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Active River Area: A Conservation Framework for Protecting Rivers & Streams
Mark P. Smith, Roy Schiff, Arlene Olivero and Jame MacBroom

The Active River Area describes a conservation framework that provides a conceptual and
spatially explicit basis for the assessment, protection, management, and restoration of freshwater
and riparian ecosystems. The active river area framework is based upon dominant processes and
disturbance regimes to identify areas at reach, watershed and regional scales within which
important physical and ecological processes of the river or stream occur. By combining the well-
established understanding of ecological integrity of freshwater systems with the well-established
understanding of geomorphic processes we create an integrated and hierarchical framework.

The framework identifies five key components of the active river area: 1) material contribution
zones, 2) meander belts, 3) riparian wetlands, 4) floodplains and 5) terraces. These areas are
defined by the major physical and ecological processes associated and explained in the context of
the continuum from the upper, mid and lower watershed. The framework provides a spatially
explicit manner for accommodating the natural ranges of variability to system hydrology,
sediment transport, processing and transport of organic materials, and key biotic interactions. It
also provides analysis tools for defining the active river area components over a range of spatial
scales within a watershed. These components can be readily incorporated into integrated
watershed assessments and can be used to inform a variety of management efforts such as
conservation planning, the establishment of protected area networks, the development and
implementation of management policies and programs, and river restoration projects.

Protection of the active river area provides benefits to aquatic and terrestrial species that rely on
instream, riparian and floodplain habitat to carry out their life cycles. An intact active river area
also offers a wide range of benefits to society including the reduction of flood and erosion
hazards, protecting water quality, and providing the many subsistence, commercial, recreational
and economic benefits associated with healthy watersheds.
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Groundwater and Ecosystems
Leslie Bach and Allison Aldous
The Nature Conservancy

In many watersheds and landscapes, groundwater provides a crucial supply of water for
ecosystems and species. These “groundwater-dependent ecosystems” (GDESs) include wetlands,
rivers, lakes, springs, phreatophytes and subterranean ecosystems, which depend on groundwater
for some, or all, of their water needs. Wetlands, rivers, and lakes often receive inflow from
groundwater, which maintains water levels and the water temperature and chemistry required by
the plants and animals they support. Fens are wetlands fed largely by groundwater, often creating
unusual water chemistry that supports habitat for rare species. Springs and subterranean
ecosystems are, by definition, supported solely by groundwater. These systems often harbor a
distinctive and poorly understood fauna.

Groundwater is currently, and increasingly, threatened by over-abstraction and contamination,
affecting both the quantity and quality of the water supply for ecosystems. Healthy watersheds
require healthy water supplies, both surface and groundwater. Describing the link between
groundwater and ecosystems, understanding and documenting the key processes and functions
that groundwater provides, and identifying the critical threats, are key components of a Healthy
Watersheds Integrated Assessment. The Nature Conservancy has been working on a variety of
tools that can inform and support integration of groundwater flows, levels, and quality into
integrated watershed assessments. The appropriate tools depend upon the scale of the analysis.

At the coarse (e.g. statewide or multiple watershed) scale, The Nature Conservancy has
developed tools for identifying groundwater-dependent ecosystems from existing datasets and
GIS datalayers, and mapping and describing those ecosystems (Brown et al., 2010 and Brown et
al., 2009). This assessment also includes methods for identifying, describing and mapping
threats to groundwater quantity and quality that are likely to affect GDEs.

At a finer (watershed) scale, The Nature Conservancy has developed a Methods Guide for
integrating the groundwater needs of ecosystems and species into watershed plans (Brown et al.,
2007). This guide reviews groundwater hydrology; explains the relationship of groundwater to
ecosystems and species; describes the different types of groundwater-dependent ecosystems; and
provides decision-trees for determining whether ecosystems and species are groundwater-
dependent. In addition, this document describes the essential ecological attributes for different
types of GDEs. The Methods Guide is illustrated with a case study.

The U.S. Forest Service also has developed a technical guide for managing groundwater
resources on U.S. Forest land (USFS, 2007). The technical guide provides information on
GDEs, and describes the type of land and water use activities that have an effect on groundwater.
It also provides an overview of geologic and groundwater principles and groundwater monitoring
techniques.





Ultimately, the most important component of a healthy watersheds approach is implementing
conservation and protection measures. Ensuring GDE health and viability depends on ensuring
adequate water quantity and quality conditions. The Conservancy and the U.S. Forest Service
are collaborating to develop methods and protocols for determining the groundwater
requirements for GDEs, i.e., the amount and quality of groundwater needed to sustain healthy,
viable ecosystems. These “Environmental Water Requirements” can then be factored into water
management decisions, or can be used to inform groundwater restoration programs. The
methods and protocols are currently under development, and we anticipate releasing initial
products in 2011.

The work on Environmental Water Requirements is part of a larger ongoing program focused on
developing protocols for inventory and monitoring of GDEs on U.S. Forest land. These protocols
are in draft form and will be finalized in 2011. They include both office- and field-based
assessment methods. Direct inventory and monitoring of GDEs will provide additional data to
support watershed assessments and development of protection strategies.

Bibliography and additional resources

Brown, J.B., A. Wyers, A. Aldous, and L.Bach. 2007. Groundwater and Biodiversity
Conservation: A methods guide for integrating groundwater needs of ecosystems and species
into conservation plans in the Pacific Northwest. The Nature Conservancy, Portland, Oregon.

Brown, J.B., A. Wyers, L.Bach., and A. Aldous. 2009. Groundwater-Dependent Biodiversity and
Associated Threats: a statewide screening methodology and spatial assessment of Oregon. The
Nature Conservancy, Portland, Oregon.

Brown, J.B., L.B. Bach, A.R. Aldous, A. Wyers, and J. deGagné. 2010. Groundwater-dependent
ecosystems in Oregon: As assessment of their distribution and associated threats. Frontiers in
Ecology and the Environment doi:10.1890/090108.

Ground Water Protection Council. 2007. Ground Water Report to the Nation: A Call to Action.
1% edition.

US Forest Service 2007. Technical Guide to Managing Ground Water Resouces. US Department
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SUMMARY

Forests, water, and people: Drinking water supply and forest lands in the Northeast and Midwest United States (US
Forest Service); the Source Water Stewardship Project in the Meramec River, Missouri watershed (Trust for Public Land)

Forests are critically important to the supply of clean drinking water in the Northeast and Midwest portion of the United
States. More than 52 million people depend on surface water supplies that are protected in large part by the forested
lands there. The public is generally unaware of the threats to their water supplies or the connection between clean
water and the extent and condition of forest lands in source water watersheds. Protecting and managing forests in
source watersheds is an essential part of future strategies for providing clean, safe drinking water that citizens can
afford.

The four-step analysis | am presenting uses a GIS-based process and a series of maps to create a watershed condition
index based on physical and biological attributes. Using a multi-step process, this index is then used to compare 540
watersheds across 20 States and the District of Columbia, in terms of their ability to produce clean water. The study also
guantifies the magnitude and scope of forest dependent drinking water supplies, and their dependence on private
forests; and it identifies watersheds that are threatened by land use change or are in need of management to sustain
and improve forests that protect water supplies. The final maps and data display development pressure on private
forests in watersheds important for drinking water.

| will also present examples of where the analysis results were used to protect forested watersheds or to aid
communities to do so, including:

1. The index of the ability to produce clean water was used by several States in the Northeast and Midwest to
describe water quality and priority areas in their State Forest Resource Assessments.

2. The Source Water Stewardship Project, a partnership between the Forest Service and the Trust for Public Land,
develops and refines a means of protecting water resources in rapidly changing watersheds. It consists of three
phases implemented over an 18-month period: (1) the formation of a local steering committee and a broad-
based advisory committee to complete a watershed assessment; (2) a 1-week strategy exchange with a team of
volunteer experts who review and augment the findings of the assessment and make site-specific
recommendations; and (3) collaborative implementation of key recommendations, often including the willing
buyer — willing seller protection of key forest parcels, control of nonpoint source pollution, and education and
outreach programs. The project has been used in watersheds in Georgia, Maryland, Pennsylvania, New Jersey,
Massachusetts, and New Hampshire, and on the Meramec River in Missouri. | will present specific examples
from the Meramec River watershed.

3. The Watershed Forest Management Information System (WFMIS) uses geographic information systems (GIS)
data and field measurements to identify important forest lands for conservation, road maintenance, and harvest
operations. Customized ArcGIS software extensions and a comprehensive User’s Guide can be downloaded at
the Forest-to-Faucet Partnership Web site (www.forest-to-faucet.org) . Using the results from Forests, water
and people to help identify large scale watersheds of importance to drinking water supply, WFMIS has been
successfully used by watershed forest managers in the water systems for Bridgeport and Hartford, CT, Boston
and Springfield, MA, and Portland, ME.




http://www.forest-to-faucet.org/�
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The Nature Conservancy — Staff Recommendations for EPA’s Healthy Watersheds Initiative
This list is a compilation of individual comments and does not yet reflect a consensus TNC position. (6/24/10)

Regarding EPA’s Healthy Watersheds Definition
Promote a common understanding of what a healthy watershed should look like (i.e., standards, scope)

Define programmatic intent (i.e., what program outcomes are intended if assessments are done?)
Discuss how a Healthy Watersheds approach would work “at scale” in Large Aquatic Ecosystems
Articulate possible connections with regulatory and permit programs, with land protection programs
Emphasize the variability of HW approaches in different geographic regions with unique issues
Articulate EPA’s unique roles in HW (policymaker? convener? evaluator? scientist? program manager?)

Regarding Implementation of the HWI Action Plan
Communicate to states what a healthy watershed should look like, and how their programs measure up

Do a program inventory, because some actions are redundant of ongoing work

Focus on functional processes affecting HW at multiple levels (e.g., development trends & impacts)

Do a gap analysis of Federal & state programs (i.e., what essential actions are not getting done, and why?)
Do a needs analysis for Feds, states, others who are doing this work (i.e., what do they need to succeed?)
Don’t always create new watershed assessments from scratch — utilize existing models and data

Identify the incentives that states and others need to take this approach — and the barriers they face
Emphasize the EPA convening role for stakeholders involved in program planning & implementation

Build some adaptive management elements into the action plan (feedback and adjustment loops)

Doing Healthy Watersheds “At Scale”

Do HWI work “at scale” in priority Large Aquatic Ecosystems where ongoing work provides a foundation
(e.g., Chesapeake Bay, Mississippi River basin, Puget Sound, California Delta)

Integrate assessments (existing and new) in large landscape areas — don’t do redundant work
Collaborate with states and others where there already is programmatic energy to do so

Connect with similar programs in coastal/estuarine locations (e.g., one or more NEPs in the Gulf)
Assess ecosystem services value at scale — what actions will give what level of impact at scale?

Focus on problems to be solved — put existing HW tools on the ground to tackle geographic challenges

Opportunities for TNC Engagement with EPA’s Healthy Watersheds Initiative
Policy — Work with EPA to help define program outcomes for HWI
Analysis — Help inventory existing programs; do gap/needs analyses (national & geographically based)

Science — Inform states about existing HW tools and approaches (ELOHA, Groundwater Dependent
Ecosystems, Active River Areas, etc.); help assemble well-integrated HW assessments ‘at scale’,

Planning — Convene multi-stakeholder planning dialogues; help build NGO coalitions
Priority-setting — Identify key locations for joint HW program development (new & existing)

Implementation — Work with partners to create HW programs in ‘at scale’ locations (new & existing);
tie-in other TNC initiatives taking a systems approach (e.g., wetlands mitigation, sustainable rivers)

Evaluation — Apply an ecosystem services-based assessment process to existing programs and pilots
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TNC’s Collaborative Work with EPA Water Programs,
Desired Outcome Summary, October 2010 - January 2011
(Benson Updated Draft, 10/22/10)

EPA programs that affect Large Aquatic Ecosystems:

EPA coastal/estuary programs have comprehensive action plans in all of TNC’s priority LAES
Regional program offices map strategies for the Great Lakes, Chesapeake Bay, Gulf of Mexico
Wetland and watershed programs address TNC freshwater priorities (e.g., mitigation, nutrients)
New HWI will provide a basis for assessment & planning to protect healthy waters within LAES

Desired EPA program outcomes to protect Large Aquatic Ecosystems (LAES):

Stronger EPA/TNC connections and program integration in specific LAEs (freshwater & marine)
Strategies of GLNPO, GMPO, and the Chesapeake Bay program address TNC priorities

EPA national policies (e.g., TMDLs, adaptation) address LAE conservation goals

New EPA programs for healthy watersheds and climate adaptation address LAE opportunities

Desired Healthy Watersheds Initiative (HWI) program outcomes to support TNC priorities:

HWI is a priority in EPA’s Strategic Plan, supporting whole-system ecological/physical process goals
HWI policy guidance creates “enabling conditions” for Federal, State, local watershed planning
Integrated HW assessments support planning in priority river systems & mitigation locations

HWI field projects leverage funds and other resources to address NA Plan priorities

HWI partnerships integrate complementary wetland, coastal, adaptation programs

Desired milestones by early 2011:

Federal endorsement: the HWI approach is reflected in EPA National Water Program Guidance and
other Federal policy guidelines for large aquatic landscapes

Program inventory: a list is compiled of existing HW-related tools, studies, and programs, for use by
stakeholders in Large Aquatic Ecosystems

Program network: regional, state & local staff connections are made in Large Aquatic Ecosystems where
TNC and Government stakeholders are working on common issues

National HWI framework: work is underway on essentials — a commonly accepted definition of “healthy
watersheds;” desired program outcomes; an inventory of healthy watersheds (by state), starting first
with a compilation of existing healthy watershed assessments

Stakeholder dialogue: policy and program issues are discussed in EPA’s HW Workshop, TNC planning
meetings for LAEs and government relations, and other appropriate venues

Program integration: programs with common HW goals — corporate, NGO, coastal & estuary, climate
adaptation, etc. — are brought together for dialogue and coordination of related activities

HWI “at scale” project(s): work is underway to ramp up HWI in the Chesapeake Bay and at least one
other priority LAE (i.e., initial stakeholder planning, needs & gaps assessed)
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Watershed Resilience in Louisiana

The State of Louisiana is facing major issues with its coastal ecosystems and communities, as much of
the country must know by now, because of national media coverage on the hurricanes of 2005 and 2008
and then the oil spill of 2010. Louisiana has lost over 1.2 million acres of land at a rate of 15,300 acres
per year since the 1930s and in 2005, approximately 200 square miles of marsh were destroyed, over
200,000 homes were damaged and 1,400 people died, with more than 1 million people displaced. After
the hurricanes of 2005, it became apparent that restoration needed to include a comprehensive
approach to resiliency if the state’s coastal wetlands and coastal communities were to survive. The
Louisiana Legislature enacted Act 8, which created the Coastal Restoration and Protection Authority
(CPRA). On April 2007, the Governor submitted the state’s coastal master plan, entitled, “Ecosystem
Restoration and Hurricane Protection: Louisiana’s Comprehensive Master Plan for a Sustainable Coast”,
to the state legislature (Louisiana’s Comprehensive Master Plan, 2007).

Between 2006 and 2010, much progress has been made on a comprehensive plan for Louisiana that
includes coastal wetland protection, restoration and smart growth as major tools for shaping the state’s
future. Through a public planning process that involved more than 26,000 people, Louisiana gathered
into small groups around tables with maps and planning tools and became “citizen planners”. They
talked about transportation corridors, cluster development, wetland and water quality resources and
dreamed of a Louisiana that would be more resilient to storms, subsidence, climate change and would
also encourage people to come home and feel safe in the state. A new importance was placed on our
wetlands and all of the societal functions that they provide through fisheries and habitat, cultural
resources, food and storm surge protection. We finally seemed to understand that healthy wetlands are
essential to the survival of our state and the nation. Energy, commerce and fisheries that are produced
or transported in and through Louisiana represent 20% of the nation’s import/export cargo traffic, 26%
of the commercial fishing landings in the lower 40 states, 30% of the nation’s oil and gas supply, and
50% of the nation’s refinery capacity. Approximately 5 million migratory waterfowl winter in Louisiana’s
marshes, millions of neo-tropical birds fly through the state each year and more than 2 million residents
live in coastal Louisiana.

The Louisiana Speaks Regional Plan built on this comprehensive effort with a goal to recover sustainably,
grow smarter and think regionally. This effort has involved major changes in planning, zoning, permitting
at a regional level with a goal to reduce the size of the footprint that our coastal and inland communities
have on our watersheds. Products such as the Land-Use Toolkit and the Coastal Land-Use Tool Kit
provide tools to the city and parish governments to implement these types of planning initiatives with
their local citizens and reduce the need and costs associated with planners for each community. The
Louisiana Department of Transportation (LDOTD), the Department of Economic Development (DED),
Department of Community Development (DCD), the Office of Coastal Protection and Restoration
(OCPR), Center for Planning Excellence (CPEX) and the Department of Environmental Quality are all
working together to try to make this new vision of Louisiana into a reality.





So, what does all of this mean for “Healthy Watersheds”? Louisiana is investing much of its public
resources to protect the healthy waters and wetlands in our coastal areas. The state’s Coastal
Management Program has recently completed a document to redefine the coastal zone boundary and
management area to adjust to a changing coastal landscape, predictions of sea level rise and
subsidence. This will allow the state to apply its regulatory tools and the structured collaboration of
federal, state and local agencies to implement the comprehensive ecosystem protection programs
necessary to protect healthy waters and restore impaired waters.

A few specific examples of some of the tools to protect sustainable coastal wetlands include the Coastal
Impact Assistance Program (CIAP) that provides $16 million to purchase fee title or permanent
easement of coastal forests which provide ecosystem functions and storm surge protection for coastal
communities. Some of these forests have cypress tupelo stands that are 150-300 years old and offer
diverse habitats for migratory birds, black bear and other species. Louisiana is also examining
communities that currently discharge treated wastewaters to coastal bayous and whether subsiding
wetlands can benefit from those nutrients and fresh waters. These wetland assimilation projects are
proving beneficial management tools to offset subsidence and saltwater intrusion.

Within inland watersheds, Louisiana hopes to utilize habitat, water quality and fisheries data from
reference stream sites to lay the framework for a healthy watershed initiative. We have collected much
of this data for nutrient criteria development or Use Attainability Analysis. In some of our river basins,
we collected data with other governmental agencies and nonprofit organizations to look at mercury
issues or sedimentation and geomorphology of our rivers. But now that we have these data, we can look
at them through a different perspective for their applicability to a healthy watershed assessment. With
shrinking state budgets and personnel, the state will not be able to afford new data collection efforts
and the major emphasis will continue to be on protecting and restoring coastal ecosystems and working
with coastal and upriver states on hypoxia in the Gulf of Mexico. Louisiana will need to rely upon
existing data and expertise more and more, but we believe this is an important component of statewide
water quality protection programs, so we look forward to working with EPA and other states on an
approach that is feasible for our state.
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Applications of Healthy Watershed Integrated Assessment with an Urban Focus

My presentation will focus on the Milwaukee Metropolitan Area and our ongoing efforts at watershed
management of both water quality and quantity. There are three rivers which join in the City of Milwaukee and
drain to Lake Michigan. There are water quality impairments in the rivers including at the mouth of the
Milwaukee River where the flows enter Lake Michigan. These issues range from fecal coli forms loadings to
nutrient criteria as well as other additional impairments such as temperature, BOD and dissolved oxygen
depletion that have been identified. In addition there are stream channel stability issues, severe stream habitat
impairments (over 23 miles of concrete lined channels) issues and water quantity (flooding) problems as well.
Some of this is related to outdated and failing flood management infrastructure that primarily relied on
conveyance as the solution to reducing the risk of flooding. We also struggle as a region with managing
stormwater from a quantity and quality aspect.

Current watershed management in this country has three goals: the conservation and protection of the natural
and beneficial functions of our water resources, flood loss reduction, and water quality improvements. Although
considerable effort has been expended on these goals (with mixed success), the first has received only minor
consideration. Until recently, activities that protected or improved the natural and beneficial uses of floodplains
usually were only planned or executed as afterthoughts, or were included in a project only because of a
regulatory requirement to mitigate the environmental impacts of another project. The restoration or
rehabilitation of streams, rivers and coastlines, and their related resources are rarely considered a project worthy
of funding or of being undertaken on its own merits.

Amid significant alteration of our major waterways to optimize commercial benefits and in the name of flood
“control,” flood losses, and loss of watershed functionhave continued to rise each year. At the same time,
environmental degradation, particularly of water-related resources, has increased, and anticipated changes in
climate bring the potential for significant alteration of existing coastal areas, flood regimes, and already fragile
ecosystems. We need to marshal unprecedented forces to preserve and improve the natural functionality of our
watersheds and coastal areas and protect the resources they provide. In doing so, we will also mitigate damage
and losses that floods bring to society and improve the water quality of our water resources.

Management of watersheds has for too long been development-centered or driven by economics of growth. The
typical strategy has been to confine the waterway within a watershed to a predefined size and capacity that
maximizes the extent of developable or agricultural land and also keeps the flood water away from people and
their property. Under such a framework, the watershed and its many streams and rivers served a singular,
human-centered role as a conveyance network to pass the “excess” water or waste water as quickly as possible,
with no consideration of the loss of ecological function, the potential damage to downstream property owners, or
the cultural, economic, or environmental effects of that strategy.

In many cases, the communities responsible for these decisions about growth, development, and flood protection
possess a minimal understanding of the natural processes that take place within a watershed and lack adequate
tools to deal with the water based resource issues they face. Watershed management decisions often are made
outside of the context of regional or watershed-level planning and without appreciation of the complexities of
the water-based ecosystem. Hence, as recent flood disasters and severe water quality problems that result from
these decision lead communities to respond by applying more of the same techniques that caused or exacerbated
the problem in the first place. Increasing flood losses and environmental degradation have made it clear that the
watershed cannot be viewed simply as a conveyance channel. Nor can we continue to implement unfettered
development without considering impacts to rivers, streams and coastal ecosystems.

It is imperative that we provide the data and information to political leaders at the local and regional level about
the natural functions of watersheds so that they can then make better informed decisions. Naturally functioning
riparian and coastal areas are the product of a tightly interconnected system of all of the Hydraulic, Geomorphic
and Biological processes. The ecosystems sustain themselves by means of these ongoing processes. Human
activity, especially urbanization and alteration of the flooding process as a means of controlling and/or storing
water, interrupts these natural processes and thus disturbs the functions and overall health of the watershed.
Attempts to transport runoff and flood waters efficiently through the watershed, we have used structural





interventions (such as concrete lining, revetments, floodwalls, jetties, diversions, and dams and reservoirs) that
interrupt or modify natural hydrologic, hydraulic, geomorphic, and biologic processes. The ground surface and
natural vegetation are disturbed during construction. The structures change the natural movement of water in
one or more ways such as altering the speed, restricting movement across the floodplain, and changing sediment
loads. Floodwalls and levees increase flow discharge and elevation when they constrict high flows into a narrow
path. Land use policies that allow encroachment into the floodplain can cause dramatic channel migration
downstream. Changing the frequency of floodplain inundation can encourage invasive species to supplant the
native vegetation. Most riparian and coastal animal species are specifically adapted to the flow patterns and
other characteristics of their native habitat. This makes them vulnerable to disruptions in the flow and water
levels.

All of these activities in pursuit of development, urbanization, and flood protection have yielded specific,
usually localized economic and social benefits, but the long-term impacts have placed both humans and nature
at higher risk. Further, they have proved counterproductive, resulting in a system of “reactive” engineering
through which the symptoms of the problem are treated at great expense while the underlying causes are not
addressed and flood losses continue to rise.

After decades of using these approaches and failing to acknowledge the natural and beneficial functions and
values of floodplains and watersheds, we have destroyed a large proportion of our wetlands, deprived our river
deltas of sediments needed to maintain marshes, prevented nutrient-rich flood water from reaching adjacent
lands to replenish the soils, interrupted the protective functions of coastal barriers, and contributed to declines in
water quality. We now realize that those wetlands, soils, marshes, unspoiled waterways, and related resources
and their functions are crucial components of ecosystems vital to human life but which we had been taking for
granted. It is time for a new way of thinking.

Watershed Management Strateqy

Assign more weight to environmental management and sustainability for water resource projects.
Encourage the collection of the biologic, geomorphic, and other data needed to make management decisions
Support the development and implementation of watershed planning at all levels of government (financial
carrot and stick).

Make financing sustainable floodplain (watershed) management more attractive to local governments
Emphasize sustainability in pre- and post-disaster mitigation. Or require environmental mitigation as a
condition for federal disaster assistance.

Change criteria for structural flood management projects to include the hydraulic, biologic, and geomorphic
impacts on resources.

Why we need Integrated Watershed Management Plans

Cost Effective

Current Regulatory and Political Structure Doesn’t Support Well What Needs to be Done
Geopolitical Boundaries Don’t Align with Watersheds

NEED: Balance of Regulatory & Non-regulatory Approaches

A Good Flood (Nothing like a Natural Disaster to focus attention)

David C. Fowler CFM
Senior Project Manager MMSD
Region V Director, Association of State Floodplain Managers
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Why Emphasize Healthy Watersheds?

aquatic ecosystems, habitat for fish and wildlife, drinking water, recreational opportunities, and reduced vulner-

I I ealthy watersheds provide numerous environmental benefits and services, including clean water for healthy
ability to severe impacts from invasive species, climate change and future land use changes.

Habitat for Fish and Wildlife

Healthy watersheds and streamside areas provide clean water
and habitat for fish, amphibians, birds and insects, and offer
green corridors that connect animal and bird populations to
food and water sources. Maintaining healthy watersheds also
makes economic sense. Healthy watersheds serve as refuges
where people spend money to fish, boat, hike and pursue other
recreation opportunities.

Better Resilience Against Storms and Floods

Healthy watersheds tend to suffer less damage from floods,
fires, and other natural disasters, thereby reducing costs to
communities.

Lower Drinking Water Treatment Costs

Protecting aquifer recharge zones and surface water sources
reduces drinking water treatment costs. For every 10 percent
increase in forest cover, the chemical and treatment costs
decrease by 20 percent according to a survey of 27 different
water treatment utilities (Ernst, et al., 2004).

Our Most Treasured Waters Are At Risk

Over the last 50 years, coastal and freshwater wet-
lands have declined; surface water and groundwater
withdrawals have increased by 46%; and non-native
fish have established themselves in many water-
sheds (Heinz Center, 2008).

A recent national water quality survey of wadeable
streams showed that 42% of the nation's stream
length is in poor biological condition and 25% is in The cost of protecting watersheds is

113

fair biological condition (U.S. EPA, 2006). much less than the cost of restor-
ing impaired waters. Choosing to

Nearly 40% of fish in North American freshwater
STEE A TG R ETVCET CR T [ BT SERV [T 2T 5 protect ecologically valuable systems will
threatened, or endangered; nearly twice as many JEE\CRUCIEALRUTCRCN NN

as were included on the imperiled list from a similar

survey conducted in 1989 (Jelks et al., 2008). - —Laura Gabanski

Senior EPA Biologist and Healthy
Watersheds Initiative Leader

epa.gov/healthywatersheds/
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Expanding the Watershed Approach

conserve healthy aquatic ecosystems. To maintain ecological integrity of aquatic

resources, watershed managers need to understand not only the biological, chemi-
cal and physical condition of waterbodies, but also critical watershed functional attributes,
such as hydrology, geomorphology and natural disturbance patterns. Programs that protect
and restore aquatic ecosystems are most effective when they integrate these dynamics and
manage watersheds as systems. To maintain healthy aquatic ecosystems, the processes
that drive their condition need to remain intact. In addition to the traditional focus on chemi-
cal and physical parameters, the goal is to look more broadly at overall health and condition,
taking into account key dynamics of the watershed system.

I he Healthy Watersheds Initiative focuses on using a holistic approach to protect and

The Healthy Watersheds Framework is largely consistent with the ecological attribute approach found in the Frame-
work for Assessing and Reporting on Ecological Condition, a tool developed by EPA’'s Science Advisory Board in 2002
(see icati i ). The framework provides a construct for ad-
dressing the dynamic complexities of watershed ecosystems through an integrated assessment of essential ecological
attributes.

Healthy Watersheds Framework’s Essential Ecological Attributes

The Healthy Watersheds concept views watersheds as integrated systems that can be un-
derstood through the dynamics of essential ecological attributes, including:

Landscape Condition. Natural vegetative habitat patches and cor-

ridors provide the green infrastructure, or interconnected natural areas,

necessary to maintain good landscape condition in healthy watersheds.

Biotic Condition. Healthy aquatic ecosystems reflect healthy water-

shed conditions. The biotic condition is measured by examining both

habitat and the presence, numbers and condition of aquatic organisms

and communities in a waterbody.

Chemical/Physical Parameters. Parameters such as nutrients,

temperature, dissolved oxygen, organic matter and pH are important

components of ecosystem health.

Natural Disturbance Regimes. Understanding the natural disturbance regime (fire and flood frequency,
etc.) of a watershed allows managers to develop management and protection measures that will maintain
the watershed in as natural a condition as possible.

Hydrology/Geomorphology. Healthy streams have a natural flow regime with a magnitude, frequency,
duration, timing and rate of change that creates habitat for multiple species. Further, in a healthy stream,
erosion and sediment deposition rates achieve a balance, or dynamic equilibrium, based on water flow,
soil type and other factors. The dynamic equilibrium of the physical system establishes the dynamic equi-
librium of the biological system, thus maintaining the ecological integrity of the system as a whole.

Identifying and Protecting Healthy Watersheds g e P s

Virginia Watershed Integrity Model
ocoer 2007

Many states, local governments, and non-governmental organi-
zations are leaders in protecting high quality waters and healthy
watersheds. For example, Virginia used an integrated assessment
approach in developing its watershed integrity model. Virginia’'s
natural landscape assessment information combined with water
quality data (modified IBI), source water protection zones, head-
water streams and contributing areas, an index of terresterial
integrity, and other assessment information provides the basis for
identifying high quality watersheds.

epa.gov/healthywatersheds/
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Q fter identifying healthy watersheds or healthy components of

watersheds, watershed managers or local planning authori-

ties can incorporate a variety of strategies to ensure that the
watersheds remain healthy. EPA’'s new Healthy Watersheds Web site
describes a series of conservation and protection approaches and
provides links to case studies, reports and useful tools. Often a mix
of tools need to be tailored for a particular location to most effectively
maintain watershed health and integrity. The Web site provides tools
for:

The New Healthy Watersheds Web site

. Habitat and biodiversity conservation provides the tools and information that
. Green infrastructure and landscape conservation states, local governments and others need
. River corridor protection to identify and protect healthy watersheds.

Land protection programs and local land use ordinances

Collaboration and Partnerships are
Key to Success

For more information, contact:

To realize its vision for healthy watersheds, EPA recognizes Laura Gabanski, USEPA

the need to work collaboratively with other federal agen- 1200 Pennsylvania Ave, N.W.,

cies, state, tribal and local organizations as well as with local Mail Code 4503T, Washington, DC 20460
watershed groups and private organizations such as recreational Phone: 202-566-1179 ,

fishing groups that care deeply about clean water. Over the next E-mail: gabanskilaura@epa.gov
several years, EPA will be build on existing partnerships and le-

verage national and regional conservation efforts, including many Photos of Lake Tahoe by Jon Paul

already underway. (e.g., the National Fish Habitat Action Plan).

July 2009 epa.gov/healthywatersheds/ EPA 841F09001
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SOUTHEAST AQUATIC RESOURCES PARTNERSHIP

Southeast Aquatic Resources Partnership (SARP) & The Southern
Instream Flow Network (SIFN) Program

The aquatic resources in the Southeastern United States are some of the most significant and biologically diverse
aquatic resources on earth. Recognizing the Southeast’s unique biodiversity, looming threats to its aquatic
species and their habitats, and the limited availability of resources to effectively address these challenges, State
and Federal agencies and organizations with management authority for fisheries and aquatic resources in the
Southeast joined forces to form the ground-breaking Southeast Aquatic Resources Partnership (SARP). In
2004, 21 agencies and organizations from 14 southeastern states, the US Fish and Wildlife Service, and
NOAA'’s National Marine Fisheries Service pledged to work together to strengthen their ability to benefit
freshwater, coastal and marine aquatic resources in the region, signing the original Memorandum of
Understanding, which formalized the establishment of SARP. Since then, SARP’s successful partnership has
grown to include many non-governmental agencies, such as The Nature Conservancy, World Wildlife Fund,
Southeast Watershed Forum, and private industry partners, as well as Federal partners, like the U.S.
Environmental Protection Agency, USGS, and others, who have also voluntarily come together around the
shared purpose of jointly taking responsibility for the management of aquatic resources in the southeast that
were and remain in crisis, a job that no single entity alone could accomplish.

Together, SARP, with its partners continues to find new, innovative ways to pursue its mission of “protecting,
conserving, and restoring aquatic resources including habitats throughout the Southeast, for the continuing
benefit, use, and enjoyment of the American people.” Today, SARP is nationally-recognized as one of the first
groups designated as an official “Fish Habitat Partnership” by the National Fish Habitat Board, and is
implementing the goals of the National Fish Habitat Action Plan in the southeast region in some of the most
ecologically and economically significant watersheds in the country. Regionally, SARP conducts habitat
assessments that help collectively to identify regional conservation priorities. SARP’s reach includes 14
southeastern states (AL, AR, FL, GA, LA, KY, MO, MS, OK, NC, SC, TN, TX, VA). Locally, SARP works to
facilitate community-driven projects, promoting citizen action and opportunities for individuals to make a
difference. SARP’s work addresses a number of issue areas, such as public use, fisheries mitigation, imperiled
fish and aquatic species recovery, interjurisdictional fisheries, aquatic habitat conservation, and aquatic
nuisance species. SARP is staffed by a core group of personnel who are dedicated to SARP’s vision and who
work directly with key representatives from SARP’s partner agencies and organizations to accomplish its
projects and goals. SARP is funded through a variety of state, federal, and private grant and foundation sources.

The Southeast Aquatic Habitat Plan (SAHP)

The Southeast Aquatic Habitat Plan (SAHP) is central to all of SARP’s work, which is focused on high quality
science and assessments and restoration of habitat throughout the region. Created by a panel of SARP partners
and regional stakeholders in 2008, the SAHP guides the partners’ projects to conserve southeastern aquatic
habitats. Partners use SAHP objectives to improve, establish, or maintain riparian zones, water quality,
watershed connectivity, sediment flow, bottoms and shorelines, coastal, estuarine and marine zones as well as to
control hydrologic conditions and invasive or problem species. On a larger scale, this plan helps SARP identify
the highest regional priority aquatic habitat needs and effective strategies to facilitate action for aquatic
conservation, management and restoration.





The Southern Instream Flow Network (SIEN)

Rivers and streams of the Southeastern U.S. are home to a globally significant array of fish, mussels, crayfish,
and other life. The natural seasonal and inter-annual variations of water levels in rivers and streams are critical
to maintenance of these rich aquatic ecosystems. As a consequence of the widespread impacts of recent natural
drought and storm events as well as increased water withdrawals and usage in the region, SARP identified
implementation of protective instream flow policies as a priority strategy in the SAHP, forming the Southern
Instream Flow Network (SIFN) in 2008 to address impacts to natural flow regimes in the region’s aquatic
ecosystems. Because instream flow policies are administered at the state level and lack national standards to
protect national systems, SARP envisioned SIFN to leverage policy and technical experience within and among
its state partners. SIFN also involves the participation of The Nature Conservancy, Auburn University, the
Instream Flow Council, the American Fisheries Society, and others. The SIFN goal is to develop and improve
protective instream flow policies by providing science-based resources and opening lines of communication.

One of the outcomes of the SIFN collaboration is the Southern Instream Flow Research Agenda, which lays out
a strategy for focusing research and funding resources on the scientific products needed to inform, develop and
implement credible, defensible, enforceable and protective instream flow standards throughout the southeastern
US. The regional approach described in the Agenda and followed by SIFN will leverage limited resources to
benefit many states as they work to develop or improve their instream flow standards. The Southern Instream
Flow Research Agenda is available at http://southeastaquatics.net/documents/categories/instream-flow-science.

SIEN is currently working on the development of a river classification system for assessment purposes, a
hydrologic alteration assessment and a regional aquatic resource database of information pertaining to instream
flow, all key research objectives identified in the Research Agenda. Through this process, SIFN is developing a
framework for bringing information together across the region and identifying data gaps and establishing
research priorities that are focused on meeting the needs of water resource managers for scientifically credible
and protective state instream flow standards and practices.

At the EPA Healthy Watersheds Integrated Assessments Workshop, SARP will discuss SIFN’s approach to
collaboration and data collection focused on instream flow in the Southeast region and provide an update on the
status of SIFN’s activities.

For more information about SARP, its programs and other resources, visit www.southeastaguatics.net or
contact SARP Coordinator, Scott Robinson at 770-361-5639 or scottr@southeastaguatics.net. To learn more
about SIFN, visit the SIFN page on the SARP website at www.southeastaguatics.net/programs/sifn or please
contact Mary Davis, SIFN Technical Advisor, at 404-213-3122 or mary_davis@tnc.org.
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The U.S. Geological Survey National Water Census: quantifying,
forecasting, and securing freshwater for America’s future

In its early history, water management in the
United States focused on alleviating or
controlling the impacts of floods and droughts.
Investments in water infrastructure, such as
dams and canals, ensured the availability of
safe, abundant, and inexpensive sources of
water, aided in flood management, and
dramatically improved the economic prosperity
of the Nation and the health of its citizens. The
21st century, however, has brought a new set
of water-resource challenges. Aging
infrastructure, rapid population growth,
depletion of groundwater resources, impaired
water quality associated with certain land uses
and land covers, increased water needs for
human and environmental uses, and climate
variability and change all play a role in
determining the quantity of freshwater
available for drinking and other uses at any
given place and time. Water shortages and
water-use conflicts have become commonplace
in many parts of the United States—even in
years of average precipitation. The impacts of
climate change, energy development, rural and
urban land use, and increased water use for
other human activities on the quality and
availability of the Nation’s water resources
accentuate the need for comprehensive water
information and predictive tools to aid water-
resource managers.

Over the next 10 years, the US Geological
Survey (USGS) plans to conduct a new
assessment of water availability and use for the
nation that will account for the quantity and use
of water resources across the United States. We

call this assessment “A National Water Census”,
which is one of the six strategic directions
identified in the USGS Science Plan. The census
fulfils an important recommendation of the
National Science and Technology Council: to
conduct “... an ongoing census of water that
describes the status of our Nation’s water
resource at any point in time and identifies
trends over time.” The Census also addresses
critical aspects of recent Federal legislation,
including the need to establish a national
program to provide an accurate assessment of
the status of water resources throughout the
United States.

As part of the National Water Census, the USGS
will  produce a seamless coverage of
hydrological information across the nation. This
information includes all important aspects of
the water cycle and the environmental
requirements for water. This effort will include
expansion of the existing water-use science
program within the USGS. Initial work will
concentrate on integrating national, state, and
private databases of water-withdrawal and -
use, return-flow, population, climatologic,
agricultural, and economic information. In
future years, this information will be used to
develop statistical relations between these data
sets and measured withdrawal, delivery, and
return-flow data for water within each of
several geographic regions. Ultimately, these
relations will be used to estimate water use
(demand) by small geographic areas (see
example below).





Aquatic ecosystems require a certain amount of
water, or streamflow regime, to sustain life and
maintain ecological diversity. Balancing human
and ecosystem demands requires an
understanding of the minimum streamflow or
water level needed to maintain a healthy
ecosystem. The USGS will launch a research and
assessment effort to characterize the flow
needed to support aquatic species and their
habitat. this effort will focus on
classifying the streams across the nation into

hydroecological types.

Initially,

In future vyears, the
efforts will expand to systematically examine
the ecological response to
alteration and, later, develop flow alteration—

hydrological

ecological response relations for each stream
type.

The USGS will also begin three geographic focus
area studies in the following basins: Colorado

River, Delaware River, and Apalachicola,

Chattahoochee, and Flint rivers. These studies
will  be

implemented to comprehensively

examine all of the hydrological and biological
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New York-New Jersey Highlands Regional Water Budget—An Example
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aspects of water availability, as well as human
water use, and to report on areas of significant
competition over water resources and the
factors that are influencing that competition. It
is envisioned that each focus area study will be
conducted over a 3-year time-frame.

Ultimately, the National Water Census is an
initiative that will provide the Nation’s citizens,
communities, natural-resource managers, and
policy makers with a clear and complete
knowledge of the status of their water
resources, comprehensive data on trends in
water availability and use over recent decades,
and an improved ability to forecast the
availability of freshwater for future human,
and environmental Surface

economic, uses.

water and groundwater support society’s
needs, but also sustain diverse and fragile
Survey (USGS)

science on water quantity and quality, as well as

ecosystems. U.S. Geological
data on long-term trends, helps decision makers
balance human and environmental demands on
our water resources.

Connecticut

streamflow, consumptive water
use, and changes in groundwater
storage. The simple water
budget depicted above is being
used by the U.S. Forest Service
and State resource managers to
make science-based decisions
about land use in the Highlands
Region, an area of protection in the
Highlands physiographic province
of Pennsylvania, New Jersey. New
York, and Connecticut.
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ZUSGS

science for a changing world

A National Water Census: Quantifying, Forecasting, and Securing Freshwater for America's Future

Dr. Matthew C. Larsen, Associate Director for Water, United States Geological Survey, and Chair, U.S. National Committee for UNESCO IHP, and Eric Evenson, Coordinator, USGS National Water Census

Our Objective for the Water Census: A Water Budget A Nationwide System to Deliver Water  Information Delivery
D1ace technical information and tools in the We account for water Accounting Information Addressing: A web application for delivering water availability
: avallability with a Information at scales that are relevant to the user
nands of stakeholders, allowing them to water budget. It e Precipitation
answer two primary questions about water counts the inputs, * tvapotranspiration SCIECTING e - o ismes r wger ps
RIT - e Storage in Reservoirs, Lakes, Snow and Ice area of L AP
availability withdrawals, and _
' changes in amount * JSurface Water interest
e Does the Nation have an enough ” " of water in each ; farOR“e”thng;rrateS Generate
freshwater to meet both human and Som[?’onento the water cycle. Each arrow represents a - Water level in aquifers information
_ flux” or movement of water from one component to another. _ on water
ecological needs? | e Ecological Needs ccountin
Great Lakes Basin o Water Withdrawals o onen%s
o \\Vil| there be water to meet future needs? Budget: e Return Flows P R e S e
About 10.000 billior e Consumptive Uses Work With — iesssmsiige | e et
cubic fee't . e Run-of-the-River Uses the online tool to construct a water budget
: : IS stored In each A new capability would be a nationwide system to Access trend information
Enhancmg U.S. Water Use Information Great Lake deliver information about water availability components
Use New Methods to Estimate Groundwater equals neeﬂed _by Wa;erfmanagers. How much (()jfdour water
Water Use Stratified Random another Great Lake: resides In eacn of these components and does It vary in -
Sampling Regression Models 14.000 billion B e space & time? We plan to answer that question through USGS will Expa“d Work on :
ol e the Water Census. Groundwater Systems to Obtain
Annual flow out of the Basin Is 1 percent of water In storage RECharge' Yield, Cha“ges In Storage
Develop models of water use . . I
e T Water use is 65,000 ft3/sec Assess Role of Groundwater in Water  IMformation
Consumptive use is 3000 ft3/sec[note 1 ft3 = 28.3 liters] Availability * Assess groundwater availability through studies of
principal aquiter systems
Use .edxistri]ng_ cfapabili_ties and enhance the resources to e Concentrate on those systems that account for the
‘ orovide the intormation on:
e . greatest groundwater use
Ability to track water from P —— Flows Needs for Wildlife and Habitat e Recharge — | - | |
hoint of withdrawal thru o AR Vel o GW yields e Complete an analysis of the Nation’s brackish aquifer
‘eturn of flow The USGS will invest in the science of ecological flows to e Changes in storage systems; a priority for examining these potential
| classify the Nation's streams for analysis, systematically e Saltwater Intrusion water resources
ex.amine the ecologi_cal ef_fects of flow alteration,_ and from e Trends in GW Indices - - This began effort in 2010 with the initiation of
this, de_ve op a relationship between tlow alteration a_nd e Artificial Recharge | | three regional studies on brackish aquifers
ecological response for each class of stream. From this e GW/SW Interactions Bedrock schematic, GreatLakes region
The USGS will invest in the science of water use to information, water managers can establish ecological tflow
develop better means of estimating water use and goals for the resources they manage.

consumptive use. The objective Is to track human
water use from where 1t 1s withdrawn, to how It IS
used and consumed, and ultimate how Its flow IS
returned to the environment.

Assess the Nation's Brackish Resources
Continue and strengthen work begun in 2010
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e Hydrologic properties
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(IAHS Publ. 338, 2010).
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Condition Gradient Assessments Linking Fluvial Processes, Geomorphology, and Physical Habitat
Michael Kline, Vermont Agency of Natural Resources (ANR)
October 10, 2010

Stream geomorphic and reach habitat assessment protocols have been developed for use in the State of Vermont
(Kline et al., 2009 and Schiff et al., 2008). Remote sensing and field collected data are used to evaluate wa-
tershed stressors affecting stream equilibrium conditions in different valley settings. Departures in natural hy-
drologic, sediment, and woody debris regimes are evaluated to explain channel morphology, adjustment
processes, and stage of channel evolution. Shelter, feeding, and reproductive habitat conditions are assessed
within the stream segment and cross-section associated with the dominant mode of channel adjustment. Corri-
dor and reach-scale assessments of fluvial process are used to evaluate habitat features at smaller-scales, e.g., the
sorting and distribution of sediment into bar and riffle bed forms. The Vermont stream geomorphic and physical
habitat protocols are now fully integrated and practiced simultaneously in the field.

In developing the Reach Habitat Assessment (RHA) to accompany the Vermont Rapid Geomorphic Assessment
(RGA), studies are conducted to evaluate questions about physical processes, habitat condition, and aquatic
communities (Hypotheses 1-3), and confirm that the RHA properly fits within the Vermont RGA (Hypotheses
4-6).

1. Biological communities in rivers and streams are correlated to the quantity and quality of habitat as created
by the dominant physical processes associated with hydrologic, sediment, and wood regimes and the resul-
tant range of hydraulic units occurring in each geomorphically defined stream reach.

2. The dominant channel adjustment process initiated by erosion and deposition, as measured by the RGA,
alters physical habitat and the dominant reference physical process associated with a geomorphic setting
(laterally and longitudinally) across a range of spatial scales — local, reach, and watershed.

3. Viastratification by geomorphic stream type and utilization of variables representing the dominant physical
processes and resultant cover features, the RHA accurately reflects departures from reference habitat condi-
tion, as identified for geomorphic condition in the RGA.

4. The RHA protocol generates data with an acceptable level of precision upon repeated use by a single or
multiple assessors over a range of study sites.

5. The RHA protocol includes the most important variables and appropriate data ranges for each condition cat-
egory for the geomorphic stream types that are dominant in Vermont.

6. The new RHA protocol can effectively be performed in conjunction with other SGA measurements so that it
meshes well with the existing methodologies, does not take an excessive period of time to perform and max-
imizes the return on useful additional habitat data with data collection requirements.

The creation of the Vermont RHA is another addition to the growing body of knowledge about the essential link
between physical processes and the resultant channel and riparian forms that constitutes aquatic habitat. Inte-
grated reach geomorphic and habitat assessments are identifying specific habitat deficiencies (e.g., large pieces
of LWD, deep pools, vegetated buffers), as well as the altered processes (e.g., excessive incision or aggradation)
that are likely to have led to the deficiencies. Vermont’s efforts are now focused on using the combined geo-
morphic and habitat data in conjunction with biomonitoring data to identify potential factors driving the compo-
sition of sampled macroinvertebrate and fish assemblages.

The University of Vermont and the VTANR are using artificial neural networks (ANNS) to study the relation-
ships between geomorphological, physical habitat and biological conditions. While regressions between reach
geomorphic and habitat conditions are strong, the statistical relationships between physical and biological condi-
tion scores are weaker and may be highlighting several methodological issues (Mathon, 2011), including:

» Fish and macroinvertebrate data collection methods were originally established to control for physical

variability and monitor impacts associated with pollutant discharges.
» Both geomorphic and biological data indicate physical form and process but at very different scales.
e Use of summary metrics may obscure relationships in the data.





Individual parameters were examined during the development of the RHA and much stronger correlations were
found. Macroinvertebrate community scores and salmonid density indicate lower community health for channel
evolution stages 111 and IV, the stages that tend to be most unstable and disconnected from floodplains with va-
rying habitat conditions (Schiff et al., 2008). Riparian area, stream bank, substrate cover, and connectivity va-
riables correlated with macroinvertebrate metrics.

Long-term studies are needed to explore the relationships between physical and biological components of Ver-
mont streams within a geomorphic context. Multiple years of data collection will be needed to account for ex-
pected natural variability in populations and rigorously test the above hypotheses. Such a long-term project
would generate improved geomorphic and habitat assessment protocols, expanded biomonitoring methods, im-
proved understanding of assessed streams, detailed data to guide resource management and restoration, and a
better understanding of the relationship between natural processes, aquatic habitat, and biological communities.
Measurable departures in hydrological, sediment, and wood regimes that result in shifts in biological condition
may provide a basis for proposing physical process-based antidegradation procedures.

Vermont is now developing a program to protect “very high quality waters” (i.e., healthy watersheds) guided by
assessments of stream geomorphology, physical habitat, and biotic condition. In Vermont’s approach, a healthy
watershed would include streams at or near equilibrium condition, with bed, channel, and floodplain forms that
persist through periods of disturbance. Vermont uses a river corridor planning process (Kline, 2010) to examine
watershed stressors that alter hydrologic, sediment, and woody regimes, and reach scale stressors that may affect
stream power, bed and bank resistance, and longitudinal connectivity. The degree of channel incision and ver-
tical channel adjustments are key parameters in the stressor analysis. They are used to explain the increases and
decreases in the rate of erosion and deposition-related processes that affect instream cover types and the lateral
connectivity between channel, riparian, and floodplain habitats. River corridor plans identify watershed-scale
strategies and reach specific BMPs for protecting and restoring stream equilibrium.

Vermont has assessed over 1,400 miles of stream. The physical watershed processes that create and maintain
aquatic and riparian habitat have been altered over a vast majority of the Vermont landscape. Human channel
works, and the energized, transport-dominated conditions they create, degrade habitat by continually removing
structural complexity. Where VVermont rivers have become incised and disconnected from their floodplains,
significant losses in flood and sediment attenuation and organic and nutrient retention have been documented.
Disequilibrium and a heightened export of watershed materials are lowering the resiliency of riparian ecosys-
tems. The benefits accrued from healthy watersheds may be increasingly diminished without the adoption of an
*avoidance approach” to river corridor and floodplain management. To that end, Vermont has developed me-
thods for protecting river meander belts, buffers, and floodplains though state and municipal land use regulation
and conservation easements (Kline and Cahoon, 2010).
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Data and Analyses to Support Watershed Resilience in Florida
FLORIDA

Natural Areas

INVENTORY

The Florida Natural Areas Inventory (FNAI) is Florida’s Natural Heritage Program and a member of the
NatureServe Heritage Network. Our mission is to collect, interpret, and disseminate ecological information
critical to the conservation of Florida’s biological diversity. Our program is a part of the Florida Resources and
Environmental Analysis Center at Florida State University.

FNAI maintains comprehensive, statewide, spatial databases for conservation including databases for rare
plants and animals, conservation lands, environmental land acquisition projects, invasive exotic plants, and
natural community mapping. Our scientists, GIS analysts, and conservation planners work closely with
government agencies and non-governmental conservation organizations to inform conservation and land
management decisions at federal, state and local levels.

Our work on statewide conservation planning analyses, especially multi-criteria reserve selection and
evaluation tools used for decision support in the Florida Forever Environmental Land Acquisition program, may
be relevant to other conservation initiatives, including Healthy Watersheds.

Florida Forever Conservation Needs Assessment

The Florida Forever Conservation Needs Assessment is an analysis of the geographic distribution of certain
types of natural resources that have been identified by the Florida Legislature as needing increased
conservation attention. FNAI collaborated with many of Florida’s natural resource experts to develop or
compile statewide GIS data for 13 resource types that are the focus of Florida’s conservation actions. These
include datasets related to rare species habitat, natural communities, ecological greenways, large landscapes,
significant surface waters, natural floodplain, functional wetlands, aquifer recharge, fragile coastal resources,
cultural resources, and sustainable forestry. Each dataset contains several priority classes to help focus
protection on the highest quality, rarest, or most vulnerable resources. Several of these resource types
support resilient watersheds and coastal systems:

Significant Surface Waters. — The Surface Waters data layer identifies buffer lands that protect high quality
surface waters of the state, which include Outstanding Florida Waters, National Scenic Waters and National
Estuaries, shellfish harvesting areas, seagrass beds, springs, water supply and waters important for imperiled
fish. The data are prioritized based on proximity to a water body, stream order, downstream length, basin size
and other factors.

Natural Floodplain. — This dataset identifies natural floodplain communities approximating the 10-year
floodplain of major rivers and their tributaries based on land cover data. The data were prioritized based on
the degree of “naturalness” of the floodplain, which was estimated based on another dataset that identifies
potential natural areas in Florida.

Fragile Coastal Resources . — This data layer identifies natural communities within one mile of the coast that
are most vulnerable to disturbance or development including beach dune (G3), coastal scrub (G2), coastal
grasslands (G3), coastal strand (G2), maritime hammock (G3), mangrove wetlands (G5) and salt marsh (G5).
These data in conjunction with digital elevation data, also identify lands that could mitigate threats from sea-
level rise.

Aquifer Recharge . — The ground water recharge data layer identifies areas of potential recharge important for
natural systems and human use. The data are prioritized based on features that contribute to aquifer
vulnerability such as thickness of the intermediate aquifer confining unit and closed topographical depressions,
as well as areas within springshed protection zones and in proximity to public water supply wells.
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F-TRAC Decision Support

The Needs Assessment data are incorporated into the Florida Forever Tool for Efficient Resource Acquisition
and Conservation (F-TRAC), a tool to assist decision-makers in evaluating and ranking proposed land
acquisition projects. F-TRAC is based on a reserve design approach that results in a portfolio of sites that
approaches an optimal solution for protecting the most resources for the least cost. F-TRAC is run with
Marxan software (Ball et al. 2009, Ball 2000, Ball and Possingham 2000), which uses an iterative site selection
algorithm to approximate an optimal portfolio. There are five main inputs to the process:

Planning Units. — The analysis is based on discrete sites, or planning units. These can take a variety of forms,
and previous studies have used everything from grids to hexagons to watersheds. The only requirements are
that the planning units are mutually exclusive, they have definable area or monetary cost, and that the
distribution of resources across planning units is known.

Conservation Features. — Conservation features are the actual natural resources to be considered in the
model. F-TRAC considers six types of natural resource categories—species, natural communities (including
coastal communities), surface waters (including floodplain), wetlands, sustainable forestry, and aquifer
recharge. Each natural resource is represented by a statewide GIS data layer that is spatially prioritized to help
focus protection. For example, aquifer recharge is divided into six priority classes based on measures of soils
permeability, proximity to karst features, depth to water and other factors. F-TRAC has 42 conservation
features (6 resource types, divided into various priority classes).

Targets and Weights. — Marxan requires that a target be set for each conservation feature in the model.
Targets for the resources used in F-TRAC were set with consensus of an expert work group. The targets for F-
TRAC were set as a percentage of each resource were higher for higher priority resources. Whereas targets
tell the model how much of a resource to search for in assembling a portfolio, weights tell the model how hard
to search for that resource compared to other conservation features. Both targets and weights used in F-TRAC
were set with the consensus of anexpert workgroup.

Cost Threshold. — Cost Threshold is not a required model input, but is needed if the portfolio is to be based on
a limited budget or land area. For F-TRAC the aim was to set a cost threshold so that the final portfolio would
equal the amount of land likely to be acquired through the Florida Forever program.

Additional parameters for Marxan include the number of iterations within a single run and the number of
successive model runs (generally the more the better). Through successive iterations, eventually a portfolio is
found that cannot be improved upon, and is put forward in the model results as the best solution. The results
also include a summary of the number of runs in which a planning unit was ‘chosen’ for the portfolio, which
can be used a measure of irreplaceability and provide flexibility in site evaluation.

Relevance to Watershed Resilience

The F-TRAC/Marxan approach could be used to measure watershed resilience in terms of how efficiently a
watershed contributes to the protection of multiple resources. The key decisions that influence outcome are
selection of natural resource data (accuracy and consistency across planning units are important) and setting
of targets and weights (via expert consensus, viability analyses, analytical hierarchy, etc). The benefits of this
approach are that a multicriteria analysis makes explicit the tradeoffs between resource types inherent in
protection efforts and it distills a large amount of complex information into a concise analysis that is more
tractable for decision makers. Limitations of this process include time/effort involved in creating input files,
the need for extensive sensitivity testing to establish viable parameters, and the ‘black box’ effect of the
algorithm.
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Integrating Ecosystem-Based Conservation and
Transportation Planning at the Metropolitan Scale

As a Metropolitan Planning Organization (MPO) with established transportation and environmental
planning units, the Delaware Valley Regional Planning Commission (DVRPC) is uniquely qualified to
strengthen the linkages between conservation and transportation planning. DVRPC views these
requirements, as they are outlined by section 6001 of SAFETEA-LU (Safe, Accountable, Flexible,
Efficient, Transportation Equity Act: A Legacy for Users), as an opportunity to improve the
transportation system while also working to maintain and restore the function of ecological systems in
the DVRPC region.

Background

Section 6001 of SAFETEA-LU recommends and requires thoughtful and systematic consideration of
potential conflicts between transportation improvements and environmental resources during the
long-range transportation planning process. In doing so, DVRPC believes that solutions to
transportation problems and future system-wide investment strategies can be developed that are
more harmonious with regional environmental and conservation goals, also referred to herein as
“green infrastructure goals.”

For DVRPC, linking ecosystem-based conservation and transportation planning means identifying
conflicts between transportation projects and regional green infrastructure goals and utilizing that
information to make decisions about the future of the transportation system. DVRPC defines its
green infrastructure goals using an integrated approach based partly upon FHWA's Eco-Logical: An
Ecosystem Approach to Developing Infrastructure Projects. More specifically, these goals are to
maintain, enhance and restore natural systems at the regional scale in order to improve water quality,
maintain and create viable wildlife habitat, maintain biodiversity, sequester carbon, minimize natural
hazards, and promote ecological integrity. These goals are best achieved by protecting aquatic
resources and the large blocks and corridors of naturally-vegetated uplands that support those
resources. At the regional scale, these goals are made manifest by DVRPC’s Greenspace Network
and Conservation Focus Areas, Pennsylvania’s Smart Conservation Model and the New Jersey
Division of Fish & Wildlife’s Landscape Project. The greatest threats to achieving green infrastructure
goals are fragmentation, conversion, and degradation of naturally-vegetated lands due to land use
change and pollution, of which the transportation system is both part and parcel.

While the transportation infrastructure of the DVRPC region is a key element of its economic success,
future decisions regarding investments in this infrastructure must be balanced against the region’s
green infrastructure goals, which are also critical to long-term economic success and vitality. DVRPC
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is working to achieve its environmental/conservation goals by supporting the implementation of the
Greenspace Network and the Conservation Focus Areas. At the same time, DVPRC is working to
create a sustainable transportation system that meets the region’s needs for mobility. The “linking
process” described herein is intended to minimize conflicts between these goals.

Historically, there has been a disconnect between DVRPC'’s transportation planning and the agency’s
environmental/conservation goals because the potential relative impact of individual transportation
projects on environmental/conservation goals has not been assessed in a consistent or
comprehensive manner. Thus, direct comparisons of environmental impacts among projects striving
for inclusion in the region’s Long-Range Transportation Plan have not been possible. To overcome
this limitation, DVRPC developed the “Integrated Green Infrastructure Screening Tool” to quantify
conflicts between potential transportation system improvements and regional green infrastructure
goals. The screening tool is described below.

Integrated Green Infrastructure Screening Tool

In past transportation planning cycles, the relative environmental impacts of projects was not
evaluated in DVRPC's long-range transportation planning process, and a description of the types,
locations, and extents of natural features that might be negatively impacted by transportation projects
was not produced. By contrast, the Integrated Green Infrastructure Screening Tool was developed to
guantify the potential relative impacts of transportation projects on the totality of features that support
healthy aquatic and terrestrial ecosystems. The Integrated Green Infrastructure Screening Tool was
utilized in DVRPC’s most recent long-range plan, Connections, adopted in July 2009.

The Integrated Green Infrastructure Screening Tool combines ten key environmental data layers
covering the DVRPC region. However, some of these data layers, such as the Smart Conservation
Model, incorporate as many as 20 secondary natural feature and biotic data layers, so the final
product is data rich. The layers included in the Screening Tool embody both “raw” natural features
data and conservation planning layers created in conjunction with DVRPC'’s planning partners.

To create the tool, the data layers are “rasterized” into a grid of 30-meter cells. The presence of an
environmental feature layer within a cell gives that cell a value of one point. The presence of two
features gives the cell a value of two points, and so on, with a maximum cell value of ten.

The following data layers are included in the Integrated Green Infrastructure Screening Tool:

& 2035 Greenspace Network (DVRPC'’s Green Infrastructure layer linking forested hubs with linear
corridors primarily along major streams and rivers)

& 2035 Conservation Focus Areas (Unique landscapes and high-value watersheds prioritized for
conservation)

& 2035 Rural Conservation Lands (Rural areas targeted for growth management)
o Wetlands

“ Pennsylvania — National Wetlands Inventory
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< New Jersey — NJDEP Land Use/Land Cover Data
Woodland Blocks >10 acres — DVRPC 2005 Land Use
Floodplains — FEMA 100-year floodplains

Steep Slopes (over 10 percent)

2 R 2 R

Riparian Buffers — A 300-foot buffer on all permanent and mapped streams within the DVRPC
region

2

High-Value Habitat Areas
“ Pennsylvania — Smart Conservation Model values of 8, 9 and 10
“» New Jersey — NJ Landscape Project Critical Habitat Areas

« Significant Natural Areas

°,

“ Pennsylvania — Natural Areas Inventory sites and Pennsylvania Wild and Natural Areas

% New Jersey — Natural Heritage Priority sites

Each of these environmental data layers are weighted equally since the point of the analysis is to
evaluate and compare the impacts of transportation projects on the environment, not compare the
relative weight of one “environmental feature” to another. However, the screening tool achieves
appropriate weight or “depth” due to feature overlap. For example, a wooded floodplain area within
the Greenspace Network will have three times the value of land that is wooded but not within a
floodplain or the Greenspace Network.

The screening process is conducted by assigned all new capacity projects considered for inclusion in
Connections a buffer sized according to roadway classification and whether or not new right-of-way
would be created for a project. Buffer sizes reflect the reality that transportation impacts extend well
beyond the project right-of-way, due to habitat fragmentation, the systemic nature of ecosystem
function, and secondary impacts, such as land use change. Buffer distances are sized based on
similar studies and in a “regionally-appropriate” manner. The buffer categories for new capacity
transportation projects are as follows:

& Capacity enhancement of existing arterial: ¥2 mile

& Capacity enhancement of existing limited-access highway: 1 mile
= New right-of-way roadway facility: 2 miles

= New rail right-of-way: 1/8 mile

By summing the value of cells within a project’s buffer, the analysis calculates the ecological context
of transportation projects and provides an early relative measure of potential impacts to the region’s
integrated ecological systems. The Screening Tool map can be used to focus in on the location of
potentially high-impact areas.
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As the Integrated Green Infrastructure Screening Tool suggests, it is important to analyze the impact
of transportation improvements on green infrastructure and ecosystem services as a whole, not just
on regulated features in isolation. While regulated features are critical, long-range planning offers an
open, non-regulatory process to bridge the gap between the complexity and scope of ecological
systems and the limited focus of regulatory authority. The Integrated Green Infrastructure Screening
Tool accounts for more than just direct impacts to regulated features within the project right-of-way. It
looks at all ecosystem features according to their abundance and relationship to larger networks of
natural lands. It assesses a full range of impacts drawing attention to habitat fragmentation, loss of
biodiversity and impacts to the hydrologic cycle (all of which are caused not only by the project itself,
but also by the project’s potential role in land use change). An Integrated Screening Tool score
showing a high level of impact does not necessarily indicate that a transportation project should not
be built, but it does provide information that allows planners and decision-makers to balance
environmental impacts against alternative solutions to transportation problems, while also preparing
for the NEPA process.

Although the screening tool looks at ecosystems broadly, the individual environmental data layers
used in the tool can also be broken out to estimate a project’s impacts on specific features such as
wetlands, streams and threatened and endangered species habitat. However, efforts to measure
discrete impacts on a particular resource at this stage must be tempered by the knowledge that the
screening tool uses regional-scale mapping, secondary sources of environmental data, and
preliminary transportation project alignments. As such, the mapping within the screening tool is only
a starting point for site-level investigation and field views.
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Maryland’s GreenPrint and Blue Infrastructure Examples
Catherine McCall & Christine Conn, Maryland Department of Natural Resources

GreenPrint (http://www.qgreenprint.maryland.qov/)
Coastal Atlas Blue Infrastructure (http://dnr.maryland.gov/ccp/coastalatlas/estuaries.asp)

Maryland citizens treasure and benefit in many ways from the State’s natural resources in both terrestrial and aquatic
environments. Our forest and wetlands provide the natural foundation needed to support diverse plant and animal
populations, and enable valuable natural processes like filtering water and cleaning the air to take place. Coastal and
estuarine habitats shield us from storms; filter pollutants to maintain water quality; provide shelter, nesting and nursery
grounds for fish and wildlife; and provide access to beaches. Resources throughout the State are critical for commerce,
recreation, energy, environment, and our quality of life. As new uses of these resources become a reality, there are
increasing demands on the available space and resources and new strategies are needed to ensure their long-term
viability. Like the built infrastructure we depend on for transportation, clean drinking water and community services,
such as health care, education, and emergency response, we must also proactively invest in our natural infrastructure.

Maryland’s vision of resource conservation can be translated and implemented through effective mapping and
assessment tools. Identifying conservation goals geographically, prioritizing where the most important lands and
resources occur, and understanding what has already been protected, and by what program are key elements for
achieving Maryland’s conservation vision. In other realms of government, geographic information is equally important
for planning, implementing and tracking programs and policies. In recognition of the values that Geographic Information
Systems (GIS) have for effective governance, Governor Martin O’Malley initiated the MD iMap project as well as the
GreenPrint and Coastal Atlas planning tools.

MD iMap is an internet portal that provides an authoritative base map of Maryland and other theme-based map data. It
allows government and citizens to assess information about state, local, and municipal performance. GreenPrint and the
Coastal Atlas are planning tools designed to help government staff, conservation organizations, and individual citizens
make good decisions about land and resource conservation and growth by delivering the resource assessment data
directly to the hands of land and resource managers and planners. Since there are many players in the land conservation
arena, clearly communicating what and where resource priorities are enables the sharing and leveraging of resources
among and between these players.

In order to establish statewide goals, Maryland developed systems that map high priority conservation targets on land
and in water based on defensible ecological criteria that help direct the targeting of State-funded conservation programs.
The first is GreenPrint’s Targeted Ecological Areas system.

Targeted Ecological Areas (TEAS), which are the GreenPrint conservation targets, are mapped using the highest ecological
priorities identified through four key statewide natural resource assessments. Each one of the assessment maps
represents a unique natural resource value. The most important areas within each map were combined to create TEASs.
Those areas not included in a TEA continue to be important natural resource areas that should be incorporated in land
use planning and other resource management decisions.





The four key statewide natural resource assessments integrated in to GreenPrint’s TEAs include:

Maryland’s Green Infrastructure Assessment

An ecological network of the State’s most important large blocks of forests and wetlands and the habitat
corridors needed to connect them

Aquatic Life Hotspots

Watersheds that support areas of high aquatic biodiversity and fish species sensitive to increases in impervious
surfaces

Rare Species Habitat

Areas that support Rare, Threatened and Endangered species and other unique plant and animal communities
Water Quality Protection

Sensitive watershed lands, such as forests, wetlands, and steep slopes that are important for providing water
quality services

The second system that target’s some of the state’s most critical aquatic resource areas is the Coastal Atlas Blue
Infrastructure. This component of the state’s resource conservation system maps out unigque priority areas and
watersheds that sustain the state’s vital aguatic resources.

The key statewide aguatic resource assessments integrated in to Coastal Atlas Blue Infrastructure include:

Near-shore Assessment

A detailed spatial assessment of coastal habitats, critical natural resources, and associated human uses in the
tidal waters and near-shore area of Maryland’s coastal zone. Considers resources such as submerged aquatic
vegetation (SAV); oyster bars; fish spawning areas; waterbirds; terrapin and horseshoe crabs; shoreline-
dependent species; and areas that support rare, threatened and endangered species and high priority blue
infrastructure watersheds

Critical Fisheries Habitat

Watersheds with low impervious surface, that support sensitive brook trout and maintain fisheries production
Stronghold watersheds

Places where rare, threatened or endangered freshwater fish, amphibians, reptiles or mussel species have the
highest numbers (abundance and number of occurrences). This information is also available through the State’s
StreamHealth mapping system

While GreenPrint and the Coastal Atlas are mapping tools that lay out a plan for conserving the most important natural
resource areas in the State, before they are lost, it also sets the direction for using State conservation programs to
achieve this plan and encourages public involvement and awareness to raise the level of effort. In this initial phase,
Maryland's most ecologically important lands, the "Green Lungs" of the State, are mapped as priority conservation
targets on GreenPrint. In addition, all land currently protected through various programs is displayed. GreenPrint allows
the user to locate where they live in relation to protected lands and ecological land priorities. Users also have access to
statistical information at the county and State level that evaluates progress towards achieving protection of valuable land
resources. Work is underway to better integrate the Coastal Atlas Blue Infrastructure priorities into this system,
environmental review processes, land acquisition review processes, and other planning initiatives.

It is important to emphasize that GreenPrint and the Coastal Atlas are the necessary tools to target resources and
programs to protect those areas of the State that are of the highest ecological value. Not only is this tool a model for
other states, it also provides a way to track progress and be more accountable toward meeting our conservation and
restoration objectives.
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