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ABSTRACT

Land cover and other digital biophysical data play important roles in environmental assessments rela-
tive to a large number of environmental themes and issues. These data have become especially impor-
tant given the pace and extent of land cover change across the globe and world-wide concern for issues
such as global climate change. However, land cover and digital biophysical data by themselves are not
sufficient for broad-scale environmental assessments. These data must be combined with in situ data
collected from comprehensive research and monitoring programs to derive and interpret broad-scale
environmental condition. I summarize important uses of land cover and other biophysical data in en-
vironmental assessments and emphasize the importance of spatially explicit integration of these data
to address critical environmental issues. I also discuss the importance of comprehensive, regional and
national in-situ data in the development of landscape indicators and models and the need to maintain
and develop new in-situ monitoring programs.
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INTRODUCTION

Spatially continuous digital databases on land cover and other important biophysical attributes
(soils, elevation, topography, etc.) have become increasingly available via websites and data portals.
Coupled with advances in computer technology, including processing speed, data capacity, software
development (e.g., geographic information systems and statistical programs), and distributed network
capabilities, this availability now makes it possible to conduct environmental assessments at multiple

scales over relatively large geographic areas (Wascher 2005, Jones et al. 2008). This is especially
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true of land cover data, which are now available for the entire conterminous United States at a 30 m
resolution for two time periods (early 1990s and early 2000s, Homer et al. 2004). This provides for
an unprecedented evaluation of land cover change and the consequences of change on a wide range of
ecological goods and services. Here I highlight several examples of the use of land cover and other
wall-to-wall biophysical data in environmental assessments, including those related to environmental
status and trends, impact analysis, vulnerability and risk assessments, ecological forecasting, and alter-
native future landscape analyses. I also emphasize the importance of combining land cover with other
wall-to-wall biophysical data to enhance environmental assessments. [ conclude with a discussion of

key components of landscape assessments.

LANDSCAPE-BASED ENVIRONMENTAL ASSESSMENTS

Landscape-based environmental assessments generally fall into one or a combination of five cat-
egories: (1) status, change, and trends; (2) relationships between pressures or drivers of landscape
conditions, changes, or trends and base biophysical conditions; (3) vulnerability and risk analysis; (4)

forecasting; and (5) alternative future landscape analyses.

Status, Change, and Trends

Numerous landscape-based assessments of environmental status have been conducted at a range
of scales for a relatively large number of environmental themes or issues using land cover and other
biophysical data. These include assessments of forest fragmentation (Riitters et al. 2000, 2002), ur-
banization (Galleo et al. 2004), agricultural sustainability (Reuter et al 2002), road distribution and
density (Watts et al. 2007), bird distribution (O’Connor et al. 1996), biological diversity (Zurlini 1999,
Magura et al. 2001, Scott et al. 2003, Burkhardt et al. 2004), watershed condition or health (Walker et
al. 2002; Jones et al. 1997, 2006), water quality and quantity (Behrendt 1996, Wickham et al. 2000,
Jones et al. 2001a, Smith et al. 2001), aquatic biological condition (Hale et al. 2004, Donohue et al.
2006), soil loss (Van Rompaey and Govers, 2002), and multiple environmental themes (Jones et al.

1997, 2007, Wickham et al. 1999). All of these studies depend on the development of wall-to-wall
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biophysical data including land cover and application of metrics, indicators, and models (see later
discussion).

When two or more dates of wall-to-wall biophysical data are available, it becomes possible to con-
duct change and trends analyses. The NOAA Coastal Change Analysis Program (C-CAP) has been
conducting land cover change analysis of coastal regions over the past several years (http://www.csc.
noaa.gov/crs/lca/ccap.html), and the program contributes substantially to the Multi-Resolution Land
Characteristics Consortium (MRLC, see below).

Landscape-based change and trends assessments have been conducted on ecosystem productivity
(Minor et al. 1999, Young and Harris 2005, Nash et al. 2006) and land cover (Griffith et al. 2003).
Moreover, there have been numerous assessments of landscape change and potential consequences to
specific environmental themes, including wildlife populations and habitat (Vogelmann 1995, Jones
et al. 2001b, Theobald and Romme 2007), biological diversity (Saunders et al. 1991, Ojima et al.
1994, Kattan et al. 1994, Koopowitz, et al. 1994), and water quality and quantity (Mattikalli and
Richards 1996, Jones et al. 2001a), and watersheds and forests (Lathrop et al. 2007). Numerous other
landscape-based assessments have analyzed land cover and other biophysical changes with regard to
specific environmental drivers or stressors (see next section). Findings associated with these types of
assessments are critical to vulnerability and risk assessments, ecological forecasting, and alternative
futures analysis (see later sections).

Land cover data for two dates (early 1990s and 2000s) for the conterminous US make it possible
to conduct a similar landscape change analysis across the entire lower 48 states at relatively fine spa-
tial scales (30 m). To facilitate change analysis between these data, the MRLC is reclassifying the
early 1990s imagery using the algorithm that was used to classify the 2000 imagery (see Wickham et
al. 2007 for an application of this approach). Nationally consistent change information is available
for the conterminous U.S. (http://www.mrlc.gov). The MRLC has proposed future US-wide land
cover databases on five-year intervals. Such a program would permit an unprecedented assessment of
landscape trends and consequences to a range of ecological services and environmental themes. A na-

tional-scale, sample-based, landscape trends program was initiated by the USGS and partner agencies



218 NORTH AMERICA LAND COVER SUMMIT

and organizations in the late 1990s (Loveland et al. 2002). This program has already reported on key
landscape transitions that have occurred over the time period from the early 1970s to the early 2000s
(see Griffith et al. 2003). The results from this program will provide a good foundation upon which to
build a wall-to-wall trends program (e.g., from future MRLC efforts). Finally, land cover change and
trends offer the most comprehensive way to track and evaluate the consequences of surface changes

on a wide range of landscape processes affecting important ecological goods and services.

Relationships between Pressures/Drivers and Condition, Changes, and Trends

Quantifying linkages between environmental pressures and drivers (e.g., population change, road
and energy development, increased, and water use) and landscape conditions and change is essential
for understanding threats to and vulnerabilities of a wide range of environmental values and ecologi-
cal services. This is also critical in formulating alternative future landscape scenarios to protect and
improve environmental conditions. Some assessments involve retrospective or historical analysis of
landscape change and pressures in an attempt to understand important drivers of landscape change
(Mattikalli and Richards 1996, Wickham et al. 2000b, 2007, Jennings and Jarnagin 2002, Hostert et
al. 2003, Wamelink et al. 2003), whereas some establish relationships from spatial patterns derived
from single data layers (Wade et al. 2003). Others use rule-based and empirical models to evaluate the
consequences of historical change (Hernandez et al. 2003). For example, Jones et al. (2001b) assessed
the consequences of land cover change across the five-state, Mid-Atlantic region by creating a histori-
cal land cover database for the early 1970s from Landsat Multi-Spectral Scanner data, and applying a
combination of empirical and rule-based models related to land-based nitrogen export and bird habitat
quality. Land cover was a key component of both models and extrapolation to the regional scale. The
most robust quantitative relationships are created when changes in land cover and biophysical data can

be linked to changes in important environmental response variables (see later discussion).

Vulnerability and Risk Assessments

Existing spatial data, indicators, and models of pressures and states can be used to assess relative
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vulnerability and risks of habitats and areas to future decline in overall environmental quality due to a
combination of pressures (Wickham et al. 1999, Bradley and Smith 2004, Zurlini et al. 2004, Theobald
and Romme 2007). These approaches generally involve integration of multiple biophysical databases,
including land cover. Vulnerability can be assessed by integrating (in a spatially explicit manner)
landscape classifications of resilience or sensitivity (based on inherent biophysical conditions), current
conditions, and current levels of pressures or stresses (Bradley and Smith 2004). Vulnerability also
can be assessed by modeling future landscape changes (Claggett et al. 2004, Theobald and Romme
2007). Future change models are often constructed from knowledge of historical patterns of change
and drivers. Results of spatially explicit landscape change are then intersected with distributions of
sensitive and/or resilient resources and associated processes to evaluate potential vulnerability. When
the probably of change can be estimated and intersected with estimates of sensitivity or resiliency, it
is possible to assess risk (Allen et al. 20006).

Land cover and other biophysical and human demographic data have been used to evaluate vulner-
ability and risks related to natural hazards such as fire (Rollins et al. 2004), tsunamis and earthquakes
(Wood et al. 2002), and flooding (Sanders et al. 2006). These data also have been used to address vul-
nerability of specific geographic areas to spread of invasive species (Allen et al. 2006), and to evaluate
distribution of and risks to Lyme disease (Jackson et al. 2006), and to assess environmental justice
issues with regards to pollution exposure (Mennis 2005, Mennis and Jordan 2005).

Several organizations have embarked on broad-scale vulnerability assessment that involve the use
of land cover and other biophysical data. These include the U.S Environmental Protection Agency’s
Regional Vulnerability Assessment Program (ReVA; Bradley and Smith 2004, http://www.epa.gov/
reva/), the U.S. National Park Service’s Watershed Condition Assessment Program (http://www.na-
ture.nps.gov/water/ watershedconds.cfm), and the US Forest Service’s Forests on the Edge Assess-

ment (Stein et al. 2005).

Environmental Forecasting

When sampling networks permit the use of near-real time and seasonal data (e.g., climate and sat-
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ellite data), it is possible to integrate these data with relatively static landscape data (e.g., slope, eleva-
tion, soil type) and process models to produce forecasts. For example, these types of data and models
have been integrated to forecast crop yield (Reynolds et al. 2000, Kastens et al. 2001, Domenkiotis et
al. 2004), species transitions (Peters et al. 2006), famine (Hutchinson 2001), risk of fire (Rollins et al.
2004), and vulnerability to continued urbanization (Kohiyama et al. 2004).

Examples of programs that integrate field and spatial data to conduct ecological forecasting in-
clude the Invasive Species Science Program (https://bp.gsfc.nasa.gov/ isfs.html), the US Forest Ser-
vice’s climate change atlas (Iverson et al. 1999, http://www.nrs.fs.fed.us/atlas/), NOAA’s ecosystem
forecasting program (see Valette-Silver and Scavia 2003, http://www.oceanservice.noaa.gov/topics/
coasts/ecoforecasting/ welcome.html) and the Terrestrial Observation and Prediction System (http://
www .ntsg.umt.edu/tops/). The Global Earth Observation System of Systems (GEOSS) offers signifi-
cant potential to improve regional to global scale environmental forecasting, including water scarcity,

drought, hazards, biodiversity, and food security (GEOSS 2005).

Alternative Landscape Futures and Conservation

When metrics, indicators, and models can be quantitatively linked and applied to spatial data, it
becomes possible to assess the consequences and outcomes of management scenarios and activities
that modify the land surface (Theobald and Hobbs 2002, Baker et al. 2004, Kepner et al. 2004). This
generally involves a characterization of the current environment relative to one or several environ-
mental themes and a series of workshops with the general public to identify a set of alternative future
environments. Each alternative future scenario includes a set of spatially explicit management actions
(or lack thereof) that influence the spatial elements and processes related to important environmental
resources. Generally, there is a scenario that maintains the existing trend, one that promotes ecosys-
tem or habitat conservation, and one that promotes maximum development or urbanization (White et
al. 1997, Baker et al. 2004, Kepner et al. 2004, Voinov et al. 2004). Alternative futures analysis also
may include a range of economic and policy scenarios that influence key processes and environmental

themes (Wamelink et al. 2003 and Berger et al. 2004, respectively). The quality of these assessments
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is dependent upon the quality of the data and models and the feasibility of the alternative future man-
agement scenarios. One of the great challenges to this approach is to generate effective and sustained
public participation and ownership in the methods, scenarios, and results.

In some cases, landscape change models are used to forecast or project future landscape conditions
given assumptions about rates and patterns of change in the models (Claggett et al. 2004, Theobald
and Romme 2007). Specific management interventions are then assessed with regard to how they
change projected landscape states and associated processes and environmental themes.

Landscape indicators and models can be used to identify and prioritize areas for conservation
(Zhigal’skii et al. 2003). For example, land cover and other biophysical data, combined with rule-
based habitat models, have been used to prioritize areas for conservation (Scott et al. 2003, Zurlini
et al. 1999). At finer scales, landscape studies have been conducted to evaluate specific management
options, for example, to evaluate the effectiveness of vegetation buffer strips in riparian zones (Borin
etal. 2005). Additionally, landscape characterizations can be used to define areas where specific man-

agement systems might be most effective (Tenhunen et al. 2001, Jankauskas and Tiknius 2004).

KEY COMPONENTS OF LANDSCAPE-BASED ENVIRONMENTAL ASSESSMENTS

There are several aspects of environmental assessments where land cover and other biophysical
data can play key roles. These include classification and characterization, metric and indicator devel-
opment and application, and model development and application. Land cover and other biophysical
data can provide an extrapolation framework for in-situ data on individual environmental themes of
concern. This is primarily accomplished through classification schemes, indicators, and models (see

below).

Classification and Characterization
A wide range of wall-to-wall biophysical data are used to classify and characterize geographic
areas, including land cover, vegetation, soils, geology, topography (slope, aspect, land-form), stream

networks, catchments (watersheds), climate (precipitation and temperature), and human population
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and infrastructure (e.g. roads and dams). These data are used individually or in combination to char-
acterize and classify landscapes, catchments, ecoregions, large basins, and entire countries relative to
a wide range of terrestrial and aquatic environmental themes. Characterization and classification are
used to: (1) reduce variance in potential indicator or metric response and interpretation (Angermeier
et al. 2000), (2) identify reference conditions for different biophysical settings and classifications
(Schmidtlein and Ewald 2003, Smith et al. 2003), (3) stratify areas for allocation of field samples
and assist in sampling designs, especially in gradient studies (Ator et al. 2003), (4) help determine
the applicability of various models based on differences in biophysical settings and classifications,
(5) provide an extrapolation/up-scaling framework for models and indicators (Lenz 1999, Miiller and
Wiggering 1999, Djodjic et al. 2004, Running et al. 2004), (6) provide a hierarchical, down-scaling
framework to predict potential ecosystem states (Detenbeck et al. 2000, Jongman et al., 2006), and (7)
provide a spatial characterization and classification of the potential response of a specific geography to
management alternatives and conservation ... “capacity of the land” (Dobrowolska et al. 2004, Much-
er et al. 2004, Wascher 2005). In some cases, there have been attempts to develop single classification
systems to address all of these factors (Wickham and Norton 1994, Jensen et al. 2001, Jongman et al.
2006, Sayre et al. this volume). Classification and characterizations can be applied at several scales
depending on the availability of spatial data. For example, community-level assessments rely on
relatively high resolution spatial data, whereas countrywide assessments often involve use of coarser
spatial data (Walker et al. 2002).

Most of these data are acquired from remote sensing, although some data such as human popula-
tion, climate, and other field-based data are acquired from surveys and monitoring studies. Survey
data usually come in the form of point or polygon summaries for administrative units or countries,
and in some cases these summaries can be spatially interpolated via statistical methods such as kriging
(Lloyd 2002). Some characterization approaches are conducted within an explicit spatial hierarchy
of biophysical characteristics (Anderson 2000, Detenbeck et al. 2000, Mucher et al. 2003), some are
conducted simply by overlaying biophysical data in a GIS without regard to a spatial hierarchy (Van

Rompaey and Govers 2002), and some involve pattern classification derived from a single spatial
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database (e.g., land cover, Wickham and Norton 1994). Results have to be evaluated within each par-
ticular classification and characterization framework adopted because when integrating or scaling data
for different natural or administrative units the modifiable areal unit problem (MAUP) may introduce
potential sources of error that can affect the results of spatial studies (Openshaw 1984). For example,
this problem may arise when data are aggregated or generalized to specific assessment units (e.g.,
political or administrative boundaries), and then disaggregated or reapplied to different assessment
units. The result is a misrepresentation of the original spatial variability in the data within and among

the new assessment units.

Landscape Indicators

Indicator development is a critical step in the overall environmental assessment process. Land
cover data are often a critical element of environmental metrics and indicators. For example, several
important indicators in the “State of the Nation’s Ecosystems Report” are based on land cover data
(Heinz 2002). Moreover, national and continental-scale land cover projects, including the National
Land Cover Database (NLCD) and Corine programs of the US and European Union, respectively,
permit an analysis of changes in land cover-based metrics and indicators over huge geographic areas at
relatively fine scales (30-100 m). Similar to other environmental indicators, landscape indicators are
normally selected within a comprehensive monitoring framework, such as the Driver Pressure State
Impact Response (DPSIR) framework (EU 1999, Miiller et al. 2007; Figure 1).

Many different metrics can be generated from spatial data using geographic information systems
(GIS). Landscape metrics include measures of composition (e.g., the percentage of specific land
cover types), as well as pattern (e.g., natural land cover connectivity and the position of land cover
types in a catchment). More recently metric development has included multiple spatial data (e.g., the
amount of cropland on steep slopes derived from intersecting land cover and digital elevation model
data, Jones et al. 1996; Figure 2). Additionally, new derivatives from the NLCD 2001 program now
make it possible to estimate impervious surfaces and canopy cover over the conterminous US at 30 m

resolution.
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Figure 1. The Driver-Pressure-State-Impact-Response (DPSIR) indicator framework adopted by the European Union (EU
1999) and modified by Miiller et al. 2007. Land cover and biophysical data play important roles in evaluating landscape
state, change, pressures, and potential management responses (through Alternative Futures Analysis).

Metric development also may involve analysis of new analytical approaches to evaluate landscape
composition and pattern (Riitters et al. 2000), and to measure natural and anthropogenic pressures
over large areas (Imhoff et al. 1998, Steinhardt et al. 1999, Elvidge et al. 2001, Slonecker et al. 2001,
Kohiyama et al. 2004, Longcore and Rich 2004). Metric studies also include analysis of colinearity
and correlation among landscape metrics (Riitters et al. 1995). Generally, a metric is selected and used
if spatial data are available to calculate the metric, and because qualitative relationships have been es-
tablished between environmental themes (e.g., species diversity) and specific landscape composition
and pattern. A landscape metric becomes an indicator when qualitative and quantitative relationships
are established (Jones et al. 1996). In this way the metric becomes an indicator or surrogate of impor-
tant biophysical processes, ecological states, or pressures. This is accomplished through findings from
existing studies, or through new studies involving biophysical, ecological state, or pressure (stressor)

gradients (Ator et al. 2003). Where historical landscape data are available (e.g., aerial photography),
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Land Cover

Cropland on > 3% Slopes

Figure 2. Intersection of 30 m slope and land cover databases to yield a metric of cropland on greater than 3 percent slope,
an indicator of potential soil and nutrient loss, across the five-state area of the US Mid-Atlantic Region. Intersection of
biophysical data play an important role in evaluating landscape conditions and processes over broad regions.



226 NORTH AMERICA LAND COVER SUMMIT

it may be possible to develop quantitative relationships between a particular pressure (e.g., impervi-
ous surfaces) and a state or process (e.g., stream flow and discharge, Jennings and Jarnagin 2002).
In the example illustrated in Figure 3, a small watershed in Fairfax County Virginia increased from
approximately 3 to 34 percent impervious surface. The result was an increase in mean daily flow, an
increase in maximum flow, and an increase in the frequency of bank to bank disturbance events (Jen-
nings and Jarnagin 2002). For this watershed, it takes 45 fewer mm of rain (from 140 to 95 mm) to
achieve bank-to-bank flow levels. Increased magnitude and frequency of disturbance events , such as
those generated by the increased floods, have been hypothesized to negatively influence surface water
habitat and biological conditions (Slonecker 2001).

Metric and indicator development also can include a wide range of remote sensing research and
applications (Victorov 1999). This includes derivation of landscape composition and pattern from
archival and existing imagery such as Landsat (Tucker et al. 2004), evaluation of relatively new, high
resolution spectral (e.g., hyperspectral, Shippert 2003) and spatial (e.g., IKONOS, Vina et al. 2003)
imagery, analysis of canopy and vertical vegetation structure (e.g., LIDAR, Anderson et al. 2006,
Streutker and Glenn 2006), more direct measures of ecological process variables (e.g., net primary
productivity, Running et al. 2004), and landscape change detection (Sohl et al. 2003, Victorov et al.
2004). More detailed information on land cover composition and structure can improve the interpret-
ability of landscape indicators and models.

Spatial filtering (Riitters et al. 1997) and morphological image processing (Vogt et al. 2007a, b)
provide other ways to measure landscape metrics and levels of fragmentation or connectivity at mul-
tiple scales across broad geographic areas. Furthermore, they provide flexible ways to evaluate scale
and emergent spatial properties in land cover imagery.

One of the goals of indicator development is to establish a set or suite of indicators that, in total,
reflect ecological pressures, states, impacts, and responses (see Figure 1). When a common and in-
ternally consistent set of spatial data is available over large geographic areas, landscape metrics and
indicators can be generated and used to estimate and compare ecological states, pressures, and impacts

across broad regions (Jones et al. 1997, Wickham et al. 1999).
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Figure 3. The impact of increasing impervious surface on peak flow events in a Fairfax, County US watershed (modified
from Jennings and Jarnagin 2002).
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Some assessments require only one or a few spatial databases to generate metrics and indicators,
whereas others require multiple spatial databases. For example, Riitters et al. (2000) and Wade et al.
(2003) assessed forest fragmentation at the global scale by applying a forest fragmentation metric to
digital land cover data. Jones et al. (1997, 2008) assessed multiple environmental themes across the
US and Europe, respectively, that required acquisition and use of several spatial databases. Finally,
the complexity of metrics used in assessments varies depending on whether the goal of the assessment
is for targeting and prioritization (Steinhardt et al. 1999, Wickham et al. 2000, Bradley and Smith
2004) or forecasting or prediction (Reynolds et al. 2000); the former generally uses more qualitative
approaches (e.g., metrics, indicators, and simply models), whereas the latter generally relies on more

quantitative approaches and complex models.

Landscape Models

Land cover and other biophysical data are often critical elements in spatially distributed models,
but especially those related to habitat quality and distribution, water quality, soil loss, and nutrient
export. The development of these models is crucial in extending (scaling) in-situ measures to large
basins and regions.

Generally, two types of models are used in landscape assessments: empirical models and process
models. Empirical models involve quantifying relationships between landscape/biophysical charac-
teristics and patterns (landscape metrics) and measures of environmental values (e.g., bird species
richness) or pressures (e.g., nutrient export or loadings). Generally, these studies involve pairing
landscape and biophysical metrics measured on spatial supporting units (e.g., a catchment) with field
samples (e.g., water quality samples; Jones et al. 2001b, Smith et al. 2001, Iankov et al. 2004). In
some cases, landscape metrics are calculated at several scales surrounding field samples (e.g., head-
water areas, riparian zones, catchment scale). The goal is to quantify relationships between environ-
mental values of interest and landscape/biophysical composition and pattern through multivariate and
other statistical approaches and then apply the statistical function across the larger area via the wall-

to-wall data. Other statistical approaches, such as Maximum Entropy, Genetic Algorithm for Rule-set



IMPORTANCE OF LAND COVER AND BIOPHYSICAL DATA

Predictions (GARP), and Regression Tree Analysis, can be used to model species’ distributions and
to evaluate uncertainty in those estimates (Stockwell and Peters 1999, Garzon et al. 2006, Phillips et
al. 2006). These approaches use in-situ, species-presence data as well as several spatially continuous
biophysical databases including land cover. The result is an ability to estimate pressure, state, or im-
pacts over a broader area, including areas where no samples exist. In some cases, markedly different
biophysical and/or human use settings across a large region or basin require development and testing
of different models. Additionally, it is often difficult to match the spatial and temporal scales of land-
scape processes and patterns with scales represented by data collected on environmental themes and
associated variables at the site or field scale (Skoien et al. 2003).

Most empirical studies trade spatial variability for time to develop quantitative linkages between
in-situ and wall-to-wall biophysical data, primarily due to limited temporal coverage of in-situ mea-
sures on environmental themes or processes of interest. This approach has been used to model bird
habitats and populations (O’Connor et al. 1996, Jones et al. 2000, O’Connell et al. 2000), water quality
(Jones et al. 2001b, 2006), and stream biological condition (Donohue et al. 2006). However, powerful
relationships have been developed using historical landscape change and stream flow data (see Jen-
nings and Jarnagin 2002).

A critical element of empirical studies is data from in-situ monitoring networks, such as the USGS
National Stream Gauge Network (http://waterdata.usgs.gov/nwis), the USGS National Water Quality
Assessment Program (NAWQA, http://water.usgs.gov/ nawqa/), the North American Breeding Bird
Survey (BBS, http://www.pwrc.usgs.gov/ BBS/), the Environmental Monitoring and Assessment Pro-
gram (EMAP, http:// www.epa.gov/emap/), the Forest Inventory and Analysis (FIA, http://fia.fs.fed.
us/) Program, and the Natural Resource Inventory (NRI, http://www.nrcs.usda.gov/ technical/NRT/).

The other modeling approach involves the development of rule-based or process-based models.
Important variables and functions for these models are generally derived from intensive studies at
fine scales from existing literature, or from expert opinion. The goal in applying these models is to
develop transfer functions (quantitative relationships or functions) between the model parameters and

wall-to-wall landscape data. For example, estimation of soil loss over large geographic areas is pos-
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sible because soil texture (a surrogate for erosivity ...an important parameter in soil loss models) is an
attribute in many of the digital soils databases (Van Rompaey and Govers 2002). Similarly, detailed
studies have established nutrient export coefficients for different land cover types, and when these
data are combined with digital land cover, it is possible to identify areas where surface waters may be
impaired by excess nutrients and sediments (Wickham et al. 2000). Similarly, non-point source and
point-source nutrient loads can be combined to estimate total nutrient loads into water bodies (Beh-
rendt 1996, Kondratyev et al. 2004).

Two key issues in process model implementation are the number of parameters that go into the
model and the ability to transfer key functions to wall-to-wall spatial data, including land cover. If
there are too many parameters in a model, then it is difficult to apply the model over broad areas be-
cause spatial data and transfer functions are often not available for a large number of process-related
parameters. However, if parameters are over-simplified and there are too few of them, then the model
may fail to capture important differences in the landscape (Van Rompaey and Govers 2002), espe-
cially for relatively small areas (e.g., small catchments). The key is to develop and apply models that
take into consideration the types of questions and the levels of complexity and scales that result from
the types of questions being asked. Many regional- and basin-scale habitat and water quality models
involving few parameters are good at targeting and prioritizing areas needing further study or potential
management intervention (coarse filter, Bradley and Smith 2004), whereas more parameter-intensive
models are used at local scales to evaluate local conditions and site-specific management solutions.
These models often require finer-scale land cover data than those available at regional and national
scales (e.g., the NLCD).

Land cover has been used to model habitat suitability for a range of species over broad scales
(Riitters et al. 1997, Zurlini et al. 1999, Atauri et al. 2001, Scott et al. 2003, Tuller et al. 2004). This
generally involves applying a habitat suitability rule to land cover, soil, topographical, and/or climate
data. Additionally, models have been developed and applied to remote sensing and other spatial
data to evaluate fundamental ecosystem processes, including forest transpiration and photosynthesis

(Anselmi et al. 2004), evapotranspiration and soil water dynamics (Wegehenkel et al. 2001), fire and
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disturbance frequency (Keane et al. 2002, Rollins et al. 2004), and run-off, sedimentation, and water
quality. Land cover (e.g., NLCD) has been used in combination with US Census data to model en-
vironmental justice issues across broad geographic areas (Mennis 2005, Mennis and Jordan 2005).
Figure 4 illustrates the Automated Geospatial Watershed Assessment (AGWA) modeling tool (Miller
et al. 2007). This is a GIS-based process model that evaluates the impact of land cover change on

hydrologic processes affecting run-off and sediment transport.

Assessment Units

Because of the wide range of environmental themes, issues, and questions being addressed by en-
vironmental managers, landscape assessments can potentially occur at a many different spatial scales
on a range of political and environmental classification units. The size of the assessment area can
vary between small catchments or habitat areas (Dunjo et al. 2004) on up to entire regions, basins, and
continents (Lorenz et al. 1999, Riitters et al. 2000, Walker et al 2002, Galleo et al. 2004). Finer-scale
assessments generally involve the use of higher resolution spatial and field data (for example, data
on vegetation structure, plant species type, etc), whereas broader-scale assessments generally involve
readily available spatial data (e.g., 30 m).

Landscape assessments also involve the use of spatial data representing natural (e.g., ecoregions
and catchments) and political (e.g., provinces, states, political regions, countries) boundaries. Ecore-
gion boundaries are created through multi-scaled characterization of biophysical characteristics (see
earlier section) and catchments through the use of stream network and/or elevation data to determine
the boundaries and direction of flow through a landscape. Both natural and political boundary data
come in the form of digital layers that can be integrated (via a GIS) with landscape and other biophysi-
cal data to calculate indicators and implement models on specific units. When the goal of the assess-
ment is simply to represent spatial variability in indicator and model results on a map, GIS-generated
grid cells are often used (Jones et al. 2001a, Wickham et al. 2002). Additionally, assessments are
conducted on buffer zones around riparian zones (Borin et al. 2005, Baker et al. 2006), surface waters,

including estuaries (Hale et al. 2004), and other features (e.g., hazardous waste sites). Buffer zone

231



NORTH AMERICA LAND COVER SUMMIT

232

Watershed Delineation
using Digital Elevation Watershed Discretization

Model (DEM)

Intersect model
(model elements) -+ elements wit

"

"

KINEROS Outputs SWAT Outputs

Channel Infiltration (m3km) | Precipitation {mm)

Plane Infiltration (mm) ET (mm)
Runoff (mm or m3) Percolation (mm)
Sediment yield (kg) Channel Disch. (m3/day)

Peak flow (m3/s or mm/hr) Transmission loss (mm)

Channel Scour (mm) Water yield (mm)
Sediment discharge (kg/s) Sediment yield (tha)

Figure 4. The Automated Geospatial Watershed Assessment (AGWA) tool. The tool integrates land cover and biophysical
data to estimate water-related characteristics important to environmental managers and planners.
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assessments require spatial data layers on streams, estuaries, other surface waters, or the landscape

feature of interest.

Landscape Assessment Tools

Several GIS extensions and models have been developed that permit assessment of environmental
resources and processes over a variety of scales. These extensions and models use a variety of read-
ily available spatial data. Some calculate landscape metrics and simple models at a variety of scales
(McGarigal et al. 2002, Ebert and Wade 2004), whereas some model the influence of landscape pattern
and change on specific environmental resources and associated processes, including water and hydrol-
ogy (Engel et al. 2003, Hernandez et al. 2003, Miller et al. 2007), forest succession and disturbance
(Mladenoft 2004), and habitat (Schumaker 1998, Akcakaya 2000). These types of software and tools

accept readily available landscape data and permit assessments at a variety of scales.

CONCLUSIONS

Land cover and other biophysical data play key roles in environmental assessments. They pro-
vide basic data on spatially explicit patterns of landscape features and associated processes that affect
fluxes of biota, water, energy, and materials. When these data are related spatially and temporally
they can provide the basic elements for modeling fundamental environmental processes at a range of
scales. As such, they provide a framework for extrapolation of in-situ data to make assessments of
environmental conditions and changes over broad geographic areas.

As finer-scale biophysical data become increasingly available, it will become possible to apply
landscape metrics and models at local and community levels and to relate conditions at those scales
to broader catchment and basin scales. Moreover, synthesis of data from sensors with different spa-
tial and temporal resolution will improve our ability to track more frequent changes in land-surface
condition (e.g., land cover patch quality and photosynthetic activity), as well as vertical structure and
composition (e.g., canopy height by life form and species). This will improve our ability to track

land-surface changes in response to major drivers such as climate change, and to relate those changes
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to important ecological services. New and enhanced statistical and modeling approaches will also
improve estimates of land-surface changes and our ability to interpret consequences and opportunities
for conservation.

New national and continental scale land cover change products, such as that offered by the MRLC,
provide for an unprecedented opportunity to assess the potential consequences of landscape change
on a wide range of ecological services. However, it is imperative to protect and expand spatially

comprehensive and consistent in-situ monitoring programs, such as the USGS stream gauge network,

100s to 10,000s

Spatially Extensive
In-Situ Data

Millions of Pixels

Wall-to-Wall Spatial Data

Figure 5. The three-tiered monitoring and assessment framework of the US Committee on Environment and Natural
Resources (CENR, 1997). The framework emphasizes the importance of land cover and other biophysical data (base of
tier), as well as in-situ monitoring data.

NAWQA, EMAP, NRI, and FIA. These programs provide the base in-situ data from which landscape
models and indicators are derived, and form the critical middle component of the US Committee on
Natural Resources and the Environment (CENR) monitoring framework (Figure 5).  New research
and monitoring programs, including the National Ecological Observatory Network (NEON, http://
www.neoninc.org/) and the National Phenology Network (http://www.usanpn.org), offer significant

potential to develop multi-scale landscape models and to demonstrate the multi-tiered approach rec-

ommended by the CENR.
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