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Abbreviations & Key Terms 
Ecosystem Services (ES) ŀǊŜΣ ǎƛƳǇƭȅ ŀƴŘ ƛƴ ǘƘŜ ǘŜǊƳǎ ŎƘƻǎŜƴ ōȅ ǘƘŜ ¦Φ{Φ CƻǊŜǎǘ {ŜǊǾƛŎŜΣ άǘƘŜ ōŜƴŜŦƛǘǎ 

ǇŜƻǇƭŜ ƻōǘŀƛƴ ŦǊƻƳ ŜŎƻǎȅǎǘŜƳǎέ ό¦{5! CƻǊŜǎǘ {ŜǊǾƛŎŜΣ нлмнύΦ ²Ŝ ǇǊŜŦŜǊ ŀ ŘŜŦƛƴƛǘƛƻƴ ǿƛǘƘ ŀ ƭƛǘǘƭŜ ƳƻǊŜ 

power to guide analyses of ecosystem services: 

ά9ŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŀǊŜ ǘƘŜ ŜŦŦŜŎǘǎ ƻƴ ƘǳƳŀƴ ǿŜƭƭ-being of the flow of benefits from ecosystems to 

ǇŜƻǇƭŜ ƻǾŜǊ ƎƛǾŜƴ ŜȄǘŜƴǘǎ ƻŦ ǎǇŀŎŜ ŀƴŘ ǘƛƳŜέ όWƻƘƴǎƻƴΣ .ŀƎǎǘŀŘΣ {ƴŀǇǇΣ ϧ ±ƛƭƭŀΣ нлмлύΦ 

The italics are to emphasize that ecosystem services 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. 

Ecosystem Service Value (ESV) is the translation of a flow of benefits into dollar terms. So, we can say 

that a flow of a million gallons of water per day in a watershed is an 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) is a means of establishing the value of ecosystem service flows in one 

setting by 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 recreational value (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 sub-ƎŜƴǊŜ ƻŦ .¢a ƪƴƻǿƴ ŀǎ άǳƴƛǘ ǾŀƭǳŜ ǘǊŀƴǎŦŜǊέΣ ƛƴ ǿƘƛŎƘ ŀ 

single number or set of numbers is transferred over from the earlier study. 

Hedonic Pricing Method ŜǎǘƛƳŀǘŜǎ ǇŜƻǇƭŜǎΩ ƴƻƴƳŀǊƪŜǘ ǾŀƭǳŜǎ ƻŦ ǊŜŎǊŜŀǘƛƻƴŀƭ ƻǇǇƻǊǘǳƴƛǘƛŜǎΣ ƴŀǘǳǊŀƭ 

beauty, and other environmental features through analysis of property values in the housing market 

(Alberini, n.d.). 

Willingness-to-Pay (WTP) is 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 are credited 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 from potential 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 

agricultural runoff, 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 values of ecosystem 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 billion, including 

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 ecosystem 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 in North Carolina 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 baseline 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 perspective on ecosystem 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 highly-valued natural assets for the communities in the region. Uranium 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, cited most frequently in the workshops and follow-

up survey, include fishing and other water-based recreational activities, access to high quality drinking 

water, habitat for species (biodiversity), aesthetic values, and erosion control (see Appendix B). This 

input was 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 Quality Improvements 

Improvements in water 

quality can result from 

many different 

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 in the number of 

days people participate in 

boating, swimming, 

fishing, and other water-

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 communities. 

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), and in New 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 improvements in the Roanoke River Basin based on 

the number of annual water-related outdoor recreation days in the Roanoke River Basin and apply the 

ŀǾŜǊŀƎŜ ǊŜŎǊŜŀǘƛƻƴŀƭ ǳǎŜǊΩǎ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ Ǉŀȅ ŦƻǊ ƛƳǇǊƻǾŜŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅΦ wŜǎǳƭǘǎ ŦǊƻƳ ŀ ǎǳǊǾŜȅ ƻŦ 

recreation users in 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 water-related outdoor 

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

RRB. 

Regional Benefits from Forested Riparian Buffers 

Forested riparian buffers are one of the most cost-effective management tools for maintaining and 

improving water quality while providing recreational opportunities, erosion 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 
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122,363 acres in the 

Roanoke River Basin (U.S. 

Geological Survey, 2018). 

We examine two scenarios 

of riparian buffer 

management in the Basin, 

ŀǇǇƭȅƛƴƎ ŀ мрлΩ ŦƻǊŜǎǘŜŘ 

buffer to half of the 

waterways in the river 

basin versus all of the 

waterways in the basin. 

These scenarios would 

translate to a 115,064 acre 

increase in forested buffer 

and 230,130 acre increase 

in forested buffer, 

respectively. 

Existing literature provides 

estimates for the 

ecosystem service value of 

nutrient retention, aesthetics, recreation, carbon storage, flood mitigation, 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 least $1.1 billion in annual benefits from nutrient retention, 

carbon storage, air quality, and recreational value ŀƭƻƴŜ όwŜƳǇŜƭ ϧ .ǳŎƪƭŜȅΣ нлмуύΦ 5ŜǾŜƭƻǇƛƴƎ ŀ мрлΩ 

forested buffer along half the waterways (about 7,700 miles) in the Roanoke River Basin would provide 

at least $1 billion in additional annual ecosystem service benefit to the region, and a one-time property 

ǾŀƭǳŜ Ǝŀƛƴ ƻŦ Ϸнуо Ƴƛƭƭƛƻƴ ǘƻ ŀŘƧŀŎŜƴǘ ǇǊƻǇŜǊǘƛŜǎΦ {ƘƻǳƭŘ ŀ мрлΩ ōǳŦŦŜǊ ōŜ ŘŜǾŜƭƻǇŜŘ ŀƭƻƴƎ ŀƭƭ ǿŀǘŜǊǿŀȅǎ 

in the Roanoke River Basin, we could see a $2.1 billion million annual ecosystem benefit to the region 

and a one-time 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 translates to $403 million and $805 million in 

each scenario, respectively (Berger, 2016). The potential net annual benefit of forested riparian buffer 

scenarios in the Roanoke River Basin are then $663 million and $1.3 billion, respectively, not including 

property value gains.  

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 coal ash spill in February 2014, which sent 39,000 tons of coal ash 70 miles downstream the Dan 
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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 regulation of 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 key ecosystem 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 four unlined storage sites in the Dan River 

Basin: The aŀȅƻ tƭŀƴǘΣ wƻȄōƻǊƻ tƭŀƴǘΣ .ŜƭŜǿΩǎ Creek Steam Station, and Dan River Steam 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 damage and 

ǊŜŎǊŜŀǘƛƻƴŀƭ ƻǇǇƻǊǘǳƴƛǘȅ ƭƻǎǎ ŦǊƻƳ ǇŜǊƳƛǘǘŜŘ ŘƛǎŎƘŀǊƎŜǎ ŀǘ ǘƘŜ aŀȅƻΣ wƻȄōƻǊƻΣ ŀƴŘ .ŜƭŜǿΩǎ /ǊŜŜƪ ǎƛǘŜǎ 

(Lemly & Skopura, 2012). A 6-month assessment after the Dan River spill estimated approximately $300 

million in ecological and recreational damage (Lemly, 2015).  

 

We assess the potential societal benefits of improved water quality from closing these four sites through 

human health damages avoided and gains in consumer surplus -- the benefit gained by the nearby public 

represented by the amount they would have 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 Roanoke River 

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 

ŎƻƳƳǳƴƛǘƛŜǎΣ ǎǳŎƘ ŀǎ .ŜƭŜǿΩǎ [ŀƪŜΣ 5ŀƴ wƛǾŜǊΣ ŀƴŘ Hyco Reservoir, annual recreational damages 

avoided could reach $2 million and annual ecological damages avoided could be as high as $8.3 million.  










































































































































































































