for luminance and is georectified, and it oversees analyses of the data.  The NLCD (National Land Cover Dataset) is one product from the MRLC (see the MRLC for other products).
· Each dataset consists of at least 3 images for each location.  Classifications exist for 1982, 1992, and 2001.  These datasets provide a unique resource for conducting change analyses, although there are some differences in sensors and classification that require special attention.
· The NPS is a Consortium member and it receives all data distributions. Joe Gregson archives, manages, and distributes MRLC imagery.
Estimating Land Cover Change at the Regional and National Levels
Tom Loveland 
USGS, EROS Data Center, Sioux Falls, SD

Most land cover analyses the group conducts are based on MRLC (and its predecessors), with analysis units at local, regional, and national scales.  Eighty-four ecoregions are used to characterize the US for many analyses.  Analyses cover the period of 1973 (LUDA data) through current efforts based on the 2001.
Remote Sensing and Phenology
USGS GAM has analyzed 15 years of NDVI (normalized difference vegetation index; an index of chlorophyll content) data from across the country.  Trends in these data are used for drought monitoring and to evaluate trends in growth seasons across the country.  Analyses (see slides) have identified areas of the country that have experienced changes in the duration of growing season, and they have furthermore identified whether this is a result of changes in the start of season (SOS) or end of season (EOS).  Similarly, these products are used to support drought monitoring and drought mitigation (http://www.drought.unl.edu/).  Drought impacts are modeled with drivers that reflect natural and anthropogenic factors including start of season, water capacity, land cover, and greenness (NDVI).
References:
http://mapping.usgs.gov/gam.html - GAM program web site
http://www.epa.gov/mrlc/ - MRLC web site

8. Conceptual Model Breakout Group

Raconteur: Andy Hansen
Members:  Andy Hansen, Danielle Jones, Brad Welch, Mark Miller, John Gross, Brent Frakes, Pat Comer
To date, the most complete and detailed set of conceptual models for addressing landscape-scale monitoring needs can be found in Hansen and Gryskiewicz (2003).  These models are being considered by other networks and it seemed prudent to evaluate the existing models.  The group was asked to consider whether the overall framework was comprehensive and inclusive in scope, whether participants could identify a better structure for the models, to identify strengths and weaknesses of the existing models, and to identify challenges.

Andy generously agreed to allow workshop participants to focus critical attention on the set of models developed for the Heartland Network (Hansen and Gryskiewicz 2003).  These models were the result of pervious work and they reflect key ecological mechanisms articulated in Hansen and Rotella (2001) and Hansen and DeFries (in prep).

Evaluation of Hansen/ Gryskiewicz Models
Overall, the models represent a tremendous effort and they provide a compelling framework for considering, especially, land use change across much of the country.  We felt they applied particularly well where the main issue was land use intensification (housing, industry, etc.) on the fringes of parks – a big issue to many parks across the US.  

Particular strengths of the models included:
· very strong representation of human development impacts
· very strong link to mechanisms that are generally applicable to preserve areas

· well structured conceptual models showing links of development to process

· well organized

· consistent in approach with many networks

· easy to understand

· strong theoretical and empirical base (scientifically credible and well supported)

· very good narrative that accompanies diagrams
Weaknesses:

· since the models were developed for a specific location, the scope of models needs to be expanded to handle other types of landscape processes such as global change and natural disturbances

· there appeared to be a need for a higher-level (more aggregated) model that included a broader range of landscape processes

· in many cases, the syntax of the models included adjectives that specified a specific direction of change (e.g.,  “decrease effective size”) and we felt that generality would be improved by expressing the models in a way that avoided value judgments and that accommodated changes in any direction (larger or smaller, faster or slower, etc).
Model Framework

On examining the models, the group felt that the most useful model for networks will be at the highest level.  Ideally, the highest-level model (like the Jenny-Chapin model) would be sufficiently broad in scope and general that, if they wanted to, every network could use it as an overarching framework with little modification.  More detailed models, on the other hand, would need to compromise generality for specificity and detailed models are more likely to need to be customized or developed to meet the needs of particular sites or situations.  

In the time available, the group developed this general high-level model:

[image: image3]
Definitions used in model formulation included:

Intensive land use: suburban development, industrial, mining, “concentrated extensive use”, and clearcuts(?).  Intensive land use is characterized by sharp contrast, including land type transformations.  Some extensive uses, when they occur intensively, would likely need to be considered intensive (e.g., areas where livestock accumulate, areas that experience high recreational usage, etc).
Extensive land use: grazing, recreation, selective forestry.
Disturbance regime: fire, flood, landslides, volcanism, geomorphic processes, insect outbreaks, impoundments.  Disturbances would presumably need to be described by such characteristics as extent, magnitude, and frequency.
Global change:  Climate change as well as nitrogen deposition, ozone, glacial retreat, etc.
Landscape condition:  The functioning of ecosystem processes required to sustain the ecosystem in relation to benchmark conditions (nutrient, hydrological cycles; functioning of disturbance regimes; biotic interactions).

Landscape resilience: While not defined by the group, a definition consistent with our though process is: the capacity of a particular ecological attribute or process to recover to its former reference state or dynamic after exposure to a temporary disturbance and/or stressor (adapted from Grimm and Wissel 1997).  

We did not address how, or whether, this was an attribute that can realistically be evaluated or monitored.  Subsequently, Mark Miller noted one potential approach, for arid or semi-arid systems, would be to use MODIS-derived data to generate a resilience index which is a ratio (seasonally integrated NDVI, pre-drought) : (seasonally integrated NDVI,

post-drought).  This extends the approach used by Whitford et al.(1999). 
There was insufficient time to rigorously define terms, and we identified the ambiguities that will always accompany the need to categorize processes that, in reality, occupy a continuous scale of effect.  The group felt that this draft framework would serve as an effective device for structuring high-level discussions of broad-scale monitoring needs across a broad range of networks.

Challenges

The framework has not been rigorously evaluated across ecosystem types, and the overall structure would benefit from further review.  Additional challenges are posed by the need for a set of more detailed models that suitably link potential vital signs to process and system attributes.  To identify the spatial and temporal scales most relevant to different effects, the group drafted the following figure to express the concept of factors that could be distinguished by their space-time separation.  We were essentially looking for “orthogonal axes” that would separate effects (the diagram was a quick draft and wasn’t sufficient time to fully consider whether it is factually correct).

[image: image4]
Additional materials: 
Grimm, V. and C. Wissel. 1997. Babel, or the ecological stability discussions: An inventory and analysis of terminology and a guide for avoiding confusion. Oecologia 109:323-334.

Hansen, A. J. and D. Gryskiewicz. 2003.  Interactions between Heartland National Parks and surrounding land use change: Development of conceptual models and indicators for monitoring.   Unpublished report.  72 pages. (available from the web site below).
Whitford, W. G., D. J. Rapport, and A. G. deSoyza. 1999. Using resistance and resilience measurements for 'fitness' tests in ecosystem health. Journal of Environmental Management 57: 21-29.

See other references posted on the I&M Conceptual Model web site: www.science.nature.nps.gov/im/monitor/concept_models.htm
9. Landscape Pattern Analysis Breakout Group

Raconteur: Bob Gardner
Major challenges the group considered were:

1. Information for management

2. Pattern-process analysis

3. Vital signs

4. Landscape data description

Landscape Data Description and Information for management
To present landscape information in the most relevant way, the group suggested creating a short (1-page), clear and concise “report card”.  This report card would include:

· Landscape data description


· standard methods (metadata, etc.)

· scale (grain and extent), classification, etc.

· Annual report to management

· status p, size distribution, GIS-Frag (proximity)

· provide interpretation

· trends, early warnings, threats

· condition

The interpretative statements need to be accessible to a broad audience, and they could include statements such as:

· “change is within decadal scales of variance”

· “no loss of habitat has occurred, but area increased by off-boundary changes.”

· “habitat condition less productive to increases of factor xxxx”

The analysis of landscape change necessarily includes lands outside park boundaries, but supervisors will want strong evidence before undertaking actions that impact non-NPS lands, thus an analysis that explicitly address cross-boundary issues was proposed. This would be a multi-scale, iterative boundary analysis.  The iterative boundary analysis could be at any scale relevant to a park, but at least 3 levels are likely to be important:

· Level 1: Report for area within park.
· Level 2: Report on broader region that encompasses lands adjacent to a park.
· expand by distance, ecosystem type, ownership, etc.
· buffer park border by relevant distance
· Level 3: Even broader region.
· Greater Yellowstone ecosystem would be an example

Pattern-process Analysis

A key to successful pattern analysis is to ensure that the analysis is designed to address a clearly stated question.  It is very helpful to have an underlying conceptual model (formal or informal) that helps frame the question and that facilitates interpretation of results. In general, very few metrics (perhaps 4-6) are needed, but the metrics should be carefully chosen.  Most pattern metrics are correlated, thus a very few metrics provide virtually all the information available.  However, a remaining challenge is to develop a straightforward process for identifying the best set of metrics.  Each metric should meet the criteria Bob outlined in his presentation, and particular care should be taken to ensure that a chosen metric has well defined statistical properties and that the reliability of the metric is well established.
Major Challenges for Selecting Vital Signs

One major challenge to selecting appropriate landscape pattern vital signs is that we would like to identify thresholds, which, for example, could indicate a critical impact to a species or to an ecosystem process.  However, many question-driven analyses that might be used to identify a threshold are restricted to simulations and single-factor analyses. These analyses are very difficult to extrapolate to real organisms in broader landscapes because organisms integrate across landscapes and few processes exhibit a sudden change.  Thus a more realistic apporach for most situations is to better refine the questions we ask. We need to simplify the problem to make it tractable and tangible, and ensure there are clear objectives for any pattern analysis.
Successful and useful pattern analyses will include a robust analysis with a know error.
An additional challenge is simply to identify the appropriate technology and software.  Remote sensing instruments, platforms, and analyses are changing very rapidly, and collaboration between remote sensing specialists, landscape ecologists, statisticians, and managers will be important to many projects.  The choice of data and methods is highly scale-dependent and the scale of analysis will of course affect the scale of inference.  All analyses should include a clear statement of the limit of the analysis (local, regional, global).  

In many parks/preserves, management may be strongly focused on the largest patch.  A multi-scale analysis can evaluate alternative management scenarios, and it may often be that an increase in boundary is key to maintaining or increasing habitat for key organisms or increasing the size distribution of remaining habitat patches.
Information Needs
To operate most effectively in this area we require better information on:

· remote sensing resources – data sources, improved products

· analysis support - technology, software, expertise

· anticipation of new technologies 

· pitfalls and reliability of metrics – and analysis techniques that are better characterized
Additional materials:
Theobald, D.M. 2003. GIS Concepts and ArcGIS Methods.  Conservation Planning Technologies.  Documents indices recommended by breakout group and provides information on GIS techniques/methods targeted to natural resource specialists - http://www.consplan.com/
10. Landscape Change Detection Breakout Group

Raconteurs: Elijah Ramsey and Paul Bolstad
The change detection group focused on articulating challenges and needs in three main areas:

· Key issues

· Resources

· Good examples

Key issues
Before a useful change detection study can be undertaken, every study must define (1) the purpose and (2) the specific questions to be answered of and by the change detection study.  After identifying the specific questions or goals, the investigator needs to determine the appropriate (1) spatial and (2) temporal requirements, and (3) categorical classification detail is needed to achieve project goals.

Change detection studies need to:

· Define overall purpose, needs and goals for the project 
· Articulate a clear set of questions or hypotheses to be examined

· Define area of interest and bounds of classification
· Determine the time period(s) of change
· Determine the landscape classification levels and protocols

· Within the Park

· Regionally within the park network

· Determine the necessary data scale (spatial, spectral, temporal)

· Determine the acceptable confidence/error limits of the classifications

· Estimate the time, personnel, and funds required

· State the usefulness of classified change maps

These are resource-based questions – e.g., watershed for water quality; warbler or other wildlife for range limits.
Most landscape-scale studies will need to adopt a specific classification system.  The National Land Cover Data (NLCD) are currently available for the lower 48 United States.   NLCD includes just 21 broad classes (e.g., ‘evergreen forest’ ‘deciduous forest’ ‘shrubland’ etc.) with vegetation units approximating the concept of the broadest physiognomic CLASS and SUBCLASS levels of the US-NVC (see below). 

NPS vegetation mapping projects require the use of US-NVC (http://biology.usgs.gov/npsveg/nvcs.html), but users need to fully understand the US-NVC hierarchical structure and determine the level of resolution needed – e.g., formation, alliance, association.  An example of the nested hierarchical levels, combining physiognomy at higher levels with floristic criteria at lower levels is found in the Figure 10.1.  NPS vegetation mapping projects require resolution to the level of US-NVC floristic Association, though that level of thematic detail is sometimes very difficult to achieve and the Association level of detail is not required as part of the US-NVC. The US-NVC, however, provides a hierarchical classification structure that allows for varying levels of floristic and physiognomic detail.  A complete overview and detailed explanation of the hierarchy can be found at http://www.fgdc.gov/standards/documents/standards/vegetation/vegclass.pdf, while figure 10.1 shows the hierarchical structure.  Ramsey et al. (2002) provide examples of combining management resource needs, remote sensing data, and the NVCS protocols to map NPS land holdings.   

Depending on local circumstances, mapping protocols can easily permit designations of mapping mosaics that are “ad-hoc” or overly driven by observed patterns in available imagery.  This, in part, defeats the purpose of a priori classification.  One approach to address this situation is to develop classifications above the US-NVC Alliance scale that circumvent some of the mapping-related problems inherent in the US-NVC hierarchy, but still provide units that are practical and useful for management and conservation.  This need leads to a modified classification approach that focuses on the ecological and spatial relations among the types, rather than just the vegetation relations. The NatureServe Terrestrial Ecological Systems classification is intended to meet this need. 

Terrestrial Ecological Systems are groups of US-NVC Associations that co-occur with similar ecological processes (e.g. fire, riverine flooding), substrates, (e.g., shallow soils, serpentine parent material), and/or environmental gradients (e.g. local climate, hydrologically-defined patterns in coastal zones).  They are explicitly defined by spatial and temporal criteria that influence the grouping of Assocations.  The Ecological System will typically manifest itself in a landscape at intermediate geographic scales (10s ha to > 10,000 has), persisting for at least 50-100 or more years.   See the NatureServe website (http://natureserve.org/getData/ecologyData.jsp) for more information on the ecological systems classification. These units are now being mapped nationally and can serve as a useful bridge between NLCD data and individual NPS vegetation maps. 
Resource questions critical to the sustainability and viability of NPS land holdings are to varying degrees dependent on activities surrounding NPS land holdings (e.g., landscape conversion, management practices, watershed analyses, wildlife ranges and migrations).  When there is a need for high spatial, spectral, or temporal resolution to address very specific problems, photographic and image data appropriate for detailed categorical classification (e.g., NVCS alliance and association or species level) may be available, but workup of these data over extended regions surrounding the NPS land holding will most likely be expensive and time consuming.  Validation at highly detailed levels is also questionable.  Moderate spatial and spectral resolution image data are frequently available for conducting change detection studies that require only moderate expenditures in funds and time (e.g., MRLC data).  These image data will not provide the high resolution of floristic information required for the NPS vegetation mapping program but they may provide a mix of the formation/association levels or NatureServe Ecological systems useful for landscape or regional analyses.  This level of detail is likely to meet the need to evaluate Park function and sustainability within the surrounding landscape. 
Data definition

Data are defined by scale, which includes grain/extent, temporal frequency, and categorical detail, and specific to remote sensing, spectral resolution.  Spatially, grain is the smallest unit of measurement (e.g., pixel size) and extent is the geographical domain.  A very important complication can be introduced by categorical variability over time, specifically, grain variation through time.  Maps with different grain sizes should not be directly compared, thus there may be a need to degrade the signal of higher spatial and spectral resolution image(s) to achieve a common standard.  In most cases, a common standard is necessary to conduct photographic and image-based change detection analyses over an extended time period or when gathering data from different sources.

Points to consider when evaluating categorical (floristic classification) variability over time (historical analyses with multiple spatial and spectral scale and data quality) are:
· analyses are affected by categorical aggregation,
· aggregation is not necessarily comparable,
· aggregation of classes may not directly relate to the scale of aggregation of the image,
· aggregation of floristic classes must be reported in detail,
· accuracy assessment ability will depend on data available at the time of the image data collection and the type and quality of concurrent data,
· the level of aggregation that is most appropriate for the analysis,
· the accuracy of resources used in the analyses.
References on vegetation classification include include:

NatureServe documentation - http://natureserve.org/getData/ecologyData.jsp
GAM - http://mapping.usgs.gov/gam.html
Documents describing US-NVC - http://biology.usgs.gov/npsveg/nvcs.html
I&M / USGS vegetation mapping project - http://biology.usgs.gov/npsveg/
Ramsey, E., III, D. Echols, G. Nelson, and S. Sapkota, 2002.  The National Vegetation Classification Standard applied to the remote sensing classification of two semiarid environments.  Environmental Management, 29(5), 703-715.

Data sources  

Moderate spatial and spectral image data is widely available and this can be used for some purposes with little additional work.  One possible data source is the Multi-Resolution Land Cover Consortium (MRLC;  http://www.epa.gov/mrlc/).  MRLC is a multi-agency group with the mission to develop a seamless image of the continental US from Landsat imagery.  MRLC data are corrected for luminescence and topography.  For landscape change, the most important product from the MRLC is the National Land Cover Dataset (NLCD).  The NLCD offers tremendous potential for conducting change detection, but it should be used only after a thorough investigation of the methods used to classify the images and a thorough understanding of the differences in classification protocols and Landsat sensor characteristics used across longer term sampling periods. NLCD has a spatial resolution of 30m pixels. 
Photographs are a valuable resource for looking at landscape change in ways that cannot be achieved by any other means. They can extend monitoring back in time for over a century, be used to identify changes in species (e.g. of grasses and shrubs) that cannot be detected using other source of remotely sensed methods and have very fine spatial resolution. Obviously, they have unique limitations as well. 

Historic oblique photographs have been used to look at vegetation and geomorphic change in the southwest for fifty or more years (Hastings and Turner, 1965) and the USGS WRD lab in Tucson has the largest collection of repeat photographs in the world. Although lacking the spatial coverage and ability to detect many spectral bands that can be found with remote sensing, repeat photography is far superior in accuracy and historical reach. 

Historic aerial photographs for this region go back to about the 1930’s. They have yet to reach their full potential in landscape change studies. Their bird’s eye perspective and extensive spatial coverage allow analyses not possible using oblique photographs and they extend the historic record by several decades beyond remotely sensed imagery. 

(EPA apparently had a historical reconstruction program that used historical photography to reconstruct sites of interest – mines, toxic dumps, or other – ed.)

Useful References on use of historical photography:
Brown, P.M., and C.H. Sieg.  1999. Historical variability in fire at the ponderosa pine – Northern Great Plains prairie ecotone, southeastern Black Hills, South Dakota.  EcoScience 6(4): 539-547. (Wind Cave NP).
Hastings, J.R. and Turner, R.M. 1965. The Changing Mile: an ecological study of vegetation change with time in the lower mile of an arid and semi-arid region. University of Arizona Press. 

Miller, ME. Use of historic aerial photography to study vegetation change in the Negrito Creek watershed, southwestern New Mexico. Southwestern Naturalist 44 (2): 121-137.

Turner, R.M., Webb, R.H., Bowers, J.E. and Turner, R.M. 2003. The Changing Mile Revisited. University of Arizona Press.

Webb, R.H. 1996. Grand Canyon, A Century of Change: Rephotography of the 1889-1890 Stanton Expedition.

Web sites:
http://pubs.water.usgs.gov/ofr01-314/ (San Juan River)

http://water.usgs.gov/pubs/of/2001/ofr01-323/ (Riparian vegetation in the SW US)

http://water.usgs.gov/pubs/of/ofr01-245/ (Mojave River)

See photographic comparisons:  Mojave Desert work at http://wgsc.wr.usgs.gov/mojave/time-series/gt.html, and more riparian vegetation at gauging stations at http://az.water.usgs.gov/rwebb/changes.html, which is basically a variation of one of the posters.

A variety of other land cover products, derived from various sensors, are also available (see: http://science.nature.nps.gov/im/monitor/lulc_rs.htm#Programs for a partial list of existing applications).  The NLCD serves as the basis for a number of regional to national analyses, including a significant part of the USGS Geographical Analysis and Monitoring program (http://gam.usgs.gov/).
NALC (North American Landscape Characterization Project) – 
http://eosims.cr.usgs.gov:5725/CAMPAIGN_DOCS/nalc_proj_camp.html: 
The NALC data set is comprised of hundreds of triplicates (i.e., multispectral scanner (MSS) data acquired in the years 1973, 1986, and 1991 plus or minus one year, thus, the name triplicate). The NALC triplicates also include digital elevation model (DEM) data. The specific years vary for geographical regions according to the regional and seasonal characteristics and phenology of the vegetation cover.  The NALC triplicates include digital elevation models (DEM) data. 
http://www.epa.gov/nerlesd1/land-sci/north-am.htm
Other significant sources of data include:

· Southwest regional GAP program – LandSat NVCS at alliance level, 5 state area, plus ownership, soils, habitat maps for 836 vertebrate species.  
http://fws-nmcfwru.nmsu.edu/fwscoop/SWREGAP/default.htm 

http://fws-nmcfwru.nmsu.edu/fwscoop/swregap/nm/swregapbrochure(final).pdf
     
http://www.epa.gov/nerlesd1/land-sci/gap.htm
· Chesapeake Bay Program mapping http://www.chesapeakebay.net/maps/maphub.cfm
· Western EMAP (Land Cover Data for Western Ecological Assessments)

   http://www.epa.gov/emap/west/html/docs/Lndscpgen02.pdf
      http://epamap1.epa.gov/emap/data_browsers.html
· Many other regional landcover classification

High spatial but typically low spectral (black and white, true color or color infrared) resolution data sources are:

· Aerial photograph – past, present, future.  See especially EPA Environmental Photographic Interpretation Center (EPIC)

http://www.epa.gov/nerlesd1/land-sci/epic/pdf/fs-epic.pdf
      
http://www.epa.gov/nerlesd1/land-sci/epic/pdf/fs-envirassess.pdf
     http://www.epa.gov/nerlesd1/land-sci/epic/pdf/fs-topmap.pdf
· USGS Photo Library, Earth Science Photographic Archive.  The archive has an especially strong collection of historical photos of national parks, and many of these can be downloaded directly from their web site and used without restriction:  

http://libraryphoto.er.usgs.gov/startlib1.htm
· NAPP, NHAP, DOQ
· National archive - resolutions to better than a meter

· High resolution satellite – Ikonos, Quickbird

Methods of Change detection 

A major discussion focused on the methodological and technological decisions that must be confronted in any change detection project.  This set of decisions comprises a decision tree, where each decision determines the options or constraints on subsequent choices.  The breakout group concluded that a more formal set of guidelines was important to ensure consistency and quality across NPS projects.  Some of the more important and common decisions focus on:

· Baseline or reference conversion base year (from and to when are the changes to be determined).
· Two period post classification comparison or multi-period.
· With 2 photographic and image dates, change can be detected, but trends cannot. With multiple dates, estimates of both trends and change are possible.  See Griffith et al. 2003 for use of multiple versus 2 sampling dates (but note inappropriate use or mean patch sizes) and Ramsey et al. (2001) multiple versus two sample dates.  Over a period of decades, a land type may change from one type and back again (e.g., forest -> cut -> forest).
· Post classification change detection
· Direct classification of change – satellite/based radiometric change
· Generation of change matrix – from / to [e.g., Ramsey et al. (2001)]

· Historic – photographic classification interpretations and decisions, include methods of interpreting class inclusion and exclusion (Ramsey and Nelson, in progress). 

· Include photo-interpretation information and key.  Classification keys for products produced from historic photography

· Problems in data related to collection and processing

· Interpretation – human introduction of variability.  Estimate what this variability means to ability to reliably determine landscape change. 

· Error / Accuracy of change – determine the necessary level of change detail (categorical, spatial, temporal) and level of accuracy needed (e.g., Congalton 1991, van Genderen and Lock 1977).

· Estimate how classification error will propagate.
· Determine how landscape classification error and accuracy will be estimated.  Define necessary class accuracy up front

· Determine class accuracy for external data sources.  In extended regional analyses, are the same classification criteria necessary?

An excellent reference synthesizing change detection techniques is:

Mouat, D.A., G.G. Mahin, and J. Lancaster. 1993. Remote sensing techniques in the analysis of change detection. Geocarto International 2:39-50.

Error Determination and Description

Possible methods include:

· Error matrix

· Contingency table

· Description of user, producer and overall errors and accuracies

· Description of how error estimates were obtained and report whether the estimates are Per pixel or per class 

Examples of good change detection studies
Chaloud, D.J., C.M. Edmonds, and D.T. Heggem. 2001. Savannah River Basin Landscape Analysis (Georgia, South Carolina, North Carolina).   EPA/600/R-01/069 http://www.epa.gov/nerlesd1/land-sci/pdf/252leb01.pdf
Griffith, J. A., S. V. Stehman, T. L. Sohl, and T. R. Loveland. 2003. Detecting trends in landscape pattern metrics over a 20-year period using a sampling-based monitoring programme. International Journal of Remote Sensing 24:175-181.

Hansen, A. J. and D. Gryskiewicz. 2003.  Interactions between Heartland National Parks and surrounding land use change: Development of conceptual models and indicators for monitoring.   Unpublished report to NPS.  72 pages.

Heggem, D.T., A.C. Neale, C.M. Edmonds, L.A. Bice, R.D. Van Remortel, and K.B. Jones. 1999.  An Ecological Assessment of the Louisiana Tensas River Basin (1972 and 1991).  EPA/600/R-99/016.  http://www.epa.gov/nerlesd1/land-sci/pdf/tofc.pdf
Jensen, J., D. Cowen, J. Althausen, and O. Weatherbee.  1994.  An evaluation of the 

coastwatch change detection protocol in South Carolina.  Photogrammetric Engineering and Remote Sensing 59: 1039-1046.

Mouat, D.A., and J. Lancaster.  1996.  Use of remote sensing and GIS to identify vegetation change in the Upper San Pedro River Watershed, Arizona.  Geocarto International 11:55-67.

Ramsey, E., III, and S. C. Laine, 1997.  Comparison of Landsat Thematic Mapper and high resolution photography to identify change in complex coastal marshes. Journal of Coastal Research 13: 281-292.

Ramsey, E., G. A. Nelson, and S. K. Sapkota, 2001. Coastal change analysis program implemented in Louisiana. Journal of Coastal Research 17:53-71.
Ramsey, E., III, G. Nelson and Y. Yan, in preparation.  Palo Alto Battlefield National Historic Site Landscape Classification and Historic Analysis.  Final Report to National Park Service.  
Remote Sensing and Geographic Information Systems for Decision Analysis in Public Resource Administration: A Case Study of 25 Years of Landscape Change in a Southwestern Watershed. http://www.epa.gov/nerlesd1/land-sci/pdf/sw-watershed.pdf

New York Water Supply (Catskill/Delaware Watersheds 1975-1998):  
Mehaffey, M.H., M.S. Nash1, T.G. Wade, C.M. Edmonds, D.W. Ebert1, K.B. Jones, and A. Rager.  2001.  A Landscape Assessment of the Catskill/Deleware Watersheds 1975-1998.  http://www.epa.gov/nerlesd1/land-sci/pdf/catskill-report-1.pdf (link to summary only).
San Pedro River (U.S./Mexico): 

Remote Sensing and Geographic Information Systems for Decision Analysis in Public Resource Administration: A Case Study of 25 Years of Landscape Change in a Southwestern Watershed. http://www.epa.gov/nerlesd1/land-sci/pdf/sw-watershed.pdf

Kepner, W.G., C. J. Watts, C.M. Edmonds, J. K. Maingi, S.E. Marsh, and G. Luna, 2000. A landscape approach for detecting and evaluating change in a semi-arid Environment. J. Environmental Monitoring and Assessment. 64: 179-195.

Kepner, W.G., D.J. Semmens, S.D. Bassett, D.A. Mouat, and D.C. Goodrich. (accepted). Scenario analysis for the San Pedro River, Analyzing hydrological consequences of a future environment. J. Environmental Monitoring and Assessment.

Tensas River Basin  (Louisiana):

Heggem, D.T., A.C. Neale, C.M. Edmonds, L.A. Bice, R.D. Van Remortel, and K.B. Jones. 1999.  An Ecological Assessment of the Louisiana Tensas River Basin (1972 and 1991).  EPA/600/R-99/016.  http://www.epa.gov/nerlesd1/land-sci/pdf/tofc.pdf
Tensas River Basin – A landscape approach to community-based environmental protection.  http://www.epa.gov/nerlesd1/land-sci/tensas/exe_summary/newexsum.pdf
Chaloud, D.J., C.M. Edmonds, and D.T. Heggem. 2001. Savannah River Basin Landscape Analysis (Georgia, South Carolina, North Carolina).   EPA/600/R-01/069 http://www.epa.gov/nerlesd1/land-sci/pdf/252leb01.pdf
Miller et al. 2002 provide an interesting examination of 2 very different landscapes (San Pedro and New York [Catskills/Delaware]) in regard to 25-years change and a contrast to the consequences to hydrological response using the Automated Geospatial Watershed Assessment (AGWA) tool (see http://www.epa.gov/nerlesd1/land-sci/agwa/index.htm).

Miller, S.N., W.G. Kepner, M.H. Mehaffey, M. Hernandez, R.C. Miller, D.C. Goodrich, F.K. Devonald, D.T. Heggem, and W.P. Miller. 2002.  Integrating Landscape Assessment and Hydrologic Modeling for Land Cover Change Analysis. Journal of the American Water Resources Association 38:915-929.
Identified needs

Objectivity – There is a need to pursue operational machine methods for classification that require minimal human intervention.

Create a Handbook describing the methods and trade-offs, and providing recommendations for “minimum” and “best” practices for the I&M program.

Challenges and coordinated action

The group clearly identified and articulated the considerable challenges faced by any person/project with the need to conduct a rigorous analysis of change that is based on imagery.  The lack of clear guidelines on the multitude of decisions made in each change detection analysis, and the consequences of alternative decisions, was seen as a major impediment to achieving consistency in quality and methodology across networks.  To address this need, a task group was formed to develop an outline for a white paper or publication on this topic, with an initial target to convene an intensive writing meeting in May.  Contact John Gross for additional details.
Additional references:

Congalton, R. G. 1991.  A review of assessing the accuracy of classifications of remotely sensed data.  Remote Sensing of Environment 37: 35-46.

van Genderen and Lock.  1977.  Testing land-use map accuracy, Photogrammetric Engineering and Remote Sensing 43: 1135-1137.  

11. Agenda
	Tuesday

8:00
	
	Coffee and informal discussions

	8:30
	John Gross / Steve Fancy
	Introductions, overview, goals, I&M Program

	9:00
	Andy Hansen
	Land use and cover change: Processes and conceptual models

	9:45
	Bill Kepner
	Indicators of landscape integrity

	10:15
	
	Break

	10:30
	Bob Gardner
	Landscape patterns and pattern indices

	11:15
	Pat Comer
	NatureServe: Landscape evaluation and monitoring

	12:00
	
	Lunch

	1:15
	Brad Smith
	The USFS FIA program and landscape monitoring

	1:45
	Brad Reed
	The USGS Geographic Analysis and Monitoring (GAM) Program; Assessing the rates, causes, and consequences of landscape change

	2:15
	Project leaders
	Very brief descriptions of current NPS projects

	2:30
	All
	Discussion on breakout group topics and schedule

	3:00
	All
	Break, then convene breakout groups

	4:30-5:00
	Group leaders
	Breakout group results



	Wednesday

8:00
	
	Coffee and informal discussions

	8:30
	John Gross/all
	Brief summary and convene breakout groups

	12:00
	
	Lunch

	1:15
	All
	Group reports and discussion

	4:15 - 5:00
	All
	Summary of proceedings and future actions, adjourn


Breakout groups:

Conceptual model evaluation (Hansen)


Current models


Terrestrial / aquatic linkages


What additional models are needed?

Landscape pattern indicators (Gardner)


Patch definition


Fragmentation and linear features (patch detection and definition)

Scale and metrics
Landscape change and change detection


Programs and databases

Analysis of change
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Figure 10.1.  Hierarchical Vegetation Classification System for Terrestrial Ecological Communities (with example).
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