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Executive Summary  
 

Rapid Ecoregional Assessments: Purpose and Scope  
 

Rapid Ecoregional Assessments (REAs) are a product of the evolution of the Bureau of Land Management 
(BLM) toward a landscape approach to land and resource management. Using the landscape approach, the 
BLM hopes to integrate available scientific data from BLM field offices, other federal and state agencies, and 
public stakeholders to develop collaborative management efforts across administrative boundaries. Regional-
scale information and assessment analyses on current and future condition will be used by the BLM and its 
partners to assist with land use planning, developing best-management practices, authorizing uses, and 
establishing conservation and restoration priorities. REAs are informational tools, not decision documents. 
 
The regional scope of the Colorado Plateau REA and the assessment of its numerous conservation elements 
and their interactions with change agents produced a massive volume of results that can only be summarized 
within the constraints of a report of reasonable length. Major highlights of the results appear in the body of 
the report and appendices provide more detailed information on methods and models. Several key aspects of 
the REAs highlight their utility to the BLM: 
 
Management Questions: Management questions are the foundation and catalyst for the REAs because 
they determine the scope of data requirements and analyses. BLM land managers and partners provided a 
broad range of management questions to the REA to frame regional issues and data needs (full list in Section 
2.4.1). The regionally-significant management questions developed for each REA match the scale of the 
assessment. The 34 management questions prepared for the Colorado Plateau REA refer to native and 
invasive flora and fauna, disturbance factors or change agents that affect present and future resource status, 
and significant (designated) sites and ecological functions and services. 
 
Ecoregional Scale: Region-wide analyses explaining the association of native species, aquatic and terrestrial 
resources, and environmental change agents provide the BLM with another scale of consideration beyond 
the field office level. REAs thus inform future management planning across multiple spatial scales and 
jurisdictional boundaries to prioritize resource uses. They also provide a management mechanism for 
ensuring species’ access to seasonal habitats and migration corridors by maintaining connectivity among 
populations. At the same time, while REAs are scaled at the ecoregional level, they also provide conceptual 
and geoprocessing models that can be reworked at the state or field office levels using more refined data. 
 
Data Compilation: One of the more important components of the REA process is data compilation in topical 
areas that are regionally significant. REAs do not involve original research, but they use existing data, 
modeling, and geographic information system (GIS) analyses to answer a broad range of management 
questions. The REA effort provides a baseline of information and results built on spatial data that was publicly 
available during the 2010–2012 time frame. In all, 217 data layers were used to create hundreds of final 
derived results and maps. The intensive collection and organization of spatial data in itself is of value to the 
BLM as a library or atlas of spatial data for use in future agency investigations. 
 
Assessing Current Condition: The evaluation of the current status of regionally-significant biotic elements 
(wildlife and plant species) and abiotic factors (e.g., soils, water resources) was a key aspect of the REA. Eight 
characteristic vegetation communities of the Colorado Plateau represented the coarse-filter component 
(Table 2-2, Section 2.4.2). Fine filter elements were represented by 18 wildlife species conservation elements 
as well as a list of designated sites and essential ecosystem functions and services (e.g., aquatic systems, 
riparian areas, and soil stability).  
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Because of the spatial nature of the REAs, describing status for 
various conservation elements and resource values requires the 
ability to identify and map specific characteristics of that resource. 
As a result, REA results and the regional assessments, while 
valuable, must always be considered incomplete: some important 
elements will be absent because their effects were not visible or 
because data to represent them were not available.  
 
Projecting Future Condition: REAs also evaluate the potential of change agents—including wildland fire, 
invasive species, development, and climate change—to affect ecoregion condition. Assessment output 
products documenting potential-for-change demonstrate how current evidence of cumulative impacts may 
be projected into the future to identify potential trade-offs, alternatives, and mitigation strategies for BLM 
planning purposes. A development-related REA product of interest to the BLM is the location of areas with 
high potential for traditional or renewable energy development. REA results contain current and potential 
development data layers that were merged with mapped distributions for the various conservation elements 
to identify how and where the elements may be affected by various planned and potential energy 
development areas. 
 
Application to Adaptive Management: REAs are timely in supporting planning, management, and 
mitigation strategies for impacts anticipated from rapidly-developing issues related to traditional and 
renewable energy development, the spread of invasive species, changing fire regimes, and climate change. 
REAs provide a foundation for an adaptive management approach that will allow implementation strategies 
to be adjusted for new information and changing conditions. REAs represent a baseline condition from which 
to evaluate the results of adaptive management and to characterize potential trends in resource condition 
both in the near-term (2025)—as a consequence of development activities—and in the long-term (2060) as a 
result of climate change. The final chapter of this REA report (Chapter 6) provides examples showing how the 
data and results may be arranged and manipulated using mapped and tabular results, for all land ownerships 
and BLM-lands only, for areas of intact habitats, resource value hotspots, and opportunities for connectivity 
with existing designated lands. 
 
 
REA Products and Results  
Landscape Intactness 
 
The BLM and other participants in the Colorado Plateau REA 
agreed to emphasize the concept of intactness for the 
mapping of ecological condition. As defined and used here, 
intactness is a measure of naturalness as well as an attribute 
that can be defensibly supported by existing geospatial 
datasets, mapped, and reasonably tracked through time. 
Because vegetative cover represents wildlife habitat, it serves as a surrogate to estimate the status of species 
that depend on that habitat, particularly since spatial data for the pre-disturbance distribution or abundances 
of various wildlife species are typically not available. For example, in the Colorado Plateau, representative 
areas of canyons and tablelands may be placed along a gradient of intactness (or conversely, along a gradient 
of disturbance) with sites that are experiencing increasing levels of disturbance considered to have lower 
intactness. The lowest intactness levels occur in areas completely converted from their original character. 
Terrestrial (Figure 1) and aquatic intactness models were created for the entire ecoregion. Intactness models 
serve as the basis for assessing conservation element status for current and future condition. 
 

Status is the current condition of 
various conservation elements 
resulting from all stressors and 
changes imposed on a prior 
historical condition or benchmark 
reference condition. 

Intactness is a quantifiable estimate of 
naturalness measured on a gradient of 
anthropogenic influence and based on 
available spatial data. 
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Figure 1. Colorado Plateau terrestrial 
landscape intactness in six classes 
from High (relatively undisturbed in 
dark green) to Very Low (highly 
disturbed from agriculture, resource 
development, or urbanization in dark 
blue) depicted with a 4 km X 4 km grid 
cell. Intactness is a critical element for 
assessing the status of conservation 
elements for current as well as near-
term future (2025) condition. 
 
 
 
 
 
 
 
 
 

Change Agents Current and Future 
 
The status or condition of various conservation elements cannot be discussed without first examining the 
risks that these elements experience from a collection of regional disturbances or change agents. Natural and 
anthropogenic disturbance factors are represented in the REA by four change agents: land and resource use 
(development), climate change, invasive species, and wildland fire. The major change agents and their effects 
on conservation elements are considered in the current time frame and projected over the near-term future 
(2025) for development and the longer term future (2060) for climate change. Land and resource use is the 
largest change agent class, encompassing urbanization and road density, oil, gas, and mining, renewable 
energy development, agriculture, grazing, ground and surface water extraction, and recreation.   
 
REA results include mapped and tabular products describing historical and recent (within the last 20 years) 
change to major vegetation communities from disturbances such as urbanization and roads development, 
agriculture, invasive species, fire, and mechanical treatments. The greatest amount of total area changed 
(nearly 2.5 million acres or 30% of ecoregion area) was in big sagebrush shrubland, with maximum acres 
altered for urbanization and road development (565,000 acres), agriculture (495,000 acres), and invasive 
species (about 846,000 acres). Another 572,000 acres of sagebrush habitat were converted to 
uncharacteristic vegetation, for example, from pinyon-juniper expansion into sagebrush shrubland. The 
sustainability of the greater sage-grouse depends entirely on intact expanses of sagebrush. Sage-grouse 
distribution has been reduced to 56% of its former range in the West during the last century because of the 
fragmentation and conversion of sage habitats. Oil and gas drilling is the most pressing current and future 
threat to the sustainability of the sage-grouse in the Colorado Plateau (see Sage-grouse Case Study Insert). 
Across the West, more than 17 million acres of public lands—or 44% of the lands that the federal 
government leases for oil and gas development—have been authorized for drilling within the distribution of 
the greater sage-grouse. REA analyses produced future status results for sage-grouse (and each of the other 
conservation elements) relative to near-term (2025) development and potential energy development (a 
longer term scenario based on mapped energy reserves and renewable energy potential, Figure 2). 

http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/COP_2010/COP_TI_PFC_4KM/MapServer
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Figure 2. Histogram representing the overlay of 
sage-grouse distribution with a model of long 
term potential energy development that 
included data for oil and gas leases, wind and 
solar potential, and oil shale and tar sands 
reserves. Nearly 50% of current sage grouse 
distribution falls within the High Risk category 
and almost 20% falls within the Moderate Risk 
category for potential energy development. 
 
 

 
Two invasive plant species of concern, cheatgrass (Bromus tectorum) and tamarisk (Tamarix spp.), were 
selected for the Colorado Plateau REA because they are considered significant change agents in the region. 
These species alter ecosystem processes, such as nutrient cycling and fire regimes. They have the potential to 
expand their distributions in spite of human and natural disturbances and to adapt and shift their ranges in 
response to climate change. Invasive annuals out-compete native species by using soil nutrients and water at 
a greater rate or earlier in the season and by regularly producing greater biomass. The models produced for 
current and near-term future distribution of invasive species for the REA used multiple models and mapped 
sources, but the results likely underestimate the total distribution of invasive vegetation in the ecoregion 
(Sections 4.3.1 and 5.3). Invasive species, such as cheatgrass, increase fire frequency and size and the 
duration of the fire season by increasing fine fuel loads and continuity, thus allowing fires to spread into 
areas that were once fuel-limited. The degree to which fire may become an ecologically significant change 
agent relates to the extent to which the fire regime has been altered compared with reference conditions 
and the associated effects of the altered fire regime on the vegetation community. Four fire-related 
management questions were addressed in the REA related to fire occurrence within the past decade, areas 
with potential to change from wildfire, and areas of fire regime departure from expected frequencies 
(Section 4.3.2). 
 
A major portion of the report dedicated to future conditions on the Colorado Plateau covers projections of 
climate change for mid-century (circa 2060, Section 5.4). Three different future climate projections were 
investigated for the REA; but the ECHAM5-driven RegCM3 climate projections were selected for the body of 
the report to evaluate potential impact on the various conservation elements. ECHAM5 has been identified 
as one of the better models to represent natural climate variability, and the regional RegCM3 model 
represents the North American Monsoon (summer rainfall pattern) which is important to Colorado Plateau 
vegetation dynamics (see Climate Change Scenario below). 
 
 
Conservation Element Status 
 
Current status for each species and conservation element was derived by overlaying conservation element 
distribution with the overall intactness model (Figure 1). The intactness model provides a regional 
perspective of vegetation condition, habitat quality, development, and natural habitat fragmentation 
patterns. Not all species demonstrate the same level of tolerance to the various model inputs, but the overall 
intactness model provides a standard baseline from which to explore specific species or areas where 
tolerances to various components may vary. The regional intactness model may be rerun with new or higher 
resolution data to test specific thresholds for individual species.  
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Of the wildlife species, Gunnison sage grouse had the lowest 
overall status with almost 50% of its distribution in the Very Low 
intactness category and >85% of its distribution in the three 
lowest categories (Figure 3). Other species with low status 
signatures were the Colorado River cutthroat trout, Gunnison’s 
prairie dog, and white tailed prairie dog. Prairie dogs are a 
species that may have a greater tolerance to disturbed 
landscapes, but many colonies are in conflict with human 
activities and are under considerable stress. Mexican spotted 
owl and desert bighorn sheep had relatively high status 
signatures. The owl’s distribution is limited, but its status score 
reflects the fact that the species’ prime (and remaining) activity 
centers are concentrated in highly intact areas of the landscape, 
i.e., in protected National Parks and Monuments. A similar 
situation exists for desert bighorn, inhabiting (and being 
reintroduced) into steep, remote habitats. 
 
 
Climate Change Scenario 

 
To simplify the complex and 
numerous future climate projections, 
a number of the key findings were 
selected from the analyses and 
assembled into an overall relative 
climate change map (Figure 4). The 
model inputs included potential for 
summer temperature change and 
potential for winter temperature 
change averaged into a single factor, 
potential for runoff change, potential 
for precipitation change, and 
potential for vegetation change. Five 
output classes from Very High to 
Very Low represent the potential for 
risks from climate-related change. 
The exposure of species, habitats, 
and sites to predicted climate change 
is represented by overlaying the 
climate model with the distribution 
of each conservation element to 
identify areas potentially affected by 
climate change. Gunnison’s prairie 
dog and Gunnison sage-grouse 
showed the highest exposure with 
70% of their current distributions 
expected to be under Very High 

climate stress by 2060. Yellow-breasted chat, a riparian species, also showed High exposure to changing 
climate in the region. Of the vegetation communities, those showing the most area under High climate 
change potential include the shrublands (especially big sagebrush and blackbrush-Mormon-tea 

Figure 3. Histogram represents status for 
Gunnison sage grouse in 6 intactness 
classes with 50% of its distribution in the 
Very Low intactness class.  
 

Figure 4. Map shows overall potential for climate change expressed 
in five classes from Very High (dark red-brown color) to Very Low 
(off-white). The southwest, west-central, and eastern portions of 
the ecoregion have the highest potential for climate change. 

http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/COP_2010/COP_CL_L_PFC/MapServer
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communities), riparian vegetation, and pinyon-juniper woodland. Climate change challenges the standard 
management practice of setting aside threatened species activity areas or critical habitats relative to areas 
deemed developable, when vegetation community, ecosystem, and even ecoregion boundaries will be in 
constant flux under climate change. 
 
 
Application of Results 
 
The vast amount of information produced by this REA can and must be examined in multiple ways and at 
multiple scales. Chapter 6 provides examples of applications of the results by manipulating maps and data 
tables in various planning scenarios using concentrations of conservation elements (or hotspots) for energy 
planning, and protected area or connectivity planning. The examples given in Chapter 6 are for hotspots over 
all lands, all lands minus developed and designated lands, and BLM-only lands. In the example below (Figure 
5), one can see where high concentrations of conservation elements and areas of high intactness exist in BLM 
lands shaded in dark pink. A map of this kind highlights areas of potential conflict, restoration, or mitigation.  
The examples in Chapter 6 show the utility of examining the data in detail and becoming familiar with the 
strengths and weaknesses of the models and the underlying data sources. The models will acquire ecological 
meaning as they are calibrated with finer scale data and groundtruthing. It is highly likely that higher 
resolution data and analyses may modify REA results locally, but they will remain valid at the regional scale at 
which they were produced.  
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Map shows BLM-managed land areas of various intactness classes in the Colorado Plateau 
intersected with low and high concentrations of conservation elements (CEs). Designated protected areas are 
shown in green; white areas are non-BLM lands. Darker pink areas represent the intersection of high 
concentrations of conservation elements and areas of high intactness. 

http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/COP_2010/COP_EI_4KM/MapServer
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I. BLM's Approach to Ecoregional Direction and  
Adaptive Management 

 
Assessments help managers address problems by providing information that can be integrated into future 
management action. The success of this Rapid Ecoregional Assessment (REA) ultimately depends on how well 
it helps inform management decisions (Johnson and Herring 1999): 1. Was it contextual? Did it significantly 
improve understanding about the conditions of the resources being studied within the ecoregion and the 
consequences of particular actions? 2. Was it integrated? Was that understanding integrated into managers’ 
thinking to guide future action? 3. Was it pragmatic? Did the assessment lead to potential solutions for the 
management questions?  
 
The contract for this assessment clearly requests information designed to be integrated into specific 
management approaches. However, the contract stops short of actually integrating the findings into 
management actions. The Bureau of Land Management (BLM) chose to retain responsibility for all aspects of 
integrating the assessment into management actions and decisions. The process presented here is 
conceptual; no process has yet been established as a commitment or accepted as a responsibility by the BLM.  
 
This proposed process helps address the environmental changes the West is experiencing. To be effective in 
addressing these regional challenges, the process must address them at multiple scales and across multiple 
jurisdictions. All BLM programs can contribute to this effort. The BLM is exploring innovative approaches to a 
process in landscape direction across programs and geographic scales. The following paragraphs briefly 
describe a systematic approach to these ecoregional challenges:  
 
Managing resources at multiple scales: Traditionally, the BLM has undertaken resource management project 
by project, permit by permit, and land use plan by land use plan, without systematically assessing landscape 
scale effects. To effectively address the projected environmental changes in the West, resource managers 
will have to develop the capacity to evaluate effects at multiple geographic scales.    
 
Managing resources across ownerships and jurisdictions: Traditionally, resource managers have focused on 
activities within their own administrative units. To effectively address the environmental changes the West is 
experiencing, resource managers will have to develop the institutional and technical capacity to work across 
ownerships and jurisdictions.  
 
Managing resources across programs: Traditionally, resource management has been defined by programs 
(e.g. wildlife, range, minerals). To address the environmental changes the West is experiencing, resource 
managers will have to more effectively integrate activities across programs by inter-disciplinary management. 
 
Standardizing and integrating data: The ability to collect, synthesize and share geospatial information about 
resource conditions, change agents such as wildland fire, and on-the ground management activities is a 
critical part of this effort. Without the ability to compile and correlate such information within and outside of 
BLM, it is extremely difficult to achieve conservation, restoration, and adaptation strategies and to evaluate 
the effectiveness of such strategies once implemented. 
 
Systematic integration requires some fundamental shifts in the BLM’s traditional management practices. 
Although project-focused work and traditional practices will still be part of BLM’s management strategy, the 
REAs will help the BLM to identify what processes are appropriate for the broader scale landscape approach 
(Table 1). 
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Table 1-1. Comparison of differences between aspects of BLM’s traditional management practices and the 
landscape approach represented in the Rapid Ecoregional Assessments. 
 
Traditional Practice Landscape Approach 

Project Focus Landscape Focus 
Program/Functional Direction Integrated Direction Across Programs 
Unit Decision Making Cross Jurisdictional Decision Making 
Unit Priorities Collaborative and Partnership Priorities 
Program Accomplishments Integrated Accomplishments Across Programs  
Authorize Uses and Mitigate Ecological Values Ecological values and Use Authorizations Considered Equally 
Ecological Component (Individual Species) Ecological Function and Service 
Agency Funding Partnership Leveraged Funding 
 
Many of the landscape approach activities listed in the table above have been part of BLM’s approach at the 
land use planning scale. BLM is undertaking the following activities at the regional scale to deal with 
environmental changes:   
 
Rapid Ecoregional Assessments 
Working with agency partners, BLM is conducting rapid ecological assessments like this one, covering 
approximately 450 million acres of public and non-public lands in ten ecoregions in the American West to 
identify potential priority areas for conservation and development. Over time, the BLM anticipates 
collaboration with the Landscape Conservation Cooperatives (LCCs, public-private partnerships for adaptive 
management grounded in science) to periodically update ecoregional assessments and identify science 
needs.  
 
Ecoregional Direction 
BLM is developing a standard ecoregion-scale process for conserving or developing priority areas and for 
incorporating REA results into land use planning, environmental impact assessments, use authorizations, 
conservation and restoration project planning, and acquisition of conservation easements.   
 
Ecoregional direction uses the information from the REAs, along 
with input from partner agencies, stakeholders, and Tribal agencies 
to develop a broad scale management strategy for an ecoregion’s 
BLM-managed lands. This broad scale management strategy will 
identify focal areas on BLM-managed lands for conservation and 
development, including areas for conserving wildlife habitats and 
migration corridors and for potential energy development and 
urban growth. Ecoregional direction will also provide a blueprint for coordinating and implementing these 
priorities at the BLM’s state and field-office levels. Ecoregional direction links REAs and the BLM’s Resource 
Management Planning and other on-the-ground decision making processes. It also helps integrate existing 
initiatives and facilitates coordination across programs, offices, and partnerships. Ecoregional direction 
establishes a regional roadmap for reviewing and updating Resource Management Plans, developing multi-
year projects for identified priority conservation and development areas, establishing Best Management 
Practices for authorized use, designing regional adaptation and mitigation strategies, and developing 
conservation land acquisitions.  
 
Ecoregional direction development begins with conversations among regional partners about stepping the 
REAs down into management. Partners that guide the step-down process will likely include BLM State 
Directors (or their representatives) and equivalent peers from other federal, state, and Tribal agencies and 
entities.  

Ecoregional direction uses the 
information from the REAs and 
stakeholders to develop a broad 
scale management strategy for an 
ecoregion’s BLM-managed lands. 
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The partners will review the completed REA and other assessments to evaluate proposed findings and 
recommendations and: 
 

• Delineate a schedule, process and expected products; 
• Identify proposed and ongoing activities within the REA region. Such activities may include proposed 

or on-going assessments, planning efforts, National Environmental Policy Act (NEPA) analyses, or 
special area evaluations; 

• Communicate with organizations knowledgeable about the REA or potentially affected by it; and 
• Conduct partnership and stakeholder outreach. 

 
Individual partners will develop their own respective direction to implement the agreements. In the case of 
the BLM, this will be in the form of ecoregional direction. In developing ecoregional direction, the proposed 
findings and recommendations will be discussed with: 
 

• The affected BLM’s State Management Teams; 
• The leadership of local, state, federal and Tribal partners; and  
• The Washington Office if there are potential national policy and coordination issues. 

 
After reviewing the proposed findings and recommendations and discussing them with the leadership of 
potentially affected partners, the BLM State Director(s) may issue ecoregional direction outlining what the 
BLM will do over the next 3–5 years to incorporate the Rapid Ecoregional Assessments into management 
activities. If desired, the partners may coordinate the implementation of ecoregional direction among the 
participating entities.   
 
Monitoring and Adaptive Management 
Adaptive management is a systematic process for continually 
improving management policies and practices by learning from the 
outcomes of previously employed policies and practices. 
Ecoregional assessments help to move adaptive management from 
a concept to an applied approach; if rapid ecoregional assessments 
reoccur every 5 to 10 years as planned, they will serve as a 
monitoring and evaluation process for the effectiveness of 
adaptive management. Working with partners, BLM employs a 
national Assessment, Inventory and Monitoring (AIM) strategy that identifies core indicators of terrestrial 
and aquatic condition, performance indicators for fish and wildlife action plans, and scalable sampling 
designs to help integrate and focus BLM’s monitoring activities and facilitate adaptive management. 
 
 

1.1 References Cited 
 
Johnson, K. N., and M. Herring. 1999. Understanding bioregional assessments. Pages 341–376 in Johnson, K. 

N., F. Swanson, M. Herring, and S. Greene (eds.), Bioregional assessments: Science at the crossroads 
of management and policy, Island Press, Washington, D.C. 

Adaptive management is a 
systematic process for continually 
improving management policies 
and practices by learning from the 
outcomes of previously employed 
policies and practices. 
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 II. INTRODUCTION   

2.1 Why Conduct Rapid Ecoregional Assessments?  
 
The gap between conservation at the species and community level and planning at the 
landscape level has not been bridged.       
                       — Noss 1987 

Rapid Ecological Assessments (REAs) are a product of the Bureau of Land Management’s evolution toward a 
landscape approach to land and resource management. Using the landscape approach, the BLM hopes to 
integrate available scientific data and information from BLM field offices, other federal and state agencies, 
and public stakeholders to develop shared responses and collaborative management efforts across 
administrative boundaries. Another objective of the REAs is to assess the current status of selected ecological 
resources (conservation elements) at the ecoregional scale and to investigate how this status may change in 
the future across several time horizons. For these assessments, status represents the current condition of the 
various conservation elements resulting from all stressors and changes imposed on a prior historical 
condition or benchmark reference condition. The stressors are defined as change agents—natural 
phenomena or human activities that influence the status of conservation elements. REA results identify areas 
with high ecological integrity and high biological and ecological value—conservation areas, biological 
hotspots, and wildlife corridors—to provide a better understanding of key ecosystem processes and the 
potential impacts of future changes. REAs are timely in supporting planning, management, and mitigation 
strategies for impacts anticipated from various climate change scenarios as well as rapidly developing issues 
related to renewable energy development, the spread of invasive species, and changing fire regimes.  
 
The knowledge gained from these assessments will inform future management planning across multiple 
spatial scales and jurisdictional boundaries. Part of the reason for the continuing decline in many species of 
concern relates to the scale at which many of our land management practices occur. Because of the pattern 
of ownerships and administrative districts across a region, management actions directed at any particular 
issue or species are often implemented in piecemeal fashion. To successfully maintain rangewide species and 
habitat viability requires managers to coordinate local efforts at a regional scale by practicing cross-
jurisdictional planning, involving federal and state management agencies, non-governmental organizations, 
and citizen working groups. For example, whether a regional species issue is desert bighorn, desert tortoise, 
sage grouse, or northern spotted owl, pooling information across ownerships is necessary to prioritize 
resource uses, allow species’ access to seasonal habitats and migration corridors, and provide connectivity 
between productive and less productive populations.  
  
Rapid ecoregional assessments assist regional management by compiling, organizing, and maintaining a 
comprehensive source of regional datasets and analyses and making them available to land managers and 
the public to query and reassemble in issue- and project-specific ways. REAs are not meant to allocate 
resource uses or make management decisions.  One of the more important components of the REA process is 
data compilation in topical areas that are regionally important. REAs, being rapid assessments, do not involve 
original research, but they use existing data, modeling, and GIS analyses to answer a broad range of 
management questions. The intensive data collection required to conduct an REA reveals knowledge gaps 
and highlights areas for future ecosystem monitoring and research. REAs also provide a baseline condition 
from which to evaluate the results of adaptive management and to characterize potential trends in resource 
condition both in the near-term (2025)—as a consequence of development activities—and in the long-term 
(2060) as a result of climate change. While REAs are scaled at the ecoregional level, they provide conceptual 
and geoprocessing models that can be reworked at the state or field office levels using more refined data. 
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2 .2 The Spatial Nature of REAs  
 
2.2.1 Mapping and Modeling 
 
Because an REA is a rapid assessment, not research, the analyses and results are limited by available spatial 
data. The REA effort provides a baseline of information and results built on spatial data that was publicly 
available during the 2010–2012 time frame. The intensive collection and organization of spatial data in itself 
provides value to the BLM to serve as a library or atlas of spatial data for use in future agency investigations. 
In addition, the use of the spatial information to produce analyses explaining the association of native 
species, aquatic and terrestrial resources, and environmental change agents across the whole ecoregion 
provides BLM with another scale of consideration beyond the field office level that will assist in the 
coordination of regional issues among various BLM Field Offices (and between the BLM and other state and 
federal agencies dealing with the same issues). Regional-scale information and assessment analyses on 
current and future condition will be used by the BLM to assist with land use planning, developing best-
management practices, authorizing uses, and establishing conservation and restoration priorities.   
 
To digest the vast amount of material produced by the assessment, it is important to become familiar with 
the spatial analysis and modeling tools that made up the core of the REA. As a starting point, conceptual 
models were created for each conservation element and change agent (natural or human-influenced 
disturbance) to aid in our understanding of complex interactions between each specific subject and the 
relevant natural drivers and human-induced changes. To assist in the replication of analyses, process 
analytical models were developed that detail actual mapping and modeling steps. The more complex 
analyses required logic modeling to help organize and communicate the process and findings. While most 
analyses were carried out using ArcGIS Model Builder or python scripts, additional specialized software was 
utilized, including FRAGSTATS (to evaluate habitat fragmentation), MaxEnt (to build probability surfaces), 
NetCDF Climate Operator software (to manage climate input data), and MAPSS (Mapped Atmosphere-Plant-
Soil System to predict vegetation and runoff response to climate variables). 
 
Although the REA focused on the ecoregion extent, data collection had to be conducted within political 
boundaries, most prominently at the state level. For example, the Colorado Plateau ecoregion included areas 
inside four different states—Utah, Colorado, Arizona, and New Mexico. Significant differences existed among 
the states in what features were routinely mapped, the regularity of mapping techniques used, and attributes 
assigned to spatial datasets leading to inconsistencies along political boundaries from numerous standpoints 
in both geometry and content. For the entire ecoregion, all data collection, analysis, and reporting was 
conducted within the outer boundary of all 5th level hydrologic units (HUC5s) that intersected the Colorado 
Plateau ecoregion boundary. This buffer was created to mitigate edge effects during spatial analyses and 
provide an area of overlap for edge-matching between data layers generated for REAs in neighboring 
ecoregions. All datasets were projected to USA Contiguous Albers Equal Area projection (USGS version) for 
mapping and modeling. 
 
Assessments of species status, potential for change due to change agents, and ecological integrity were 
performed using landscape reporting units. These units provided a uniform framework for summarizing 
detailed information to a higher level that allowed integration across multiple disparate factors. The 
reporting units used for this REA were 1) a 4 km X 4 km grid for current and near-term status and potential 
for change of terrestrial conservation elements, terrestrial intactness, long-term climate potential for change, 
and current, near-term, and long term development change; and 2) 5th level hydrologic units (HUC5s) for 
current and near-term status and potential for change of aquatic conservation elements and ecological 
integrity (intactness, defined in Section 2.4.4). 
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2.2.2 Using Existing Data and Determining Data Gaps  
 
One of the overarching requirements of the REA was to use pre-existing data as inputs to the modeling 
process. Data acquisition, review, and pre-processing occurred throughout the REA process, even though the 
original intent of the REA was to identify and evaluate all relevant datasets prior to the onset of modeling. 
Acquisition of existing datasets presented a number of challenges: 
 

• Existing, centralized, and easily accessible datasets are often older, whereas very recently developed 
datasets often require significant outreach effort to discover and obtain. 

• Datasets actively used for BLM planning often became obsolete as soon as they were acquired (e.g., 
renewable energy priority projects), necessitating multiple acquisitions over the course of this REA. 

• Data developed by BLM field offices (e.g. grazing land health evaluations) were generally not 
available for this REA, including data recently developed for Resource Management Plans because of 
consistency of data standards and level of effort. 

• Existing data on particular themes (e.g., wildlife habitat) tend to vary widely in data quality, accuracy, 
methodology, thematic resolution, and timeliness across sources, which made it quite difficult to 
create a seamless dataset across the ecoregion of uniform quality. 

 
For example, although grazing was identified as a change agent in the Colorado Plateau, a lack of consistent 
data limited assessment products related to grazing. After some discussion, the consensus of Workshop 1 
participants was that 1) grazing should be addressed as a change agent that includes all herbivores; 2) grazing 
data sources should be evaluated; and 3) the Assessment Management Team (AMT) would compile a set of 
grazing questions. The grazing management questions were added and remained until the end of Pre-
assessment Task 3 (March 2011) when BLM determined that no region-wide, readily available spatial data 
existed for grazing on federal or private land and that the timeframe of the assessment precluded converting 
BLM’s hard-copy records for their grazing allotments into electronic spatial data. As a result, although grazing 
remained as a change agent and is included in literature review where applicable throughout the assessment 
report, the grazing management questions were not specifically addressed and were deferred as a possible 
post-REA sub-assessment. Lack of consistent, region-wide, quality data affected the REA in this and other 
resource areas, such as recreation and off-highway-vehicle (OHV) routes. 
 
All existing source datasets were evaluated for data quality, and outstanding issues noted. Many more 
datasets were pre-screened and evaluated than were actually used in modeling, because it was often 
necessary to compare several datasets for a particular theme to determine those that were most appropriate 
for the modeling effort. In total, 217 data layers were used to create final derived results and maps for the 
Colorado Plateau REA. Several key data gaps became apparent during this REA: 
 

• High quality, locally-accurate, and seamless data across the entire ecoregion for most themes. 
• High quality and uniform wildlife habitat maps across state boundaries for the species evaluated in 

this REA. 
• Current and detailed grazing allotment use and status datasets for federal and private lands. 
• Uniform projections of urban growth, change in agriculture area, and potential development of oil, 

gas, and renewable energy sources. 
• Existing assessments of where species have been surveyed for presence/absence. 
• Uniformly developed, detailed maps of soil characteristics (datasets exist but are not complete 

within ecoregion). 
• Consistent recreation data, including OHV routes. 
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The modeling method used to answer conservation element management questions depended on the data 
available for species occurrence locations and environmental predictors. Because of the short time frame of 
the REAs and the stipulation to avoid research, existing models were considered most appropriate. An order 
of preference for modeling was agreed on by participants in the REA process to use 1) existing high quality 
models that covered the full ecoregional extent or that could be readily be extended from a portion of the 
assessment region to cover the desired areal extent; 2) a modeling approach such as MaxEnt (or related 
software) if enough occurrence data were available, and 3) southwest regional gap analysis (SW ReGAP, 
Prior-Magee et al. 2007) models if both (more-detailed) existing models and occurrence data were lacking. 
No new MaxEnt models for potential species distributions were created for this REA because adequate 
occurrence data were not available for any conservation element species (Table 2-3, Section 2.4.2). State 
wildlife distribution data were available for many species and generally more detailed than SW ReGAP 
models, which typically overestimate species distributions; however, in an ecoregion composed of multiple 
states, edgematching disparate state data at state boundaries was a common problem. Where more detailed 
state data were not available, or where edgematching issues in data from multiple states could not be 
resolved, SW ReGAP models were used for species distributions, meaning that distributions for some species 
like mountain lion and golden eagle were generalized to cover most of the area of the ecoregion. Finally, 
since correcting or updating datasets was beyond the scope of the REA, any gaps in distribution data were 
reflected in the results. For example, for desert bighorn sheep, a 55,000 acre area surrounding the Dolores 
River canyon in Colorado is not represented in the species data used for this REA because the introductions 
were recent (2010 and 2011) and the spatial data had not been updated. 
 
Regional spatial datasets are constantly evolving; rarely is a dataset of proper extent and quality that exactly 
fits a project’s needs available to pluck off the shelf. At various points in the REA process, participants and the 
BLM in particular were required to make choices and decisions about various data layers—for example, to 
allow the use of a dataset with limited extent but high value or one of a coarser scale than specified in the 
Statement of Work. Typically, if a dataset required a significant amount of alteration or correction or if it 
existed as hard-copy records only, it was excluded from this rapid assessment and treated as a data gap.  
 
 
2.2.3 Assessing the Present—Projecting the Future 
 
Assessment of the current status and future condition of the ecoregion’s natural resources occurs by 
examining the relationships between a set of conservation elements and disturbance factors or change 
agents. Selected core conservation elements may be biotic elements (wildlife and plant species or 
assemblages) or abiotic factors (e.g., soils, water resources) of regional significance in major ecosystems and 
habitats of the ecoregion. REAs assess current status—or the existing state resulting from all past changes 
imposed on the prior historical condition—for each of the conservation elements. Because of the spatial 
nature of the REAs, describing status for various conservation elements and resource values requires that 
specific characteristics of that resource can be identified and mapped.  
 
REAs also assess for each conservation element the potential for change from four change agents: fire, 
development, invasive species, and climate change. Potential for change predicts how status may change in 
the future in direction, magnitude, likelihood, and certainty. Assessment output products documenting 
potential-for-change demonstrate how current evidence of cumulative impacts may be projected into the 
future to identify potential trade-offs, alternatives, and mitigation strategies for BLM planning purposes. A 
development-related REA product of interest to BLM is the location of areas with high potential for 
renewable energy development—REA results contain current and potential development data layers that 
were merged with mapped distributions for the various conservation elements to identify the elements that 
may be affected by various renewable energy development forecasts.  
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In summary, REAs establish baseline ecological data to gauge the effect and effectiveness of future 
management actions. In this way, REAs provide a foundation for an adaptive management approach that 
enables implementation strategies to be adjusted for new information and changing conditions. REAs assess 
both the current and future scenarios by: 
 

• identifying and answering important regional management questions;  
• documenting key resource values, or conservation elements, with a focus on regionally-significant 

terrestrial habitats, aquatic habitats, and species of concern;  
• describing current and projected future influences from four environmental change agents: climate 

change, wildfire, invasive species, and development;  
• identifying and mapping opportunities for resource conservation, restoration, and development;  
• identifying science gaps and data needs; and  
• providing a baseline to evaluate and guide future management actions. 

 
The regional scope of the Colorado Plateau REA, its numerous conservation elements and their interactions 
with change agents, produced a massive volume of results that can only be summarized within the 
constraints of a report of reasonable length. The body of this Colorado Plateau REA report contains highlights 
of major topics and case studies of key individual conservation elements. Appendices provide more detailed 
information on methods and models and specific results for all management questions, conservation 
elements, and change agents. The maps and data may also be examined in greater detail on the data portal 
(access at 4TUhttp://www.blm.gov/wo/st/en/prog/more/climatechange.htmlU). 

 
2.3 REA Process and Workflow  
 
An Assessment Management Team (AMT) composed of BLM managers, partner agencies and technical 
specialists from within the ecoregion monitored the progress of each REA. At the beginning of the REA 
process, other federal and state agencies were invited as partners to the Assessment Management Team, 
including representatives of the Western Governors Association and Landscape Conservation Cooperatives. 
Members of the U.S. Geological Survey were retained as peer reviewers of REA products. The AMT guided 
the assessment and directed the work of the contractors. 
 
REAs progress in two phases (Figure 2-1). In the first phase, the 0Tpre-assessment0T, participants refined the 
management questions, identified the data available for analysis, and agreed to methods and modeling 
approaches. The assessment phase followed agreement on the formal terms of a workplan; in the 
assessment phase, the contractors conducted the analyses and prepared the assessment report, maps, and 
supporting documents. The BLM, recognizing the importance of participation and input from agency partners 
and stakeholders, planned workshops near the end of each task for an interdisciplinary group to discuss and 
review the REA products. Workshop 4 marked the end of the pre-assessment phase, where a formal 
workplan was accepted to direct the rest of the REA process throughout the assessment phase. A peer review 
panel of USGS scientists monitored and commented on REA products at the completion of each task. For the 
review of mapped results, a private group was established on the data portal, Data Basin (Conservation 
Biology Institute, 4TUhttp://www.databasin.org/U4T), where analyses and map results were posted weekly over a 
three month time period. Teams of reviewers viewed maps, component data layers, process models, and 
attachments, and entered review comments for products within their topical area of expertise. The AMT also 
produced a suggested outline for the final report and the AMT and USGS reviewers reviewed and 
commented on two drafts of the final report and appendices. 
 

http://www.blm.gov/wo/st/en/prog/more/climatechange.html
http://www.databasin.org/
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Figure 2-1. REA workflow divided into pre-assessment and assessment phases with regular workshops. 
Contents of each of the first three workshops listed beneath each workshop symbol in white text. 
Workshop 4 marked the preparation of a workplan with formal timelines, workflow, and review process. 
Workshops 5 and 6 provided forums for presenting analyses and products described in the final report. 

 

 
2.4 REA Elements  
 

2.4.1 Management Questions  
 
BLM land managers provided a broad range of management questions to the REA to frame regional issues 
and data needs for land use planning, refining best management practices, and setting priorities for 
conservation, development, and restoration (Table 2-1). Management questions are the foundation and 
catalyst for the REAs in that they determine the scope of data requirements and analyses. The management 
questions developed for each ecoregion match the scale of the assessment because the issues captured by 
the questions are considered regionally significant. The management questions prepared for the Colorado 
Plateau REA refer to native and invasive flora and fauna, significant sites and ecological functions and 
services, and disturbance factors or change agents that affect present and future resource status.  
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Throughout the Pre-Assessment phase, BLM staff, REA contractors, and workshop participants weighed the 
time and resource requirements needed to address the full complement of management questions in the 
short time frame of the REA and in a manner that would have utility for BLM for future planning purposes. All 
participants suggested revisions, clarifications, and additions to the core list of management questions. USGS 
peer reviewers evaluated the questions with reference to the clarity of the language and the availability of 
data required to answer them. After the evaluation, 34 management questions in 10 topical classes (e.g., 
wildlife, invasive species, wildfire, and development) remained for the Colorado Plateau REA.  
 
Table 2-1. Final AMT-Approved Colorado Plateau REA Management Questions. There are 34 
management questions; labels out of order indicate deletion of various questions from redundancy or 
lack of adequate data. Results presented in the body of the report will denote appropriate management 
question. All management questions are presented with their results in the Appendices. 
 
A.   SOILS, BIOLOGICAL CRUSTS, AND FORAGE MANAGEMENT 

MQ A1. Where are soils susceptible to wind and water erosion? 
MQ A2. Where are sensitive soils (including saline, sodic, gypsiferous, shallow, and low water 
holding capacity)? 
MQ A3. Which HMAs and allotments may experience significant effects from change agents, 
including climate change? 
MQ A4. Where are soils that have potential to have cryptogamic soil crusts?  
MQ A5. What/where is the potential for future change to the cryptogamic crusts? 
MQ A6. Where are hotspots producing fugitive dust that may contribute to accelerated snow 
melt in the Colorado Plateau? 

 
B.    SURFACE AND GROUNDWATER MANAGEMENT QUESTIONS 

MQ B1. Where are lotic and lentic surface waterbodies and livestock and wildlife watering 
tanks and artificial water bodies? 
MQ B2. Where are perennial streams and stream reaches?   
MQ B3. What are seasonal discharge maxima and minima for the Colorado River and major 
tributaries at gaging stations? 
MQ B4. Where are the alluvial aquifers and their recharge areas (if known)? 
MQ B6.Where are aquatic systems listed on 303d with degraded water quality or low 
macroinvertebrate diversity? 
MQ B7. What is the location/distribution of these aquatic biodiversity sites? 

 
C.    ECOLOGICAL SYSTEMS MANAGEMENT QUESTIONS 

MQ C1. Where are existing vegetative communities? 
MQ C2. Where are vegetative communities vulnerable to change agents in the future? 
MQ C3. What change agents have affected existing vegetation communities? 
 

D.    SPECIES CONSERVATION ELEMENT MANAGEMENT QUESTIONS 
MQ D1. What is the most current distribution of available occupied habitat (and historic 
occupied habitat if available), seasonal and breeding habitat, and movement corridors (as 
applicable)? 
MQ D5. What is the location/distribution of terrestrial biodiversity sites? 
MQ D6. What aquatic and terrestrial species CEs and high biodiversity sites and movement 
corridors are vulnerable to change agents in the near term horizon, 2025 (development, fire, 
invasive species) and a long-term change horizon, 2060 (climate change)? Where are these 
species and sites located?   
MQ D7. Where are HMAs located? 
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E.    WILDFIRE MANAGEMENT QUESTIONS 
MQ E1. Where are the areas that have been changed by wildfire between 1999 and 2009? 
MQ E2. Where are the areas with potential to change from wildfire? 
MQ E3. Where are the Fire Regime Condition Classifications? 
MQ E4. Where is fire adverse to ecological communities, features, and resources of concern? 

 
F.    INVASIVE SPECIES MANAGEMENT QUESTIONS 

MQ F1. Where are areas dominated by tamarisk and cheatgrass, and where are quagga and 
zebra mussel and Asiatic clam present? 
MQ F2. Where are the areas of potential future encroachment from this invasive species? 

 
G.    FUTURE DEVELOPMENT MANAGEMENT QUESTIONS 

MQ G1. Where are areas of planned development (e.g., plans of operation, urban growth, 
transmission corridors, governmental planning)? 
MQ G2. Where are areas of potential development (e.g., under lease), including renewable 
energy sites and transmission corridors and where are potential conflicts with CEs? 

 
H.    RESOURCE USE MANAGEMENT QUESTIONS 

MQ H1. Where are high-use recreation sites, developments, roads, infrastructure or areas of 
intensive recreation use located (including boating)? 
MQ H2. Where are areas of concentrated recreation travel (OHV and other travel) located? 
MQ H3. Where are allotments and type of allotment? 

 
I.     AIR QUALITY MANAGEMENT QUESTIONS 

MQ I3. Where are Class I PSD areas? 
 

J.     CLIMATE CHANGE MANAGEMENT QUESTIONS 
MQ J1. Where/how will the distribution of dominant native plant and invasive species be 
vulnerable to or have potential to change from climate change in 2060? 
MQ J3. Where are areas of species (conservation elements) distribution change between 2010 
and 2060? 
MQ J4. Where are aquatic/riparian areas with potential to change from climate change?   

 
 
Although the management questions selected for the REAs were regionally significant, the scale of the data 
available to answer the questions often did not match the scale of the questions. That is, the management 
questions were conceived by BLM managers, but field office data were not available to the REA effort 
because of data consistency and level-of-effort issues. Often, publicly-available data gathered at the state or 
ecoregional scale did not match the detail necessary to answer some of the management questions. In many 
cases, data of the proper extent and detail to address the wildlife species and management issues found in 
Resource Management Plans at the field office level were not available at all. Although this was a limitation, 
it was also a revelation in that it revealed the limitations and gaps in the myriad data sources available to a 
project of this kind.  

 
2.4.2 Conservation Elements 
 
Coarse Filter Elements. The BLM planned that condition assessments within the REA framework follow a 
coarse-filter/fine-filter approach. A coarse filter approach employs elements such as vegetation communities, 
ecosystems, or land classes for planning and management across landscape- and regional-level management 
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units (Noss 1987, Haufler et al. 1996, Desmet and Cowling 2004). Vegetation communities compose the 
habitat that supports the region’s wildlife species. An assumption of the coarse filter approach is that blocks 
of naturally functioning communities will protect a diverse collection of flora and fauna. Within this 
paradigm, a top-down or “umbrella” approach is considered a more realistic and economical management 
system than one that attempts to address a host of species individually. The Nature Conservancy planned 
that its state-by-state coarse filter heritage network would preserve 85–90% of a state’s species (Noss 1987). 
Noss (1987) noted, however, that coarse filter frameworks are typically based on dominance or homogeneity 
and that an optimal coarse filter would also incorporate food webs, species seasonal use, disturbance 
regimes, and hydrology. The REAs included some of these additional elements, such as seasonal use and 
disturbance regimes (e.g., for fire), where spatial information was available. 
 
Characteristic vegetation communities of the 
Colorado Plateau, specifically the vegetation types 
(Table 2-2, Ecological Systems) defined in the 
Southwest Regional GAP Analysis Project 
(SWReGAP, Prior-Magee et al. 2007), represented 
the coarse-filter component of the REA. Because of 
the ecoregional scope of the REA, eight of the 
largest vegetation communities were selected that 
together cover 66.5% of the Colorado Plateau 
ecoregion. Vegetation management questions 
addressed the communities’ current distribution, 
the effects of change agents on particular 
vegetation types, and areas where communities 
may be vulnerable to change agents in the future. 
 
 
Although the coarse filter-fine filter approaches are 
meant to be complementary, limitations in species 
distribution datasets often force the use of coarse-
filter surrogates to assess condition (Desmet and 
Cowling 2004). Because vegetative cover provides wildlife habitat, it can serve as a surrogate to estimate the 
status of species that are dependent on those habitats. As stated previously, status is the current condition of 
various conservation elements resulting from all stressors and changes imposed on a prior historical 
condition or benchmark reference condition. To express present status in terms of a gradient of condition, it 
is necessary to describe how far a conservation element has departed from a model of its minimally-
disturbed reference condition and thus from a state of ecological or biological integrity (Frey 1977, Karr and 
Dudley 1981). Since spatial information for the presettlement distribution or abundances of various wildlife 
species is not available, the coarse filter vegetation communities are used to estimate changes over time. 
However, using vegetation communities to estimate historical reference condition requires a spatial dataset 
that is continuous across the entire ecoregion. While current vegetation conditions can be expressed using 
either the NatureServe national landcover dataset (version 2.7, 2009) or the LANDFIRE Existing Vegetation 
Type data (EVT; revised 2011, www.landfire.gov), the only dataset that maps (or models) reference condition 
over the entire region is the LANDFIRE Biophysical Settings (BpS) dataset. LANDFIRE BpS models the 
vegetation communities that may have been dominant on the landscape prior to Euro-American settlement. 
All vegetation communities are mapped using a combination of vegetation plot data, biophysical gradients, 
and vegetation dynamics models, which describe the primary succession classes (e.g., post-fire vegetation, 
old growth forest) and their state-transition probabilities, including rates of fire that would most likely have 
occurred under pre-settlement conditions.  
 

Table 2-2. 
ECOLOGICAL SYSTEMS  

% OF 
ECOREGION 

Colorado Plateau Pinyon-Juniper 
Woodland 

 
20.4% 

Inter-Mountain Basins Big Sagebrush 
Shrubland 

 
9.1% 

Inter-Mountain Basins Montane 
Sagebrush Steppe 

 
3.9% 

Colorado Plateau Mixed Bedrock 
Canyon and Tableland 

 
10.6% 

Rocky Mountain Gambel Oak-Mixed 
Montane Shrubland 

 
4.5% 

Colorado Plateau Pinyon-Juniper 
Shrubland 6.3% 

Colorado Plateau Blackbrush-Mormon-
Tea Shrubland 6.3% 

Inter-Mountain Basins Mixed Salt 
Desert Scrub 5.4% 

TOTAL AREA 66.5% 



Colorado Plateau REA Final Report II-3-c Page 13 
 

The current distribution of existing vegetation communities were presented using both the NatureServe 
National Landcover and LANDFIRE existing vegetation (EVT) datasets because REA participants had definite 
preferences for one dataset or the other. However, to show change over time, the LANDFIRE BpS dataset was 
used for historic reference condition to compare with LANDFIRE EVT (“apples to apples”), an approach that 
minimized errors of comparison since both products were produced using similar input data and methods.  
 
Fine Filter Elements. The fine filter approach is meant 
to complement the coarse filter by targeting species 
with requirements that will not be met through the 
broad brush of dominant vegetation communities—
rare, threatened or endangered species, wildlife 
species of management interest, or those species that 
consistently use ecotones or multiple habitats on a 
diurnal or seasonal basis. Two variants of the fine filter 
approach are the focal species and landscape species 
approaches. Under the focal species approach, species 
are grouped according to susceptibility to regional 
threats or disturbances, and the species with the 
highest sensitivity needing the most comprehensive 
management response is selected for each threat 
category; the rationale for species selection is that if 
the most sensitive species’ requirements are met, 
then so will the needs of the full complement of 
species dependent on the ecosystem in question 
(Lambeck 1997, Noss et al. 1999, Hess and King 2002).  
 
Landscape species, on the other hand, are chosen according to a scoring system that incorporates multiple 
criteria (Sanderson et al. 2002, Coppolillo et al. 2004). The BLM suggested the landscape species approach of 
Coppolillo et al. (2004) for wildlife species selection for the Colorado Plateau REA. Using this approach, 
species are selected that capture a range of important attributes characterizing their environment, such as 
heterogeneity in habitat use, large home range area, vulnerability to anthropogenic disturbance, functional 
contributions to the ecological system, and relative socio-economic importance (Coppolillo et al. 2004). 
Species are ranked by aggregate scores for each of these attributes and selected based on the highest 
aggregate score and minimum overlap in the major vegetation communities (Ecological Systems) used, until 
all Ecological Systems are accounted for. A cross check is then made to ensure that all change agent threats 
are accounted for as well. A set of 25–30 species were selected and scored from the State Wildlife Action 
Plan lists in addition to the core species identified by the BLM. The screening process resulted in ten wildlife 
species with the highest scores representing the minimum overlap in habitats. Those species identified by the 
BLM that did not score high enough to make it on the final landscape species list were retained and included 
in the assessment.  
 
The Statement of Work requested an objective screening process to select wildlife species conservation 
elements, or landscape species. It was also apparent that to provide the best representation of status and 
condition at the ecoregional level with respect to habitat alteration, displacement, and human stressors, it 
was important to select species that were vulnerable to the selected change agents.  Although the group at 
Workshop 1 agreed to a species selection process based on Coppolillo et al. (2004) that produced an initial 
list of landscape species, REA participants continued to suggest additional wildlife species of unrepresented 
taxa or habitats throughout Tasks 1, 2, and 3 of the pre-assessment phase (Table 2-3).  
 

Table 2-3. WILDLIFE SPECIES CONSERVATION ELEMENTS 
 

Black-footed ferret (Mustela nigripes) 
Desert bighorn sheep (Ovis canadensis nelson) 
Gunnison’s prairie dog (7TCynomys gunnisoni) 
7TMountain lion (Puma concolor) 
7TMule Deer (Odocoileus hemionus) 
7TPronghorn antelope (Antilocapra americana) 
7TWhite-tailed prairie dog (Cynomys leucurus) 
7TAmerican peregrine falcon (Falco peregrinus) 
7TBurrowing owl (Athene cunicularia) 
7TFerruginous hawk (Buteo regalis) 
7TGolden eagle (Aquila chrysaetos) 
7TGreater sage-grouse (Centrocercus urophasianus) 
7TGunnison sage-grouse (Centrocercus minimus) 
7TMexican spotted owl (Strix occidentalis lucida) 
7TYellow-breasted chat (Icteria virens) 
7TColorado River cutthroat trout (Oncorhynchus 
clarki pleuriticus) 
7TFlannelmouth sucker (Catostomus latipinnis) 
7TRazorback sucker (Xyrauchen texanus) 
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In addition to the list of wildlife landscape species, the 
selection of fine filter elements also included 1) special 
status plant or animal species (sensitive, threatened and 
endangered) enumerated by 5P

th
P level hydrologic unit and 

mapped as species richness or species diversity hotspots 
and 2) a range of terrestrial and aquatic sites of 
conservation concern (Table 2-4) and ecosystem functions 
and services (Table 2-5). 
 
The terrestrial and aquatic sites of conservation concern 
range from Nature Conservancy portfolio sites, National 
Parks, Wildlife Refuges, National Conservation Areas, and 
wilderness areas, all of which have various levels of 
protection (Table 2-4). Both current and future threats were 
assessed for these sites. Mapping the sites with surrounding 
ownership status will provide opportunities for interagency 
cooperation in management. Some of these sites may lose 
the function or features for which they were designated as a 
result of interactions among climate change and other 
change agents such as fire and invasive species. Are there 
cross-jurisdictional opportunities to create an additional 
buffer of protection around sites of conservation concern? 
Establish corridors between sites? Plan for future refugia 
from climate change? Are diverse ecosystems at all 
elevations well-represented? These questions can be 
addressed by the BLM through ecoregional direction (see 
Chapter 1). 
 
The list of ecological functions and services focuses on 
aquatic features such as springs, seeps, and riparian areas, 
recognizing the importance of water availability in an arid 
environment (Table 2-5); REA participants added the 
terrestrial function of soil stability to the list to of ecosystem 
functions and services because of concerns over soil 
erosion, dust on snow, and the sustainability (and possible 
loss) of biological soil crust.  

 
2.4.3 Change Agents   
 
An assessment of the status of conservation elements must be conducted with reference to both natural and 
anthropogenic disturbance factors. The status or condition of various conservation elements cannot be 
discussed without examining the risks that these resources experience from a collection of regional 
disturbances or change agents. Human disturbances represent the change agents of interest in the REA 
process (Table 2-6). Although the same change agent may threaten one organism and benefit another, the 
change agents selected for the REAs typically affect habitat negatively and degrade the productivity and 
sustainability of the selected conservation elements.  

Many effects of change agents are directly apparent, representing changes in land use during development, 
agriculture, resource extraction, such as logging and mining, and energy development. While normally not as 

Table 2-4. SITES OF CONSERVATION CONCERN 
Terrestrial Sites 
• TNC portfolio sites 
• Important bird areas (Audubon) 
• Historic and Nationally Designated 

Trails 
• Wilderness Areas 
• Wilderness Study Areas 
• Historic Districts 
• National Wildlife Refuges 
• Monuments 
• National and State Parks 
• National Conservation Areas 
• BLM Areas of Critical Environmental 

Concern 
• Forest Service Research Natural Areas 
• State Wildlife Management Areas 
• Wild and Scenic Rivers 
• Designated Recreation Management 

Areas 
 

Aquatic Sites 
• TNC portfolio sites 

 

Table 2-5. ECOSYSTEM FUNCTIONS AND SERVICES 
Terrestrial Functions: 

• Soil stability  
• Biological soil crust 
  

 

 

Surface and Subsurface Water Availability: 

• Aquatic systems (streams, lakes, ponds) 

• Springs/seeps/wetlands 

• Riparian areas 

• High quality and impaired waters 

• Groundwater aquifers 
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destructive as urbanization, various forms of recreation are expanding throughout the region each with a 
unique set of impacts, from increased hiking and mountain biking to OHV use, which can result in habitat 
fragmentation, connectivity loss, soil erosion, and wildlife disturbance (Papouchis et al. 2001, Belnap 1995, 
Brooks and Lair 2005, Ouren et al. 2007, Schwinning et al. 2008). 

Other effects are more diffuse, such as the changes in 
plant species dominance created by prolonged grazing 
(Belsky and Gelbard 2000, Krueper et al. 2003, Miller et 
al. 2011) or the synergy of livestock grazing, invasive 
species introduction, and fire (D’Antonio and Vitousek 
1992, Brooks et al. 2004). Fire is a natural disturbance 
agent, but when it deviates from expected frequencies, it 
can be considered a form of anthropogenic change agent. 
Fire often deviates from its characteristic regime, through 
fire suppression, increased ignition frequencies, and 
changes in characteristic fuels and fuel loads (D’Antonio 
and Vitousek 1992, Keane et al. 2002, Brooks et al. 2004). 
Perhaps the most overarching and profound change 
agent of all is climate change.  As indicated by recent 
evidence and robust predictive models, climate change 
has the potential to change the landscape over the next 
50 years in fundamental ways with direct impacts on 
natural systems while increasing the influence of many of 
the other change agents. For example, projected climate 
change influences fire regimes, alters invasive plant 
species competition, affects hydrologic regimes and 
water yields, and changes basic soil properties (Seager et 
al. 2007, Schwinning et al. 2008, Munson et al. 2011). 

 
2.4.4 Index of Ecological Integrity  
 
The concept of ecological integrity is complex and a great deal has been written about it in the literature 
(Angermeier and Karr 1994, Pimentel et al. 2000). Other terms often used interchangeably with integrity 
include ecosystem health, resilience, resistance, and stability. In almost all treatments of ecological integrity, 
the focus has been on the ‘ecosystem’ not specific species or communities. As Karr and Dudley (1981) 
described it—ecological integrity is the sum of all physical, chemical, and biological integrity. Karr and Chu 
(1995) later defined integrity as, “the capacity to support and maintain a balanced, integrated, adaptive 
biological system having the full range of elements (genes, species, assemblages) and processes (mutation, 
demography, biotic interactions, nutrient and energy dynamics, metapopulation processes) expected in the 
natural habitat of a region.” More simply stated ecological integrity is the degree to which all ecosystem 
components and their interactions are represented and functioning. 
 
A number of strategies have been devised to conduct assessments of ecological condition, from data-driven 
indices of biological integrity or IBIs, to more qualitative, conservation guidance approaches such as those 
discussed by Parrish et al. (2003) and Unnasch et al. (2008). Approaches such as these differ in rigor and 
defensibility, and they also differ in terms of their potential application in products such as Rapid Ecoregional 
Assessments. Indices of biotic integrity (IBIs), as developed over the last 3 decades for aquatic ecosystems, 
use systematically-collected species abundance data to develop metrics representing taxonomic richness, 
trophic categories, or sensitivity to disturbance. Candidate metrics are screened for responsiveness to 

Table 2-6.   CHANGE AGENTS 

• Wildland Fire 

• Invasive Species 

• Land and Resource Use (Development) 

o Urban and Roads Development 

o Oil, Gas, and Mining Development 

o Renewable Energy Development  

(i.e., solar, wind, geothermal,  

including transmission corridors) 

o Agriculture 

o Grazing:  

Livestock, wild horse and burro, wildlife  

o Groundwater and Surface Water  

Extraction, Development,  and 

Transportation 

o Recreational Uses 

o Pollution (Air Quality) 

• Climate change 
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disturbance, low variability, and lack of redundancy (Hughes et al. 1998, Mebane et al. 2003, Whittier et al. 
2007). Metric values at minimally- or least-disturbed sites serve as a reference model against which to 
compare indicator metric values at disturbed sites (Hughes et al. 1986, Hughes 1995, Whittier et al. 2007). 
Few indices of terrestrial ecological integrity have been developed using the approach described above. 
Development of terrestrial integrity indices present even greater challenges than aquatic indices of 
biointegrity, and terrestrial applications of indices of biotic integrity are limited in the scientific literature 
(O’Connell et al. 1998, Bradford et al. 1998, Bryce et al. 2002, Bryce 2006, Mattson and Angermeier 2007).  
 
The development of data-driven indicators of ecological integrity is beyond the scope of the REA process 
because it would require a major research effort. REAs are defined in the Statement of Work as “assessments 
only, evaluating status and potential changes in status for selected core conservation elements.” Thus, the 
approach to regional ecological integrity within the REAs represents an early iteration of a process that will 
continue to evolve. Concurrently with these first REAs, BLM and agency partners have considered various 
more qualitative approaches to characterize landscape-level ecological integrity or condition based on 
existing geospatial data.  
 
For this REA, the group agreed to emphasize the mapping of ecological condition by focusing on intactness, 
an attribute that could be defensibly supported by existing geospatial datasets and reasonably tracked 
through time. No place on Earth remains unaffected by modern humans (Vitousek 1997), but some regions 
have been more directly and severely affected than others. Natural landscapes lose components and 
functionality as human uses expand and continue over time. Some ecosystem changes can be quite gradual 
(e.g., loss of interior forest habitat over time), while others are punctuated (e.g., loss of a keystone species). 
Intactness is not a binary (yes/no) quality, but one of degree: a continuum of intactness from a pristine 
environment on one end to a totally developed environment on the other. Quantifiable and replicable indices 
and scales of measurement are needed to score landscapes on this continuum. Although significant progress 
is being made (Anderson 1991, Angermeier 2000), this area of applied research remains quite young. 
Nevertheless, although ranking natural landscapes by relative intactness may be imperfect, it need not be 
arbitrary.   
 
The origin of the intactness concept can be traced to the concept 
of naturalness. Machado (2004) provides a thorough review of 
the history and use of the term “naturalness” and how it has been 
applied to conservation planning throughout the world. There has 
been a mostly philosophical and semantic debate regarding the 
concept of naturalness as it pertains to a conservation value. Less 
confusion and debate surrounds the concept as it applies to its use as a parameter or state descriptor of 
ecosystems (Grumbine 1994). The term “landscape intactness”, which is used as a quantifiable state 
descriptor, has been largely applied to forested landscapes (Lee et al. 2002, Heilman et al. 2002, Strittholt et 
al. 2006, Potapov et al. 2008), but many of the same principles apply to any natural landscape. Choosing the 
canyons and tablelands ecosystem as an example specific to the Colorado Plateau, the most intact 
canyonlands are those with the least influence from anthropogenic change agents. Representative areas of 
canyons and tablelands may be placed along a gradient of intactness (or conversely a gradient of disturbance) 
with sites that are experiencing increasing levels of disturbance considered to have lower intactness. Even 
within a group of protected areas, a wilderness area with no known disturbances will have higher intactness 
than another protected area that retains evidence or scars of the grazing or mining that occurred before it 
was established. Across a region, intactness levels decrease with the increasing intensity and extent of 
various land uses—grazing, rowcrop agriculture, energy development, and urbanization; the lowest 
intactness levels occur in areas completely converted from their original character. 
 

Intactness is a quantifiable estimate 
of naturalness measured on a 
gradient of anthropogenic influence 
and based on available spatial data. 
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Thus, intactness may be mapped as a quantifiable estimate of naturalness according to the level of 
anthropogenic influence based on available spatial data. Intactness considers an assemblage of spatially 
explicit indicators that helps define the condition of the natural landscape. Different species may possess 
different tolerances to these conditions, but natural assemblages of species and natural patterns and 
processes are increasingly compromised as human influences intensify. For this REA, terrestrial and aquatic 
intactness models were created for the entire ecoregion (see Methods, Chapter 3) and they served as the 
foundation against which conservation element status was assessed based on current condition as well as 
future projections.  
  
Presence or absence of particular species, species richness, or species rarity did not factor into any metric of 
integrity. First and foremost, high species richness or concentration of rare or endemic species is not 
indicative of high ecological integrity. Areas with high species endemism or high species richness may be 
important from a conservation or management perspective, but regions with these species are not 
necessarily better from an ecological integrity perspective. Species do not naturally arrange themselves 
equally across the landscape even under pristine conditions. Natural concentrations of species are driven by 
many factors. For example, vertebrate species richness is often higher at middle elevations (McCain 2003, 
McCain 2007) or in warmer river and stream systems (Mebane et al. 2003, Hughes et al. 2004). Species 
numbers typically increase with moderate disturbance (Odum et al. 1979, Odum 1985). Ecosystem condition 
can sometimes even decline as species diversity (even native species diversity) increases (Scott and Helfman 
2001). Areas with high species endemism or high species richness should be evaluated separately and they 
were for this REA.  

  
2.5 REA Assumptions and Limitations  
 
As previously stated, the REA was not intended to be a research project; however, at numerous times 
throughout the project, that is what was needed in order to generate a useful assessment. There was 
inadequate time and funding to allow full development of every topic identified by the assessment team or 
outside reviewers, but several major areas were explored that could be classified as work above and beyond 
a typical rapid assessment. Of all the issues and management questions addressed, a significant amount of 
research time was dedicated to the following topics, which resulted in a more useful set of products: 
 

• using logic models to help aggregate and synthesize large concepts using numerous, disparate data 
inputs 

• refining the concept of intactness and how it could be used to assess current and future status in a 
repeatable and scientifically defensible fashion 

• instituting the 4km resolution as one of the primary reporting units 
• including natural habitat fragmentation as an important metric for assessing intactness  
• modification and improvement of fire modeling 
• utilization of both LANDFIRE EVT v 1.1 and NatureServe Landcover v 27 in the assessment 
• integration of STATSGO and SURRGO soils data in assessing a variety of soils management questions 
• inclusion of MAPSS in the climate change component of the project to extend our understanding of 

vegetation responses to predicted changes in temperature and precipitation 
• inclusion of seasonality in climate change projections  

 
The REA was also not a specific planning exercise, which typically requires higher levels of project definition 
with measurable goals and objectives against which a rigorous analytical treatment is devised and carried 
out. The REA took on a much broader approach focusing more on how many topics could be addressed at 
once rather than an in-depth exploration of a smaller subset of the issues. It was the intent of the BLM to use 
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the REA to obtain a regional context with analyses that would help them later prioritize or focus on particular 
areas of need or special interest in a series of step-down efforts. 
 
With any spatial analysis, especially for a large geographic area such as an ecoregion, the most fundamental 
limitation is the availability and quality of the spatial data. For this REA, even after exhaustive searches and 
time-intensive data compilations, acquiring and assembling useful spatial datasets to address specific issues 
or management questions often proved challenging. The inability to acquire datasets such as specific point 
locations for species, OHV tracks, recreation areas, and grazing history and current intensity either limited 
our ability to address specific questions or prevented us from meaningfully addressing them at all.  For most 
issues, the scale/resolution of acquired datasets allowed for a reliable coarse level assessment, but the 
datasets were generally insufficient to allow for site-specific management applications (e.g. restoration of 
invasive grass patches). However, for the purposes of a UregionalU ecoregional assessment, the datasets 
assembled and analyzed resulted in very useful contextual information on top of which local analyses and 
management prescriptions could be explored and implemented. 
 
Spatial data accuracy (geometry and attribution) was highly variable for different themes and often between 
subregions (e.g. states) for the same theme. Even for the most authoritative datasets, errors are 
commonplace.  For example, the National Hydrography Dataset stream flow status attribute currently has a 
high rate of error in arid ecoregions. In a recent stream survey (EMAP-West 2000–2004) conducted by the 
Environmental Protection Agency (Stoddard et al. 2005), many streams identified as perennial were in fact 
not perennial when visited in the field. Both LANDFIRE EVT v1.1 and NatureServe Landcover v2.7 are 
recognized as authoritative, yet significant differences occur between them. In reality, they both possess 
errors, meaning that more detailed vegetation data are needed to carry out site-specific planning and 
management. With data inputs of variable quality, analyzing complex ecological systems, and trying to 
forecast into the future, spatial modeling possesses a fairly high degree of uncertainty. Initially, data 
confidence maps were planned to accompany each result to help the user identify areas of uncertainty. This 
proved too difficult to do except for portions of the climate change modeling. However, the review process 
helped our team and the external reviewers to identify problem areas; in addition, qualitative levels of 
confidence in each data source and in model results have been included in tables in Appendix E.  
 
Throughout the project, the data portal Data Basin (4TUwww.databasin.orgU4T) was used to solicit regular feedback 
from outside reviewers on the data inputs, analytical approaches conducted, and final results through a 
private working group created in the online system. Customized commenting tools helped reviewers pose 
spatially explicit or general comments and questions. Having all of the spatial datasets and attached 
processing models and notes easily available via the Internet, Data Basin enhanced numerous webinars for 
subsets of reviewers to explore specific topical areas or problem areas. Although generating batches of 
mapped results on a regular schedule for posting on Data Basin created more work than the original scope of 
work outlined, Data Basin proved to be an extremely valuable tool for managing the review process, 
improving the assessment in numerous ways through an improved suite of products and better overall 
understanding. 
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III. SUMMARY OF METHODOLOGY  
 

3.1 Data Management 
 
The majority of data processed for this REA were handled according to the BLM Data Management Plan 
(DMP), except in specific cases where guidance was not sufficiently detailed, not feasible according to 
schedule and budget constraints, or where specific characteristics of the data or processing required a special 
approach. In nearly all cases, additional guidance was provided by the NOC Data Management Team and the 
AMT to address these specific cases. In particular, the data processing workflow specified by the DMP 
required substantial modification during this REA. While it was originally intended by the REA workflow that 
data would be acquired, fully evaluated, and approved by the AMT prior to the modeling phases, this proved 
infeasible, and it resulted in the early acquisition and evaluation of many datasets that subsequently were 
not used for modeling. Midway through the REA, a workflow more tightly coupled to the modeling process 
was adopted, which included acquisition and pre-evaluation of datasets as part of the modeling effort. As 
such, dataset collection activities were targeted to very specific themes and pre-screened to determine 
appropriateness for a particular analysis. Additional datasets were identified during workshops and the 
iterative review process managed using the data portal, Data Basin (4TUwww.databasin.orgU4T). Thus, although 
initially over 400 datasets were collected and considered for the REA, 217 datasets were ultimately used in 
analyses for the Colorado Plateau. After source datasets were successfully used in modeling efforts, they 
were evaluated according to 11 criteria as specified in the DMP; these included criteria such as non-
duplication, spatial accuracy, and thematic accuracy. Data were scored using narrative descriptions for each 
criterion to highlight potential data quality issues; earlier efforts to use a numeric scoring system proved too 
time-consuming and less informative.   
 
The analytical extent for this ecoregion was the outer boundary of all 5th level hydrologic units (HUCs) that 
intersect the Environmental Protection Agency’s (EPA’s) Level III Ecoregion boundary of the Colorado Plateau 
(CEC 1997, Figure 3-1). All datasets were clipped to this extent and re-projected to USA Contiguous Albers 
Equal Area Projection (USGS Version) as specified by the DMP. Prior to delivery to BLM, all spatial data were 
standardized into ArcGIS File Geodatabase Feature Class and ArcGRID file formats. This included conversion 
of quasi-spatial datasets (e.g., spreadsheets with coordinates, print maps) into these formats through format 
conversion and digitization. Digitization of published materials was used as a last resort for essential datasets 
when original spatial data could not otherwise be obtained. 
 
Climate data were developed at a 4km resolution from the native 15km resolution for the western U.S., and 
processed primarily in NetCDF format due to the temporal nature of such data. (NetCDF is a file format ideal 
for climate data because it can accommodate multiple dimensions in a single file.) The outer extent of all 4km 
grid cells within the ecoregion/5th level watershed boundary was used as the analytical extent for these data.  
Derived results, such as annual average temperature for 2015–2030, were extracted into ArcGRID format. 
 
All datasets required development of FGDC compliant metadata per BLM specifications. In many cases, full 
FGDC metadata were not available for all original source datasets, and often available information was 
insufficiently detailed to achieve all BLM desired metadata elements. The Dynamac team exerted 
considerable effort to populate missing metadata elements. The substantial effort involved in achieving full 
compliance with FGDC and BLM metadata standards deterred delivery of any datasets to BLM other than 
those used directly in the modeling and analysis process; thus, several datasets of potential interest but no 
direct application in this REA were excluded. 
 
Most datasets were processed using ArcGIS ModelBuilder and python scripts delivered as ArcGIS tools, per 
BLM requirements. Many of these models were developed in such a way as to permit other users beyond this 

http://www.databasin.org/
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REA to modify the input and processing methods and rerun the tools. Specifically, the terrestrial and aquatic 
intactness models are likely to be of high value to end-users. A few non-ArcGIS analysis tools were used to 
generate some of the results developed in this REA, including MaxEnt and FRAGSTATS. 
 
A number of data-related issues were encountered during this REA: 

• some existing thematic data were not available for use by the Dynamac team due to proprietary 
restrictions (e.g., Natural Heritage data, some oil and gas data);  

• data may have existed in digital form for some published materials (e.g., maps presented in a 
report), but data was not always obtainable in a timely fashion from authors. In specific cases, this 
required that the Dynamac team digitize these data directly from the published materials;  

• some data specifically developed by the BLM and other agencies as part of their planning processes, 
for example BLM Field Office data, were not available to the Dynamac team. BLM had asked that 
field office data not be gathered that was not already in national datasets because of consistency, 
data standards and level of effort;  

• versioning of datasets for continually updated themes (e.g., BLM renewable energy projects 
datasets) presented challenges by becoming available late in the REA or requiring rectification as 
new versions became available;  

• many source datasets were developed at the state level (e.g., wildlife habitat), and presented 
numerous challenges when combining these at the ecoregion level, such as edge-matching between 
states, thematic resolution, spatial scale, attribution, and data standards. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-1. Map of the Colorado Plateau ecoregion showing EPA Level III ecoregion boundary, hydrologic unit 
boundaries, and analytical extent of buffer. The three holes in the coverage are mountainous outliers of 
adjacent level III ecoregions (Southern Rockies and Wasatch and Uinta Mountains). 

http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/COP_2010/COP_Overview/MapServer
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3.2 Models, Methods, and Tools 
 
Throughout the REA process, numerous types of models were developed and analysis tools used to address 
the various management questions and overarching issues of interest. This section discusses the 
development of ecological conceptual models, process and logic models, and habitat fragmentation, 
connectivity, fire, and climate change modeling. 

3.2.1 Conceptual Models 
 
Conceptual models graphically depict the interactions between a conservation element, the biophysical 
attributes of its environment, and the change agents that drive ecosystem character. The boxes and arrows 
that make up the conceptual model represent the state of knowledge about the subject and its relationships 
to these attributes (Figure 3-2). Conceptual models are also supported and referenced by scientific literature.  
REA conceptual models were developed at three levels. At the ecoregion level, an overarching model was 
developed that outlined the interactions of the major ecological features, processes, and change agents.  
Since change agents are a major focus of the REAs, a comprehensive change agent conceptual model was 
also produced. Finally, individual conceptual models were created for each conservation element with 
particular attention paid to the potential impacts from the various change agents. Some conceptual models 
were adapted from Miller (2005) and Miller et al. (2010). 
 
Conceptual models for conservation elements were standardized by including all change agents (yellow 
boxes) and natural drivers (cyan boxes) with close attention paid to those attributes and indicators that could 
be used to help assess current and future status. Specifics regarding some of the components (when known) 
are presented in blue text. Arrows represent relationships between the various change agents and natural 
drivers acting on the conservation element from the standpoint of the natural community or habitat as well 
as on one or more individual species. Specific information about the flows between components is provided 
in orange text. It is important to note that not all of the relationships identified in the conceptual models lend 
themselves well to measurement or monitoring because adequate spatial data does not exist in many cases 
or there is a lack in scientific knowledge to intelligently quantify a particular indicator. In spite of these 
shortcomings, all important components are included as they aid in our general understanding of complex 
interactions.  
 
Unlike many published conceptual models, thicknesses of the arrows in these models DO NOT represent 
degree of importance. Rather, bold lines represent those factors that are tracked or modeled to varying 
degrees of certainty throughout the REA analysis. The conceptual models as presented in this report, 
therefore, provide information in several ways—they provide information on: (1) ecological interactions; (2) 
what spatial data are available to track changes over time; and (3) where there are spatial data gaps. 
 
For example, in the conceptual model for Inter-Mountain Basins Montane Sagebrush Steppe (Figure 3-2), 
there are six primary natural drivers (cyan boxes) for this ecological system including topography, soil 
characteristics, precipitation, temperature, insects and disease, and animal herbivory (details in blue text in 
conceptual model, NatureServe 2009, Tart 1996, LANDFIRE 2007). Mountain sagebrush (Artemsia tridentata 
ssp. vaseyana) is the signature species for this ecosystem and it is affected by a number of factors. Climatic 
events such as periods of excessive moisture (Sturges et al. 1984) as well as droughts impact this and related 
species (Anderson and Inouye 2001). The Aroga moth (Aroga websteri) and leaf beetles (Trirhabda pilosa) can 
cause significant sagebrush mortality (Pringle 1960, Gates 1964). Mechanical removal or burning of this 
community to improve grazing conditions can have negative ecological consequences (Harniss and Murray 
1973, Blaisdell et al. 1982, Hormay 1970). Mechanical removal or burning of this community can also 
promote invasive grasses, altering the system even further. 
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Figure 3-2.  Conceptual diagram for Inter-Mountain Basins Montane Sagebrush Steppe. Note: thicknesses of 
the arrows in these models DO NOT represent degree of importance. Rather, bold lines represent those 
factors that are tracked or modeled to varying degrees of certainty throughout the REA analysis. 
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Fire regime (components within the red, dash-lined box) is influenced by a complex interaction of factors—
fuel load and condition, grazing, invasive species, and fire frequency (natural [a function of climate] and 
human-caused [a function of development]). Fire suppression is another influencing factor on the fire regime.  
Native ecosystems can also be directly affected by invasive species and grazing. Climate change and 
development affects the entire complex and all of its components. Because Inter-Mountain Basins Montane 
Sagebrush Steppe occupies many different kinds of physical zones, the natural fire regime for this community 
is complex. Historically, it experienced stand replacing fire with a mean of 10 years at the ponderosa pine 
ecotone, 40 or more years at the Wyoming big sagebrush ecotone, and up to 80 years where low sagebrush 
makes up a high proportion of the landscape. LANDFIRE (2007) reported a replacement fire return interval 
for this community at 40-80 years (with a mean of 50 years) with the scale of fire disturbance historically 
ranging from <10 acres to >1,000 acres. Besides fire frequency, seasonality of fire is also important. 
Sagebrush generally responds favorably to spring fires, but fall fires tend to cause significant mortality in 
sagebrush. Fire suppression, livestock grazing, and the introduction of invasive species have altered this 
vegetation community throughout the Colorado Plateau (D’Antonio and Vitousek 1992, Belsky and Gelbard 
2000, NatureServe 2009). In locations where fire suppression has been successful, woody encroachment (e.g. 
juniper and pinyon pine) has been significant. Due to the dynamic nature and interaction of many Colorado 
Plateau natural ecological systems and the challenge of accurately mapping vegetation using remote sensing, 
it is extremely difficult to track woody encroachment on this community over large geographic areas. In 
addition, having more detailed data on grazing history and intensity would greatly improve assessing the 
overall status of this community type. Although both woody encroachment and grazing intensity are reported 
to be extremely important for this community, data do not exist to reliably assess and map their impacts. 
 
Change agents affecting this ecological system accounted for in the REA process include development (based 
on current and projected future extent of urban land cover) and recent disturbance (1999–2008) from 
mechanical removal, fires, and insects and disease. Mechanical removal or disturbance of this community can 
also promote invasive grasses altering the system in significant ways. Overall landscape intactness, which 
includes development from all sources (urban, agriculture, energy, and roads), invasive species, and habitat 
fragmentation, is used to describe the regional environment that contains this ecosystem type and thus infer 
its status. Climate change projections (including precipitation and temperature changes as well as MAPSS 
modeling outputs) are also used to predict where this conservation element may be under significant climate 
stress. 
 
Following this format, select conceptual models are presented in later sections in this document and all 
conceptual models for each of the conservation elements are provided in Appendix B for vegetation 
communities and Appendix C for wildlife species. 

 
3.2.2 Process Models 
 
With conceptual models in-hand to inform the relationships between components, drivers, and processes, 
individual process models were generated to address each stated management question. Process models are 
diagrams that map out data sources, GIS analyses, and workflow. These models were not intended to 
attempt to replicate all of the interactions of the concept models. Rather, they were created to inform the 
user about the spatial analysis details to address each management question, providing important analytical 
transparency and allowing for repeatability of the same or similar model in the future (perhaps including new 
input data for a key variable). Each model could be viewed as the analysis recipe including information about 
data sources, specific GIS operations, and data and map workflows highlighting all intermediate and final map 
results.   
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Some management questions required only a series of simple GIS operations (see Figure 3-3 for an example).  
More sophisticated analyses required developing a more complex, customized approach requiring the 
construction and implementation of Model Builder/Python scripts and, in some cases, the inclusion of non-
ArcGIS software (e.g. MaxEnt, MAPSS, and FRAGSTATS).  A separate process model is provided in Appendix A 
for each management question. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3-3.  Process model diagram for soil sensitivity in the Colorado Plateau ecoregion: Management 
Question, Where are sensitive soils (including saline, sodic, gypsiferous, shallow, and low water holding 
capacity?) 

3.2.3 Logic Models 
 
The most complex questions, such as terrestrial landscape intactness, aquatic intactness, cumulative 
development, and summarizing climate modeling results, were assessed using the EMDS (Ecosystem 
Management Decision Support) modeling approach (Reynolds 1999, Reynolds 2001), but all of the modeling 
operations were conducted using ArcGIS Model Builder and Python scripts, with additional inputs provided 
by approved outside analyses such as FRAGSTATS. Logic models were constructed to help communicate how 
the various data inputs were used in a spatial modeling environment. A logic model is a cognitive map 
(Jensen et al. 2009) that presents networks of various spatial data components and their logical relationships 
to explain the process used to evaluate a complex topic such as landscape intactness. Logic models were 
constructed in a hierarchical fashion relying on symbols, colors, labels, and the physical arrangement of 
components to communicate how a series of spatial datasets were assembled and analyzed to answer a 
particular question. Using the terrestrial landscape intactness logic model as an example (Figure 3-4), the 
spatial data layers are arranged in a hierarchy to answer a primary question that is located at the top of the 
diagram. In this case, the question is, what is the level of terrestrial landscape intactness for the ecoregion?  
Data and analysis flows from the bottom up. 
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                                                                                                                                                                                           Figure 3-4.  Logic model for terrestrial landscape intactness for the Colorado Plateau ecoregion. 
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Unlike conventional GIS applications that use Boolean logic (1s and 0s) or scored input layers, logic models 
rely on fuzzy logic. Simply put, fuzzy logic allows the user to assign shades of gray to thoughts and ideas 
rather than being restricted to black (false) and white (true) determinations. All data inputs (regardless of the 
type—ordinal, nominal, or continuous) are assigned relative values between -1 (false) and +1 (true) up to six 
decimal places. There are many advantages of this modeling approach: (1) it is highly interactive and flexible; 
(2) it is easy to visualize thought processes; (3) the logic components are modular making it easy to include or 
exclude pieces of the logic design; (4) the logic can be managed using a number of different mechanisms; and 
(5) numerous, diverse topics can be included into a single integrated analysis. 
 
Raw spatial data source inputs (gold boxes) are populated by one or more GIS data layers (indicated by the 
stack of gray files). Moving up the diagram, these data are arranged and analyzed to form intermediate map 
products (purple boxes), which are then arranged and analyzed to generate the final results (green box). One 
way the user controls the logic of the information is the Uarrangement of the various data inputs and 
intermediate productsU—the higher up in the diagram, the greater the influence on the final result.  
 
Using fuzzy logic as the core modeling principle, logic model performance is achieved in several ways. For 
every spatial data input, the user determines how to assign the range of values along a truth continuum.  As 
an example, to determine and map the most suitable habitat relative to road density for wildlife—one might 
consider the greater the road density, the greater the risk to wildlife through habitat degradation and direct 
mortality. In our example, road density ranges from 0 km/kmP

2
P to 24.5 km/kmP

2
P. To assign a fuzzy logic 

continuum for this range of values, one could assign a -1 to the high value (this value is totally bad for wildlife 
or false) and a +1 to the lowest value (this value is totally good for wildlife or true, red line in Figure 3-5). 
However, mountain lion research has shown that mountain lion populations have a low probability of 
persistence in areas with road densities > 0.6 km/kmP

2
P (Van Dyke et al. 1986). A more meaningful alternative 

then for Usetting fuzzy thresholdsU for this parameter would be that a road density of > 0.6 km/kmP

2
P is totally 

false (-1) and 0 remains totally true (+1, green line in Figure 3-5). Of course, not all wildlife species have the 
same sensitivity to roads, but this example illustrates how the logic in the model can be altered for known 
thresholds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-5. Diagram of two treatments of road density in fuzzy logic modeling that illustrate 
important model control options, one based on a full range of values (red line) and the other 
based on a threshold from the literature (Van Dyke et al. 1986 ) for negative effects of road 
density (> 0.6 km/kmP

2
P is totally false [-1], green line) on mountain lion. 



Colorado Plateau REA Final Report II-3-c Page 31 
 

Individual thresholds used for each component in the terrestrial landscape intactness logic model shown in 
Figure 3-4 are provided in Table 3-1. In this example, there are 12 primary inputs to the model, but two 
components (Low Linear Development and Low Energy and Mining Development) were created by summing 
several input values together before applying any fuzzy thresholds. Taking this into account, only nine 
primary inputs in the logic model required threshold setting. 
 
Table 3-1. List of data inputs for the terrestrial landscape intactness logic model for the Colorado Plateau 
ecoregion showing data type, range of values, and true and false modeling thresholds for each item at the 4 
km x 4 km resolution. 
Item Data Type Data Range True Threshold False 

Threshold 
Fire Regime Percent Area 0–100 13P

1 98 
Invasive Grasses & Tamarisk Percent Area 0–88 0P

3 33 
Linear Development Density 0–18 0P

1 2.5 
Urban Percent Percent Area 0–99 0P

3 15 
Agriculture Percent Percent Area 0–90 0P

3 20 
Energy & Mining Development Number  0–37 0P

2 1.25 
Number of Patches Number 1–1,455 1P

4 700 
Mean Nearest Neighbor Distance 60–272 60P

1 180 
Percent Natural Core Area Percent Area .56–95 100P

3 20 
1. Used full range or full range with outliers ignored; 2. Skewed data range: 1 Standard Deviation from the mean;  
3. Skewed data range: 2 Standard Deviations from the mean; 4. Skewed data range: 2.5 Standard Deviations from the mean. 
 
Spatial data are integrated together using one of several logic ‘operators’, including USum, Average (or Fuzzy 
Union), Minimum (or Fuzzy Or neg), and Maximum (or Fuzzy Or)U. The Sum operator simply combines similar 
data into a single file before assigning fuzzy thresholds. For example, Low Linear Development is the fuzzy 
expression of three linear feature densities—ground transportation, utility lines, and pipelines. Average (or 
Fuzzy Union) simply averages all of the fuzzy inputs to form a new output. Minimum (or Fuzzy Or neg) has the 
lowest value dominate in the resultant map between two or more inputs. For example, in producing the High 
Veg and Low Development intermediate file, cells that are the lowest in either input get reflected in the 
resulting map.  
 
Lastly, the logic models produced for the REA contain some Uweighting of inputsU. In the logic model (Figure 3-
4), weighting was used in the High Vegetation Intactness intermediate layer (80% for the Low Invasives input 
and 20% for Low Fire Regime Departure). Weighting was also used in the final combination of High 
Vegetation and Low Development and Low Natural Habitat Fragmentation (75% and 25%, respectively). 
Weighting was applied to keep less important factors from dominating the resulting model. If all factors are 
considered of equal influence, weights may be avoided altogether, or weights can be applied and adjusted on 
successive model runs to balance the components and test the outcome. 
 
All intermediate and final map results are rendered as fuzzy outputs, which range from -1.000000 (totally 
false) to +1.000000 (totally true). Interpretation of the range of values for a given map can be organized and 
interpreted in many ways using standard GIS binning—Natural Breaks, Equal Area, etc. For the terrestrial 
landscape intactness results, ecologically meaningful results were estimated using a careful selection of 
operators, thresholds, and input data. A modified EMDS classification was used to characterize intactness and 
assign six intactness classification descriptions—Very Low, Low, Moderately Low, Moderately High, High, and 
Very High (Table 3-2). This way, the degree of intactness could be evaluated against multiple conservation 
values and easily compared to potential future conditions based on updated raw inputs (e.g. new urban 
development projections) using a standard scale. 
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Table 3-2.  Intactness value ranges and legend descriptions. 
Intactness Value Legend 
-1.000 to -0.750 Very Low 
-0.750 to -0.500 Low 
-0.500 to 0.000 Moderately Low 
0.000 to 0.500 Moderately High 
0.500 to 0.750 High 
0.750 to 1.000 Very High 

 

3.2.4 Habitat Fragmentation Modeling 
 
The three inputs to the Natural Fragmentation component in the terrestrial landscape intactness logic model 
(number of patches, average mean nearest neighbor, and percent natural core area) were generated using 
FRAGSTATS (McGarigal and Marks 1995). FRAGSTATS produces a series of metrics that are focused at the 
individual patch, class, and landscape levels. All three fragmentation indicators chosen were class-level 
metrics. Prior to running FRAGSTATS, the entire landscape was mapped into one of three classes – natural 
vegetation, invasive species, and other (including developed, agriculture, and water, Figure 3-6). For this 
exercise, spatial details on fragmentation of different natural communities were not of primary interest, 
meaning that differentiating various vegetation communities (e.g. sagebrush shrubland from woodlands) was 
not needed. Two classes would have sufficed—natural vegetation cover and un-natural vegetation cover 
(developed land, agriculture); however, having a third class of fragmentation information on invasive species 
may prove useful in the future as part of a step-down assessment. See specific details on how the master 
layer was generated in Appendix E. Two of the functions (Percent Natural Core Area and Average Mean 
Nearest Neighbor) were averaged together to create an intermediate layer called High Core Integrity. This 
intermediate layer was then combined with the Number of Natural Patches using a Min (or fuzzy Or neg) 
operator to generate the final Low Natural Habitat Fragmentation component in the model (Figure 3-7). 

 

 
 
 
 
 
 
 
 
 
 
Figure 3-6. Initial FRAGSTATS 
fragmentation classification 
showing natural (light green), 
invasive (red), and un-natural 
land cover (other=water, 
developed, and agriculture, 
blue). 
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Figure 3-7. FRAGSTATS-based fragmentation inputs into the terrestrial landscape intactness model at 4km resolution for the Colorado 
plateau ecoregion.
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3.2.5 Connectivity Modeling 
 
Habitat connectivity was modeled for the Colorado Plateau using a slightly modified version of connectivity 
modeling by Spencer et al. (2010). First, natural landscape blocks were mapped for the ecoregion; then, a 
natural landscape template was constructed starting with the natural cover from the FRAGSTATS analysis 
layer (see Appendix C for details). Starting with larger blocks (>5,000 ac), an assumption consistent with the 
block size used in Spencer et al. (2010), natural landscape nodes were delineated throughout the ecoregion.   
 
A cost surface was created following Spencer et al. (2010) combining landcover and protection status costs. 
In general, water and highest intensity developed classes from LANDFIRE EVT received the highest costs; 
agriculture and lower intensity developed classes received moderately high costs; invasive species received 
moderate costs; and natural vegetation received the lowest costs. Costs were also derived from protected 
areas, such that more highly protected areas (e.g., wilderness) received lower costs and less protected areas 
received higher costs. A 25-meter buffer around major highways (converted to 30m raster) and a 30m raster 
of all roads (BLM ground transportation database) were used to assign road costs (among the highest 
overall). Potential linkages were hand drawn between neighboring natural landscape blocks by connecting 
each one using a system of drawn sticks (centroid to centroid). Blocks separated only by a major road were 
connected using “road sticks” while those separated by larger distances were connected by “corridor sticks” 
(Figure 3-8). Road sticks were excluded from further analysis as these areas would require road mitigation 
measures to improve wildlife movement. For each pair of blocks connected by a corridor stick, a 5 kilometer 
neighborhood extent was selected around the pair for least-cost modeling. The cost surface was clipped to 
this extent and the standard ArcGIS tool "Cost Distance" was used for each block in the pair. The results from 
each of these cost paths were input to the "Corridor" ArcGIS tool. The corridor was sliced into 20 equal width 
classes and the lowest 5% of the cost corridor was extracted and mosaicked across all pairs of blocks. 
 

 

 

 

 

 

 

 

 

 

 

Figure 3-8.  Natural Landscape Blocks and connectivity sticks (corridor and road) for the Colorado Plateau 
ecoregion cost surface connectivity modeling. 
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3.2.6 Fire Modeling 
 
To assess areas changed by fire (1999–2010), fire location and severity were extracted from LANDFIRE 
disturbance layers (1999–2008) and wildland fire perimeters (2000–2010) for the Colorado Plateau 
ecoregion.  The degree to which vegetation changed could not be assessed due to the lack of accurate pre- 
and post-fire vegetation maps. Instead, the focus was on highlighting the severity of the fires, where 
information was available, because the degree of ecological changes likely increases with increasing severity. 
 
To assess areas with potential to change from wildfire, models were developed to predict the probability of 
human- and naturally-caused fire occurrences. Thirty years of fire occurrence data (Figure 3-9) were used to 
develop two MaxEnt models (Elith et al. 2011) to predict human and natural fire occurrences. A series of 
input surfaces were used as the basis for prediction, including elevation, fuel type, vegetation type, climate 
variables (e.g., average summer temperature, average summer precipitation, average winter precipitation, 
and average annual precipitation), distance to major roads, distance to all roads and trails, distance to urban 
areas, and lightning density. Areas of high probability of occurrence were then extracted from the human and 
natural model results and combined into a single dataset to express areas likely to experience fires due to 
humans, natural causes, or both.   
 
A combination of existing data and expert opinion was then used to identify areas of high fire regime 
departure. LANDFIRE Fire Regime Departure Index (v1.0) was used as an estimate of departure of current 
vegetation conditions compared to reference vegetation conditions. Reference condition vegetation 
conditions describe the proportions of various successional stages of a given Biophysical Setting that would 
be expected to occur across space and time under the influence of unaltered disturbance regimes. Current 
conditions were tabulated from existing vegetation type and structure and compared to these reference 
conditions to determine vegetation departure.   
 
Measures of current fire regime (frequency and severity) were obtained from fire experts familiar with the 
ecoregion for the 40 most extensive Biophysical Settings. These values were compared against reference 
condition fire regime estimates derived from LANDFIRE Mean Fire Return Interval and Percent Replacement 
Severity. Measures of fire frequency and severity departure were calculated according to FRCC Guidebook 
(Barrett et al. 2010) methods, using the average of the minimum and maximum departure values obtained 
from comparing each range of fire frequency and severity from current estimates to reference condition 
estimates. Lastly, the maximum departure between vegetation departure and fire frequency and severity 
departure were extracted to use as our overall measure of fire regime departure. 
 

 

 

 

 

 

 
 
 

Photo: Fire in Wyoming big sagebrush steppe. BLM 



Colorado Plateau REA Final Report II-3-c Page 36 
 

Figure 3-9. Fire occurrences for the Colorado Plateau ecoregion between 1980 and 2010 according 
to cause of ignition. 

 

To assess areas where fire may be adverse to ecological communities and resources of concern, areas from 
the LANDFIRE Fire Regime Groups and Succession Classes datasets were extracted to capture the following 
conditions: 
 

• historically rare fire systems (fires that occur may result in high severity, and may be 
uncharacteristically frequent if caused by human ignitions). 

• historically frequent fire systems (fires may produce potentially uncharacteristic fire behavior due to 
legacy effects of fire suppression). 

• uncharacteristic native vegetation composition or structure (fires may produce uncharacteristic 
behavior due to uncharacteristic fuel conditions). 

• invasive vegetation (fire frequency, severity, and size may be altered by presence of invasives, 
especially annual grasses). 

 

http://www.arcgis.com/home/webmap/viewer.html?url=http://www.landscape.blm.gov/ArcGIS/rest/services/COP_2010/COP_MQE2_Fire_PotentialChange/MapServer
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3.2.7 Climate Modeling 
 
The climate change modeling required extensive exploration and several major processing steps best 
communicated with a diagram (Figure 3-10). Eight major steps were taken to generate a final potential 
climate change impact map for the ecoregion. 
 
The base input data into the modeling process was RegCM3: a regional climate model run at 15km spatial 
resolution. A dataset developed at Oregon State University was selected because it uses dynamical 
downscaling with RegCM3 and it reflects conditions in the southwestern United States including the North 
American summer monsoon (Hostetler et al. 2011). It also allowed consistency for REAs across the west. 
Regional Climate Models have been developed based on the concept of one-way nesting, in which large scale 
meteorological fields from General Circulation Model (GCM) runs provide initial and time-dependent 
meteorological lateral boundary conditions (LBCs) for high resolution Regional Climate Model (RCM) 
simulations, with no feedback from the RCM to the driving GCM. The Regional Climate Model system RegCM, 
originally developed at the National Center for Atmospheric Research (NCAR) in Colorado, is maintained in 
the Earth System Physics section of the International Center for Theoretical Physics in Italy. The first version 
of the model, RegCM1, was based on the NCAR-Pennsylvania State University (PSU) Mesoscale Model version 
4 (MM4) (Dickinson et al. 1989, Giorgi 1989). Since then the model has undergone major updates including 
RegCM2 based on NCAR's Community Climate Model version 2 (CCM2, Hack et al. 1993) and the mesoscale 
model MM5 (Grell et al. 1994). Further development based on the Community Climate Model version 3 
(CCM3, Kiehl et al. 1996) gave rise to RegCM2.5 and RegCM3 that include the effect of three additional types 
of greenhouse gases (NOR2R, CHR4R, CFCs), atmospheric aerosols, and cloud ice as well as a prognostic equation 
for cloud water used in the cloud radiation calculations. RegCM3 includes further improvements that are 
described in detail elsewhere (Giorgi et al. 2003). In these later models, the USGS Global Land Cover 
Characterization and Global 30 Arc-Second Elevation datasets are now used to define topography. In 
addition, NCEP (National Center for Environmental Protection, part of the U.S. National Weather Service) and 
ECMWF (European Centre for Medium-Range Weather Forecasts) global reanalysis climate datasets are used 
for initial and boundary conditions.  
 
Input data was first re-projected to the 4km Albers Equal-Area projection using the proj4 library. Elevation 
data and anomalies for temperature, precipitation, and vapor pressure were re-projected from the 15km 
Lambert projection (original RegCM3 resolution and projection) and interpolated using bilinear interpolation. 
Variables examined throughout this assessment included annual average temperature, average annual total 
precipitation as well as seasonal averages for both temperature and precipitation (winter, spring, summer 
and fall). 
 
A number of boundary conditions were based on NCEP records and three different GCMs (ECHAM5, GFDL, 
and GENMOM). To establish the historic baseline, historic model runs were examined using the different 
GCMs and compared to NCEP and PRISM, which rely on observed weather data over the 1968–1999 time 
period. PRISM was believed to be the more reliable dataset as it takes into account more information such as 
elevation and other terrain influences. All GCM-influenced historic model-runs projected wetter conditions 
than the actual data supported, so the historic baseline was defined using the PRISM-based results. This 
decision required that anomalies (differences) be calculated between PRISM historic and future time steps 
based on the various GCMs. The final future climate projections were generated by adding (for temperature 
variables) or multiplying (for precipitation variables) the model differences to the PRISM historic baseline. It 
was decided, after review of the future output results and after consultation with climate model experts, to 
use only the ECHAM5-based future potential climate impacts on the conservation elements. The ECHAM5-
based results were then fed into MAPSS (Mapped Atmosphere-Plant-Soil System modeling software, Neilson 
1995). Results from MAPSS and ECHAM5 climate projections were integrated into a fuzzy logic model in order 
to evaluate potential climate change impacts on conservation elements (Figure 3-11). 
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Figure 3-10.  Climate change processing workflow: Eight major steps were taken to generate a final potential climate change impact map 
for the ecoregion. 
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Figure 3-11.  Logic diagram assembling key climate variables into an overall potential climate change 
surface. 
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