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Executive Summary 
It has long been the assumption that the development of the infrastructure that facilitates community life 

and societal function may have to come at the cost of the ecosystems they traverse.  Over the decades 

since the National Environmental Policy Act (NEPA) and other environmental laws were passed, highway 

departments have become accustom to navigating environmental regulations, checking off the lists of 

requirements, paying for mitigation of impacts, and generally doing what is necessary to move a road 

project forward.  However, as with many industries, the transportation sector is beginning to recognize that 

incorporating environmental considerations into its business functions can actually strengthen its core 

competencies in developing infrastructure. 

In response to the 2002 Executive Order 13274 Environmental Stewardship and Transportation 

Infrastructure Project Reviews, the Federal Highway Administration, in partnership with several other 

federal infrastructure and environmental agencies, developed an ecosystems approach to infrastructure 

development.  This approach, called Eco-logical, relies on enhanced cooperation between transportation 

and environmental agencies to more effectively link transportation system planning with natural and 

cultural resource concerns and mitigation of unavoidable impacts more effectively (Bush, 2002).  The Eco-

logical approach is grounded in three defining principles.  These include: 

1. Integrated planning between natural resource and transportation agencies 

2. Mitigation options that enhance the Regional Ecological Framework (REF) 

3. Performance measures that balance predictability and adaptive management 

The Eco-logical approach, advises taking a systems view of the ecosystems in which transportation networks 

operate to better understand how mitigation of transportation-caused impacts can serve the long-term 

health and vitality of ecosystems.  The approach recommends stepping back from the project-by-project 

routine to identify the regionõs greatest conservation needs, and applying mitigation funds to those needs 

first.  The Eco-logical approach was born out of the apparent net-failure of the traditional project-specific, 

onsite, in-kind compensatory mitigation, which, after 30 years of administration, has proven not to 

reproduce the ecosystem services that were taken by transportation project impacts (National Research 

Council, 2001).  Eco-logical endorses integrated planning to identify a regionõs highest conservation 

priorities and management of mitigation funds to fulfill those needs, allowing the limited funding made 

available through the compensatory mitigation program to achieve the maximum ecological restoration 

potential.  This long-term, programmatic approach to mitigation benefits partnering agencies by 

proactively avoiding and minimizing conflict between transportation projects and green infrastructure, 

taking the guesswork out of where mitigation money could most productively be spent, and by advancing 

conservation priorities of multiple environmental agencies. 

After completing the Green Infrastructure Study for the region in 2009, the Thomas Jefferson Planning 

District Commission (TJPDC) developed a project applying green infrastructure and eco-logical principles 

to its long range transportation planning program to facilitate more environmentally sensitive infrastructure 

development in the region.  The goals of the project were to develop tools that would allow transportation 

planners and decision makers to incorporate here-to-for absent environmental information into the 

planning and early design phases of project development, and to identify the regionõs highest conservation 

priorities to be used as mitigation sites for transportation impacts.  The TJPDC will make the òecological 

blueprintó and associated conservation priorities available to other conservation and/or mitigation 

interested entities in the region to facilitate coordination at the regional scale for ecological restoration 

and protection.  The TJPDCõs Eco-logical project produced in the following deliverables: 
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1. An integrated regional map for bringing long range transportation planning information together with 

regional environmental information to inform transportation planners, decision makers, and the public 

about the potential environmental risk associated with specific roadway construction projects. 

2. Least Environmental Cost Analyses that demonstrate how spatial analysis tools can be used to plan 

roadway alignments and alternatives that avoid and minimize environmental impacts to the maximum 

extent practicable.  

3. Methodologies and results for prioritizing mitigation sites for use inside and outside of the 

compensatory mitigation program to strategically restore and enhance the health of regionõs 

ecosystems. 

Guided by an advisory committee of local planners and environmental managers, each project 

deliverable was designed with reproducibility in mind for use by small Metropolitan Planning 

Organizations, other transportation planning agencies, planning districts, and natural resource managers.  

The TJPDC hopes that these products will assist the evolution of more environmentally sensitive 

transportation infrastructure, while giving rise to a regional conservation infrastructure that enhances 

cooperation across boundaries in the effort to conserve and restore ecosystems at the landscape scale. 
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1 Introduction & Background 
The Federal Highway Administrationõs (FHWA) Eco-logical approach advises transportation and 

environmental resource agencies to form partnerships and integrate agency plans to promote more 

environmentally sensitive development of transportation infrastructure.  In response, the Thomas Jefferson 

Planning District Commission (TJPDC), with funding from the FHWA, developed a project that brought 

transportation planners and environmental professionals together to begin a discussion on how 

environmental considerations could be introduced into the transportation planning process.  As the regional 

government and lead long range transportation planning institution for the region, the TJPDC has long 

voiced its commitment to sustainability through local planning.  The decision support tools that are the 

products of the Eco-logical project enable the TJPDC to apply the principles of sustainability to its 

transportation program.  These tools bring to the transportation planning process an ecosystem approach 

to infrastructure development that is more informed, transparent, and holistic than has been practiced 

previously.  These tools were developed with reproducibility in mind, to serve as a model for other small 

Metropolitan Planning Organizations (MPOs) and planning districts wishing to integrate transportation and 

environmental planning processes. 

The Thomas Jefferson Planning District 

The Thomas Jefferson Planning District (TJPD), as depicted in Figure 1, is located in the approximate 

geographic center of the Commonwealth of Virginia, and encompasses 2,155 square miles across six 

localities.  The Planning District is made up of the counties of Albemarle, Fluvanna, Greene, Louisa and 

Nelson, the City of Charlottesville and the incorporated towns of Columbia, Scottsville, Louisa, Mineral and 

Stanardsville.  The region has experienced a higher than average growth rate over the past two decades, 

growing 18% from 2000 to 2010.  Route 29 connects areas south of the Planning District to areas to its 

north, while Interstate 64 and Route 250 connect the east to the west.  A network of other primary and 

secondary routes facilitate transportation throughout the region. 

 

FIGURE 1. THE THOMAS JEFFERSON PLANNING DISTRICT 
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The District is situated in the Southern Appalachian Piedmont ecoregion, which provides a topographic 

transition between the coastal plain and the Blue Ridge Mountains.  Elevations range from more than 

2,500 feet above sea level in the mountains to roughly 200 feet at Columbia on the James River.  More 

scarce are areas of relatively flat land, which are found in larger river valleys and floodplains.   

Water resources in the Planning District are characterized by six major rivers that drain the land.  They 

include the Tye, Rockfish, Hardware, Rivanna, Anna, and Rapidan Rivers.  Generally, the regionõs 

headwaters originate in the mountains and flow to the James River, which provides major drainage and 

flow east to the Chesapeake Bay.  The Rapidan and Anna Rivers drain into the Rappahannock and York 

Rivers respectively, which also reach the Bay. 

The natural landscape of the ecoregion is characterized by oak-hickory forest.  However, much of the 

regionõs forests are secondary growth, as the Piedmont was largely grassland at the time of the early 

settlements (Department of Conservation and Recreation, 2010).  According to the latest update to the 

National Land Cover Dataset (2001), the regionõs land cover is composed of approximately 72% 

ònaturaló vegetation, consisting of deciduous, evergreen, or mixed forest, shrubland, upland herbaceous, 

and woody or emergent herbaceous wetlands.  The Shenandoah National Park and George Washington 

National Forest protect habitats in the mountainous western edge of the region.  The TJPD is home to a 

number of threatened or endangered species, including birds such as the Loggerhead Shrike, river mussels 

like the James Spinymussel, Pink Swamp, a flowering herbaceous wetland plant, and many others. 

Long Range Plans 

In the planning phase of transportation infrastructure development, Planning District Commissions and 

Metropolitan Planning Organizations (MPO) adopt regional Long Range Transportation Plans that 

prioritized transportation projects for implementation based on a number of considerations.  Long Range 

Transportation Planning within the Thomas Jefferson Planning District occurs within two distinct geographic 

areas.  There is a district-wide plan called the Rural Long Range Transportation Plan (RLRP), which is 

currently administered throughout the region by VDOT and their consultants, Parsons Transportation.  The 

RLRP is structured as a comprehensive list of potential projects in the rural area of the planning district, and 

is not tied to potential funding.  The RLRP was approved December 2nd, 2010.  

Within the MPOõs boundaries, the Long Range Transportation Plan is known as UnJAM 2035 and was 

approved May 27th, 2009.  Unlike the RLRP, the MPOõs Long Range Transportation Plan is a federally 

required document that must be approved by the Federal Highway Administration (FHWA).  Furthermore, 

UnJAM 2035 is fiscally-constrained, meaning that the costs of all projects listed in the plan must be equal 

to or less than the estimated amount of funding anticipated for projects in the MPO over the next twenty 

years.  FHWA also requires that any transportation project receiving federal funding must consider specific 

planning factors.  Currently, there are eight planning factors defined in the United States Code 23 USC 

134 (h). 

THE EIGHT PLANNING FACTORS  

1. Support the economic vitality of the metropolitan area, especially by enabling global competitiveness, 

productivity and efficiency.  

2. Increase the safety of the transportation system for motorized and non-motorized users.  

3. Increase the security of the transportation system for motorized and non-motorized users.  

4. Increase the accessibility and mobility of people and for freight.  
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5. Protect and enhance the environment, promote energy conservation, improve the quality of life, and 

promote consistency between transportation improvements and state and local planned growth and 

economic development patterns.  

6. Enhance the integration and connectivity of the transportation system, across and between modes, for 

people and freight.  

7. Promote efficient system management and operation.  

8. Emphasize the preservation of the existing transportation system.  

These eight planning factors are outlined in the Safe, Accountable, Flexible, Efficient Transportation Equity 

Act: A Legacy for Users (SAFETEA-LU).  Signed into law in August 2005, SAFETEA-LU authorized highway, 

highway safety, transit and other surface transportation programs.  It builds on the initiatives established in 

the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) and the Transportation Equity Act for 

the 21st Century of 1998 (TEA-21).  A new transportation bill is anticipated to replace SAFETEA-LU in 

September 2011.  

Another long-range plan that affects the regionõs transportation system is the VTRANS 2035 plan, the 

statewide long range transportation plan.  This plan considers transportation planning from an inter-

regional perspective, focusing on major roads that connect various communities throughout the state.  This 

plan is not as locally detailed as the RLRP and UnJAM 2035, but projects in VTRANS 2035 will affect 

roadways in the region.  VTRANS 2035 is currently in process.  

Presently, environmental impacts are minimally considered in the planning phase of infrastructure 

development.  The environmental implications of a project are typically not reviewed until it reaches the 

design phase.  Leaving environmental review until the design phase precludes the opportunity to use the 

potential environmental impact as a parameter for prioritizing projects in Long Range Transportation 

Plans.  The Eco-logic project offers a tool that will change this dynamic to allow estimations of 

environmental impact to be considered along with the host of other criteria used to prioritize transportation 

projects for implementation.  This tool will assist the region in meeting the planning requirements of the 

FHWA.  It will also introduce new information into the plan phase of transportation administration in the 

region.  Having this information in the plan phase can assist planners and project managers in scheduling 

and budgeting appropriately for the anticipated level of environmental review and mitigation that may 

be necessary for a given project.  

Environmental Review & Mitigation 

The National Environmental Policy Act (NEPA) environmental review process that takes place in the design 

phase of transportation project development is well established, although it continues to evolve.  The NEPA 

process is intended to assist public officials in understanding the environmental consequences of proposed 

actions and alternatives to allow them to make fully informed decisions that balance engineering and 

transportation needs with those of the human environment (Federal Register, 1978).  NEPA established the 

òavoid, minimize, mitigateó sequence of prioritizing the preference for avoiding environmental impacts, 

minimizing impacts when avoidance is not possible, and mitigating impacts that must occur.  This approach 

is echoed in many state environmental review policies.  The NEPA process requires the review of 25 

individual parameters in order to assess the environmental consequences of a proposed action, in addition 

to the development of project alternatives.  It is required of any òmajor federal actionó (defined in 40 CFR 

1508) and any project receiving federal funding.   
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While the NEPA process covers a broad range of potential impacts to the social, economic, and natural 

environment, the TJPDCõs Eco-logical project focuses solely on the natural environment.  Social and 

economic interests are very important to the work of the TJPDC, including its transportation program.  

However, they were not included in this project since the scope of work was focused on applying the 

FHWAõs defining principles of the Eco-logical approach, which mainly pertain to the natural environment.  

The TJPDC Eco-logical project offers a tool that would help facilitate roadway design that avoids and 

minimizes impacts to the natural environment to the extent possible. 

According to NEPA, when opportunities for avoidance and minimization have been exhausted, permitted 

impacts to environmental resources must be mitigated.  Mitigation for impacts to resources regulated under 

Section 404 of the CWA is common in Virginia.  These resources are referred to as the òwaters of the 

United Statesó and included streams and wetlands, in addition to other navigable waters (CFR, 2010).  

While water resources are most often the focus of mitigation in Virginia, mitigation to the natural 

environment may also be required by other regulations applicable under NEPA.  Examples include 

threatened and endangered species habitat, public parks, visual and cultural resources, and others.   

The compensatory mitigation program, administered by the U.S. Army Corp of Engineers with oversight 

from the Environmental Protection Agency, has evolved from requiring on-site mitigation of impacts to 

encouraging the use of òbanking,ó or buying credits from a large stream or wetland restoration or 

construction project using dollars generated by permitted impacts under the regulatory program (National 

Research Council, 2001).  The theory behind banking is that it allows for the implementation of larger, 

more contiguous mitigation projects, which are thought to be more effective in restoring ecosystem functions 

than smaller, fragmented and dispersed mitigation measures (Federal Register, 2008).  The Eco-logical 

approach takes this idea a step further and advises cooperating agencies to establish a Regional 

Ecological Framework (REF) to use as the basis for mitigation projects (Brown, 2006).   

The TJPDC Eco-logical project establishes a REF as the basis of a regional conservation infrastructure 

network, and develops and implements a methodology for using the REF to strategically prioritize water 

resource mitigation projects to achieve the highest conservation value for the dollars available.  Since 

mitigation funding is usually generated from impacts to water resources, the methodologies applied here 

pertain only to water resources.  However, the REF can also be used as the basis for other types of 

required mitigation. 

Opportunities for Partnership 

Beyond the aforementioned benefits, we believe that Eco-logical has a broader appeal beyond the 

boundaries of the transportation planning process.  The REF and mitigation priorities could potentially to 

be used by any organization or agency that sees the value in partnering in a coordinated effort to protect 

and restore the resources making up the REF.  This may included community development and recreation 

planners at the locality level, private sector developers and industries whose activities fall under Section 

404 regulation, state environmental resource agencies, regional water authorities, land trusts, other 

conservation easement holders, Soil and Water Conservation Districts, corporate sponsors, environmental 

non-profits, and others.  The TJPDC also encourage the use of the transportation regulatory program and 

the Eco-logical project deliverables to assist in meeting the goals and requirements of other environmental 

regulations, such as Total Maximum Daily Loads, Municipal Separate Storm Sewer Systems, the 

Endangered Species Act, and state stormwater regulations.  
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The following report illustrates how the Eco-logical approach can be applied to plan phase transportation 

planning, and to prioritizing mitigation projects.  It will describe the development of each decision support 

tool, how it will be used, by whom, and for what purpose.  We hope that it conveys how a planning district 

can manage its transportation programs more sustainably by blending the plans, information, and interests 

of multiple environmental and transportation entities at the earliest stages of infrastructure development to 

advance the highest priority ecological and infrastructure goals of the region. 

 

2 Objectives  
The goal of the Eco-logical project is to make tools and information available to planners and decision 

makers that will enable the development of infrastructure in a fashion that is more sensitive to 

environmental context at the landscape scale.  The following objectives were crafted to meet this goal: 

1. Create a tool that can be used by local elected officials, planners, and transportation professionals to 

incorporate regional environmental information into the planning phase of infrastructure development.   

2. Create a tool for transportation planners that can be used to identify the least environmentally 

damaging path through a corridor for new road way alignments.  Incorporate flexibility into the tool 

to develop alternative alignments based on user defined constraints and the values assigned to them. 

3. Develop and implement a methodology that small MPOs and planning districts, other transportation 

planning organizations, in-lieu-fee program administrators, and others with an interest in 

environmental mitigation can use to prioritize streams for either protection or restoration. 

4. Identify and prioritize wetland mitigation sites within the region using a methodology developed by the 

Virginia Department of Conservation and Recreation (DCR) for this purpose that is accessible for use 

by small MPOs, planning districts, and others with an interest in wetlands restoration, enhancement, 

and protection.   

 

3 Regional Ecological Framework 

What Inventory of resources of regional significance that form the ecological framework. 

Why Establish an ecological blueprint that can inform future planning of all types. 

How ü Collect available natural resources data from diverse sources 

ü In consultation with experts and stakeholders, apply valuations to data that indicate 

biodiversity, rarity, quality, etc. of existing resources 

ü Aggregate data to show regional distribution of value within the ecological framework 

 
Establishment of a Regional Ecological Framework (REF) is the first step in creating each of the decision 

support tools and methodologies describe above.  The REF is an inventory of significant natural resources in 

the TJPD that are important to the regions ecological health.  In creating the REF, plans and data of state 

and federal resource agencies and wildlife organizations were consulted to ascertain the locations, 

distribution, relative importance and other attributes of the resources.  The inventory brings together 
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conservation priorities of multiple agencies and builds a visual network of the most ecologically important 

areas in the region by depicting where priorities overlap.     

In the TJPDCs 2009 Green Infrastructure Study, cornerstone data layers that represent the regions green 

infrastructure were pieced together to identify òAreas of Environmental Opportunity.ó  Creation of the REF 

builds upon the Green Infrastructure Study by identifying òkeystonesó within the green infrastructure 

network, which represent high ecological value due to the presence or combination of rare, diverse, 

pristine, or otherwise unique resource qualities or occurrences.  The REF also inventories the collection of 

resources that support the keystone sites, representing them with a numerical scale that indicates their 

relative importance in the REF.  The keystone sites are simply those geographic areas that score the highest 

on the scale. 

The REF is a starting point for multiple entities, working with different missions in the region, to form a 

universal understanding of the regionõs natural resources.  It provides information that can be used by 

many for different purposes, but allows each organization to work from a common ecological blueprint.  

The REF enables agencies to fulfill individual missions, while maintaining the ability to partner with others in 

a coordinated effort to more effectively manage the regions green infrastructure.  For resource agencies 

and conservation organizations, the REF prioritizes those land areas that are most worthy of protection.  

For transportation institutions, it allows the estimation of potential environmental impacts, and if impacts 

must occur, it identifies areas where mitigation dollars would best be invested to enhance the natural 

capitol of the region.    

Methodology 

CHOOSING THE INPUT DATASET  

The REF was created using spatial data in a Geographic Information System (GIS).  The TJPDC, with help 

from the advisory committee, identified available GIS data that is representative of ecological significance 

on a regional scale.  The search included consulting the state natural resources agencies, the Department of 

Conservation and Recreation (DCR), and the Department of Game and Inland Fisheries (DGIF) for 

inventories of natural resources of significance, and for previous work done to prioritize importance among 

these inventories.  Among other things, these agencies are tasked with documenting the location and 

ecological status of rare plant and animal species and natural communities.  Each maintains several 

different spatial datasets of data collected by professional scientists to inventory these resources.  The 

United States Geological Survey (USGS) and the United States Fish and Wildlife Service (USFWS) were 

also consulted for inventories of streams and wetlands in the region.  Finally, the Audubon Societyõs 

Important Bird Areas data was used as an indication of high quality habitat.  All GIS data available for 

the region that inventories natural resources was considered for use in this analysis, with the exception of 

point data, which would need significant extra processing to extrapolate to a larger geographic area.  

Table 1 lists each dataset that was used in creating the REF, and Figures 3 - 11 illustrate each.   

Creation of an REF need not be limited to the datasets used in this study.  The ones used here happen to 

be the data that is available in the TJPD that characterize the critical ecological resources.  However, 

different regions may have additional datasets that represent ecological integrity and would be 

appropriate to includes in the analysis.  Such data may include water quality monitoring data, citizen 

monitoring data of environmental quality indicators, or other assessment of natural resource quality and/or 

occurrence.  However, caution should be taken in using data that is available for one part of a region, but 

not others.  Using such data with this methodology will skew the REF to indicate higher ecological integrity 

where additional datasets are used, unless multipliers are added to each dataset in that geographic area 
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to accommodate the extra data (reducing the weight of each dataset so as to not outway the data used in 

the rest of the region).  This does not apply if a the resource only exists in a certain part of the region, as 

cold water streams do in the TJPD, for example.   

Finally, the region on which the REF is based does not have to be within planning district boundaries.  

Although it suits the purposes of this Eco-logical project, a REF could usefully be formed on watershed, 

locality, ecoregion, state, multi-state, or other agency district boundaries, depending on the goals and 

objectives of the partners involved. 

TABLE 1.   REF INPUT DATASETS. 

Dataset Description 
Agency 

Maintaining 
Data 

Tiered Species 
Habitat 

This dataset highlights wildlife habitat conservation opportunities in Virginia.  While all areas 
with the potential to support tiered species are important, areas that  may support multiple 
species represent areas of greater conservation impact.  This data shows the number of Tier 
1, 2, or listed species with mapped potential or confirmed essential habitat across VA.  It is a 
combination of mapped habitat from 149 terrestrial species and 98 aquatic species.   

Department of 
Game and 
Inland 
Fisheries 
(DGIF) 

Threatened & 
Endangered 
Species 
Waters 

T&E Waters identifies streams and rivers than contain documented occurrences of federal or 
state listed threatened or endangered species and their associated habitat.  Each reach 
contains descriptive fields including stream name, upstream and downstream boundaries, 
status (federal/state) and length. 

DGIF 

Species 
Observations  

This shapefile contains species observations data derived from ten different sources, including: 
the Virginia Breeding Bird Atlas Project; Cold Water Stream Survey; WMA Bird Surveys; 
Rare Bird Sitings; Mid-winter bald eagle survey; Bald Eagle Nest Database; VDGIF Scientific 
Collections, TE, and Salvage permit data; Colonial Waterbird Locations; and Colonial 
Waterbirds 2003.   

DGIF 

Virginia 
Natural 
Landscape 
Assessment 
(VaNLA): 
Cores and 
Corridors 

VaNLA is a landscape-scale geospatial analysis for identifying, prioritizing, and linking 
natural lands in Virginia.  VaNLA data is derived from satellite imagery, and identifies large 
patches of natural land with at least one hundred acres of interior cover.  These large 
patches are known as Cores, and begin one hundred meters from patch edges.  All ecological 
cores with the highest ecological integrity (i.e. classified as C1, outstanding, or C2, Very high) 
are connected by landscape corridors and nodes to create a statewide network of natural 
lands.  These corridors were developed by creating a model that represented impedances to 
wildlife movement through the landscape and then selected the easiest routes between each 
high priority ecological core and its neighboring cohorts.   

Virginia 
Department of 
Conservation 
& Recreation 
(DCR) 

Priority 
Conservation 
Sites 

The PCS is made up of Natural Heritage Conservation Sites, Stream Conservation Units, and 
General Locations.  Conservation sites are a tool for representing key areas of the landscape 
worthy of protection and stewardship action because of the natural heritage resources and 
habitat they support.  Stream Conservation Units identify stream reaches that contain aquatic 
natural heritage resources, including upstream and downstream buffer and tributaries 
associated with these reaches.  Conservation sites and stream conservation units are ranked 
here to coincide with DCR's Biodiversity Conservation Need ranking of them.  B1being 
"critical" and B5 being "moderate." 

DCR 

Important Bird 
Areas 

This dataset identifies areas that are vital to birds and other biodiversity.  There are currently 
20 IBAs in VA.   

National 
Audubon 
Society 

National 
Wetlands 
Inventory 

NWI provides current geospatially referenced information on the status, extent, 
characteristics, and functions of wetland, riparian, deepwater, and related aquatic habitats in 
priority areas to promote the understanding and conservation of these resources.   

US Fish and 
Wildlife 
Service 

VCLNA 
Watershed 
Integrity 
Model 

The Virginia Watershed Integrity Model was developed to show the relative value of land as 
it contributes to watershed or water quality integrity. The input parameters focused on 
identifying important terrestrial features that contribute to water resources, and, therefore 
watershed integrity.  The model uses a variety of datasets including: slope, wetland, streams, 
forest fragmentation, land use, public source water protection areas, ecological 
cores/forested areas, a terrestrial index, and an aquatic index. 

DCR 
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Dataset Description 
Agency 

Maintaining 
Data 

National 
Hydrography 
Dataset: 
1:100,000 
streams 

The National Hydrography Dataset is a comprehensive set of digital spatial data that 
contains information about surface water features.  Within NHD, surface water features are 
combined to form "reaches."  Reaches form the framework for linking water-related data to 
the NHD surface water drainage network, and enables the analysis and display of water-
related data in upstream and downstream order.   

US Geologic 
Survey (USGS) 

Cold Water 
Stream Survey 

CWSS is a trout stream survey containing biological and physiochemical data about each 
classified stream reach or specific collection location.  The class scale indicates trout habitat 
quality. 

DGIF 

RANKING DATASET ATTRIBUTES  

Table 2 shows the attributes used and scores assigned to each dataset.  The advisory committee 

considered the attributes of each dataset, and assigned a score to the relevant attribute of each, on a 

scale of one to ten.  The score reflects the relative importance of the occurrence of any certain resource 

found in a dataset relative to other resources used in the analysis.  For example, DCR VaNLA Cores with 

an attribute of ò1,ó according to DCR, represent habitat cores of the highest integrity.  In this analysis, the 

committee assigned these cores a score of ten to represent the highest importance in the REF.  Likewise, the 

occurrence of all streams included in the 1:100,000 National Hydrography Dataset were assigned a score 

of three to reflect the relatively less importance of any individual stream to the integrity of the REF, since 

there are so very many streams in the region.  However, Cold Water Streams were scored differently to 

reflect their unique occurrence in the region.  These streams were assigned a higher score than other 

streams in the region.  The Audubon Important Bird Areas received a lower score than other habitat data 

because it is known that the resolution of this dataset is lower than the other habitat data used in the 

analysis.   

Finally, since the audience of potential users is broad, and represents many interests, it is important to 

document decisions that lead to the rankings of individual datasets.  Documentation facilitates 

transparency, and helps to ensure the proper use of the output data.  Metadata (information about the 

output data representing the REF) should direct data users to documentation on the process by which the 

data was created.  A new field was added to the attribute table of each dataset used in the REF analysis, 

and the score assigned to the relevant attribute was added to the new field.   
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TABLE 2.   ATTRIBUTE SCORES USED TO FORM THE REF. 

Dataset Attribute Rank Comments 

DGIF Tiered Species Habitat 
(terrestrial and aquatic) 

2 10 
Variety 

1 8 

  

DGIF Threatened & Endangered 
Species Waters  

Tier I 10 Lines buffered 100'.  Where both Tiers are 
present, pixel rank = 10. Tier II 8 

  

DGIF Species Observations - 
Diversity, # of Species Present 

1 4 

 

2 6 

3 8 

4 10 

  

DCR Virginia Natural Landscape Assessment (VaNLA) 

Habitat Cores 
1 10 

 

2 8 

Habitat Corridors 
 

2 

Cores 3 - 5 that intersect corridors 

3 6 

4 4 

5 2 

  

DCR Priority Conservation Sites  

B1 N/A 

Conservation Sites and Stream Conservation units 
are ranked here to coincide with DCR's Biodiversity 
Conservation Need ranking of them. B1 being 
"critical", and B5 being "moderate". 

B2 9 

B3 8 

B4 7 

B5 6 

General Location 4 

  

Audubon Important Bird Areas   4   

  

USFWS National Wetlands 
Inventory 

wetlands 8 

 200' buffer 6 

  
  

        

DCR VCLNA Watershed Integrity 
Model 

5 N/A 

  

4 8 

3 6 

2 4 

1 2 

  

NHD 1:100,000 streams 
  
  
   

       1st order 50' buffer 3 

Where buffers intersect, keep larger buffer.          2nd order 75' buffer 3 

       3rd order and above 100' buffer 3 

 

DGIF Cold Water Stream Survey - 
Classes I - IV - 100' buffer 

Class I 7 

Where 1:100,000 streams intersect with cold 
water streams, cold water stream ranks prevail   

Class II 6 

Class III 5 

Class IV 4 
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SPATIAL ANALYSIS   

With the datasetsõ attributes scored appropriately, they can now 

be brought together to create a map of the spatial distribution of 

important environmental resources across the region.  ArcGISõs 

Spatial Analyst allows the user to perform a number of analyses by 

overlaying grids and analyzing the values in geographically 

corresponding pixels.  After converting all input datasets to raster 

format (grid), we used the Spatial Analyst to overlay all of the 

scored datasets.   The Spatial Analyst analyzed the input datasets, 

assessing geographic concurrence, adding attribute scores where 

they overlap, and finally, creating an output map containing the 

cumulative value of all scored areas.  Areas in the output map with 

higher scores represent areas with more important, and/or more 

variety of the resources used as the inputs.  FIGURE 2.  DEPICTION OF HOW THE SPATIAL 

ANALYST ANALYZES RASTER DATA. 

SPATIAL ANALYSIS   

First, all datasets must be converted to raster file type (ArcGIS Toolbox, Conversion Tools).  The 
conversion turns each dataset into a grid format with pixels of equal size.  This analysis used a 30 
meter pixel resolution.  Each pixel contains the attribute score assigned to its shapefile entry.  Finally, 
each input raster must be merged with a raster of the region that is coded with a value of zero.   

To combine the values from the individual datasets, select Cell Statistics from the Spatial Analyst 
menu.  Use each of the scored datasets as an input raster, and choose òSumó as the overlay statistic.  

An aggregated output dataset will be generated.   
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DATASET IMAGES 

 

FIGURE 3. DGIF TIERED SPECIES HABITAT 

 

FIGURE 4. DGIF THREATENED AND ENDANGERED SPECIES WATERS 
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FIGURE 5. DGIF SPECIES OBSERVATION 

 

FIGURE 6. DCR VIRGINIA NATURAL LANDSCAPE ASSESSMENT 
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FIGURE 7. DCR PRIORITY CONSERVATION AREAS 

 

FIGURE 8.  AUDUBON IMPORTANT BIRD AREAS 
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FIGURE 9.  NATIONAL WETLANDS INVENTORY 
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FIGURE 10.  DEPARTMENT OF CONSERVATION AND RECREATION - WATERSHED INTEGRITY ASSESSMENT 

 

FIGURE 11.  NATIONAL HYDROGRAPHY DATASET, 1:100,000 FEET 
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FIGURE 12.  DEPARTMENT OF GAME AND INLAND FISHERIES - COLD WATER STREAM SURVEY 

Results 

Figure 13 is the output map of the spatial analysis, which represents the TJPD REF.  The legend provides a 

color scale to represent the summed scores across the region.  Light areas represent low scores where there 

are relatively disperse, or degraded environmental resources.  Increasingly darker greens represent 

increasing density or integrity of resources, and dark green represents high scores where resources in 

relatively more pristine condition, high density, or rarity, exist.  This map is a visual tool that allows users to 

identify the spatial distribution and concentration of resources across the region.  To precisely ascertain 

which resources are present at any given location, the user would need this map, and each of the input 

datasets in a working GIS map document. 
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FIGURE 13.  TJPD REGIONAL ECOLOGICAL FRAMEWORK 

 

 

Figure 14 shows the distribution of pixel scores across the region.  Fifty percent of all pixel values are 

below the median value of 6.  The pixel values that make up the REF are highly skewed toward the lower 

limit, and pixels values in the upper quartile cover a wide range of scores.  Thus, pixel areas approaching 

the upper limit are of special interest, since they are relatively scarce.  

 

FIGURE 14. PIXEL DISTRIBUTION BOX PLOT 

0 20 40 60

1Pixel Values

Percentile Pixel Value 

Lower Limit 2 

25th 3 

50th 6 

75th 14 

Upper Limit 52 
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Limitations 

GIS analyses are always temporally constrained.  This analysis is limited to the most recent datasets 

available for the region, which may become outdated at different rates.  The REF map should be updated 

on a regular schedule to remain current and relevant.  To determine the best schedule for updating the 

map, determine how often the input datasets are updated by their respective agencies and organizations.  

Update the inventory map as often as the input dataset that is updated the most often.  Additionally, the 

analysis is limited to the 30 meter resolution.  There is risk that smaller resources are excluded from the 

framework because of the resolution.  Additionally, the quality of the framework is only as good as the 

data collected by the various agencies and organizations that create and maintain the input datasets.  As 

with any GIS analysis, users should be prepared to accept a marginal amount of error.  The committee 

attempted to address the differences in data quality in the attribute scoring process. 

Finally, the REF map should only be used as a landscape scale conceptual planning tool that indicates, but 

does not confirm the presence or absence of sensitive environmental resources.  The input datasets 

document occurrences of resources that have been assessed.  However, data collection is often limited by 

financial resources, thus limiting the scale at which data can be collected.  For this reason, documentation of 

resource occurrences may be incomplete.  For any project specific environmental review, a thorough field 

review must be preformed to make up for knowledge gaps that may be present in the input datasets.   

Uses  

As previously discussed, the REF can be used by different organizations to progress toward the shared 

goal of environmental stewardship.  Localities could use the REF as a guide for natural resource protection.  

Adding it to their comprehensive plans would lay the groundwork for possible use of the REF in a host of 

planning and community development tools that could afford some level of protection to higher scoring 

areas of the REF, as individual localities see fit.  It could also be used by localities, state and federal 

agencies for recreation planning.  Important parts of the REF could be protected as outdoor recreational 

resources and connected with greenways that can also serve as wildlife corridors.  This would enhance both 

the REF and the quality of life for citizens.  Finally, localities may want to explore the monetary value of 

services associated with the green infrastructure making up the REF.  Quantifying potential economic 

burdens that would accompany reductions in green infrastructure, and cost avoidances and potential 

revenue associated with increasing green infrastructure would assist local decision makers in appreciating 

the full value inherent in the REF. 

The REF could also be used by the many organizations whose mission it is to promote land protection via 

conservation easements, or other means.  These may include land trusts, the Virginia Outdoors Foundation, 

conservation nonprofit groups, watershed organizations, state resource agencies, and again, local 

governments.  These groups could use the REF to strategically target those high scoring areas of the REF for 

conservation easements, fee simple purchase, purchase of development rights, or other action that would 

protect those resource rich areas.  Finally, the REF can be used by transportation planning organizations to 

estimate the environmental impact of proposed projects, identify options for avoidance and minimization, 

and identify the best places to use mitigation dollars.  Section 4 will describe how transportation planning 

organizations can use the REF. 
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Review 

The REF inventories the regionõs most critical natural resources, assigning them value in a transparent 

manner by including stakeholders and experts in the process.  It uses ArcGISõs Spatial Analyst tools to 

identify concentrations of these important resources, which can be a powerful planning tool.  The REF can 

be used to inform all types of planning.  Environmental applications might include watershed or green 

infrastructure planning, while planning for the built environment can take many forms.  Examples include 

transportation, utilities, commercial and residential building construction.  Planners, decision makers, 

regulators, and business leaders from each of these sectors has an opportunity to use the REF to minimize 

its impact on valuable green infrastructure. 

 

4 Application to Transportation Infrastructure Development 

What 
Development of decision support tools to assist public officials, decision makers, planners, 
administrators and the public in reducing conflicts between the built environment and 
ecosystems. 

Why 
Ecosystem services provided by green infrastructure are becoming increasingly valued as 
they become scarcer.  Cost avoidance and revenue in some cases are compelling reasons 
to maintain and enhance regional green infrastructure. 

How ü Integrate infrastructure and natural resources plans 

ü Allow the Regional Ecological Framework to inform project alternatives 

ü Strategically identify mitigation projects that provide the maximum ecological benefit for 

the dollars spent 

 
The REF contains important information for managing viable ecosystems in the TJPD.  Just as the roadway 

network enables productivity by moving people and goods from place to place, so too does the REF 

promote ecological productivity by enabling the movement of flora and fauna to and from food, water, 

shelter, and diverse genetic resources that are required for the persistence of healthy populations.  To 

continue this analogy, no center of human activity (development ranging from home to work to shopping 

and so on) is cut off from the transportation network.  The further a facility is removed from the network, 

the less useful it becomes.  Less useful to less people too, are neighborhoods containing many dead ends 

and cul-de-sacs, which are often designed to strictly limit access and movement.  The same principles apply 

to the REF and the connectivity it provides for habitats.  The further removed from the framework a habitat 

is situated, the more isolated, and therefore, the less useful it is for facilitating the movement of flora and 

fauna.  Barriers and disturbances associated with the development serve to isolate patches of habitat, and 

limit mobility in the same way as dead-end roads.  And in the same way that increased distance from the 

transportation network decreases human productivity, habitat fragmentation diminishes ecological 

productivity.  

How then, can transportation planners and decision makers use the REF to reduce habitat fragmentation 

caused by future roadway development, and how will this ease the environmental review process, in 

addition to easing stress on regional ecological health?  The decision support tools described below 

provide answers to these questions. 
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4.1 Integrated Regional Map 

What 
A tool that summarizes potential environmental impacts of projects recommended in long 
range transportation plans.  

Why 

So that transportation and natural resources decision makers can collaborate at the plan 
development stage on strategies to reduce impacts to each otherõs systems.  And at the 
plan implementation stage, to inform planners and project managers of the estimated 
environmental impact of any given project, to allow appropriate time and funding for the 
expect extent of the environmental review process. 

How ü Overlay transportation projects on the Regional Ecological Framework map. 

ü Use ArcGIS tools to summarize the cumulative value of pixels beneath each recommended 

project footprint.   

ü Normalize by area and compare projects. 

 
Paramount to the Eco-logical approach is information sharing between agencies for the purpose of 

identifying conflicts in future plans at a stage early enough to do something about them.  When conflicts 

are identified in the conceptual planning phase, leaders have ample time to modify scopes or otherwise 

address conflicts within the context of their normal planning processes.  Example applications may include 

conflicts in recreation or resource protection planning with locality designated growth areas, utility 

expansion plans, or long-term transportation plans.  The Integrated Regional Map is tool that applies 

information from the REF to long-range transportation plans, in order to identify and assess the magnitude 

of conflicts between local, state, and federally important natural resources.  While this tool works well for 

the transportation sector of infrastructure development, it would easily transfer to other sectors, such as 

housing and utilities development. 

For large infrastructure projects, the ever looming threat of being held up in the environmental review 

process is a concern for managers whose performance is judged by the degree that their projects adhere 

to a schedule and budget.  Even small maintenance projects can be delayed for months.  For transportation 

professionals, this can be frustrating.  To address the concerns that come with the environmental review, 

transportation professionals would be best served by finding ways to make the process easier and more 

predictable.   

The Regional Integrated Map is a decision support tool that seeks to create the kind of awareness of the 

environmental review process that is needed at the plan level of infrastructure development.  This 

geographic analysis synthesizes information from the REF and the regionõs three long range transportation 

plans to evaluate the transportation project recommendations based on the cumulative impact each is 

expected to have on the resources making up the REF.  Integrating this information is powerful both in long-

range plan development, and for shorter-term prioritizing of plan recommendations. 

Having this information available during the development of long-range plans can assist plan approving 

authorities in shaping recommendations that will avoid and minimize impacts to environmentally sensitive 

areas identified in the REF.  Information provided by the Integrated Regional Map can also facilitate 

collaboration and even negotiation with natural resource agencies by identifying and planning mitigation 

strategies for anticipated impacts to occur over the long-term.  With some level of agreement and 

commitment to long-term regional strategies, partnerships between infrastructure and natural resource 

agencies are likely to strengthen.  As long-term transportation recommendations become present day, 

design phase projects, agencies would be working from common expectations of the environmental review 
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process that creates some predictability of the process, at least, and facilitates a level of streamlining, at 

best.  As projects are built, and mitigation strategies are implemented, transportation agencies would be 

contributing to natural resource agenciesõ priority conservation projects that may have otherwise not been 

possible.    

In shorter-term planning, the integration of the REF with long-range plans creates a heretofore lacking 

level of transparency of the environmental review process that allows decision makers to analyze the more 

fundamental question of the worthiness of a project, given the total commitment of resources in cost, time, 

and ecosystem services for its implementation.  In the conventional infrastructure development process, the 

impact of the environmental review process on these factors is largely unknown in the planning phase, and 

is only fully accounted for well into the design phase, and sometimes not until project completion; far too 

late to fully assess the value of a given project, given the extra costs. 

At the project level, the Integrated Regional Map can assist project managers in the development of an 

accurate timeline and budget to fit the level of environmental impact that a project is expected to have.  

The intensity of the impact has the potential to affected staff or consultant time in completing the NEPA 

analysis, which directly affects a projectõs bottom line and timeline.  The Integrated Regional Map will 

provide a new sense of awareness about what may result from a projectõs in-depth review, thereby 

providing the ability to plan for it accordingly.  The map enables its users to anticipate hidden costs and 

delays inherent in the review process, which should alleviate some of the frustration it causes.   

Finally, it must be fully recognized that the Regional Integrated Map in no way can supplant the on-site 

environmental review of any transportation project in the design phase.  It is only a plan level tool to bring 

more environmental information to the table, allowing for more predictability and transparency in 

anticipating and planning for the outcome of the full design phase environmental review.   

Methodology 

The Integrated Regional Map requires little extra processing to create after the REF map is completed.  To 

create the Integrated Regional Map, we started by reviewing the recommendations in the regionõs three 

long-range transportation plans, Virginiaõs Long-Range Multimodal Transportation Plan (VTRANS 2035), 

the United Jefferson Area Mobility Plan 2035 (UnJAM 2035), and the Rural Long-Range Transportation 

Plan (RLRP).  Each plan includes a project list of improvements to be made to the transportation network.  

The combination of projects from these three plans represents all potential infrastructure projects 

anticipated to be implemented in the Thomas Jefferson Planning District over the next twenty years.  

VTRANS 2035 

VTRANS 2035 is the long range transportation plan for the Commonwealth of Virginia that 

assesses the needs of all corridors of statewide significance, regional networks, and urban systems.  

The plan is an update to VTRANS 2025, and is being developed through the Office of the 

Secretary of Transportation, with the assistance of the Virginia Department of Aviation, the 

Virginia Department of Motor Vehicles, the Virginia Department of Rail and Public Transportation, 

the Virginia Port Authority, the Virginia Department of Transportation and representative regional 

transportation agencies.    

From this planning process, a vision of Virginiaõs future transportation system will be established 

and the transportation priorities that facilitate achieving this vision will be identified.  These 

transportation priorities take two forms, construction priorities and policy priorities.  Construction 

priorities are projects that will physically change the current transportation network.  The policy 
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priorities have resulted in new transportation goals for the state, including the enhancement of 

transit options and the increase in bicycle and pedestrian facilities.  

UnJAM 2035 

The UnJAM 2035 is the long range transportation plan for the Charlottesville-Albemarle 

Metropolitan Planning Organization (MPO).  The Charlottesville-Albemarle MPO includes the City 

of Charlottesville and the urban area of Albemarle County.  UnJAM 2035 outlines the future vision 

for the transportation system within the MPO and provides a list of project recommendations to 

help achieve this transportation vision.   

UnJAM 2035 was developed by the staff of the Charlottesville-Albemarle MPO, with assistance 

from the Virginia Department of Transportation, elected officials and staff from the City of 

Charlottesville and Albemarle County, the CHART Citizen Advisory Committee, and members of the 

public. 

RLRP 

The RLRP was prepared by the Virginia Department of Transportation and the TJPDC to assess all 

potential transportation improvements at a regional level.  Though this plan is produced as a 

statewide initiative it is focused at the regional level, therefore the RLRP used for ecological is 

specific to the Thomas Jefferson Planning District.  The project list created by the RLRP is intended 

to be a list of all potential transportation projects in the rural part of the region.   

VDOT developed the RLRP in conjunction with Parsons Transportation, a consultant company.  The 

plan document and project were crafted by these agencies, with assistance from planning staff in 

Albemarle, Fluvanna, Green, County, Nelson Counties and planning staff from the Thomas 

Jefferson Planning District.  The RLRP also includes a public input process. 

DETERMINE LIKELIHOOD OF IMPACT 

VTRANS 2035, UnJAM 2035, and the RLRP were reviewed in order to extract only those recommended 

projects that have the potential to cause a physical environmental impact to jurisdictional areas, based on 

their descriptions in long-range plans.  Jurisdictional areas are those that are regulated by environmental 

laws, and include resources such as: 

 streams  

 wetlands 

 sinkholes, seeps, and springs 

 threatened or endangered species habitat 

 land protected for conservation 

 cultural resources 

Recommendations such as adding signage, modifications to traffic signals, or policy changes would likely 

not cause an impact to a jurisdictional area.  A new bypass, road widening, or bridge work however, 

could potentially incur impacts.  Put more simply, projects causing significant ground disturbance, or those 

near water are most likely to cause an impact.  Projects from VTRANS 2035, UnJAM35, and the RLRP 

meeting these criteria are listed in Tables 3, 4, and 5. 
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The project location shapes (line or point) for each of the projects in Tables 3, 4, and 5 were exported 

from their respective GIS shapefiles that accompany each of the three transportation plans.  The exported 

project locations were added to two new common shapefiles, one for line segments and one for points (as 

lines and points cannot be added to the same shapefile).  Each project was buffered 50 feet to represent 

the approximate right-of-way width of an average primary route in Virginia.  The two shapefiles were 

overlaid with the REF to see where conflicts may exist, as seen in Figure 15. 

 

 
 

FIGURE 15.   OVERLAY OF REF AND SELECTED TRANSPORTATION PROJECTS. 

 

 

   

  










































































































