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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 coméhatcost 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, checkingsodff the lis
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 consideraioto its business functions can actually strengthen its core
competencies in developing infrastructure.

In response to the 2002 Executive Orti@274 Environmental Stewardship and Transportation
Infrastructure Project Revjdhes Federal Highway Admsiration, in partnership with several other

federal infrastructure and environmental agencies, developed an ecosystems approach to infrastructure
development. This approach, called-giical, relies on enhanced cooperation between transportation
and enwonmental agencies more effectively link transportation system planwiitiy natural and

cultural resource conceamsl mitigation of unavoidable impacts more effectively (Bush, 2002). Fhe Eco
logical approach is grounded in three defining principlesese 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 Ecdogical appraach, advises taking a systems view of the ecosystems in which transportation networks
operate to better understand how mitigation of transportateused impacts can serve the losgn

health and vitality of ecosystems. The approach recommends stegglrfgom the projedby-project

routine to identify the regionds greatest conserv;
first. The Eelmgical approach was born out of the apparent-fature of the traditional projeespecific,

onsig, inkind 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). Edogical endorses integrated plannimgt i denti fy a regionds high
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 longerm, 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 mostpvetly be spent, and by advancing
conservation priorities of multiple environmental agencies.

After completing th&reen Infrastructure Studdythe region in 2009, the Thomas Jefferson Planning

District Commission (TJPDC) developed a project apphgieg ipfrastructure and edaogical 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 allowrtatinapo

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

pl anning and early design phases of project devel
priorities to be used as mitigationsitessf t r ansportati on i mpacts. The T.
bl ueprintdé and associated conservation priorities
interested entities in the region to facilitate coordination at the regional scale fayieglotestoration

and protect i o+#ogical pijbeceprotiutede ih@é felloviing deliverables:
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1. Anintegrated regional map for bringing long range transportation planning information together with
regional environmental information to infornspartation 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 dgnments 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 strategicaltyrest and enhance the health
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, othdransportation planning agencies, planning districts, and natural resource managers.
The TIPDC hopes that these products will assist the evolution of more environmentally sensitive
transportation infrastructure, while giving rise to a regional conservdtiastructure 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 Feder al Hi ghway Addical apgrosch adaises tams@ogatidn Bnd WA) Ec o
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 fundirthpérFHWA, 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
governmat and lead long range transportation planning institution for the region, the TIPDC has long
voiced its commitment to sustainability through local planning. The decision support tools that are the
products of the Edogical project enable the TIPDC fapy 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 Jefson Planning District

The Thomas Jefferson Planning District (TJPD), as deptigedari s located in the approximate

geographic center of the Commonwealth of Virginia, and encompasses 2,155 square miles across six
localities. The Plannibgstrict 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 averagghgrate 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 ro@s facilitate transportation throughout the region.
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The District is situated in the Southern Appalachian Piedmont ecoregion, which provides a topographic
transition between the cst@l 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 \abeyl floodplains.

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

include the Tye, Rockfi sh, Har dwar e, Ri vanna, Ann

headwaters originate in the maaims 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 ecoregiodhiaracterized by oalhickory forest. However, much of the

e

regionds forests are secondary growth, as the Pi
settlements (Department of Conservation and Recreation, 2010). According to the latesb tipelate

Nati onal Land Cover Dataset (2001), the regionds
Onatural 6 vegetati on, consisting of deci duous, ev

and woody or emergent herbaceous wetlands. Thaaitoah 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)@idegional 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 dispihict geogra
areas. There is a distratide 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 comprehensigépistential projects in the rural area of the planning district, and

is not tied to potential funding. The RLRP was approved Deceml2&1®.

Within the MPO6s boundaries, the Long Range Trans|

approved May27t, 20009. Unli ke the RLRP, the MPO®ds Long
required document that must be approved by the Federal Highway Administration (FHWA). Furthermore,
UnJAM 2035 is fiscalgonstrained, meaning that the costs of all projistés! 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 thaty transportation project receiving federal funding must consider specific
planningfactors. Currently, there are eight planning factors defined in the United States Code 23 USC

134 (h).

THEEIGHTPLANNINGFACTORS
1. Support the economic vitality of the metropolitan area, especially by enabling global competitiveness,
productivity and effiency.

2. Increase the safety of the transportation system for motorized-anudarized users.
3. Increase the security of the transportation system for motorizedrantbrinad users.

4. Increase the accessibility and mobility of people and for freight.

Page4 of 77
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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 aodnectivity 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 outlimethe Safe, Accountable, Flexible, Efficient Transportation Equity
Act: A Legacy for Users (SAFEIBA Signed into law in August 2005, SAHEUEAIthorized highway,

highway safety, transit and other surface transportation programs. It builds dtidtieeis established in

the Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) and the Transportation Equity Act for
the 21st Century of 1998 (TEA). A new transportation bill is anticipated to replace SAFEDEA

September 2011.

Anotherlong ange plan that affects the regionds transpo
statewide long range transportation plan. This plan considers transportation planning from an inter

regional perspective, focusing on major roads thatexirvarious 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 arémailty 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 oppartenihe
potential environmental impact as a parameter for prioritizing projects in Long Range Transportation
Plans. The Etogic project offers a tool that will change this dynamic to allow estimations of
environmental impact to be considered aloitf 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 transpatitionistration 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 giverrgject.

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 humaima@maent (Federal Register, 1978). NEPA established the
davoid, minimize, mitigated sequence of prioritizi
minimizing impacts when avoidance is not possible, and mitigating impacts that mustsoapproathi

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 alternais . It is required of any oOmajor
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 ,-logichmojedt bduseEblsly oB thenatural environment. Social and
economic interests are very important to the work of the TIPDC, including its transportation program.
However, they were not included in this project since the scope of work was fo@apggdion the
FHWAGs def i ni n g -logicaiappcoach,wleich mainily pdrtaireto tliematural environment.
The TIPDC Elamical project offers a tool that would help facilitate roadway design that avoids and
minimizes impacts to the naturalimmment 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
Section4040of he CWA is common in Virginia. These resou
United Statesd and included streams and wetl ands,
While water resources are most often the focus of mitigation inigjngitigation 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 mitigatiprogram, administered by the U.S. Army Corp of Engineers with oversight

from the Environmental Protection Agency, has evolved from requisiteyraitigation of impacts to
encouraging the use of oObanking, 6drestoratbomori ng cr edi |
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 jacts, which are thought to be more effective in restoring ecosystem functions

than smaller, fragmented and dispersed mitigation measures (Federal Register, 2008):I0GieaEco

approach takes this idea a step further and advises cooperating ageneissbdish a Regional

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

The TJPDC Elogical project establishes a REF as the basis of a regional conservation infrastructure
network, and develops and implements a watlogy for using the REF to strategically prioritize water
resource mitigation projedtsachieve the highest conservation value for the dollars available. Since
mitigation funding is usually generated from impacts to water resources, the methoadpitigiehrere
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 thatdggoal has a broader appeal beyontthe

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 WRIEF. 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 authaniti¢gjdts, other

conservation easement holders, Soil and Water Conservation Districts, corporate sponsors, environmental
nonprofits, and others. The TIPDC also encourage the use of the transportation regulatory program and
the Ecdogical project deliveables 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 illusites how the Edogical 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 kingdat 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 Eelogical project is to make tools and information available to planners and decision
makers that will enable the development of infrastrudtuagfashion that is more sensitive to
environmental context at the landscape scale. The following objectives were crafted to meet this goal:

1. Create atool that can be used by local elected officials, planners, and transportation professionals to
incorpoate 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 alignmeotsporate 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 organizatis, inlieufee program administrators, and others with an interest in
environmental mitigation can use to prioritize streams for either protection or restoration.

4. ldentify and prioritize wetland mitigation sites within the region using a methodobpgy dsvide
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 Ecologic&ramework

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 U Collect available natural resources ftata diverse sources

U In consultation with experts and stakeholders, apply valuations to data that indic
biodiversity, rarity, quality, etc. of existing resources
U Aggregate data to show regional distribution of value within the ecological frame

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 regieaological 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 invemgsriolgether
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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 TIPDCs 2009 Green Infrastructure Study, cornerstone datdHayegpresent the regions green
infrastructure were pieced together to identify 0,
builds upon the Green I nfrastructure Study by i de]
network, whit 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, representingithesmumerical 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 misstoregjiarthto form a

uni versal understanding of the regionds natural r
many for different purposes, but allows each organization to work from a common ecological blueprint.

The REF enables agencieaithlifindividual 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 lasdlatare 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

capiwl of the region.

Methodology

CHOOSING THENPUTDATASET

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 eabkighificance

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 resourcesignificance, 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. iB&thssaveral

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 inventoriessof r eams and wetl ands in the region.
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,anigiythe exception of

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

Table 1lists each dataset that was used in creating the REF, and FigirkedlGstrate each.

Creation of an REF needtme limited to the datasets used in this study. The ones used here happen to

be the data that is available in the TIPD that characterize the critical ecological resources. However,
different regions may have additional datasets that represent ecolagtegrity 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. Howeveraution 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 multiplieradated 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 resaunlgexists in a certain part of the regipas
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 thisl&gioal project, a REF could usefully be formed dersfaed,
locality, ecoregion, state, midtate, or other agency district boundaries, depending on the goals and
objectives of the partners involved.

TABLEL. REF INPUT DATABE

Agency
Dataset Description Maintaining
Data
Tiered Specieg This dataset highlights wildlife habitat conservation opportunities in Virginia. While all| Department of
Habitat with the potential to support tiered species are important, areas that may support mulj Game and
species represent areas of greater conaon impact. This data shows the number of T| Inland
1, 2, or listed species with mapped potential or confirmed essential habitat across VA.| Fisheries
combination of mapped habitat from 149 terrestrial species and 98 aquatic species. | (DGIF)
Threatened & | T&E Waters identifies streams and rivers than contain documented occurrences of feq DGIF
Endangered | state listed threatened or endangered species and their associated habitat. Each reac
Species containglescriptive fields including stream name, upstream and downstream boundari
Waters status (federal/state) and length.
Species This shapefile contains species observations data derived from ten different sources, | DGIF
Observations | the Virginia Breeding Bird Atlas Project; Cold Water Stream Survey; WMA Bird Survey
Rare Bird Sitings; Miglinter bald eagle survey; Bald Eagle Nest Dataha#BGIF Scientifid
Collections, TE, and Salvage permit data; Colonial Waterbird Locations; and Colonial
Waterbirds 2003.
Virginia VaNLA is a landscapscale geospatial analysis for identifying, prioritizing, and linking | Virginia
Natural natural lands in Virginia. VaNLA data is derived from satellite imagery, and identifies | Department of
Landscape patches of natural land with at least one hundred acres of interier.cdhese large Conservation
Assessment | patches are known as Cores, and begin one hundred meters from patch edges. All e & Recreation
(VaNLA): cores with the highest ecological integrity (i.e. classified as C1, outstanding, or C2, Vel (DCR)
Cores and are connected by landscape corridors and nodeséeate a statewide network of natural
Corridors lands. These corridors were developed by creating a model that represented impedar
wildlife movement through the landscape and then selected the easiest routes betwee
high priority ecological core and iteighboring cohorts.
Priority The PCS is made up of Natural Heritage Conservation Sites, Stream Conservation Uy DCR
Conservation | General Locations. Conservation sites are a tookfoesenting key areas of the landscaj
Sites worthy of protection and stewardship action because of the natural heritage resources
habitat they support. Stream Conservation Units identify stream reaches that contain
natural heritage resources, irdihg upstream and downstream buffer and tributaries
associated with these reaches. Conservation sites and stream conservation units are
here to coincide with DCR's Biodiversity Conservation Need ranking of them. Blbeing
“critical" and B5 being "oderate."”
Important Bird| This dataset identifies areas that are vital to birds and other biodiversity. There are cy National
Areas 20 IBAs in VA. Audubon
Society
National NWI provides current geospatially referenced information on the status, extent, US Fish and
Wetlands characteristics, and functions of wetland, riparian, deepwater, and related aquatic hab| Wildlife
Inventory priority areas to promote the understanding and conservation of these resources. Service
VCLNA The Virginia Watershed Integrity Model was developed to show the relative value of | DCR
Watershed it contributes to watershed or water quality integrity. The input parameters focused on
Integrity identifyingimportant terrestrial features that contribute to water resources, and, therefg
Model watershed integrity. The model uses a variety of datasets including: slope, wetland, s

forest fragmentation, land use, public source water protection areas, edologica
cores/forested areas, a terrestrial index, and an aquatic index.
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Agency

Dataset Description Maintaining
Data
National The National Hydrography Dataset is a comprehensive set of digital spatial data that | US Geologic
Hydrography | contains information about surface water features. Within NHD, surface water featurel Survey (USGS
Dataset: combined to form "reaches." Reaches form the framework for linkingr@lated data to
1:100,000 the NHD surface water drainage network, and enables the analysis and display of wat
streams related data in upstream and downstream order.

Cold Water CWSS is a trout stream survey containing biologicapagsiochemical data about each | DGIF
Stream Survey classified stream reach or specific collection location. The class scale indicates trout
quality.

RANKING DATASETATTRIBUTES

Table 2shows 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 impométive 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 01,6 according to DCR, reperesent
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 lesaportance of anyndividuaktream 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 unigue occurrence in the region. These streams were assignedsadnigiiean 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 ¢haudience 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 blaiadata (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 scorassigned to the relevant attribute was added to the new field.
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TABLE. ATTRIBUTE SCORESED TO FORM THE REF

Dataset Attribute Rank Comments
DGIF Tiered Speci¢tabitat 2 10 .
(terrestrial and aquatic) 1 8 Variety
DGIF Threatened & Endangered Tier | 10 Lines buffered 100'. Where both Tiers are
Species Waters Tier Il 8 present, pixel rank = 10.
1 4
DGIF Species Observations 2 6
Diversity, # of Species Present 3 8
4 10
DCR Virginia Naturdlandscape Assessment (VaNLA)
. 1 10
Habitat Cores
2 8
Habitat Corridors 2
3 6
Cores 3 5 that intersect corridorg 4 4
5 2
B1 N/A
E; Z Conservation Sites and Stream Conservation u
. . . are ranked here t@oincide with DCR's Biodiverg
DCR Priority Conservation Sites B4 7 Conservation Need ranking of them. B1 being
“critical", and B5 being "moderate”.
B5 6
General Location 4
Audubon Important Bird Areas 4
USFWS National Wetlands wetlands 8
Inventory 200" buffer 6
5 N/A
] 4 8
DCR VCLNA Watershed Integrity 3 6
Model
2 4
1 2
NHD 1:100,000 streams
1st order 50' buffer 3
2nd order 75' buffer 3 Where buffers intersect, keep larger buffer.
3rd order and above 100’ buffer 3
Class | 7
DGIF Cold Water Stream Survey Class Il 6 Where 1:100,000 streams intersect with cold
ClassesA IV - 100" buffer Class Il 5 water streams, cold water stream ranks prevalil
Class IV 4
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SPATIALANALYSIS ":’*
With the datasetsd attributes s T€ O e D
TSI

be brought together to create a map of the spatial distribution of
i mportant environmental reso
Spatial Analyst allows the user to perform a number of analyse
overlaying grids and analyzing the values in geographically
corresponding pixels. After converting all input datasets terrast< "=
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 wh
they overlap, and finally, creating an output map camiej 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. FIGURE2. DEPICTION OF HOW THEATIAL
ANALYST ANALYZES RASR DATA.
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SPATIALANALYSIS

First, all datasets must be converted to ra#tetype (ArcGIS Toolbox, Conversion Tools). The
conversion turns each dataset into a grid format with pixels of equal size. This analysis used ¢
meter pixel resolution. Each pixel contains the attribute score assigned to its shapefile ehry.
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 Anal
menu. Use each of the scored datasets as
An aggregated output dataset will be generated.
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DATASETIMAGES

Legend

- Tier 1
- Tier 2

FIGURE. DGIF THREATENED RBIENDANGERED SPECNZSTERS

Pagel3 of 77



Ecological Report May19, 2011

Legend

© Species Observations

FIGURE. DGIF SPECIES OBSERION

Legend
- Cores 1 &2

- Cores 3 - 5 that intersect cooridors

Corridor

FIGUREB. DCR VIRGINIA NATUR LANDSCAPE ASSEE&EBMI
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Legend
Biodiversity Conservation Need Class
B 2: High

I :
I 4
- 5: Low

FIGURE. DCR PRIORITY CONSBEATION AREAS

Legend
- Audubon Important Bird Area

FIGURB. AUDUBON IMPORTANEIRD AREAS
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Legend

- National Wetlands Inventory
3 I 200 Foot Buffer

Miles .
12 16 ‘Q

FIGURB. NATIONAL WETLANDSVENTORY
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Legend
National Hydrography Dataset, 1:100,000

FIGURE1. NATIONAL HYDROGHAY DATASET, 1:10@0 FEET
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Legend

Class |

Class Il

Class Ill
Class IV

FIGURE2. DEPARTMENT OF GAMND INLAND FISHERIEGOLD WATER STREAMRSEY

Results

Figure 13is the output map of the spatial analysis, which represents the TIPD REF. The legend provides a
color scale to represent the summed scores across the region. Light areas represert lohesedhere

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, inidensity, 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 woulthisemdp, and each of the input

datasets in a working GIS map document.
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FIGURAS3. TJPD REGIONAL ECOGICAL FRAMEWORK

Figure 14shows 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, sitltey are relatively scarce.

FIGURBEA4. PIXEL DISTRIBUTIBR®X PLOT

Percentile Pixel Value
Lower Limit 2
H Pixel Values 25th 3
50th 6
' ' ' ' 75th 14
0 20 40 60 Upper Limit 52
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Limitations

GIS analyses are always temporally constrained. This analymiitdd 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, determin&@ow 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. Theiskithat 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 dagsets.
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 scalgtalrplanning tool thamdicatesbut

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
financialresources, 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 knowledgps 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 naturapresetiios.
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 lais 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 £offtiierwould 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 wouldccompany 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 leynttany 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 resourcesgerttagain, 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 resourcieh 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. Settalh describe how transportation planning
organizations can use the REF.
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Review

The REF inventories the regionds most <critical na i

manner by including stakeholders and experts in the process. uses Ar c Gl S6s Spati al
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
infragructure 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 thes®rs has an opportunity to use the REF to minimize

its impact on valuable green infrastructure.

4 Application to Transportation Infrastructure Development

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

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

How U Integrate infrasticture and natural resources plans
U Allow the Regional Ecological Framework to inform project alternatives
U Strategically identify mitigation projects that provide the maximum ecological be
the dollars spent

The REF contains important information for managing viable ecosystems in the TIJPD. 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 movemkfiora 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 cude-sacs, which are often designedtrictly 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 faciliiatmgvement 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 deadd roads. And in the same way that increased distance from the
transportation netark 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 tresenvironmental review process, in

addition to easing stress on regional ecological health? The decision support tools described below
provide answers to these questions.

Page?21 of 77



4.1 Integrated Regional Map

A tool that summarizes potential environmaémiahcts of projects recommended in long

it range transportation plans.

So that transportation and natural resources decision makers can collaborate at the
devel opment stage on strategies to re

Why planimplementation stage, to inform planners and project managers of the estimate
environmental impact of any given project, to allow appropriate time and funding fol
expect extent of the environmental review process.

How U Overlay transportation projeots the Regional Ecological Framework map.
U Use ArcGIS tools to summarize the cumulative value of pixels beneath each rec
project footprint.
U Normalize by area and compare projects.

Paramount to the Etmgical approach is information sharipgfween 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 caditicts 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 loftgrm transportation plans. Thegrated Regional Map is tool that applies
information from the REF to lelagge transportation plans, in order to identify and assess the magnitude
of conflicts between local, state, and federally important natural resources. While this tool wdoks wel

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 addites 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 thfeakilareness of the
environmental review process that is needed at the plan level of infrastructure development. This
geographic analysis synthesizes information from
plans to evaluate the transgtation 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 shorterm prioritizing of plan recommeniats.

Having this information available during thevelopmerntf longrange plans can assist plan approving
authorities in shaping recommendations that will avoid and minimize impacts to environmentally sensitive
areas identified in the REF. Informagicovided 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-teng. With some level of agreenmteand

commitment to lortgrm regional strategies, partnerships between infrastructure and natural resource
agencies are likely to strengthen. As loergn transportation recommendations become present day,

design phase projects, agencies would be wgfkom 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, transportaticieagvould be
contributing to natur al resource agenciesd priori:
possible.

In shorteterm planning, the integration of the REF with-lange plans creates a heretofore lacking

level of transpeency 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 trentional 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 cdisuptetion;

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 imipaica tproject 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 projectods bott
provideanew sense of awareness ab o udepthwdviaw, themhy r esul t
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 aleuiae of the frustration it causes.

Finally, it must be fully recognized that the Regional Integrated Map in no way can supplasditine on
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 prsicgsto create after the REF map is completed. To
create the Integrated Regional Map, we started by

longr ange transport at iRange Multinaodas Transgartatigni Plan (8§ T&RANSL2038)g

the United Jefferson Area Mobility Plan 2035 (UnJAM 2035), and the RuraRamgg 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 pépresents 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
assessethe 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 DepaofrAeration, 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.

Fromthisplnni ng process, a vision of Virginiads fut
and the transportation priorities that facilitate achieving this vision will be identified. These
transportation priorities take two forms, construction prioritiegaiogt 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 thadrease in bicycle and pedestrian facilities.

UnJAM 2035

The UnJAM 2035 is the long range transportation plan for the Charlottédvdiaarle

Metropolitan Planning Organization (MPO). The CharlotteAibenarle MPO includes the City

of Charlottesville and the urban area of Albemarle County. UnJAM 20B%esuthe 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 Charlottesaillemarle 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 wpeepared by the Virginia Department of Transfaiion and the TIPDC 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 f&gEon 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 consultanTbempany.
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 pulpioogast

DETERMINEIKELIHOOD ORMPACT

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 descripons in longange 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

cutural 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 impactsut hore 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 shap@ise 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 fagimerss 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 righof-way width of an average primary route in Virginia. The two shapefiles were
overlaid with the BF to see where conflicts may exist, as sdégune 15.

Legend

@  Potential Impact Points 2
f §

Potential Impact Segments )"

Interstate and Primary Routes

REF
Concentration of Resources

™

Low

FIGURES. OVERLAY OF REMB® SELECTED TRANSPARON PROJECTS.
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TABLES. EXTRACT OF VTRARE35: PROJECTS THNMRAY IMPACTURISDICTIONAL RESRES
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ZONAL STATISTICS

The new polygons created by the buffers served as
theozonesd6 for use in calci
zonal statistics tool found in the Spatial Analyst
extension of ArcGIS, uses the entries in a polygon
shapefile (or raster, but a shapefile was used here) as
a zone, and calculates statistics (sum, mneadian,

count, etc) based on values from a separate raster file
that fall (geographically) within the zone defined by

the polygon file. In other words, it uses the values in
the raster that fall within the polygons, to calculate
statistics. In this dgsis, the value raster is the REF.
Recall that the REF dataset is an aggregate of all of

the ranked environmental resources used as inputs. Th
zonal statistic tool creates a new table of calculated
statistics, which can then be added to the shapefile
attribute table on which the zone was based (the
original road projects selection from the previous step).

The relevant statistic is
value for each polygon, or project, represents the total
sum of values found in the pxef the REF raster that
correspond geographically to the project polygon. In
effect, the sum represents the cumul&ieonflict

that can be expected from a project, with higher sums
indicating greater environmental integrity, and thus
potental for greater impacts. Not coincidentally, the

SPATIALANALYSIS

[

Perform zonal statics usitng
buffered line and buffered point

shapefiles, separately.

Create a

new field in the original common
projects shapefiles, and title them

Ol mpact . o

Copy

osumoé col umn fr
statistics tables. In an edit
session, paste the cetito the
Impact columns, making sure the
row order corresponds to the
zonal statistics table from which
they were copied (so that the
impact score corresponds with the

correct project shape).

Normalizing project impact score
by land area: Add a new fikl

to the buffered line and point
shapefiles. In the new field,
calculate the geometry of the
shapes. Use the field calculator
to divide the sum column by the
area column. Multiply out the

decimals.

datasets making up the REF cover many of the regulated resources that require analysis in the

environmental review process. The sum score for each project was normalized by project footprint area

st

o
(%]

(area of the buffer) to facilitate comparison adtural resource corflicts between projects. The normalized
impact score for the subset of projects reviewed are found in Tables 3, 4, and 5.

In addition to the normalized potential impact across the entire piojegtint, we also assessed each

u

project for the potential to impact keystone areas within the REF (areas representing the upper quartile
values). Any project that intersected an area of the REF map contaihjpey@@ntile pixel values, at
any point abng the project, was considered to potentially impact keystone areas. Tables 3, 4, and 5
contain a column that simply disclose which projects intersect these areas, and which do not. This piece of
additional information supplements the Integrated RebMap analysis, providing additional
perspective for planners, decision makers, and project managers.
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Results

The Integrated Regional Map is a thematic map created using the normalized potential impact score
discussed above. These scores are listaabla 3, 4, and 5. The map is symbolized using the Natural
Breaks classification method to create five classes of relative impact. The map provides a visual tool that
boils down the anticipated environmental impacts associated with each project. sfsstoqla as this can
provide essential information at a glance, and send a powerful message to planners and decision makers
about which projects require more careful considerakmure 16shows the Integrated Regional Map.

{7 MPO boundary

Interstate and Primary Routes

Regional Ecological Framework /

Conflict Score g
° 29-37
o
e 37-5 -
o 5-6.4

o 6.4-8.1
8.1-4438

Lovingston
Colunibia
7

(

/

FIGUREG. INTEGRATED REGIGNMAP
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Limitations

The limitations of the Regional Integrated Map include the same limitations as the REF, since the REF was
used in its making, and thus, there is minor risk
example, it is generally accepted thaetNWI, even though it is the best data available, unintentionally

excludes some wetlands in the data creation process (Sgtruale1996), so it is possible that the

Integrated Regional Map fails to account for impacts to some small jurisdictiasal are

Additionally, project locations indicated by points in the long range plan shapefiles that are buffered by
50 feet result in a buffer diameter of 100 feet. This creates a situation where only one cell is considered
in the calculation of statistics these projects. For most point projects, this is adequate for estimating
impacts. However, if the user knows of specific projects represented by points in long range plan
shapefiles that will extend well beyond the currently establisheddifigtdy, a larger buffer should be

used. Similarly, if a project represented by a line segment is expected to extend well beyond the current
rightof-way boundary, the buffer for that project should be extended. Expansion of the buffer should be
in 100 foot (or » meter) increments to accommodate the 30 meter resolution of the REF raster.

Finally, it should be noted is that the I ntegrate:
specific to the CWA Section 404 regulations, and endangered spegigsezments of infrastructure

development. Some communities may want to expand the definition to cover other impacts, such as the
carbon footprint, or watershed impact of infrastructure projects, which, to date, have been unregulated.

This would reqramendments to the methodology, or could be undertaken in a separate analysis.

Uses

The Integrated Regional Map is intended to be incorporated into Long Range Transportation Plans to
provide a comprehensive reference tool that estimatedtteps 6 af f ect on t he regi ol
infrastructure, and alerts planners and decision makers to the presence of important natural resources in
the vicinity of transportation project recommendations. It may be used by public officials and agency
leaders to mform further study of projects that are anticipated to cause major impacts to regionally
important natural resources. Decision makers representing natural resources and transportation
infrastructure may also use it to negotiate modifications tetéomgplans in order to reduce conflicts. This
tool is also meant to be used by transportation administrators and project managers to more fully inform
them of the temporal and fiscal implications of the environmental review process that can be expected
from ndividual projects, allowing them to plan accordingly. This information will improve the certainty and
predictability that is often lacking in the environmental review process, but again, it is not a substitution of
the onsite review and NEPA analysisha desigrphase of project implementation.
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4.2 Least Environmental Cost Analyses

When planning alignments for new roads, identify alignments that are least damagi

it the Regional Ecological Framework.

Wh In order to identify alternative during NEPA process that most effectively avoid and
y minimize critical environmental resources.

How U Use ArcGIS tools to analyze the Regional Ecological Framework map and othel

constraining data between the points to be connected
U Use ArcGIS tools to delineating the path of least impact

We also believe it is possible to use the REF to plan roadway alignments to follow the least
environmentally damaging path. Roadways are designed with the intent of connecting point A to point B.
With a start and endpoint in mind, the design then mosidsy site constraints such as existing
development, topography, site distance, public safety issues, utilities, and others. Usually, environmental
resources are not at the top of the list of constraints to consider in designing a roadway alignment.
Asgssing environmental impacts of various alternatives to compare to one another is difficult while a
project is in the planning phases, since the edigciment is still loosely defined. Additionally, different
alternatives may impact different envirnental resources, leaving the proposing agency to make
judgments on which are most important. Assessing alterofiudavolves a desktop analysis of the
presence or absence of regulated resources in the project vicinity, which relies on dzg tirahay

not be comprehensive enough to provide a reliable indication of the presence of jurisdictional areas.
These kirglof complications add to the difficulty of a comparative assessmaatiucdil resource corflicts
between alternatives.

In the NEPA pcess, alternative alignments are developed that meet the constraints of a project, and the

one with the least environmental impact is usually chosen for implementation. While this is an improvement
over preNEPA roadway design strategy, there may yetmgys for transportation infrastructure design

to be more proactively sensitive to increasingly scarce, and therefore increasingly valued regional green
infrastructure.

The Least Environment al Cost t ool giswihghegoalef REF as
charting a roadway alignment that represents the least environmentally damaging path through a
corridor. This analysis demonstrates how the Arc/
Shortest Path tools allow navigatonfemi nt A to point B, avoiding and

environmental resources along its path. In this analysis, the REF was the only value raster used. However,
a number of other data could be use in such an analysis. Transportation planners a6 iSadia

that represents roadway design constraints, such as building footprint, land cover, slope data, utilities, etc.
and use them in conjunction with the REF to identify the best roadway alignment to suit the corridor. This
relatively simple deskpoexercise allows the development of roadway alignments that avoid and minimize
impacts to resources to the maximum extent practicable, and allows the development of alternatives to
analyze in the NEPA process.
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Methodology

Often times when a new roadw# necessary, it is to connect two existing points, or to extend a road to a

point of interest.

I n

t he

Least

Cost

anal ysis, t

and can be represented by line, point, or polygon shapefiles. dikenBr Drive Extended project from
UnJam35 was used as an example for this project. This proposed construction project would extend
existing Berkmar Drive approximately four miles north of the current Berkmar Drive in Albemarle County.
The project is neled to diversify local traffic options and create a parallel roadway network to Route 29

in order to relieve congestion in that corridor.

In this example, road segments were used as the source and destination, since the new road needed to
connect thesavo segments, but the location of the intersection along each segment was inconsequential.
Quail Run and Louis and Clarke Drive, combined, served as the source segment, and Hilton Heights Road

served as the destination segment.

In additionto asourcearal de st i

nati on

t he

t ool

needs a Ocosto

for this analysis, with higher valued pixels representing a higher cost through which the road would pass.
The tool navigates the least costly path from the source testiaation. The steps described below
produced the least environmental cost roadway alignment for the Berkmar Drive extension.

MPO 1
boundary

wirey o
_—

e pE
J Chaﬂonesvﬁe

Legend

REF
mem High

Source

Destination

Lok Primary Routes

Secondary Routes

3

o 1
0 02505075 1

Miles

Destination:

Hilton Heights Road

-

b 72

.
Hollyread”
¢ "Commefcialf
Area’s/ Hallymead:

.
Forest kakes
Subdivision

(iEn 7
. Source:

Subdivision
L

4 Quail Run &
Louis and Clarke Drive

FIGURE7. BERKMAR DRIVE VWWOTY MAPCOST RASTERBQURCE, AND DESTINAN SEGMENTS

COSTWEIGHTEIDISTANCE ANMDIRECTION

First, the source and the destination segments were extracted from the Road Centerline shapefile (Virginia
Geographic Information Network) into their own respective shapefiles. Then the source segment was used

in the Spatial

A n a teytmlttodceateGan cutput Mster ig whicleedich Pixekist a n

assigned a value representing tlkeastaccumulative cost of travel from that cell back to the source. For

each pixel in the raster, the tool calculates this value by analyzing the values ohadjateiagonal

cells in the cost raster (the REF), choosing the neighboring pixel with the lowest value (least cost), and then
calculating the accumulative leasst of travel from each pixel back to the source. The later step is
calculated as the suni @psts to move from cell to cell on the path to the source. The path to the source
always passes through the least costly neighboring cells. The resulting output raster is the Cost Weighted

Distance raster.
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At the same time the Cost Weighted Distanseeras bring produced, the tool can also calculate a Cost

Weighted Direction output raster, if directed by the user, which is also needed for this analysis. To create

the Cost Weighted Direction raster, the tool assigns a number between one andezghtdbthe
cardinal and intermediate directions. It then codes the cells of an output raster with the number

corresponding to the direction of travel taken from each pixel on thedestspath to the source (Spatial

Analyst derives this informationrfrehe Cost Weighted Distance raster).

Legend Legend
= ” — S
Weighted Distance from Source PHFSE
y Destination
High : 119785
o5
1 6
owe RN
I - I
S .

Destination

/4

FIGURES. COST WEIGHTED TABSICE AND DIRECTIGMSTERS.

SHORTESPATH
Finally, the Cost Weighted Distance and Direction rasters were
used in the Spatial Analystos SRMANASsis Pat h

leastcost, shortesiaph through the corridor from the source to Tip: If problems occur while
the destination. To direct the Spatial Analyst to analyze these executing the Least

rasters to find the best single path to the destination the settings ~ Environmental Cost Analysis,
for the tool should be entered using the destination file as the confirm that th&patial Analyst

5 ; . > ; tent ( r options) is. set;to
dOpathitomg amtd t he obest S|nglegé(Un6iH';pﬁ%ooﬁ? £I§nptuh1

The resulting line represents the single least environmentally

. ol ntersection
damaging, shortest path from the road segment at one end of

f unct i

e pat

the Berkmar Drive Extended project, to the road segment at the
other end.

Adding additional constraints to this analysis would provide a more pragmatic basis for a roadway

alignment design. The user has the option to add infinite combinations of constraints that can inform the

best possible roadway alignment, balancing avoidananefronmental resources with other design

requirements. When adding datasets as constraints, score the pertinent attributes appropriately to convey
the importance of avoiding those features. For example, slope may be divided into classes, and slopes
that absolutely must be avoided should be scored very high, to divert the path to lower cost cells. Easily
buildable slopes should be scored from zero and increase as suitability for construction decreases. These
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additional datasets should be addedtothER r ast er wusing the raster calc
Statistics tool.

Results

S

Source:
Quail Run &
Louis and Clarke Drive

Legend

Least Cost Shortest Path

Source

= Destination

o
bk
N Secondary Routes ; AifEOTT
T
.
A
ollyrfigat

Primary Routes —

/

Least Environmental ) > ‘
Cost Alignment Areal) mead
v = o é
@
o &

/\5/

EN\\\\E*iii\ <€>
Destination: / y Miles
Hilton Heights Road / > 0 9.2505 075 1
N

FIGURBAS. LEAST COST SHOBTEPATH

\\\’
N

Limitations

Limitations associated with this tool are the same as for the REF. Additionaéyregheetianting the

least environmental cost alignment may neglect roadway standards, such as turn raditsyaight

width, etc., and should only be used as a guide for designing an alignment. Finally, the shortest path

identified will not avoid any feres, environmental resources or otherwise, that are not included in the

cost raster. Thus, the effectiveness of this tool
corridor.

Uses

The Least Environmental Cost tool is intended to be used by transportation planners responsible for
establishing roadway alignments when projects are in the plan phase development. This integration of
environmental information into the planning praaésss the consideration of environmental impacts at

the project alternative selection level, and more effectively achieves the intent of the NEPA process. For
transportation administrators, these alignments will minimize the environmental revieangrocess
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potential mitigation burden, and improve the public perception of the transportation program, leading to
a shorter and less costly review process.

The Least Environmental Cost tool is intended to be used by transportation planners responsible for
establishing roadway alignments when projects are in the plan phase development. This integration of
environmental information into the planning process allows the consideration of environmental impacts at
the project alternative selection level, and neffectively achieves the intent of the NEPA process. For
transportation administrators, these alignments will minimize the environmental review process and
potential mitigation burden, and improve the public perception of the transportation prograimg kead

a shorter and less costly review process.

4.3 Prioritizing Mitigation Sites

What Strategically identify mitigation sites that enhance the Regional Ecological Framew
Why To ensure that the maximum ecological benefit is achieved per mitigaléorspent.
How U Use ArcGIS tools to assess the suitability of resources to serve as mitigation sit

on geographic concurrence among the Regional Ecological Framework and oth
indicators of ecological health, physical characteristicsdegikaafation, and
probability of success.

The National Research Councilds 2001 evalwuation of
despite progress over t henetipssérwettands is riblbeingenatfos , o0t he
wetlard f unctions by the mitigation program. 6 The pr

be spent on the purchase of credits from a mitigation bank, ol ifee program over the option of
permitteeresponsible mitigation because of the tasgale benefits they can provide by pooling funds

from multiple impacts. Stream and wetland mitigation banksdndie u f ee pr ogr ams, i n
the Virginia Aquatic Resources Trust Fund, have the ability to use their purview over comfaagggively

scale mitigation efforts to add value and robustness to the REF. The stream and wetland mitigation sites
identified here provide options for siting the mitigation banks of the future, provide project options for the
Trust Fund in the Middle Jamedesshed, and provide a blue print for environmental groups, local, state

and federal governments, conservation easement holders, and other conservation interested parties to
work from.

The methodology used to prioritize stream and wetland mitigatiotsites on the work of The Nature
Conservancy, the Department of Conservation and Recreation, and others who have identified areas in the
region that are of high conservation value, and applies factors that indicate risk, value to water quality,

and contifution to strengthening of the REF. While thdoBxal approach allows us to identify and

prioritize mitigation sites based on a number of factors, it applies a nonprescriptive approach to the

specific measures that accomplish the mitigation. Thisappeaves the project development level of

det ai | to professional s -§pedific dtrdtegiesghatavil praddce theobestl e t e r mi
possible outcome. Mitigation may include protection, restoration, or enhancement of environmental

resources, but a combination of these strategies is most likely for any given site or project.

It is important to recognize what the Hgical approach to prioritizing mitigation sites does well, and
what it does not attempt to do. A useful analogy #oifgl how the Ecdogical approach is applied here
is the application of patient health care. There are two ends on a spectrum of how people use health care.
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On one end, the perfect patient goes to her annual physical for routineug®eck there iany sign of

an ail ment at one of these visits, it is |ikely tI
isolated, easily and inexpensively treated. At this end of the spectrum, people adhere to wellness

programs that keep them healttyn d r ecei ve owhol e patient care, 6 tF
of health between the bodyds systems. On the ot hi
routinely, and make poor lifestyle choices, such as poor diet, not exercidisghatance abuse. They

allow ailments to get serious, and may require emergency room visits to treat effectively. By then such
ailments have had time to grow, weakening the patient, and affecting other systems in the body. Allowing

this to happen malsgreating the ailment much more difficult, and much more expensive. Additionally, the
patient may never make a full recovery, and continued poor lifestyle choices accelerate relapses of the

ailment.

Ecelogical approaches environmental mitigation fraenateliness end of the spectrum. This holistic,

preventative medicine point of view, attempts to efficiently maintain regional ecological health by

spending the fewest financial resources to maintain and enhance health, instead of waiting until resources
become degraded to apply funding to restore them, which always costs more than the proactive approach
(Gabanski, 2009). The analyses used to identify mitigation sites here are likely to exclude many

Obl eeding woundso6 (highl yrestoeagion ia léss likelyteecentributecoghe) b e c
REF in the most cost efficient, or cohesive way.

The Ecdogical approach therefore, diverges from the current strategy of federal and state regulations of

the CWA, which simply focuses on the restaratio f 01 mpai redd6 waters (those
guality standards). Instead it seeks to identify areas of the region that have retained one or more

desirable ecological traits, but could be enhanced to provide more fully functioning ecologies! tervic

the region. Like preventative medicine, this strategy is thought to provide greater value to the region at a
significantly reduced cost to that of restoring highly degraded resources. Tlbgi€ai@pproach seeks

to circumvent ntdh e ootop e msmydbwipsie,f addu t o which water r
al so aligned with the EPAG6s new Healthy Watershed:
holistic approach to regional ecological integrity, including (Gabanski, 2009):

e Cost avoidance;

o From reduced property damage/loss associated with natural disaster and extreme
weather resilience

o Drinking water treatment costs
o For restoration of highly impaired waters

o For infrastructure to treat the larger volume of stormwater distcfrarg
degraded areas of the regional landscape, and associatéertongaintenance

e More and higher quality recreational opportunity for citizens
e Habitat quality and connectivity

e Quality of life reputation
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SCALE

The Ecdogical approach works at tHandscape scale from the perspective of the REF. It is removed from

any one resource type, or individual stream, species, or site. Instead it looks at the combination of
occurrences of these resources, proactively targeting concentrations of ecekigicaés for protection,

while identifying areas of lesser ecological integrity within the framework whose restoration would

strategically add to the strength of the system. Because the strategy for prioritization works from a pre
established framework @&rcologically functionality, the results often preclude highly impaired water
resources that dondét presently exhibit a minimum
health. However, as with a patient in a state of emergency, if a agtyrisuaware of a stream section

that is actively degrading, diversion of mitigati
woundoO6 scenario exists and discrete measures woul
spreading to théandscape scale, mitigation funds should be used to prevent degradation of additional

otherwise healthy resources. This scenario, however, is the exception to the rule flugiicalEco

approach.

Methodology

In response to the guidance provided by tdeiaory committee for this project, mitigation priorities were
divided into three categories:

e Stream protection priorities
e Stream restoration priorities

e Wetland mitigation priorities (indiscriminant strategy)

Separate, but similar methodologies were usegkioritize mitigation sites appropriately in these

categories. As with the REF methodology, the methodologies again employ ArcGIS tools to score attributes
of various data that indicate suitability for mitigation. These map data were overlaid ifSAc@entify
concentrations of suitable conditions for mitigation. Areas with the most indicators of suitability were
considered high priority mitigation sites in one of these categories. Refer to Appendix A for a flow chart
illustrating the order ofmalyses used in identifying mitigation priorities. Each step is described below.

STREAMMITIGATIONPRIORITIES

The TIPDC is composed of an urban area in the City of Charlottesville and surrounding parts of Albemarle
County, and mostly rural surroundinggaran Greene, Nelson, Louisa, Fluvanna, and the outlying area of
Albemarle Counties. Since urbanization correlates fairly linearly with stream health conditions (RRBC,
2009), the urban part of the planning district, delineated by the MPO boundary, undexweodified

analysis to identify stream mitigation priorities. Since these streams exist in very different environmental
conditions, the prioritization model was modified by allocating higher scores to specific attributes within the
MPO boundary so thatrban streams would also immerge as priorities in the analysis results, even though
the analysis is intentionally biased toward prioritizing less degraded resources. The modification allows
the comparison of urban resources to each other by removimfltieece of the relatively higher quality

(less disturbed) resources located in less urban areas. This allows urban priorities, as a class of their own,
to be integrated with the priorities from the rest of the region. The results of the MPO anatysis we

merged with those of the greater region in a final step, as depicted in Appendix A. The MPO boundary
was added to the input data maps and results maps to distinguish the analysis boundary.

The following section describes the datasets used to assasitabidity of streams for mitigation. The
process for identifying mitigation priorities need not be limited to the suitability parameters used here.
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Data availability varies by region, and additional datasets should be considered, to the degre@yhat th
contribute to prioritization. Datasets should inform such issues as risk of resource degradation, expectation
of longterm conservation success, degree of integration with and enhancement of the REF, research
supported spatial indicators that contrédaot detract from watershed health, or water quality, and

previous work that assesses the quality of natural resources in the region.

Spatial Analysis

In a process similar to that used to create the REF, the pertinent attributes of input datasetsedere sc

and processed using the ArcGIS Spatial Analyst extension. The advisory committee again offered
guidance on the attribute classes and scores assigned to each attribute. The Spatial Analyst analyzed the
input datasets, assessing geographic concereartadding attribute scores where they overlap. As
previously discussed, separate analyses were conducted for stream protection and stream restoration
priorities; each of these were divided again between the urban area (MPO boundary) and the rest of the
region.

Appendix A contains the scoring matrices and functions by which the datasets were processed using the
Spatial Analyst raster calculator, and they are further explained below. The sites were prioritized using a
combination ofsééumpenati 6hsuecreating a numeric
stream segments became the top priorities. Notice that many of the same datasets are used in each

analysis, with some datasets maintaining the same scoring in each analysis, gHiip etuees as
appropriate to indicate suitability for protecti ol
modified scores to indicate relative importance, or rarity of certain resources or conditions in the urban
landscape. Unless indted in the descriptions below, assume that the same dataset scoring was used for

the protection and restoration analyses, and was constant between the MPO and the rest of the region.

The urban and region stream priority results were merged in atiépalssproduce a common protection

priorities map, and a common restoration priorities map, as depicted in Appendix A. The following

datasets were used to prioritize stream mitigation sites:

e Regional Ecological Framework
e Locality Growth Areas

e The Nature @servancy Priorities
e Land Cover

e Impairment Status

e Protected Status

e National Hydrography Dataset, 1:24,000
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IDENTIFYING STREAM MITIGATION PRIORITIES
INPUTDATASET REGIONALECOLOGICAIFRAMEWORK

To reflect the Ecological approach of maintaining and enhancing the region's most valuable green
infrastructure, higher scoring areas of the REF were targeted for both stream protection and restoration.
Higher scores in the REF indicate a minimum lexaallogical function, suggesting that a stream

restoration project in that area has a reasonable guarantee of success, and will contribute to the
robustness of the REF. Pixel values making up the REF map were

grouped into three classes using the Natwedl& classification TABLE. REF CLASSIEICATION-EERENCI
type. Since the distribution of values in the REF differ between the

. . L. REF Value Classes
urbanized area and the rest of the region, this input dataset used Score
different classifications for the MPO and region analysis, as Region MPO
described ifTable 6. To prepare tis dataset for analysis, classes 0-6 0-6 0
were assigned a score from zero to three. REF values below th T T 1
median (6) we assigned a score of zero, indicating no preference-te

: ) . . 13-19 13-22 2

those areas. Areas above the median were assigned increasing
priority with increasing RE&ue class. 20-52 23-52 3

Legend

Regional Ecological Framework
Concentration of Resources
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R
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1
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(33" stanatdsville
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FIGURR0. REGIONAL ECOLOGCFRAMEWORKCLASSIFIED
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IDENTIFYING STREAM MITIGATION PRIORITIES
INPUTDATASET GROWTHAREAS

Designated Growth Areas in the individual counties are assumed to possess streams that have yet to be
affected by high levels of impervious surface, but are at greater risk than other streams for such in the
near term. For that reason, streams within tjraneas received elevated priority for protection across

the entire region. To prepare this dataset for analysis, areas outside of growth areas were assigned a
value of zero, and areas within designated growth areas were assigned a value of one.

Legend /A >)
:] 0: Non-growth Area {

I 1: Growth Area -

[[__] city of Charlottesville e

m a na\rugville

s

FIGURR1. GROWTH AREAS
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IDENTIFYING STREAM MITIGATION PRIORITIES
INPUTDATASET THENATURECONSERVANCYRIORITIES

The Nature Conservancy has undertaken significant efforts in Virginia to create a portfolio of priority
conservaon areas that aim to conserve biodiversity at the ecoregional level, of which there are five in the
state. The process of assessing resource for the portfolio received expert review and input. The priorities
seek to protect intact, healthy represemtasi of each ecoregion, and restore degraded connections

between them. The TNC uses these priorities in the administration of the Virginia Aquatic Resources Trust
Fund. These priorities were elevated for both protection and restoration across thegiotire o

prepare this dataset for analysis, Nature Conservancy priorities were assigned a score of one, and all
other areas were assigned a score of zero.

Legend

|| o: Non-priority F
- 1: TNC Priority r,\r

i 1 MPO boundary

- { \
Loulsa y 0
/‘ “\ Mnneral :
/
/

FIGURR2. THE NATURE CONSERCY PRIORITIES
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IDENTIFYING STREAM MITIGATION PRIORITIES

INPUTDATASET LAND COVER

The United States

influence at any point.

Geol

cal

Surveyos
cover in Louisa and Nelson Counties, while the Rivanna River Basin Commission land cover dataset was
used forGreene, Albemarle, and Fluvanna Counties, and the City of Charlottesville. Land cover affects
the water quality and stability of streams, and land cover directly adjacent to a stream has the most

Streams surrounded by naturahéacover were targeted for protection in this analysis.
included deciduous, evergreen, and mixed forest, dwarf shrub, and wetlands.

oOnatural 6 was defi

ned

Nati onal

In the NLCD, this

In the RRBC dataset,
deci duou she RO beundary,gr e e n
natural land cover was assigned a score of two, since it is relatively rarer than in the rest of the region. |
the rest of the region, natural land cover was assigned a score of one. Land cover of any other type, in

both the MPO andhe region, was assigned a score of zero in the stream protection analyses.

Streams surrounded by unnatural land cover were targeted for restoration.

In both the MPO and the rest

of the region, natural land cover was assigned a score of zero, while desielogas were assigned a

score of two. All other land cover types, such as barren land, orchards, golf courses, pasture, and crop

fields, were assigned a score of one.
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Identifying Stream Mitigation Priorities
INPUTDATASET IMPAIRED ANONON-IMPAIREDNVATERS

The Ecdogical approach also aims to use mitigation funding to achieve goals of other environmental laws
and regulations (Kirsten Holder, Volpe Natidrrahsportation Systems Center, personal communication,
December 2, 2010). Virginia updates the state's 303(d) list of impaired waters every two years. While it
is known that this is a course assessment of stream health in the region, it is theshesliathdeaor the

entire planning district. Only impaired streams were considered as restoration priorities, and only non
impaired streams were considered as protection priorities. To prepare this parameter for spatial analysis,
the streams in the NatalrHydrography Dataset served as nimnpaired waters. Impaired waters were
removed from the NHD, and the Ampaired waters were assigned a score of one to use in the protection
analyses. For the restoration analysis, impaired waters received a somes ahd all other waters

received a score of zero. While each of the previous datasets were summed using the Spatial Analyst
raster calculator, these datasets served as multipliers so thatpained waters would be eliminated

from the restoration ity results, and impaired waters would be eliminated from the protection priority
results.

Legend
C] Other & ;
I Non-impaired Waters 1‘"\@
& YA
—— Impaired Waters i : anard§‘vnlle
4 €9 N

;\f“‘ \\\j’
o Scofsville «

o i

o, Mies .-
S 0o 4 8 12

= s

FIGURR4. IMPAIRED AND NOIMPAIRED STREAMS
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IDENTIFYING STREAM MITIGATION PRIORITIES
INPUTDATASET PROTECTIONSTATUS

Habitat connetivity is one of the cornerstones of conservation biology (Strasburg, 2006) because flora

and fauna need corridors of habitat to move from place to place for food, water, shelter, and genetic
diversity. Land set aside for conservation provide hubs dtahgdnd are most productive when

connected to one another with habitat corridors. Streams are one kind of habitat corridor.-lotiedtco
approach aims to achieve the most ecological restoration with the available funding, which includes habitat
resoration and enhancement. To build more connectivity into the REF, the closer a stream is located to
other protected land, the higher priority it is for both protection and restoration. However, currently
protected land was eliminated from consideratiimce those resources already possess a level of

protection that should ensure their productivity.

To prepare this dataset for analysis, a dataset of protected land across the region was processed using
the Euclidean Distance tool of the ArcGIS toolbox. The tool assigned four buffers around the protected
land at geometric intervals from zero feet teeanile. Streams further than one mile from a protected site
were assumed to offer no connectivity benefits. The intervals are lisigdran24. The advisory

committee recommended further refining the closest class to protected land, since |amittadjte

protected land is of the highest interest. This was accomplished by manually adding anothé class (0
206 feet), which represented the first quarter of the first geometric interval. Scores were then assigned to
theintervals, as seen in Figi25. The closer the interval was to the protected land, higher was its score.
The protected land dataset was scored with a zero, and used as a multiplier to eliminate streams passing
through protected land as either restoration or protection priorities

Legend
Distance from Other Protected Land
0: >1 mile
I 1: 2,373 - 5,276 feet
B 2: 825 - 2,372 feet
[l 3: 207 - 824 feet
Il 4: 0 - 206 feet
0: Protected Land
{ " 'IMPO boundary

.4'-

V&) AT,

) Louisa
Ry

=

/o> Mineral

SN

FIGURRS. PROXIMITY TO OTREPROTECTED LAND
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IDENTIFYING STREAM MITIGATION PRIORITIES
INPUTDATASET NATIONALHYDROGRAPHYDATASET 1:24,000

The preceding datasets assign scores to land area ircases, but the mitigation priorities analyses

focuses exclusivety streams. The NHD was used to confine results to streams only. To prepare the NHD
for analysis, it was buffered by 100 feet, creating polygon layer tvauld convert to raster file more

easily than would a line file. Area inside the buffer was assigned a score of one, and area outside the
buffer was assigned a score of zero. Tataset was used as a multiplier to eliminate area outside of the

buffer from the results.

Legend
[ | 0: Outside of buffer

B : inside of buffer

o ' MPO boundary

......... 4

FIGURR6. NHD 106FOOT STREAM BUFFER
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AGGREGATEQUTPUTDATA

The analyses described above and in Appendix A were
implemented using a 30 meter resolution format, resulting in
output datasets that contain a relatively high amount of
variability over short distances. In order to aggregate
output scores over larger distances, the scores contained in
the output rasters were summarized by stream reach using
the zonal statistics tool in the ArcToolbox.

The tool calculated several statistics, which were provided
in an output database table.h& pertinent statistic for use
here is the Mean, which averages the scores in the raster
cells that fall within each
The mean statistic normalizes for area (hnumber of raster
cells) so that stream reaches are not prizedtijust because
they are longer in length than others, thereby containing
more raster cells to contri
statistic would allow. The output zonal statistic tables was
then joined to the original NHD shapefile using the reach
cade as the common field. Summarizing the priority output
rasters by stream reach creates modified NHD shapefiles
of aggregated priorities that are easy to symbolize and
interpret.

The two resulting modified NHD shapefiles were divided
into five classes ugi the Natural Breaks classification type.
The classes were numbered from one to five, five being the
highest priority, and one being the lowest. The actual
stream reach mean scores on which these classes are base
can be found in Appendix B.

Wetlands Mitigation Priorities

The TJPDC used a met hodol

0gy

ZONAL STATISTICS

The NHD reach codes served as
the 6zone, 6 and
mitigation priorities output
rasters served
rasters. o To p
for use with the zonalatistics
tool, each stream reach shape
was buffered by 200 feet (with
flat ends) to ensure that the
val ue raster
contain prioritization scores
would be captured in the
calculations. Any extra raster
cells captured in the calculation
because of the extra area
added to the zones by the
buffer are of no consequence,
since the cells in the output
rasters that are not associated
with prioritization, have a value
of zero.

ocreach

e, as

TIP To preserve table joins,
export the map data to a new
featureclass.

devel oped by DCR to

Methodology for Developing a Patftated Wetland Restoration, Mitigation, and Conservation Catalog: A
Virginia Pilotan be accessed by contacting the DCR Natural Heritage Division. This methodology
identifies wetland mitigation sites at the pareedle resolution using indicators of the level of wetland
ecosystem services and biodiversity protection potential. Thedwolegy identifies parcels that are

currently wetlands, and are thus appropriate for protection and/or enhancement. It also identifies sites
that are appropriate for restoration, such as parcels that were historically wetlands and those that possess
features that would allow them to become successful wetlands with little extra help. A modified
methodology for the urban area of the region was not needed for prioritizing wetland restoration sites, as
the DCR methodology includes a step to account foeadde areas of concentrated impervious

surfaces.

The wetland mitigation methodology is similar to the stream mitigation methodology in that it scores GIS
data attributes and overlays the data so that scores can be summed and concentrations idesftifiel.

the stream mitigation methodology, the wetland priority analysis is not prescriptive in approach, and does
not readily distinguish between suitability for protection versus restoration. Users of the data will have the
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flexibility to determine wbh mitigation strategies are most appropriate for each priority when
groundtruthing the results.

The DCR methodology differs from the TIPDC streams methodology in that it uses feature data, instead of
raster data, allowing the wetland restoration priostte be identified by a parcel ID number and

Hydrologic Unit Code (HUC). To align the priorities by parcel ID and HUC, the ArcToolbox Union tool was
used to overlay the dataset s, instead of ®©bfhe Spat.|
data processing differ between the methodologies, the two approaches were developed using essentially

the same concept. Appendix A presents the dataset scores used in the DCR methodology, and they are
discussed below.

You will notice from the Wetlamditigation Parameters chart in Appendix A that the input datasets to the
wetland mitigation sites analysis are grouped into three categories: wetland source datasets, priority
source datasets, and priority identifiers. Wetland source datasets arettfadgeedict the occurrence of
wetlands. Higher confidence is assigned to geographic areas where a greater number of these features
occur in the same place, indicating that the area was once, is currently, or would make a successful
wetland. Priority sooe datasets are those that were used to prioritize parcels on which wetland
predictors were found. This category represents a range of features that would benefit from the
establishment of a wetland in a certain area to provided needed ecosystem sesnotess habitat
restoration, enhancement, or connectivity, water quality improvement, protection of rare or ecologically
important resources, etc. Priority identifiers simply provide a way of identifying the geographic areas that
emerge as prioritiesThis is mainly for ease of communication or administration.

To perform the analysis that identified the wetland mitigation priorities, the wetland source datasets,
priority source datasets, and priority identifiers were overlaid in ArcGIS. All pardedsctimat contain

at least one feature in any of wetland source datasets were eliminated from consideration as mitigation
sites. Among those remaining, those that exhibit the most concurrence among wetland indicators and
priority source features become thighest priority wetland mitigation sites. The following data was
considered in prioritizing parcels as wetland mitigation sites:

Wetland Source Datasets

e National Wetlands Inventory
e National Hydrography Dataset, 1:24,000
e 100 Year Floodplains
e HydricSoils
Priority Source Datasets

e Farmed Wetlands

e Regional Internet Bank Information Tracking System
e Impaired Waters

e DCR Priority Conservation Sites

e Virginia Natural Landscape Assessment
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IDENTIFYING WETLAND MITIGATION PRIORITIES
WETLAND SOURGBTASET NATIONALWETLANDINVENTORYNW!I)

The NWI catalogs wetlands occurrences and attributes, and is the most comprehensive wetlands data
available in the region. Thus, it is one of the best wetland occurrence indicators. However, because it is
digitized from aerial photographs, the datasetc&xdes more obscure wetlands, those that may have been
dry at the time of year the imagery was procured, or disturbed wetlands that may be missing one or more
conventional wetland indicators. Along with each of the other wetland source datasets, th&iBdVI e

were assigned a score of one.

\3 \ Legend
et 33§ )

P G National Wetlands Inventory

FIGURR7. NATIONAL WETLANDSVENTORY
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IDENTIFYING WETLAND MITIGATION PRIORITIES
WETLAND SOURGCBTASET NATIONALHYDROGRAPHDATASET1:24,000

The remainder of the wetland source datasets was used in the analysis to append the NWI. Eachis a
predictor of the presence of wetlands, and each provides ecosystem services consistent with those offered
by wetlands. Streams are natural arteries thaiv&y surface runoff and base flows. They are saturated

for some or all of the year. Since streams drain land area to a low point, they are an obvious place for
water to collect. Given the right conditions, wetland would easily form around streanirahem

protection from pollutants and high volume/velocity surface runoff. Along with each of the other wetland
source datasets, the NHD dataset entries were assigned scores of one.

Legend
National Hydrography Dataset

1

FIGURE8. NATIONAL HYDROGHAY DATASET, 1:24,000
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IDENTIFYING WETLAND MITIGATION PRIORITIES
WETLAND SOURGBTASET 100 YEARFLOODPLAINS

Floodplains are another predictor of the presence of wetlands for reasons similar to streams. They are
well adapted to wet conditions, also becoming saturated regularly. They absorb and convey flood water,
protecting upland life and property from dange®conditions. Obligate and facultative flora is drawn to
floodplains, as is wildlife, which needs water to live. Again, given the right conditions, wetlands would
thrive in floodplains, and enhance the ecosystem services they provide. The Fedemat¥merg
Management Agencyf6s 100 year floodplains dataset
prepare the dataset for analysis, floodplains were assigned a score of one.

Legend

Floodplains
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FIGURR9. 100-YEAR FLOODPLAINS
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IDENTIFYING WETLAND MITIGATION PRIORITIES
WETLAND SOURGBTASETHYDRICSOILS

Hydric soil is another dataset used in the analysis to append the NWI. It is a wetland indicator that

suggests the land is saturated the majority of the time. Hydricicnsadite identified by examining the

soils for signs of graying or mottling. This is the unique appearance of a lack of color in the soil after iron

and other compounds have leach out of the matrix. These compounds become mobile and leach away
because othe anoxic conditions caused by water logging in hydric soils. A soil that holds water well is a

good indicator that it would make a successful wetland. The hydric soils dataset was extracted from the
United States Natur al s8d SuwveyrGeograpio DataleaseywaichicontainsSe r v i
data on all soil types Although thisisthe bes il data available for the region, the variability acrossthe

region reflectsthe fact that it was collected over a number of yearsby different soil sdertigs. Along with

each of the other wetland source datasets, hydric soils were assigned a score of one.

Legend

Hydric Soils

P G 1

FIGURBO. HYDRIC SOILS
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IDENTIFYING WETLAND MITIGATION PRIORITIES
PRIORITY SOURDBTASET FARMEDWETLANDS

The NWI classifies wetlands by type. One type of classification is farmed wetlands. These wetland
features were extracted from the NWI and given extra weight in the analysis because they represent
opportunities to restore areas that are known to have baen wetlands, indicating a high probability

that their restoration would be successful. Additionally, areas that evolved as wetlands fill a landscape
niche. Restoring these areas would allow them provide ecosystem services where they are needed, and
would contribute significantly to the RE& prepare the farmed wetland dataset for analysis, these

features were assigned a score of three.

A
po |
e
A& Legend
g & Farmed Wetlands
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FIGURB1. FARMED WETLANDS
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IDENTIFYING WETLAND MITIGATION PRIORITIES
PRIORITBOURCIDATASET REGIONALINTERNEBANK |NFORMATIONTRACKINGS(STEI\/(R|BITS)

RIBITS is a database containing the locations of all mitigation banks permitted by the Army Corps of
Engineers. Restoring wetlands adjacent to previous or active restorgjgatspncreases the size of

habitat, connectivity, flood abatement, pollution control and other ecosystem service that restoration
projects can provide. There are only two ACE permitted restoration sites in the TJIPDC. To prepare these
sites for analysishey each received a score of three.
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FIGURB2. REGIONAL INTERNETNBAINFORMATION TRAGKG SYSTEM (RIBITS)
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IDENTIFYING WETLAND MITIGATION PRIORITIES
PRIORITY SOURDBTASETIMPAIREDWATERS

The Ecdogical approach alsaims to use mitigation funding to achieve goals of other environmental
regulations (Kirsten Holder, Volpe National Transportation Systems Center, personal communication,
December 2, 2010). Restoring, enhancing, or constructing wetlands adjacent td streaimes would

help to restore the stream, as well, assisting states in restoring impaired waters that are required to be list
under section 303(d) of the Clean Water Act. To prepare this dataset for analysis, impaired streams were
assigned a score ofrike.

FIGURE3. 303(D) IMPAIRED WARB
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