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Abbrevations & Key Terms

Ecosystem Services (BSNB X &aAYLX & |y R Ay K
LIS2LX S 26GFAY FNRY SO2aea Yacée
power to guide analyses etosystem services:

G902a8aiSY aSNBAOSa I-belg aftkeSlowSFoerefisiram e2ogysténiz¥ol y ¢ St f
LS21L) S 20SN) 3AQGSy SEGSyida 2F &Ll O0S FyR GAYSE 6wz2K:
The italics are to emphasize that ecosystem ses/are about human welfare, not nature for its own

sake. They are about flows of benefits (as opposed states of nature). Ecosystem services also flow from

one place to another at one time or another (they are not static). This definition is an important

component of the lens through which we have viewed and evaluated the existing literature.
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Ecosystem Service Value (E®Ahe translation of a flow of benefits into dollar terngo,we can say
that a flow of a million gallons of water per day in a wateibisean ecosystem service. And if each
gallon is worth a penny, we could say that the ecosystem service value of that daily flow would be
$10,000.

Benefit Transfer Method (BTM} a means of establishing the value of ecosystem service flows in one
settingby transferring values derived through primary research in another setting. For example, if a

study of the ecosystem service value of riparian areas in one state determines that each acre of

bottomland forest generates $1,000 per acre per year in recreativalue (because it is good

birdwatching habitat, say), we might transfer that value to an otherwise similar acre of riparian area in

another location. This is an example of the SISy NBE 2F . ¢a (y26y | a adzyAd oI
single number oset of numbers is transferred over from the earlier study.

Hedonic PricingMetho® & G A YI 1S4 LIS2LJ) S&aQ y2yYIN]J SO OFtdsSa 27
beauty, and other environmental features through analysis of property values in the housing market

(Alberini, n.d.).

Willingnessto-Pay (WTPis the maximum amount a consumer (landowner, resident, etc.) is willing to
pay, give up, or exchange, to receive a good or avoided an undesired outcome, such as pollution.

All pictures used in the report areattited to Brian Williams, unless otherwise noted.
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Executive Summary

This report introduces and examines the economic value of ecosystem services, including their spatial
distribution and value, across the entire Roanoke River Basin (including the Dan River and Lower
Roanoke subbasins). We explore economic outcomes fromnpiad resource management actions that

can affect the value of key ecosystem services in the region, focusing on four environmental issue areas
that were identified as important to regional communities and stakeholders: recreation, urban and
agriculturalrunoff, coal ash, and uranium mining.

Baseline Ecosystem Service Value of the Roanoke River Basin

Initial ecosystem service assessments of the Roanoke River Basin, the Dan River subbasin, and the Lower
Roanoke River subbasin provide baseline valuesasfystem services such as air quality, water supply,
protection from extreme events, and soil formation based on the land cover distribution in the region.
Annual ecosystem service value in the Roanoke River Basin is estimated to total $14.7 billioimginclud

over $6.6 billion in annual recreational value, $2.3 billion in food/nutritional value, and $1.4 billion in

water flows.

In the Dan River subbasin, a largely forested region within the Roanoke River Basin, we estimate
approximately $4.6 billion in esgstem service value. The Upper Dan River provides slightly more of
that value, a significant portion of which, almost $3 billion, is associated with recreational values tied to
forested land cover and open water. The Lower Roanoke River subbasin inQdootina is estimated

to have $4.4 billion in ecosystem service value, with a significant portion coming from food value ($1.5
billion) and water flows ($1.1 billion).

Community Input: Environmental Concerns and Valued Natural Assets

After performing a baeline ecosystem service assessment of the Roanoke River Basin, we sought input
from stakeholders in the region, including watershed organizations, landowners, town planners, and
state officials. We held community workshops to gauge regional perspectieeasystem services and

the environmental issues potentially affecting their value.

Stakeholder input from workshops and surveys in the Roanoke River Basin revealed top environmental
concerns and highlyalued natural assets for the communities in the cggiUranium mining was the

most frequently listed environmental issue, followed by agricultural runoff, invasive species and coal ash
spills, water pollution, and waterways lacking riparian buffers.

The key ecosystem services provided in the region, aitest frequently in the workshops and follew
up survey, include fishing and other watesised recreational activities, access to high quality drinking
water, habitat for species (biodiversity), aesthetic values, and erosion control (see ApperidiisB).
inputwas used to develop priorities for modeling potential changes in ecosystem service values
associated with resource management actions or policies.
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Recreation Benefits from Water Quallty Improvements

Improvements in water
quality can result from
manydifferent
management actions,
including creating or :
increasing riparian buffers,
implementation of urban
and agricultural Best
Management Practices
(BMPs), and municipal
stormwater management
upgrades. Improved water
clarity can contribute to
increases irthe number of / 2
days people participate in ,
boating, swimming, o

fishing, and other water & . 4

based recreation activities. In turn, this can result in greater spending on trip related purchases such as
food, travel, kayak rentals, etc., which benefits local comities

Research indicates that outdoor recreationists are willing to pay for improved water quality. For
example, Chesapeake Bay boaters surveyed were willing to pay a median of $26 per year for water
quality improvements (2018 dollars; Lipton, 2003), amtlew England, recreational users of waterways
reported annual willingness to pay values ranging from $14 for boating and fishing to $119 for
swimming (2018$; Parsons, Helms, & Bondelid, 2003).

We estimate the recreational value of water quality improvensein the Roanoke River Basin based on

the number of annual waterelated outdoor recreation days in the Roanoke River Basin and apply the

I SNI 3S NBONBIFGAZ2YLFf dzaSNna gAfftAy3aySaa (2 LI & T2
recreation usersn North Carolina suggest a mean willingness to pay for improved water quality of 24

cents per day trip across all watersheds (2018%; Phaneuf, 2002). Multiplied by-nekztrd outdoor

recreation days, this results in a total benefit estimate of $3.2onifor improved water quality in the

RRB.

Regional Benefits from Forested Riparian Buffers

Forested riparian buffers are one of the most ceffective management tools for maintaining and
improving water quality while providing recreational opportungjerosion control, and other

ecosystem services to nearby and downstream communities. Currently, natural riparian buffer cover,
which includes shrub, forest, and wetlands within the stream management zone of a waterway, totals

6
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122,363acres in the
Roanole River Basin (U.S.
Geological Survey, 2018).
We examine two scenarios
of riparianbuffer
management in the Basin,
FLIX eAy3d | mMmpnQ F2
buffer to half of the
waterways in the river
basin versus all of the
waterways in the basin.
These scenarios would
translate to al15,064acre
increase in forested buffer
and230,130acreincrease
in forested buffer,
respectively.

Existing literature provides

estimates for the

ecosystem service value of

nutrient retention, aesthetics, recreation, carbon storage, flooitigmation, and air quality for an acre of

forested riparian buffer (Rempel & Buckley, 2018). We estimate that the existing natural riparian buffer

in the Roanoke River Basin provides at ledsfi $illionin annual benefits from nutrient retention,

carbonstorage, air quality, and recreatial valud:- f 2y S owSYLISt g . dzO1f S&3X Hnmy
forested buffer along half the waterways (about 7,700 miles) in the Roanoke River Basin would provide

at least 4 billionin additional annual ecosystem servigenefit to the region, and a ortéme property

@t dzS ILAY 2F bPHyo YAftA2y (2 FR2lFOSyid LINBLISNIASA
in the Roanoke River Basin, we could se@.4 $illionmillion annual ecosystem benefit to the region

and a onetime property value gain of $566 million to nearby properties.

The estimated annual cost of developing a forested buffer, which includes forgone economic
opportunities on the land, averages to $3,500 an acre, and translate4d8rtillion and 805million in
each scenario, respectively (Berger, 2016). The potential net annual benefit of forested riparian buffer
scenarios in the Roanoke River Basin are thgg8#illion and 8.3 billion, respectively, not including
property value gms.

Excavation of Dan River Basin Coal Ash

The risk of coal ash spills, existence of unlined coal ash impoundments, and disposal of coal ash in
landfills in the region are all concerns to communities in the Roanoke River Basin. Following the Dan

River cal ash spill in February 2014, which sent 39,000 tons of coal ash 70 miles downstream the Dan
7
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River and increased media attention on the health and environmental risks of unlined coal ash basins,
state legislators have turned toward more stringent reguatof coal ash disposal in the region. Unlined
coal ash basins are the source of toxins such as arsenic, boron, lead, cadmium, and selenium leaching
into groundwater and surface water, contaminating drinking water and poisoning fish and wildlife.

The keyecosystem services currently inhibited or damaged by poor coal ash management include

drinking water quality, recreation, habitat for species and aesthetic value. We examine the ecosystem

service benefits that could be returned from the closure of fouined storage sites in the Dan River

BasinThea 82 t f I yi3s w2 EGeiNRearh $tdtiohjiald DarSRivér $t@ain Station. Some
historical and ongoing damage estimates attributed to toxins leaching from these sites include $3 million

in water treatment upgrades for downstream communities and $1.5 billion in ecological damédge a
NEONBFGA2Y It 2LILIR2NIdzyAde t2aa FNBY LISN¥YAGGSR RA&O
(Lemly & Skopura, 2012). Antonth assessment after the Dan River spill estimated approximately $300

million in ecological and recreational damage (Lerg015).

We assess the potential societal benefits of improved water quality from closing these four sites through
human health damages avoided and gains in consumer surttus benefit gained by the nearby public
represented by the amount they wéadihave been willing to pay to avoid the risk of exposure to water
contaminants. We find the human health damages avoided from reduced rates of cancer from arsenic in
water ranges between $1.0 to 1.8 million. Benefits to downstream water users in the Ro&ineer
Basin from reduced risk of exposure range from $7 million to nearly $30 million should the unlined sites
be closed this year. Depending on the current toxicity concentrations in downstream aquatic
O2YYdzyAGASas &adzOK | & HyEofR8séropa, afnlalré&®aticndl gamagdsd SNE | y R
avoided could reach $2 million and annual ecological damages avoided could be as high as $8.3 million.

8















































































































































































































































































































