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Executive Summary  
 

Water management and conservation are both on a trajectory toward a holistic vision of sustainable natural 

resource management. With goals converging, opportunities for collaboration between the two camps are 

growing. This is particularly true within the Jordan Lake Watershed in the North Carolina Piedmont, where 

existing land uses and new urban development are impairing water quality and fragmenting the region’s 

ecological resources. Traditional regulatory approaches have been largely unsuccessful in this watershed, 

so watershed managers are turning to an innovative, holistic, and collaborative approach – Jordan Lake One 

Water (JLOW).  

 

JLOW, and particularly members like the Triangle Land Conservancy, see conservation as a valuable part 

of a holistic watershed management approach. In addition to improving drinking water quality, conservation 

can provide other benefits that communities care about, both upstream and downstream. By highlighting 

these benefits, the many stakeholders within the watershed can formulate a more holistic watershed 

management strategy and address some of the political and financial barriers impeding progress towards 

the development of more holistic watershed management efforts.  

 

We have developed an approach that informs watershed managers, particularly our client the Triangle Land 

Conservancy, in their efforts to align their work with the values of stakeholders throughout the watershed. 

Through a combination of geospatial and economic analyses regarding land conservation, riparian buffer 

restoration, and conservation agriculture we identify opportunities where these tools can be used to protect, 

connect and restore high-functioning ecosystems and facilitate the adoption of agricultural practices, to 

achieve three benefits: water quality, habitat connectivity, and rural livelihoods.  

 

Here we present how this approach can be used to identify areas in the watershed where investments of 

time, resources, and relationship building can be optimized. We also discuss how this approach can be used 

to evaluate and allocate funding to voluntary conservation opportunities as they arise. Finally, we 

demonstrate how the modules of our approach – water quality, biodiversity, and conservation agriculture – 

can be combined to evaluate synergies and trade-offs between objectives.  

 

We found that the greatest opportunity for water quality improvement through land conservation occurs in 

the lower watershed (southwest Chatham, southern Alamance, and southwest Orange counties), and east of 

Jordan Lake in Wake County. While these areas are prime conservation targets, they are under relatively 

low threat for development. Conversely the upper watershed, which includes the headwater tributaries of 

the Haw River, is under considerable threat. This presents a choice for conservation entities – protect 

because of intrinsically stellar qualities or protect due to the threat of development.  

 

We also identified opportunities in the watershed to improve water quality through the restoration of 

riparian buffers. The greatest opportunity for buffer restoration was in the central third of the watershed. 

While agriculture is prevalent throughout the upper watershed, the central watershed is where buffer 

practices are minimally utilized and where soils and topography pose the greatest threat to water quality. 

However, even within this area of high opportunity, we observed that protected riparian buffers are already 

widespread outside a handful of areas. This approach can be used to identify these last areas of un-buffered 

stream and guide the implementation of precise restoration efforts. 
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Through a lens of conserving the watershed to maintain and enhance biodiversity we found that 

opportunities to add to the existing natural heritage of the state occurred in the lower watershed around 

Jordan Lake and followed the Haw River north into Chatham County. The area around Jordan Lake is 

already a hot bed for conservation efforts while the riparian zones of the Haw in Chatham County provide 

an exciting opportunity to expand the protection efforts for critical North Carolina Species.  

 

Conservation efforts have been increasingly looking to protect areas not for the benefit of a focal species 

but to promote resilience and connectivity as the climate becomes increasingly variable and species ranges 

continue to shift. From this prospective, conservation priorities are areas with local variability of land forms 

and microclimatic buffering. Similar to the biodiversity results, we found areas with high local variation in 

the lower watershed around Jordan Lake. Perhaps more interesting was the area around the headwaters of 

the Haw, Lake Reidsville and down to Greensboro. The abundance of land forms in this area could not only 

provide species with locally buffered habitat options but protection of these places could significantly 

increase connectivity between the upper and lower watershed.  

 

Currently, the areas that are already well protected and connected are in the lower portion of the watershed 

around the population centers of Durham and Chapel Hill. We observed the greatest restoration potential 

in the northern region of the watershed, where the Haw River originates, and in the central watershed, where 

few protected areas exist to facilitate movement from lower to upper watershed.   

 

From the conservation agriculture analysis, we note that opportunities remain to encourage water quality-

friendly agricultural practices within the watershed. For the major agricultural commodities grown in this 

region (corn, barley, soybeans, wheat, oats, and sorghum), much of the projected benefit for farmers lies in 

more rural areas in the upper watershed as well as along a band of parcels stretching from Orange to 

Chatham County along the middle of the Jordan Lake watershed. 

 

Results of the cost-benefit analysis outlined in this document help quantify the net benefits that farmers 

may experience at different scales throughout the region if they were to plant a cereal rye cover crop and 

adopt no-till practices, when starting from a baseline of conventional agricultural practices. The positive 

net benefits for all crops grown indicated that farmers stand to gain financially from the adoption of 

practices that improve water quality. Therefore, other avenues for encouraging the implementation of these 

practices, such as improved extension services, experience sharing, and incentive programs may facilitate 

shifts towards more water quality-conscious agriculture throughout the Jordan Lake watershed. 

 

In addition to identifying priorities and trends at the watershed level for each of these focal areas, this 

approach can be used to compare conservation opportunities at the scale of an individual project. 

Conservation efforts have historically been largely opportunistic as projects are brought to the land trust for 

screening. This tool allows conservation organizations to screen these projects quickly and minimize time 

spent on projects that don’t align with their goals. In addition to facilitating the screening process, this tool 

allows conservation organizations to take a more active approach to conservation by prioritizing projects 

with high added values and allocate their limited funds more selectively as opportunities arise. Measuring 

a project’s relative merit will also help communicate the credibility and importance of a project to funding 

entities. With respect to conservation agriculture, we also demonstrate how this approach can be used to 

identify individual landowners who stand to gain the most from these practices.  

 

Finally, this approach is designed to serve the holistic vision of organizations like JLOW. Our modular 

approach allows decision makers to view projects through multiple lenses and pursue a combination of 

objectives that satisfies their diverse needs. By identifying areas where objectives overlap, for example 

when a buffer restoration project benefits both water quality and habitat connectivity, multiple objectives 
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can be efficiently achieved. In this way modules can be combined to target the specific interests of an 

organization or funding entity. At the same time, the modules can be presented separately to communicate 

the specific benefits that stakeholders care about. By identifying and communicating the benefits of 

conservation and water quality protection to all involved parties, this approach can help create a lasting 

solution to the watershed’s challenges. 
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1. Introduction 
 

Water quality management in the United States is at a crossroads. Despite decades of increasingly stringent 

regulations, many waterbodies remain impaired. While regulations have reduced pollution from point 

source dischargers, water quality managers continue to face a range of challenges arising from agricultural 

and urban development practices. Managing these complex problems requires additional consideration of 

multiple societal values in decision making. As a result of this complexity, water quality managers are 

increasingly seeking holistic approaches to watershed management that can improve water quality, while 

also supporting other societal values like rural livelihoods and ecosystem conservation. Additionally, with 

the cost of large grey infrastructure increasing and federal funding sources drying up, water quality 

managers are increasingly open to new, less expensive ecosystem-based approaches. These trends 

necessitate the development of new partnerships with stakeholders throughout the watershed, including 

rural landowners and conservation groups.  

 

Simultaneously, conservation organizations are taking an increasingly human-centric approach built around 

concepts like ecosystem services that focus on the benefits ecosystems provide to human wellbeing. Key 

among these services is water quality. Conservation projects are increasingly touted and funded as a means 

for preserving water quality while simultaneously benefitting the greater ecosystem and society. 

Additionally, with protection already secured for many of the most pristine natural lands, conservation 

organizations must partner more with the owners of “working lands” to achieve additional environmental 

outcomes through an approach that derives public goods from private lands. As is the case with water 

quality management, conservation must employ innovative and collaborative approaches to achieve its 

increasingly broad objectives. 

 

With water quality managers and conservation organizations converging on the same holistic vision of 

watershed management, there is a great opportunity for the formation of new partnerships. Instead of 

addressing this complex challenge in separate silos, organizations can pool resources and synchronize 

management interventions to maximize their impact. By combining their competencies and networks of 

working relationships, these partnerships are better equipped to implement holistic and far-reaching 

solutions that can provide a range of benefits. Collaborative initiatives such as these are also better prepared 

to recognize and work within the interconnected social and natural systems that control watershed function 

and its social, environmental, and economic outcomes. 

 

These partnerships have the potential to overcome some of the major challenges that have plagued 

watershed management in the past, namely incorporating the agricultural community and bridging the 

upstream-downstream divide. With the agricultural community largely exempt from enforceable water 

quality regulations, watershed managers have turned to the use of incentive programs to facilitate the 

implementation of agricultural best management practices (BMPs) that are better aligned with water quality 

objectives. By partnering with conservation organizations who have expertise in conservation agriculture 

and working relationships with rural landowners, the reach of these incentive programs can be broadened. 

The incorporation of conservation organizations can also help to bridge the upstream-downstream divide 

by incorporating benefits that upstream communities care about. This can change the watershed 

management narrative from one about downstream water quality to a more inclusive narrative about quality 

of life in the watershed more broadly.  
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Demand for this kind of collaborative watershed management is high in the Piedmont region of North 

Carolina. The quality of the region’s water supplies continues to deteriorate as a result of agricultural runoff 

and expansive urban development. Attempts to address this problem have been obstructed by political 

disagreements over who should be responsible for covering the exorbitant costs of grey infrastructure 

solutions. At the same time, rapid urban development is fragmenting the region’s remaining natural habitat 

and threatening the long-term viability of farming operations. This sets the stage for a more holistic and 

collaborative approach to watershed management.  

 

Such an approach is already being implemented with success in the region’s Upper Neuse Watershed. Here, 

a consortium of public water utilities and conservation organizations have developed the Upper Neuse 

Clean Water Initiative (UNCWI) to protect water quality in Falls Lake, one of the region’s major drinking 

water sources. Using revenues generated predominantly by a small surcharge on water bills, UNCWI has 

protected nearly 8,000 acres of the Upper Neuse watershed and 84 miles of stream banks, preventing 

thousands of pounds of nutrients from entering water bodies (Allen et al., 2015). Since its inception, 

UNCWI has continued to grow as new municipalities have joined the partnership, and it is now a major 

piece of the region’s water quality strategy. 

 

The challenges that inspired the creation of UNCWI are also driving management in the Jordan Lake 

Watershed, one watershed over. Following a long history of regulatory ineffectiveness, a new movement, 

coined Jordan Lake One Water (JLOW), is forming behind holistic watershed management that can 

improve water quality while also securing other societal values like economic livelihoods and ecosystem 

conservation. UNCWI provides a great precedent for what such an approach might look like, but Jordan 

Lake is a different watershed with different challenges. Namely, the Jordan Lake watershed is much larger, 

and agriculture is much larger component of the local land use and economy. Any collaborative, 

conservation-based initiative in the watershed will have to work closely with the agricultural community in 

order to achieve a significant impact on water quality. The watershed’s size also exacerbates the upstream-

downstream divide, so effort will be needed to create and communicate benefits for upstream communities. 

Despite these challenges, JLOW is drawing broad support from municipalities, utilities and conservation 

organizations throughout the watershed. 

 

We have developed an approach that can help watershed managers implement their holistic vision and 

overcome the management challenges in the Jordan Lake Watershed. Because agriculture is so integral to 

the management of this watershed, we focus on voluntary conservation interventions involving rural 

landowners. Three types of conservation projects were selected to cover a range of possible landowner 

commitments: land conservation, riparian buffer restoration, and conservation agriculture. Our approach 

relies on geospatial and economic analyses to determine where these projects can be implemented most 

effectively to achieve multiple benefits: water quality, landscape connectivity, and support for rural 

livelihoods. By assessing these objectives individually and then integrating them into a cohesive 

assessment, we aimed to inform decision makers and meet the goals outlined below.  
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1.1 Project Goals & Objectives 
 

We have created an approach that will inform watershed decision making by accomplishing the following 

goals:  

 

1. Determine where land conservation, riparian buffer restoration, and conservation agriculture will 

have the greatest impact for multiple benefits - water quality, biodiversity and landscape 

connectivity – while also accounting for impacts on rural livelihoods, specifically agriculture 

2. Provide watershed managers with a tool for evaluating the relative merits of land conservation, 

riparian buffer restoration, and conservation agriculture projects 

3. Illuminate synergies and trade-offs between watershed management objectives 

 

 

Each of these goals is composed of separate objectives associated with the separate benefits that watershed 

managers are interested in cultivating. These objectives are: 

 

Water Quality:  

 Identify areas that should be protected to maintain the ecosystem processes that maintain water 

quality 

 Identify riparian areas where restoration would result in the greatest reduction in nutrient and 

sediment loads to waterbodies  

 

Conservation:  

 Identify areas with high biodiversity support potential as conservation targets 

 Identify areas with existing biodiversity as potential new Natural Heritage Areas 

 Identify areas with connectivity potential to connect upland Natural Heritage Areas via riparian 

corridors  

 

Conservation Agriculture:  

 Quantify the costs and benefits related to the adoption of conservation agriculture practices 

 Identify areas where farmers would experience the greatest benefit if they were to adopt 

conservation agriculture practices 
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2. Background 
 

2.1 Study Area  
 

2.1.1 The Jordan Lake Watershed  
 

The Jordan Lake Watershed (Figure 1) drains 1,687 square miles of the North Carolina piedmont, primarily 

via the Haw River and New Hope Creek. This watershed spans ten counties and includes some of North 

Carolina’s fastest growing cities, including the metropolitan Triangle (Cary, Chapel Hill, Durham), 

Greensboro and other smaller cities (Burlington, Pittsboro, Reidsville). In addition to these urban land uses 

which compose 20.9% of the watershed’s area, a large portion of the watershed is used for agriculture 

(23.8%). A slight majority of the watershed (52.3 %) is forested – a mix of commercial timberlands and 

less managed forests.  

 

 
Figure 1. Land uses in the Jordan Lake Watershed (NCLD 2011), and the watershed’s location within 

North Carolina.  

 

Rapid development in the watershed has altered the basin's hydrologic function, replacing green spaces that 

absorb and filter water with impermeable and contaminant-rich developed areas. Meanwhile, agricultural 

runoff from rural areas contributes additional nutrients and sediment to the basin's streams. These stressors 

have impaired the chemistry and biology of the Haw River and many of its tributaries, earning them a place 

on North Carolina's 303(d) list of impaired waters (NCDEQ, 2017).  
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Jordan Lake's position at the receiving end of the basin has made it particularly prone to water quality 

issues, namely eutrophication and algae blooms. During these growth events, water utilities who draw from 

the lake must pay more to treat the algae-laden water and the tastes, odors, and toxic substances they create. 

These water quality issues place serious strain on utilities’ long-term ability to provide clean, accessible 

and affordable water to the Triangle’s residents. However, these problems aren’t isolated to Jordan Lake. 

The watershed is home to an additional eight water supply reservoirs upstream, all of which face the threat 

of deteriorating water quality (NCDWR, 2019). Adding in the communities that draw water directly from 

the Haw River, nearly 1 million people rely on the watershed’s surface water for their drinking supply. 

Water quality protection must be a facet of the region’s overall development strategy to ensure provision 

of this fundamental service. 

 

2.1.2 Natural Heritage in the Jordan Lake Watershed 
 

The Piedmont ecoregion is situated between the Blue Ridge Mountains and the Coastal Plain of North 

Carolina. Within the eastern portion of the Piedmont sits the Jordan Lake watershed, which runs in a 

Northwest to Southeast orientation. Just west of the Fall line, the Jordan Lake watershed is host to spillover 

species and geologic conditions that exist where one ecoregion fades into another. Geological formations 

in the watershed are dominated by metamorphic rock but unique conditions exist in specific locations, 

especially where the erosion-resistant rock of the Piedmont meets the softer material of the coastal plain. 

Dominant vegetation types include deciduous, evergreen trees and grassland types. Each of these land cover 

types are rapidly disappearing across the entire watershed however, in favor of more cultivated fields and 

impervious surface as the region continues to experience development pressure.  

 

With the varied mix of vegetation, extensive stream networks underlying geologic conditions, the Piedmont 

region is home to some unique community types. The Natural Heritage Program of North Carolina, a part 

of North Carolina’s Department for Cultural and Natural Resources, has inventoried and, where possible 

through partnerships, protected areas in the region that exhibit exemplary examples of these natural 

communities and species occurrences.  

 

Much of the protection of these natural areas has occurred in the SE corner of the watershed around Jordan 

Lake itself. Due to the combination of a large entity responsible for the man-made reservoir, the Army 

Corps of Engineers, and the variable microclimates associated with proximity to the waterbody, forested 

areas and the fall line provide for a rich environment for species diversity. Commendable work has been 

done in this SE portion of the watershed protecting these valuable areas which has contributed greatly not 

only to the integrity of the region from a fragmentation standpoint but also from a connectivity standpoint. 

However, the rest of the watershed presents an opportunity for conservation and connectivity that has yet 

to be capitalized upon.  

 

The upper portion of the watershed and middle portion of the watershed serve as the headwaters and 

development hubs respectively and as such not only provide important conservation targets but also 

contribute significantly to the quality of water draining to Jordan Lake.  
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2.1.3 Management History  
 

Since 1982, Jordan Lake has trapped the sediment and nutrients flowing down from its watershed. When 

these nutrients reach Jordan Lake’s warm, shallow and sunny waters, they provide ideal conditions for 

explosive algae growth. This problem was readily recognizable even before the dam’s construction; the 

mayor of Chapel Hill sued the Army Corps of Engineers to stop the reservoir’s construction in fear of the 

environmental mess his city would inevitably have to address (Manuel, 2010). Nevertheless, dam 

construction prevailed, and Jordan Lake has been plagued by water quality troubles since its inception.  

 

Many attempts have been made to solve the lake’s water quality issues, with most focusing on point-source 

dischargers in the watershed. Immediately after its construction, the lake was declared a “Nutrient Sensitive 

Water” by the State. With this designation, wastewater treatment plants faced new regulations, but urban 

development and agriculture continued unchecked. When the Clean Water Responsibility Act was passed 

by the state legislature in 1997, wastewater dischargers were again the target of regulations (Haw River 

Assembly, n.d.). Despite these efforts, water quality in the lake continued to deteriorate. By 2002, 

chlorophyll a levels from algae blooms earned the lake a place on the U.S. Environmental Protection 

Agency’s (EPA) 303(d) list, a record of all waterbodies that have become so polluted that they no longer 

meet the standards set to support their designated use.  

 

Under this mounting federal pressure, the state Department of Environment and Natural Resources (DENR) 

began a rule development process to fully address the lake’s water quality issues. Over the course of a six-

year process, DENR worked with a range of stakeholders, including municipal leaders, farmers, real estate 

developers, and environmental groups, to craft a nutrient management strategy for the Jordan Lake 

Watershed. The “Jordan Lake Rules” that were created allocated restrictions throughout the basin to reduce 

nutrient loading to the lake. All stakeholders made concessions, with rules affecting both new and existing 

development as well as agriculture. This tenuous balance of concessions was approved by the EPA in 2007 

and finally passed by the state legislature in 2009. 

 

However, the Rules did not last long after reaching the political environment of the state legislature. Upon 

their passing by the NC General Assembly, the Rules were immediately challenged by representatives of 

upstream communities critical of the Rules’ restrictions on new development. In face of this opposition the 

Rules were suspended in 2013 after only partial implementation. With the regulatory fate of Jordan Lake 

and its watershed in limbo, there is now an opportunity to reshape management in the basin. 

 

2.1.4 New Management Paradigm: Jordan Lake One Water  
 

With the Jordan Lake Rules on hold, an opportunity has opened for the creation of a new nutrient 

management strategy. Jordan Lake One Water (JLOW), a group of municipal, industry and environmental 

stakeholders, is seizing this opportunity to build a new strategy for improving water quality. In opposition 

to the top-down, state led approach that created the Jordan Lake Rules, this new movement aims to drive 

management of the Jordan Lake Watershed from the community level up. In doing so, JLOW hopes to 

control the discussion and ensure that community values and quality of life are at the core of watershed 

management (Schmitz, 2018). 

 

While traditional water infrastructure will remain a vital part of JLOW’s water strategy for the region, there 

is growing interest in non-traditional approaches that can bring co-benefits, particularly if they are more 

cost effective. JLOW is looking for water quality solutions that can also address the region’s other priorities, 

like protecting the area’s rich natural and cultural history. Through socially integrated projects, JLOW aims 

to fundamentally change how the region interacts with water in order to achieve lasting water security. 
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The Triangle Land Conservancy, an important member of JLOW, is a land trust that has improved water 

quality by embracing a land conservation approach that includes clean water protection as a central part of 

its mission. While TLC is the direct client for this project, this analysis includes regions outside of TLC's 

geographic service area. Therefore, acting on this project’s results will require strong partnerships with 

other stakeholders throughout the region, including municipal and regional governments within the Upper 

Cape Fear Basin. This project seeks to understand and satisfy the needs of all involved parties, from 

downstream water providers, to land trusts along the length of the river and its tributaries, to upstream cities 

and communities. In this way, a mutually beneficial solution can be achieved. 

 

2.2 Protecting Water Quality through Land Conservation 
 

2.2.1 Landscape Links to Water Quality 
 

Natural landscapes are home to a range of functions and processes that regulate water quality. Immediately 

adjacent to streams, riparian ecosystems can retain floodwaters, entrain sediments and process nutrients 

(Lowrance et al., 1997). Farther upland, forested ecosystems play a major role in regulating the water 

balance – increasing evapotranspiration and decreasing volumes of runoff (Dreps, 2014). Wetlands 

throughout the watershed play important roles in absorbing floodwaters and treating pollutants (Mitch & 

Gosselink, 2007). When these natural systems are replaced with urban development and impervious 

surface, many of these functions are lost and water quality deteriorates (Center for Watershed Protection, 

2003). Conservation of hydrologically important lands can prevent these impacts and mitigate the effects 

of urban development.   

 

2.2.2 Land Conservation as a Water Quality Management Tool  
 

Land conservation in the form of easements and fee simple purchases can protect critical areas from 

encroaching development and reduce nutrient inputs from agriculture, effectively protecting water quality 

at its source. Perhaps more importantly, conservation is a cost-effective tool for protecting water quality, 

as evidenced by traditional water treatment costs, which are lower within highly forested watersheds (Ernst 

2004). Additionally, conservation is more cost effective on a per-gallon basis than traditional gray 

infrastructure (Hanson, 2011). Furthermore, protected land provides a multitude of other ecosystem 

benefits, including clean air, wildlife habitat and recreation opportunities. By using conservation as a 

mechanism to protect water quality, communities can retain natural spaces that can be enjoyed for 

generations and secure the foundations of a high and sustainable quality of life.  These co-benefits make 

land conservation a natural fit for a holistic water quality management strategy.  

 
Because of these benefits, water utilities increasingly view their source watersheds as a vital part of their 

water infrastructure. New York City famously invested over $1 billion in land conservation and agricultural 

incentives to secure water quality. As a result, the city has some of the best source water in the country and 

has saved billions on the construction and operation of filtration facilities (Hu, 2018). Building on this 

precedent, California enacted a bill in 2016 giving source watersheds legal status as water infrastructure 

and opening watershed protection to new sources of financing (California Water Code §108.5). One of the 

greatest success stories of collaboration between water utilities and conservation organization in pursuit of 

watershed and water quality protection comes from North Carolina’s Upper Neuse watershed (Ozment et 

al., 2016).  Here, a consortium of municipalities and land trusts has partnered to fund and implement a 

collective conservation strategy (Allen et al. 2015). Using revenues generated predominantly by small 

surcharges on water bills, the Upper Neuse Clean Water Initiative has protected over 8,000 acres of the 

Upper Neuse Watershed and 89 miles of stream banks, preventing thousands of pounds of nutrients from 

entering water bodies.  UNCWI’s success sets a strong precedent for the implementation of a water quality 

conservation strategy in the Jordan Lake Watershed. 
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2.3 Linking Water Quality Benefits to Connectivity and Biodiversity 
 

With most land acquisitions happening in the form of conservation easements and fee simple purchases by 

local land trusts, the funding source of these acquisitions is of considerable importance. In North Carolina, 

the Clean Water Management Trust Fund has historically provided funding to these organizations to protect 

land that promotes water quality in the region. Recent years have seen a decrease in the availability of 

CWMTF funds, but the demand for clean water has only increased. With decreasing funding and increased 

competition for grants, the identification of areas that improve water quality while simultaneously 

enhancing biodiversity and watershed connectivity creates attractive candidates for funding opportunities 

that meet multiple organizational and community objectives. By focusing on areas that exhibit attributes 

useful to a wide range of biological and biophysical processes, acquisitions provide the community with 

assets of substantial longevity for human and ecological benefit.  

 

2.3.1 Identifying Areas with High Biodiversity Support Potential 
 

There has been a shift in the conservation realm away from protecting areas because they are currently 

home to species of significance, to identifying areas that play host to diverse and functioning communities 

though time. The phrase “conserving nature’s stage” was introduced by the Nature Conservancy when they 

advanced “coarse filter” conservation in 1982 (Bier et al., 2015), but the theory and incorporation of 

biodiversity support potential in conservation is not a new concept as described by Lawler et al., 2015. It 

focuses on areas that contribute to a long-term ecological framework rather than protecting individual 

actors. This shift is based on the foundational theory that the biophysical settings (elevation, solar radiation, 

moisture, soil pH, etc.) and the diversity of biophysical settings that exist at these sites creates microclimatic 

buffering allowing species to move around locally, avoiding pressures such as drought, excess moisture, 

temperature, etc. that threaten their longevity (Willis & Bhagwat, 2009). The diversity of landforms within 

a given area can have implications for the diversity of lifeforms that can live and thrive there. A 

conservation approach from this angle assumes conservation of landforms, or in this case biophysical 

settings, will protect the lifeforms associated with them (Ferrier, 2002). Whittaker (1956, 1967) noted that 

temperature and moisture availability were among the most important variables for predicting vegetal 

distribution. These environmental gradients give rise to vegetative communities and form the basis of 

landforms (Stephenson, 1990).  

 

Organizations like the North Carolina Natural Heritage Program already target these areas through both 

pointed conservation efforts for species and conservation of natural communities. In this study we aim to 

identify areas that have not yet been flagged by conservation entities and that may be high-value 

conservation targets due to their support potential, biodiversity and connectivity within the watershed. We 

will approach this by using biophysical settings to identify planning units with specific conditions relevant 

to plant communities in the Piedmont Ecoregion (Anderson et al., 2016). The various biophysical settings 

are classified into meaningful ranges for species distributions and combined to create a unique code for 

each biophysical setting combination.  
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2.3.2 Identifying Areas of High Biodiversity  
 

Traditionally, conservation efforts have targeted focal species or areas (Schmitz et al. 2015) due to funding 

opportunities or species extremis/value. When approaching conservation from this angle a couple options 

are available to conservation organizations. They may turn to existing local repositories of natural heritage 

information or they may model species distributions themselves. While Natural Heritage areas are common 

practice in identifying areas of regional importance, they are subject to resource constraints such as access, 

time, and money. If the North Carolina Natural Heritage Program (or any other natural heritage program) 

cannot gain survey access to an area due to any one of these constraints, that poses a significant gap in 

knowledge. Species distribution modeling circumvents the need for site access, but it has its own challenges 

(Anderson et al., 2016). Modeling species distributions requires extensive knowledge and data for results 

to be ecologically sound, and, even with the best modeling practices, species do not live in isolation. 

Competition, habitat availability, and spatial and temporal range shifts all combine to create a complex 

system that a single species distribution model often cannot fully explain.  

 

With the limitations of these two approaches in mind, we have devised a third approach that takes advantage 

of the specificity of local data repositories (NC Natural Heritage Program, 2019) combined with the 

biophysical zipcodes created in the support potential section to create a regional approach for identifying 

areas with high biodiversity potential.  

 

2.3.3 Connectivity via Riparian Corridors  
 

The ability of a species to move from one area to another in response to pressures such as reproductive 

needs, disturbance events, or competition has vast implications for the viability of a species. When faced 

with unfavorable environmental conditions, the available options are to move, adapt locally, or die. In the 

previous section we focused on areas with the capacity for species to adapt locally with biophysical zipcodes 

and support potential. In this section we examine the capacity of the landscape to facilitate movement 

among available habitat within the watershed. Landscape connectivity refers broadly to the spatial 

relationship of habitats that organisms move amongst at a landscape scale (Singleton & McRae, 2013). 

Landscape connectivity, specifically connecting areas of high support potential to accommodate range 

shifts, has recently been gaining traction as an adaptive management strategy. (Heller & Zavaletta, 2009). 

 

Traditional connectivity analyses use the matrix of landcover types in a region of interest and assign them 

weights according to their resistance values. In doing so the landscape is converted into a cost surface upon 

which effective path lengths and permeability can be calculated among areas of favorable habitats. In this 

analysis we adapt the traditional connectivity approach by forcing movement along riparian corridors to 

determine the effect of connecting upland areas of ecological importance via the watershed’s stream 

network. Riparian corridors present naturally occurring conduits for species movement among habitat areas 

within the watershed (Hilty et al., 2006). In a region where land use conversion is contributing to a more 

fragmented landscape, the existence of intact riparian corridors can facilitate movement that might 

otherwise have been lost. Additionally, the environmental gradients of elevation, temperature, and moisture 

found within riparian corridors, where aquatic meets terrestrial, provide microclimatic buffering for diverse 

communities of organisms (Naiman et al., 1993). Finally, the tendency of riverine systems to traverse 

landscape from areas of high to low elevation provides important and ecologically relevant conduits for 

species movement (Naiman et al., 1993). 
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Biological community structure is in flux as a result of human and climatic pressures. Likewise, water 

quality issues fluctuate within a watershed depending on land use practices and landscape properties. By 

protecting areas with support potential for stable communities, landscape connectivity and water-quality 

alike, we are increasing the resilience of the watershed to contend with unknown future conditions. In this 

analysis we focus on protecting what nature has provided and restoring what poor natural resource 

management has degraded to foster a more resilient watershed. 

 

2.4 Water Quality and Agricultural Best Management Practices 
 

From largescale eutrophication in the Gulf of Mexico due to nutrient enrichment from farming operations, 

to smaller scale impacts like eutrophication and fish kills in Jordan Lake, it is clear agriculture can have 

major consequences if mismanaged at the watershed scale. Improper management can not only lead to 

water quality issues, but can also have negative effects on biodiversity at multiple scales (Convention on 

Biological Diversity, 2011) The difference between the Upper Neuse and Jordan Lake watersheds in terms 

of land area devoted to agriculture, 16% and 22% respectively, represents additional potential to improve 

water quality and biodiversity in Jordan Lake through the implementation of agricultural best management 

practices (BMPs) (Upper Neuse River Basin Association, 2015; Jordan Lake Review, 2017). When 

focusing on water quality benefits, avenues for improvement include the three BMPs described below – the 

establishment and maintenance of riparian buffers, planting cover crops, and practice of no-till agriculture.      

 

2.4.1 Riparian Buffers 
 

Riparian buffers can be characterized as strips of vegetated, usually forested, land along waterways that 

protect streams from the impacts of neighboring land uses. Buffer zones play a vital role in the processing 

of both instream and upstream water, sediment, and nutrients, while also providing bank stabilization that 

reduces erosion and sediment loads (Lowrance et al., 1997). Deeply rooted forest buffers can even remove 

nutrients in shallow groundwater through plant assimilation or denitrification (Jordan et al., 1993). Through 

these functions, riparian buffers can play an important role in regulating the water quality of agricultural 

landscapes. 

 

Evidence suggests that higher riparian buffer widths bring additional water quality benefits ranging from 

temperature regulation to reduced nutrient loadings (Blann et al., 2002; NCDA&CS, 2018). The benefits 

of buffers have been recognized in the Jordan Lake watershed, as evidenced by the widespread 

implementation of the practice. As of 2007 the agricultural land of six counties in the basin was more than 

75% buffered, with an average buffer width greater than 50 feet (Osmond, 2007). At this width the 

approximate reduction in nitrogen loss from nearby land uses is 30%, as shown in Table 1. 

 

Table 1. Buffer practice installation width and corresponding nitrogen loss reduction percentages. 

Buffer Width (feet) Nitrogen loss reduction percentage (%) 

20 20 

30 25 

50 30 

100 35 

Source: NCDA&CS, 2018 
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Federal and state programs incentivizing riparian buffer protection and restoration have been major drivers 

of buffer installation (NCDA&CS, 2018). Through these programs, such as the federally administered 

Environmental Quality Incentives Program (EQIP) and North Carolina Agriculture Cost Share Program, 

landowners can get at least $426.42/acre of installed buffer or compensated 75% of the average cost of a 

buffer installation (Natural Resources Conservation Service, 2019; NCDA&CS, 2012). These incentive 

programs can help offset the upfront costs of establishing buffers while also compensating farmers for the 

opportunity cost of establishing buffers on land that could otherwise be used for crop production.  

 

2.4.2 Cover Cropping 
 

Planting cover crops between cash crop seasons can also bring substantial water quality benefits. From 

erosion prevention to scavenging nitrogen, incorporating cover crops into an agricultural system can 

significantly reduce the impacts of agriculture on surrounding waterbodies (SARE, 2012). In addition to 

water quality benefits there is evidence that cover crops can also improve agricultural output (SARE, 2017). 

 

Regarding sediment losses, cover crops have been shown to reduce erosion by 20.8 tons/acre on 

conventional-till fields, 6.5 tons/acre on reduced-till fields, and 1.2 tons/acre on no-till fields, where the 

absence of tillage has already reduced erosion rates. Cover crops do this by protecting the soil surface from 

wind and rain, developing roots in the soil profile and enhancing soil structure, and promoting the 

infiltration of precipitation into soils (Tellatin, 2017).  

 

This suite of benefits alone offers substantial support for the incorporation of cover crops into agricultural 

systems, but cover crops also provide other services, including nitrogen scavenging. For fields applied with 

nitrogen in the form of manure or fertilizer, cover crops can absorb excess nitrogen not utilized by the 

previous crop. Once this nitrogen has been incorporated into cover crops the decomposition of this plant 

material contributes to the pool of available nitrogen available for the subsequent crop (Curell, 2015). 

 

Many other positive effects often accompany the water quality benefits associated with cover crops. Some 

agroecological impacts include improvements in weed control, disease suppression, and beneficial insect 

abundance, while agronomic benefits can include increased nitrogen availability, as described above, and 

increased soil organic carbon (Hoorman, 2009). The cascading benefits of these changes can lead to 

financial returns in addition to mitigating the effects of nonpoint source agricultural pollution on water 

quality.  

 

Even with the suite of benefits related to the planting of cover crops there is still resistance to cover crop 

adoption due to the variety of risks farmers associate with these newer practices. From issues related to 

cover crop burn down to prepare for the planting of cash crops, to the actual returns associated with soil 

health, there remains abundant skepticism regarding the benefits of conservation agriculture (Bennett, 

2018a; Bennett, 2018b). 

  

2.4.3 No-Till Agriculture 
 

Modifying tillage practices has been shown to benefit water quality as well (CTIC, 2001). No-till systems 

minimize soil disturbance and keep the soil covered with crop residues after harvest, leading to a suite of 

benefits including erosion control, reduced total phosphorus losses, and improved infiltration (Duiker & 

Myers, 2005).  
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The connection between crop residue cover and percent soil loss is inversely related, indicating that no-till 

practices are the most effective at minimizing soil erosion, with nearly 100% of soil erosion prevented with 

100% soil cover (Duiker & Myers, 2005). Benefits regarding nitrogen and phosphorus retention are evident 

as well but require additional nuance in their interpretation. Nitrogen runoff in the form of nitrate has been 

shown to decrease by 12-20% when compared to conventionally plowed fields while particulate phosphorus 

levels have been shown to decrease as well (Trewavas, 2004; Betts, 2018). Dissolved phosphorus 

concentrations do not follow this trend and instead increase with no-till practices, emphasizing the 

importance of combining no-till with cover crops, which scavenge dissolved phosphorus that would 

otherwise be transported off site (Betts, 2018; Miller et al., 2017; Daryanto et al., 2017).  

 

Despite the benefits associated with the adoption of no-till practices there are still many that resist the 

implementation of the system due to arguments such as the need to apply herbicide for cover crop burndown 

and the learning curve associated with the adoption of a new management system (Staropoli, 2016). 

 

2.4.4 Programs Supporting BMP Implementation 
 

A growing body of research is providing more and more evidence concerning the efficacy of the 

conservation agriculture practices outlined above. With this information has come a plethora of programs 

at the national, state, and local level encouraging the implementation of these BMPs.  

 

At the national level programs such as the Environmental Quality Incentives Program (EQIP) coordinate 

with farmer to develop conservation plans for their farmlands that incorporate these practices and many 

others. Landscape scale efforts including the Great Lakes Restoration Initiative and the Mississippi River 

Basin Healthy Watersheds Initiative have incorporated cover crops and no-till practices to achieve water 

quality improvements. 

 

North Carolina itself administers the Agriculture Cost Share Program, which is a state-level program that 

incentivizes the establishment of BMPs that improve water quality. From the planting of cover crops to the 

establishment of terraces, this program can cover up to 75% of the average cost for the implementation of 

BMPs for farms that have been operating for more than three years.  

 

At the local level in North Carolina there are programs in place as well. One such program is the Mills 

River Source Water Protection Project. Along with a suite of measures to improve the water quality in the 

Mills River, the source water for Asheville, Hendersonville, and surrounding communities, this project 

promotes the implementation of sustainable agricultural practices that improve water quality. 
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3. Methods 
 

We developed a modular approach to prioritize the placement of conservation projects in a manner that 

benefits multiple objectives: water quality, biodiversity, and rural livelihoods. First, we identified high 

quality natural areas that should be protected for biodiversity value. Second, we highlighted riparian 

restoration opportunities that would maximize pollutant retention and bridge the watershed’s biodiversity 

hotspots if restored. Finally, we evaluated the financial costs and benefits farmers face when adopting 

conservation agricultural practices in order to highlight benefits that could encourage adoption of BMPs 

that improve water quality. In combination, these practices can protect, connect and restore a high-

functioning watershed.  

 

Primarily, this approach provides a spatial prioritization showing where projects will have the greatest 

impact. Conservation organizations have limited funding, so they must take measures to ensure that they 

are expending their finite resources in areas where they will yield the greatest benefit. Furthermore, 

voluntary conservation projects are founded on strong relationships with local partners. By identifying areas 

in the watershed where projects will have the greatest benefit, our approach can show organizations where 

to kindle new relationships and strengthen existing ones.  Finally, understanding the underlying physical 

patterns of the landscape that give rise to this spatial prioritization will equip conservation organizations 

with a better understanding of the watershed in which they work.  

 

We also recognize that conservation projects are dependent on voluntary agreements with rural landowners, 

and that, as a result, these projects are often opportunistic. By conducting a watershed-scale assessment of 

the benefits of multiple types of conservation projects – land protection, riparian buffer restoration, and 

conservation agriculture, our approach allows opportunities to be evaluated and compared as they arise 

based on their relative benefits. Using this information, conservation organizations can decide whether to 

invest in a project or direct their resources elsewhere in the watershed. Furthermore, this objective 

evaluation process can help conservation organizations communicate the credibility and impact of their 

work and attract additional funding from water utilities, government grants, and charitable foundations.   

 

Our modular approach also serves a strategic planning function by enabling the evaluation of tradeoffs 

between multiple objectives. Each objective – agricultural support, water quality improvement, and 

ecosystem connectivity – can be assessed separately and in combination with the other objectives. Our 

approach can help decision makers identify how and where these objectives diverge, and the extent to which 

“win-win” projects exist. 

 

3.1 Prioritizing Conservation for Water Quality 
 

3.1.1 Prioritizing Land Protection for Water Quality  
 

Water quality is intimately linked to the physical characteristics and uses of land within a watershed. 

However, all land does not play an equal role in regulating water quality. Rather, a given area’s effect on 

water quality varies with a range of factors, including landscape position, topography, and land use / land 

cover. A riparian wetland along a river clearly performs different hydrologic functions than a forested area 

high in the watershed. While both may be important, it is imperative that a water quality and land protection 

strategy recognize these differences within the landscape and prioritize accordingly. By targeting 

conservation funding and actions to areas with specific hydrologic functions, water quality can be protected 

with greater efficiency. 
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We utilized a multi-criteria prioritization structure to determine which lands, if conserved, would yield the 

greatest benefit to water quality. This approach was based on the model employed by UNCWI in order to 

maintain regional consistency and create a product that is familiar to stakeholders. The prioritization model 

identified four objectives that can be pursued when selecting land for protection. First, land can be protected 

because it directly protects the integrity of a water feature. Second, land can be protected because its 

perviousness allows water to infiltrate, reducing the volume and pollutant load of storm water runoff. Third, 

specific areas, like wetlands and floodplains, can be protected for their ability to absorb and retain flood 

waters.  Fourth and finally, land conservation can target those areas that, if developed, would generate a 

greater amount of runoff and erosion.  

 

Each of the model’s objectives were subdivided into measurable sub-objectives that result in achievement 

of that objective. A given area’s value to water quality was then assessed based on the degree to which it 

satisfies the sub-objectives and, ultimately, the broader objectives of conservation. In practice this was done 

by identifying one attribute representative of each sub-objective and then scoring the landscape based on 

this attribute. This attribute scoring scale reflected the expected relationship between an attribute and water 

quality based on literature values and the input of a technical committee. Scoring was conducted either at 

the scale of individual raster pixels (usually 30-m) or at the scale of the NHD+ Catchment (median size: 

120 acres), which represent small watersheds delineated by the USGS. By incorporating both of these 

scales, the local and surrounding factors determining hydrologic function could be accounted for. Once 

each sub-objective was measured within an objective, they were weighted and combined based on 

stakeholder priorities to compute a score for that objective. The objectives themselves were then weighted 

and combined to yield an overall water quality conservation score (Figure 2). 

 

 
Figure 2. Summary of GIS Overlay model function. Landscape attributes are scored for each sub-

objective, weighted and compiled into objective scores and then weighted and combined again into an 

overall water quality conservation score. (Diagram Credit: Triangle Land Conservancy) 

 

Water Quality Objective 1: Protect Water Sources and Conveyances  

 

Land conservation can be particularly effective if it directly protects the waterbodies that store and convey 

water. This objective can be achieved in three ways, represented by three sub-objectives: 

 

1. Protect headwater streams and their catchments 

2. Protect riparian areas and waterbody shorelines 

3. Support and connect to existing protected areas.  
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Water Quality Sub-Objective 1.1: Protect Headwater Streams 
 

Description & Rationale for Selection 

Headwater streams are the small, nascent streams found at the top of watersheds. There is not one precise 

definition, but headwaters are generally considered to be 2nd order or smaller under the Strahler system. 

These streams compose a disproportionate amount of the total stream network (Nadeau & Rains, 2007) and 

contribute a disproportionate amount of the water and nutrients transported by these networks (Alexander 

et al., 2007). These streams are also particularly vulnerable to the impacts of development, which can extend 

far downstream (Freeman et al., 2007).  

 

Identification Criteria  

Headwater catchments are distinct in that they have no upstream neighbors. This distinguishing 

characteristic was used to isolate headwater catchments from those downstream. To do this, the maximum 

flow accumulation value was determined for each NHD+ Catchment using the Zonal Statistics function. 

This maximum value represents the number of pixels draining into the most downstream pixel of that 

catchment. The number of flow-contributing pixels was then compared to the total number of pixels in the 

catchment. A ratio of 1 indicated that the catchment received no outside flow and was at the top of the 

watershed. To correct for disparities in the size of NHD catchments, the largest of these “top-of-watershed” 

catchments was identified and any catchment with a smaller amount of accumulated flow was classified as 

a headwater.  

 

Scoring 

Headwater classification was binary – a catchment either is or is not a headwater catchment.  

 

Table 2. Attribute scoring system for assessing Sub-Objective 1.1, Protect Headwater Catchments 

Attribute Measure Score 
Catchment Flow Accumulation <15 km2 0 

Catchment Flow Accumulation <15 km2 10 

 

Water Quality Sub-Objective 1.2: Protect Riparian Areas and Waterbody Shorelines 

 

Description & Rationale for Selection 

Areas directly abutting streams and waterbodies provide bank stability that prevents erosion and maintains 

natural geomorphology. These areas are also often flooded, meaning that they can retain and process 

floodwaters, sediments, and nutrients. Finally, impacts within these areas affect water quality more quickly 

and intensely by nature of their proximity.  

 

Identification Criteria  

Distance from each stream and waterbody included in the NHD High Resolution dataset was calculated at 

a 10-meter resolution across the watershed using the Euclidean Distance function. This is a higher 

resolution that the 30-meter pixels used within the other components of the prioritization model, but this 

was necessary to accurately measure distance at this scale.  
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Scoring 

Pixels were assigned a score of 10 if they were within 100 ft. of a stream or waterbody and a score of 8 if 

they were between 100 and 300 ft. away. Pixels further away were assigned a score of 0. These scoring 

thresholds were determined by an UNCWI technical committee consisting of watershed experts from 

USGS. These distances also roughly correspond to riparian buffer width thresholds for nitrogen removal 

effectiveness identified in a comprehensive analysis conducted by the EPA (Mayer et al., 2005) 

 

Table 3. Attribute scoring for Sub-Objective 1.1, Protect Headwater Catchments 

Attribute Measure Score 
No Stream or Waterbody w/in 300 ft.  0 

Stream or Waterbody w/in 300 ft.  8 

Stream or Waterbody w/in 100 ft.  10 

 

Water Quality Sub-Objective 1.3: Support and Connect Protected Waterways 

 

Description & Rationale for Selection 

The hydrologic function of an area of land is directly connected to its surroundings. Even if an area remains 

undeveloped, its function may be compromised by development upstream. Focusing conservation in 

catchments with existing protected areas can protect previous land conservation investments and give new 

protected lands a greater likelihood of successful water quality outcomes. 

 

Identification Criteria  

The percentage of land protected, by area, was calculated for each NHD Catchment using the North 

Carolina Natural Heritage Program’s Managed Areas data layer.  

 

Scoring 

The scoring system assumed a roughly linear, increasing relationship between existing protection and a 

given area’s water quality value. For this model, scoring was modified slightly to award points to areas with 

between 0 and 10% protection that were assigned a score of 0 in the UNCWI model. 

 

Table 4. Attribute scoring for Sub-Objective 1.3, Protect Headwater Catchments 

Attribute Measure Score 
No Existing Protection  0 

0-10 % Protected 2 

10-30% Protected 4 

30-50% Protected 6 

50-80% Protected 8 

>80% Protected 10 

 

Water Quality Objective 2: Conserve Upland Areas 

 

Land conservation can also seek to maintain the natural water balance of a watershed by conserving the 

upstream areas that determine how much water is infiltrated and how much water leaves as runoff. This 

objective can be achieved in three ways, represented by three sub-objectives: 

 

1. Protect pervious land use/land cover types 

2. Protect catchments with minimal impervious area  

3. Protect forested catchments  
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Water Quality Sub-Objective 2.1: Protect Pervious Land Use/Land Cover Types 

 

Description & Rationale for Selection 

Precipitation can realize three fates when it reaches the ground. It can infiltrate into groundwater, be 

absorbed and transpired by plants, or flow on the landscape’s surface as runoff. This fate is determined in 

large part by the land on which it falls. If the land is impervious, meaning that it has been paved over, 

compacted, or has a naturally impermeable soil layer, water does not have the opportunity to infiltrate the 

soil and runs off the landscape. This runoff mobilizes and transports sediments, nutrients and other 

pollutants. Furthermore, this runoff changes the face of the landscape by eroding rills, gullies and channels 

that short-circuit the hydrologic cycle in the future. Future runoff will follow these flow paths to reach water 

bodies in less time, reducing the opportunities for the physical and biological processes that can attenuate 

pollutants.  

 

Identification Criteria  

Landscape perviousness was calculated based on land use/land cover classifications within the National 

Agriculture Statistics Service’s Cropland Data Layer.  

 

Scoring 

Scores were awarded based on the estimated perviousness of each LULC type. These perviousness 

estimates were determined in two ways. For urban land uses, imperviousness was taken as the midpoint of 

imperviousness ranges provided by the NLCD for each type of urban land cover. For other land uses, 

imperviousness estimates were taken from a 2005 EPA study (Exum et al., 2005). These 

perviousness/imperviousness values were then related to water quality based on accepted thresholds at 

which impervious surfaces impair (10%) and degrade (20%) water quality.  

 

Table 5. Attribute scoring for Sub-Objective 2.1, Protect Pervious Land Use/Land Covers 

Attribute Measure 
Estimated 

Imperviousness 
Score 

Low, Medium, High Density Urban  35%1,65%1, 90%1 0 

Urban Open Space, Cropland 15%1, 10%2 5 

Pasture, Grassland 5%2 8 

Water, Forest, Grassland <5%2 10 
1Estimate taken from NLCD. 

2Estimate taken from Exum et al. 2005. 

 

Water Quality Sub-Objective 2.2: Protect Catchments with Minimal Impervious Surface 

 

Description & Rationale for Selection 

Impervious surface does not just change hydrologic dynamics at the point where it intercepts precipitation. 

Rather, these surfaces change how water flows, concentrates, and reshapes the landscape. It is therefore 

important to know the imperviousness of both a specific project area and its surrounding watershed. 

Furthermore, imperviousness is often thought to have a step-wise effect on water quality, resulting in 

impairment and degradation only once certain thresholds are surpassed. (Center for Watershed Protection, 

2002; Brabec et al., 2002). Land conservation can be targeted to catchments with minimal imperviousness 

in order to avoid areas that are already impaired or degraded and prevent these catchments from crossing 

degradation thresholds. 

 

Identification Criteria  

Impervious surface cover was estimated from the NASS Cropland Data Layer using the same methods as 

in Sub-Objective 2.1. These imperviousness estimates were then averaged for each NHD catchment. 
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Scoring 

Mean impervious surface percentages were then related to water quality based on accepted thresholds at 

which impervious surfaces impair (10%) and degrade (20-30%) water quality. 

 

Table 6. Attribute scoring for Sub-Objective 2.2, Protect Minimally Impervious Catchments 

Attribute Measure Score 
0-10% Impervious  10 

10-20% Impervious 5 

>20% Impervious 0 

 

Water Quality Sub-Objective 2.3: Protect Forested Catchments 

 

Description & Rationale for Selection 

Forested landscapes affect both the quality and quantity of the precipitation they receive. First, they reduce 

the relative quantity of runoff through interception and evapotranspiration (Dreps, 2014).  Second, they 

reduce erosion by absorbing the eroding energy of raindrops and providing structural stability to the soil. 

Third, they absorb nutrients that might otherwise be flushed out.  

 

Identification Criteria  

Percentage forest cover was calculated for each NHD catchment based on the NASS Cropland Data Layer. 

 

Scoring 

Scoring was based on water quality / forest cover thresholds identified in a study of water quality in the 

High Rock Lake watershed conducted by the North Carolina Forest Service (Gerow et al., 2015). 

 

Table 7. Attribute scoring for Sub-Objective 2.2, Protect Minimally Impervious Catchments 

Attribute Measure Score 
>48% Forested  10 

37-48% Forested 5 

<37% Forested 0 

 

Water Quality Objective 3: Promote Infiltration and Retention of Precipitation and Floodwaters 

 

Land conservation can also be targeted to protect wetlands, floodplains, and other areas that retain, infiltrate, 

or otherwise interact with high volumes of water. These areas can attenuate floodwaters, reducing runoff 

and overall loads of nutrients and sediments to waterbodies. Furthermore, these areas play important roles 

in retaining and processing sediments and nutrients due to their prolonged contact time with water and 

unique combination of chemical conditions. This objective is represented by three sub-objectives: 

 

1. Protect wetlands 

2. Protect floodplains 

3. Protect areas with high soil infiltration 
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Water Quality Sub-Objective 3.1: Protect Wetlands 

 

Description & Rationale for Selection 

Wetlands are areas that, due to their soils and topographic position, are frequently inundated. These areas 

have extended opportunities to influence the quantity and quality of water passing through them. Wetlands 

can reduce runoff volumes through storage and evapotranspiration. They may also absorb and process 

sediment through their unique plant and microbial communities. 

 

Identification Criteria  

Wetlands were identified from both the NASS cropland data layer (CDL) and US Fish & Wildlife’s 

National Wetalnds Inventory (NWI) using a method tested and developed for the UNCWI model (Birch, 

2014). First, freshwater forested, freshwater emergent and riverine wetlands were isolated from the NWI 

data layer and converted to a 30-meter raster. This was done to exclude the reservoirs and farm ponds 

included under the freshwater pond and lake classifications. The NWI wetland raster was then used to 

modify the CDL using Con statements. The result was a raster depicting wetland presence based on CDL 

aerial image classification and NWI mapping of forested, emergent and riverine wetlands. Finally, these 

areas were buffered by 50-feet to capture the upland areas that immediately surround the wetland and play 

an integral role in the wetland’s function (McElfish et al., 2008).  

 

Scoring 

Wetland presence was scored on a binary basis, with areas containing or within 50-feet of wetlands 

receiving the highest score and all other areas receiving the lowest score.  

 

Table 8. Attribute scoring for Sub-Objective 3.1, Protect Wetlands 

Attribute Measure Score 
Contains or <50-ft. from Wetland 10 

>50 ft. from Wetland 0 

 

Water Quality Sub-Objective 3.2: Protect Floodplains 

 

Description & Rationale for Selection 

Floodplains are riparian areas that are prone to inundation due to a combination of floodwaters, elevated 

water tables, and precipitation. Intact floodplains can attenuate flooding by allowing floodwaters to disperse 

over a wider area. Floodplain vegetation can reduce the energy of floodwaters and trap debris and sediments 

that would otherwise reach downstream water sources. Floodplains are also characterized by a diversity of 

chemical conditions that enable the processing of nutrients by microbial communities.  

 

Identification Criteria  

Floodplains were identified using floodplain maps developed for North Carolina’s Flood Risk Information 

System (FRIS). These maps delineate floodplains according to flood risk thresholds developed by FEMA.   

 

Scoring 

Floodplain presence was scored on a binary basis, with all designated floodplains receiving the highest 

score regardless of flood risk. This includes areas within the 100- and 500-year floodplains. All other areas 

received the lowest possible score.  

 

Table 9. Attribute scoring for Sub-Objective 3.2, Protect Floodplains 

Attribute Measure Score 
Contains or <50-ft. from Wetland 10 

>50 ft. from Wetland 0 
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Water Quality Sub-Objective 3.3: Protect Areas with High Soil Infiltration 

 

Description & Rationale for Selection 

Infiltration rates are often determined by soil structure and the degree to which water can be transmitted 

through soils into groundwater. Protecting areas with soils that allow higher rates of infiltration will reduce 

runoff and overall loading of nutrients and sediment. 

 

Identification Criteria  

The USDA classifies soils into hydrologic groups based on the degree to which these soils generate runoff. 

A soil can be placed in one of four groups based on its minimum saturated hydraulic conductivity and the 

presences of water impermeable layers (e.g. clay pans) or high water tables.  

 

Scoring 

Soil permeability was assumed to impact water quality linearly, with highly permeable soils being most 

desirable for protection and minimally permeable soils being least desirable. Soil map units with multiple 

hydrologic groups present were assigned the average of these groups’ scores.  

 

 Table 10. Attribute scoring for Sub-Objective 3.3, Protect Areas with High Soil Infiltration 

Attribute Measure Score 
High Infiltration Rates (Group A)  10 

Moderate Infiltration Rates (Group B) 7 

Low Infiltration Rates (Group C) 3 

Very Low Infiltration Rates (Group D) 0 

 

Water Quality Objective 4: Protect Vulnerable Areas 

 

Finally, land conservation can seek to protect areas that, if developed, would result in disproportionate 

impacts to water quality. These are sites that are particularly prone to phenomena like erosion and ponding 

that make development of these sites costly to both developers and local water quality. The goal of 

protecting vulnerable areas is represented in three ways, represented by three sub-objectives: 

 

1. Protect hydric soils 

2. Protect steep slopes  

3. Protect areas with highly erodible soils  

 

Water Quality Sub Objective 4.1: Protect Wet / Hydric Areas 

 

Description & Rationale for Selection 

Hydric soils form under frequent inundation and therefore indicate that flooding is common on a site. 

Construction is difficult on these mucky soils. Development on these soils will be prone to flooding and 

will displace water, resulting in exacerbated downstream flooding.  

 

Identification Criteria  

Hydric soils were identified based on classification within the USDA’s SSURGO database.  
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Scoring 

Scoring of hydric soil presence was binary, with areas containing hydric soils receiving the highest score 

and all other areas receiving the lowest score.  

 

Table 11. Attribute scoring for Sub-Objective 4.1, Protect Wet/Hydric Areas 

Attribute Measure Score 
Hydric Soils Present 10 

Hydric Soils Not Present 0 

 

Water Quality Sub-Objective 4.2: Protect Steep Slopes 

 

Description & Rationale for Selection 

Steeper slopes generate higher runoff velocities and are more susceptible to erosion when vegetation is 

cleared for development. Protecting areas with steep slopes will avoid the impacts of developing such sites. 

 

Identification Criteria  

Slope was calculated from the North Carolina 20-ft. digital elevation model.  

 

Scoring 

Slope was assumed to indicate linearly increasing vulnerability to erosion. Slopes above 25% are generally 

thought to completely unsuited to development, while slopes under 5% are generally considered suitable. 

These categories were assigned values of 10 and 0, respectively. Intermediate slopes were divided into 

categories and assigned intermediate scores. 

 

Table 12. Attribute scoring system for assessing Sub-Objective 4.2, Protect Steep Slopes 

Slope Score 
0-5% 0 

5-10% 3 

10-15% 5 

15-25% 8 

>25%` 10 

 

Water Quality Sub-Objective 4.3: Protect Highly Erodible Soils  

 

Description & Rationale for Selection 

Soils vary in their susceptibility to erosion based on their structure, interaction with water and the strength 

of attractive forces between their constituent particles. Areas where soils are more susceptible to erosion 

should be protected in order to prevent these soils from being eroded into waterways and water sources. 

Additionally, erodible soils are more prone to the formation of rills and gullies, which increase the rate at 

which water flows off the landscape and thereby increases erosion and the amount of nutrients and 

sediments carried to waterbodies.  

 

Identification Criteria  

Soil erodibility was identified based on k-factor values within the SSURGO database. K-factor is calculated 

based on soil texture, organic content, structure and hydraulic conductivity. Values for K-factor range 

between 0.0 and 0.65.  
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Scoring 

Potential water quality impacts were assumed to increase linearly with soil erodibility. Soils were grouped 

within k-factor ranges of 0.1 units. Scoring groups at the top and bottom end were widened slightly to 

account for the relative rarity of very high and very low k-factors. 

 

Table 13. Attribute scoring for Sub-Objective 4.3, Protect Highly Erodible Soils 

K-Factor Score 
N/A 0 

<0.15 0 

0.15 – 0.25 3 

0.25 – 0.35 5 

0.35 – 0.45  8 

0.45 – 0.65 10 
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Table 14. Attributes and Data Layers used to calculate each sub-objective and objective within the land 

conservation prioritization model. 

Objective Sub-Objective Attribute Data Layer 

1 - Protect 

Water Sources 

& Conveyances 

1.1 Protect Headwater 

Streams 

Ratio of Catchment 

Size and Maximum 

Flow Accumulation 

NHD+ V2 Catchments (USGS) 

NHD+ V2 Flow Accumulation (USGS) 

1.2 Protect Riparian 

Areas and Shorelines 

Distance to Water NHD High Resolution Flowline 

(USGS) 

 

NHD High Resolution Waterbody 

(USGS) 

1.3 Support and Protect 

Connected Water 

Features 

% of Catchment 

Protected  

NHD+ V2 Catchments (USGS) 

North Carolina Protected Areas (NC 

OneMap) 

2 – Protect 

Uplands 

2.1 Protect Pervious Land 

Use / Land Cover Types 

Perviousness, 

estimated from 

LULC 

Cropland Data Layer (NASS) 

2.2 Protect Minimally 

Impervious Catchments 

Percent of 

Catchment 

Impervious 

Cropland Data Layer (NASS) 

 

NHD+ V2 Catchments (USGS) 

2.3 Protect Forested 

Catchments 

% of Catchment 

Forested 

Cropland Data Layer (NASS) 

NHD+ V2 Catchments (USGS) 

3 – Promote 

Infiltration & 

Retention of 

Precipitation & 

Floodwaters 

3.1 Protect Wetlands Located in or 

within 50 ft. of 

Wetland  

National Wetlands Inventory (USFWS) 

Cropland Data Layer (NASS) 

3.2 Protect Floodplains Located within 

Designated 

Floodplain 

Flood Area Maps (NCFRIS) 

3.3 Protect Areas with 

High Soil Infiltration 

Rates 

Soil Hydrologic 

Group 

SSURGO (USDA-NRCS) 

4 – Protect 

Vulnerable 

Areas 

4.1 Protect Wet/Hydric 

Areas 

Hydric Soil 

Classification 

SSURGO (USDA-NRCS) 

4.2 Protect Steep Slopes Slope 20-Foot LiDAR DEM (NC DOT) 

4.3 Protect Highly 

Erodible Soils  

Soil K-Factor SSURGO (USDA-NRCS) 
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Weighting the Model 

 

Model weights were elicited at a meeting of Jordan Lake One Water on March 27, 2019 in Burlington, 

North Carolina. Attendees of the meeting included representatives from municipal and county governments, 

state regulators, water utilities, environmental groups, and more. Prior to the weighting exercise, attendees 

were given a presentation on the role of land conservation in protecting water quality and the structure of 

the land conservation model. Particular attention was paid to the model’s structure, the rationale and 

calculation of component sub-objectives, and attribute data sources.  

 

Once attendees had been briefed on the purpose and structure of the model, they were asked to participate 

in a “dot-weighting exercise.” First, each stakeholder was given nine dot stickers of four different colors 

corresponding with each of the four water quality objectives. Four stations were set up around the room, 

one for each objective, with each station containing maps of the three sub-objectives within that objective. 

Stakeholders were instructed to place the nine stickers provided for each objective on the sub-objective 

maps based on what they viewed as most important. They could allocate all stickers evenly, place all 

stickers on one sub-objective, or come up with their own specified intermediate allocation. During this 

process, Ryan Parks and TLC staff were on hand to answer any questions that arose and take feedback from 

participants. Once all stickers had been placed, weights were calculated for each sub-objective based on the 

percentage of stickers assigned to each sub-objective within an objective. Then, with stakeholders now 

understanding the components of each water quality objective, they were asked to allocate an additional 

sixteen stickers between four maps representing each water quality objective. Again, the number of stickers 

was tallied, and weights were assigned based on the percentage of stickers received. 

 

Incorporating Development Threat 

 

Land conservation protects water quality by avoiding the adverse water quality impacts of development. 

An area’s value is thus a product of both its hydrologic function and the likelihood that this function will 

be altered due to development. The land conservation model estimates value to water quality based on 

hydrologic function, but it does not incorporate risk of development. Development threat must ultimately 

be accounted for to quantify the full value of land conservation to water quality.  

 

To place water quality conservation scores within the context of urban development pressures, this output 

was compared to urbanization patterns predicted by the FUTURES (FUTure Urban-Regional Environment 

Simulation) model (Meentemeyer, 2013). The model was not run specifically for this analysis, but output 

was provided by the North Carolina State University Center for Geospatial Analytics (Sanchez, 2018). The 

model output consists of a National Land Cover Dataset (NLCD) raster, to which pixels of predicted new 

urban land use are appended. This raster was then used to calculate development threat at the parcel, 

catchment and sub-watershed scale, calculated as the areal percentage of projected new development.  

 

3.1.2 Prioritizing Riparian Buffer Placement for Water Quality  
 

Riparian buffers have been demonstrated to benefit water quality. However, all riparian buffers will not 

exert equal influence on water quality. Riparian areas can process greater quantities of sediment and 

nutrients if they are placed in areas where they are most likely to interact with surface water, shallow 

groundwater, and the sediments and nutrients they contain.  
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The primary goal of this analysis is to identify these areas where restored buffers will have the greatest 

potential to trap and process nutrients and sediments. As a first step, areas must be identified where buffer 

restoration is possible. Once potential buffer restoration areas are identified, this analysis assesses potential 

sediment generation in the upstream watershed. Finally, flow paths are modeled based on topography in 

order to identify which buffer gaps present the greatest opportunity for nutrient and sediment capture 

through riparian buffer restoration. 

 

Identification of Potential Buffer Restoration Sites 
 

Isolating Water Features for Buffering 

 

Riparian areas around both streams and contiguous waterbodies are a priority for restoration due to their 

connectivity to downstream water supplies and aquatic ecosystems. To identify these areas where buffering 

is desired, waterbodies (NHD HR) contiguous to streams were identified. These waterbodies were joined 

with flowline and polygon features representing the stream network and the areal extent of channels (NHD 

HR).  The flowline feature was converted to a polygon by applying a 1-m buffer to the stream flowline 

(NHD HR). Each of these polygon features was then converted to a raster with a cell size of 10-m. These 

rasters were joined using Mosaic to New Raster to create one feature representing all waterbodies of interest 

for riparian buffer restoration. 

 

Identifying the Relevant Riparian Buffer Zone 

 

With streams and contiguous waterbodies selected, the relevant riparian area was then identified. For the 

purposes of this analysis, this relevant riparian area was defined to be within 30 m of a stream or contiguous 

waterbody. This distance is generally thought to capture most of the potential nitrogen and nearly all the 

potential sediment (Meyer et al., 2005; Buffler, 2005). The scale of available landcover data is also 30-m, 

so this is a convenient distance threshold for assessing whether a riparian area is buffered. This area was 

identified by creating a 30-m buffer area around the previously created stream and contiguous waterbody 

polygon using Buffer.  

 

Assessing Restorable Buffer Gaps 

 

Existing buffer practices were determined within the defined buffer zone based on LULC (NASS CDL). If 

LULC was classified as cropland or pasture it was considered unbuffered. It was assumed that this land 

could treat more nutrients and sediment if it were restored to a forested state. These restorable buffer gaps 

were identified by first reclassifying the LULC layer such that cropland and pasture were assigned a value 

of 1 and all other LULCs were assigned values of 0. Pasture and cropland within the riparian buffer zone 

were then identified using Extract by Mask with the previously generated buffer zone polygon as the mask 

layer. These cells represent land that can be restored to improve water quality. 

 

Quantification of Sediment Sources  

 

Suspended sediments and nutrients are the greatest water quality issue facing the Jordan Lake watershed. 

These sediments and nutrients are derived from a variety of sources, including runoff from agricultural and 

developed landscapes. These sediments and nutrients make their way into the watershed’s waterbodies via 

a variety of circuitous path. Given this spatiotemporal complexity, modeling this system mechanistically 

was infeasible at the scale of this assessment and with the data available. Fortunately, this level of detail 

and precision is not necessarily needed to generate a watershed-scale prioritization. Rather than discrete 

quantification of individual sources, this assessment provides a broad assessment of hotspots in the 

watershed. This should naturally be followed up with a more detailed assessment of a project sites unique 

conditions before any on-the-ground work is implemented.  
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Empirical models provide a less computationally intensive alternative to mechanistic modeling that is well 

suited to the scale and purpose of a “hot spot” assessment. In this assessment the Universal Soil Loss 

Equation (USLE) was used to identify upstream sediment sources. The USLE is an empirical model that 

has been used to estimate erosion of sediments for decades (Wischmeier & Schmidt, 1978). The USLE 

predicts erosion based on an observed (empirical) relationship between physical factors and sediment 

generation, and not based on a simulation of watershed processes. These factors include the intensity of 

precipitation (R), the erodibility of the soil (K), the upstream slope length (L), local slope (S), surface cover 

(C), and management practices (P). Multiplying these factors together yields an estimate of erosion or “soil 

loss” that can be used as proxy for upstream pollutant generation: 

 

Soil Loss (Tons/Acre/Year) = 𝑅 ∗ 𝐾 ∗ 𝐿 ∗ 𝑆 ∗ 𝐶 ∗ 𝑃 

 

Rigorous and data intensive approaches have been developed to estimate the USLE’s input erosional factors 

when applying the model at the scale of a single farm field. These erosional factors were generalized in 

order to apply the model with the data available at a watershed scale. The resulting estimates of sediment 

loss should maintain the relative differences in the landscape’s propensity to generate sediment. These 

generalized erosional factors are described in more detail below. 

 

R-Factor (Precipitation Intensity) 

 

The USLE P-Factor captures the erosive energy applied to a given area by precipitation. It is calculated 

based on the maximum 30-min storm intensity. Standard values for P-factor have been calculated for the 

United States at a national scale (Wischmeier & Schmidt, 1978). The Jordan Lake watershed lies entirely 

between two rainfall erosivity isoclines (200 & 250), so the R factor was assumed to be 225 throughout the 

watershed. More robust calculations could be undertaken to quantify the slight variations in rainfall 

intensity throughout the watershed based on observed precipitation data.  

 

K-Factor (Soil Erodibility) 

 

K-factor represents the characteristics of the soil that make it susceptible to erosion. K-factor is calculated 

based on soil texture, organic content, structure and hydraulic conductivity, and ranges in value from 0.0 to 

0.65 (USDA). The USDA NRCS calculates K-factor for each soil map unit within the SSURGO database. 

Unfortunately, some map units in the watershed were missing K-factor values. To minimize the impact of 

NoData values, missing K-factor values were estimated using Fill Missing Values. This function estimates 

missing values based on the median value of adjacent map units. A raster of soil erodibility was then 

generated by applying Feature to Raster to this shapefile with measured and estimated values. 
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L- & S- Factors  

 

The USLE L- and S- Factors describes the impacts of topography on erosion and are calculated 

simultaneously. The L- component captures the effect of accumulated upstream flow on erosion. Areas 

subject to higher flows accumulated from a larger upstream area will generate more sediment than areas 

receiving less flow. This analysis relied on the simplifying assumption that the upstream slope length is 

equal to the number of accumulated upstream cells multiplied by the width of a cell. This simplifies 

variations in the orientation of upstream areas, but accounts for the relative impact of higher accumulated 

flow from upstream. This flow accumulation is calculated based on the NC 20-ft. LiDAR DEM with sinks 

filled using Fill. Once slope length is estimated, the LS factor can then be calculated (Wischmeir & 

Schmidt). This calculation incorporates both the slope length (λ) and the local slope (𝜃) through the 

following equation: 

𝐿𝑆 =  (
𝜆

22.71
)

𝑚

(65.41 ∗ 𝑠𝑖𝑛2𝜃 + 4.56𝑠𝑖𝑛𝜃 + 0.065) 

Where m is slope dependent:  

𝜃 < 1%, 𝑚 = 0.2;  𝜃 = 1 − 3%, 𝑚 = 0.3;  𝜃 = 3 − 4.5%, 𝑚 = 0.4;  𝜃 = > 4.5%, 𝑚 = 0.5 

 

C-Factor (Land Cover) 

 

The USLE C-factor refers to the land cover and management practices that can deflect and absorb the 

energy of falling raindrops. In a more rigorous USLE assessment, this C-factor account for the intricacies 

of canopy cover, crop residues, and rooting as they vary across crop types throughout a growing season. 

This factor would also relate these conditions to the rainfall anticipated under the same timeframe. This 

would require data on the specific planting dates, harvest dates, crop rotations, and tillage practices applied 

to a field. Such data is simply not available at the scale of the entire watershed. Instead, this analysis utilized 

a simplified estimation of C-factor based on LULC (NASS CDL). These simplified C-factors were taken 

from the values used within the Jordan Lake TMDL Model (TetraTech 2003; Table 15). This simplified C-

factor does not differentiate between different crop types because these may change over the course of 

multiple growing seasons. Furthermore, the differences between different crop types might be blurred by 

the application of different management practices. Instead, this analysis only aims to differentiate the degree 

to which broad landcover classes generate sediment relative to one another. 

 

Table 15. C-factors used to represent the effects of land cover and management within USLE calculation 

of erosion rates. Values were taken from the Jordan Lake TMDL Model (TetraTech, 2003) 

Open Water 0 

Developed Open Space 0.013 

Developed Low Density 0.007 

Developed Medium Density  0.02 

Developed High Density 0.03 

Barren Land 1 

Forest 0.003 

Shrub/Scrub 0.003 

Grassland/Pasture 0.011 

Crops 0.16 

Wetlands 0.003 
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P-Factor (Management Practices) 

 

The USLE P-factor represents the specific support practices taking place on a given field that might 

decrease erosion rates. Data on the specific management practices employed on each farm unit are not 

available at the scale of the entire watershed. For this reason, a P-factor of 1 was applied throughout the 

watershed. This serves the overall function of this analysis as a screening tool. More data on site-specific 

practices will be needed to inform the results of this analysis before implementing any practices. 

 

Quantification of Flow and Sediment Accumulation 

 

Once sediment sources were quantified, they were routed across the landscape based on topography and 

hydrologic flow paths. This downstream movement of water is assumed to also incorporate runoff of 

nutrients, nitrogen and phosphorus. Along these flow paths water, nutrients, and sediment might be retained 

and processed by non-riparian forest areas. For this reason, sediment source pixels with an uninterrupted 

flow path were isolated within this analysis. These uninterrupted flow paths converge with the stream 

network in different places with varying degrees of accumulated water and sediment. By identifying where 

the highest accumulation of water and sediment enters the stream, riparian areas with the highest buffering 

opportunity were identified.  

 

DEM Preparation 

 

Before flow paths were identified, the digital elevation model (DEM) of topography was conditioned to 

force water to follow the known stream network within the watershed. This was done through a technique 

called “Stream Burning,” which reduces the elevation of the DEM where the stream network overlaps. 

Stream burning was executed using DEM Reconditioning in the ArcHydro package with the North Carolina 

20-ft. DEM (NC DOT) and a raster conversion of the NHD High Resolution Flowline (USGS). Next, sinks 

within the DEM were filled to force all water within the watershed to flow out to the watershed’s mouth. 

This was executed using Fill Sinks with default threshold values. A flow direction raster was then generated 

from this filled DEM using Flow Direction. 

 

Isolating Uninterrupted, Contiguous Sediment Source Pixels 

 

With this flow direction raster created, contiguous sediment source pixels were then isolated. This was done 

by calculating two downstream flow length rasters, one unweighted and one weighted by a source raster, 

in a method described by Baker et al. (2006). In this case, the source layer was a reclassified NASS CDL 

layer in which all sediment contributing LULCs (developed and agricultural) were assigned a value of 1, 

while other sediment sink LULCs were assigned a value of 0. Equal values under both the weighted and 

unweighted flow length rasters indicated that the entire downstream flow length crosses sediment source 

pixels and does not cross a forest or wetland pixel. This contiguous, uninterrupted sediment source area 

was then isolated using a con statement within Raster Calculator. Finally, using another con statement in 

Raster Calculator, these contiguous source pixels were reassigned the soil loss values calculated with 

USLE.  
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Calculating Sediment Accumulation within Riparian Buffer Gaps 

 

With areas of contiguous, uninterrupted sediment generation isolated and quantified, this sediment was then 

routed downslope to the stream network. This was done using Flow Accumulation with the previously 

created contiguous soil loss raster as the weight raster. This flow accumulation raster was then used to 

determine the accumulated sediment within the previously identified riparian buffer gaps. First, flow 

accumulation pixels corresponding to the stream network were assigned Null values using Set Null in order 

to limit the flow accumulation values within riparian buffer pixels to that contributed by upland flow paths 

and not by the stream itself. Next, this 20-ft resolution flow accumulation layer was rescaled to the 30-m 

resolution of the buffer gap raster by using the Block Statistics function to find the maximum flow 

accumulation value within 30-m pixels. Values from this 30-m simplified flow accumulation raster were 

then linked to the riparian buffer gap layer by first converting the riparian buffer gap raster to points using 

Raster to Point. Values from the 30-m simplified flow accumulation raster were then extracted to this point 

feature class using Extract Values to Points. Finally, this point raster was converted back to a raster using 

Point to Raster. By using this procedure, the maximum flow accumulation within each riparian buffer gap 

pixel was calculated without the error induced by raster shifts in the Resample function.  

 

3.1.3 Crop Practice Prioritization for Water Quality 
 The fish in the sea have got nothing on me. 

The previous riparian buffer prioritization section details how areas with high sediment generation can be 

identified using a simplified Universal Sediment Loss Equation (USLE). This soil loss raster can also be 

used to prioritize the placement of conservation agriculture practices, which primarily aim to reduce soil 

loss. Furthermore, the need for conservation agriculture will be highest within fields that flow into streams 

and waterbodies without passing through forests, wetlands or riparian buffers. The contiguous, 

uninterrupted sediment source areas identified in the preceding riparian buffer analysis will be prime 

candidates for the implementation of conservation agriculture practices. This information can then be 

coupled with the economic analysis to be discussed later in order to maximize the effectiveness of 

conservation agriculture investments. 

 

3.2 Protecting Biodiversity in the Watershed 
 

3.2.1 Identifying Areas with High Support Potential 
 

In this analysis we examined the biophysical settings that give rise to landforms, with special attention paid 

to areas with high relative landform diversity. The indicators chosen for the region based on literature 

review were elevation (temperature), topographic convergence index (relative soil moisture), and insolation 

(radiation loading). Each biological surrogate was re-classified to range from one to ten (low-1, 

intermediate-2, high-3 for TCI and Elevation, 1-10 for each unique landform) and combined to create a 

unique code for every combination of surrogates found in the watershed: “zipcodes”.  We use this term to 

highlight the fact that this is a nested system where, similar to housing zipcodes, all zipcodes beginning 

with one are in the low elevation region while zipcodes beginning with three and in the highest elevation 

zone of the watershed and so on. Each zipcode refers to a specific cell in environmental space. In addition 

to the identification of areas with high numbers of zipcodes, the zipcodes themselves could be searched for 

conditions associated with specific plants or assessed in much the same way landforms were previously to 

identify areas of high biodiversity support potential. In this analysis we estimated evenness and richness 

for the benefit of conservation organizations using this analysis in the future. We also identified areas where 

richness and evenness converged for an estimate of the best of the best catchments for protecting 

biodiversity support potential. 
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For the purpose of this study NHD Catchments were designated as planning units. NHD catchments 

represent ecologically and hydrologically relevant units that allow for the comparison between the water 

quality and conservation components of this study. Additionally, they are of a reasonable size making them 

relevant to possible conservation efforts. There is some disagreement whether NHDs are useful planning 

units as they do not follow jurisdictional boundaries. We contended that modeling based on natural 

boundaries was more meaningful that the use of jurisdictional ones. More to the point, the goal of this 

portion of the study was to identify the where of conservation priorities not the how of conservation 

acquisition. 

 

Creating the Biophysical Proxies 
 

Elevation 

 

Whittaker (1956, 1967) noted that temperature is an important factor when determining vegetation 

gradients. While the Piedmont is hardly a mountainous region, categorized as being very low (20-800ft, 6-

244m) or low (800-1700ft, 244-518m) in elevation according to Anderson et al. 2016, there is a change in 

elevation from the southern watershed to the northern watershed. A 20ft LiDAR DEM for the Haw 

watershed catchment was used to derive the elevation data. The DEM was filled to ensure that there were 

no “holes” that created sinks for flow accumulation in later analyses. The DEM was divided into three equal 

classes (Table 16).  

 

Table 16. DEM reclassification 

Start (ft) End (ft) New 

216 484 1 

484 752 2 

752 1020 3 

 

Topographic Convergence Index 

 

Topographic Convergence Index is a measure of the soil moisture (Moore et al. 1991). The formula is the 

log of the ratio of the area draining to a pixel to the tangent of the pixel’s slope. To calculate TCI, we 

calculated flow accumulation and slope for each pixel. To calculate flow accumulation, we created a stream 

network derived from the 20ft-LiDAR DEM (conditioned to remove holes before analysis). Flow direction 

was calculated from the DEM using a D8 flow path and the flow direction tool (ArcGIS Pro). Flow 

accumulation was calculated using the D8 flow direction raster and the flow accumulation tool (ArcGIS 

Pro). The output was set to integer. A value of one was added to each cell to include all cells, then all cells 

were multiplied by 37.16 to convert drainage area to square meters. This conversion was calculated by 

converting the 20ft cells to meters (6.096m). This was done to remain consistent with the rest of the data 

layers, which were in meters. The following calculation in the raster calculator was used to find the tangent 

of the slope:  ln(drainage area/(tan(slope))), with slope converted from degrees to radians TCI was divided 

into three categories, Wet (1)/Dry (3)/and Intermediate (2) (Table 17).  
 

Table 17. Topographic Convergence Index reclassification 

Start End New 

2 9 1 

9 17 2 

17 24 3 
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Landforms 

 

The landform data set was created following a procedure developed by The Nature Conservancy (A. Weiss, 

TNC, Pers.Comm.) following the index created by McNab in 1992 (McNab, 1992). In essence, two 

Topographic Position Index (TPI) layers were created, one fine and one coarse. Then, using a moving 

window the elevation of each pixel was compared to those of a given radius around it. We used the annulus 

neighborhood method with an inner radius of 20 and outer radius of 25 for the coarse scale and an inner 

radius of 1 and an outer radius of 5 for the fine scale. The output was in the form of positive and negative 

values that were then binned to determine discrete landscape positions. Slope position was calculated using 

a script detailed by The Nature Conservancy (A. Weiss, TNC, Pers.Comm.). Landforms were calculated 

using the slope position and TCI data layers, sorted into ten different categories (Table 18). Landforms 

were used instead of a solar radiation layer because they are assumed to be a “local expression of radiation 

and moisture” (A. Weiss, TNC, Pers.Comm.). 

 

Table 18. landform varieties. 

Value Landform 

1 Canyons, Deeply incised streams 

2 Midslope drainages, Shallow valleys 

3 Upland draingages, Headwaters 

4 U-shaped valleys 

5 Plains 

6 Open Slopes 

7 Upper Slopes, Mesas 

8 Local ridges/Hills in valleys 

9 Midslope ridges, Small hills in plains 

10 Mountain tops, High ridges 

 
 

Reclassifying the Biophysical Properties 

 

 In this analysis we reclassified TCI and Elevation into three even classes. The landform classes were kept 

as is to capture fine scale variations in landforms. We took the full range of values for each biophysical 

setting and used natural breaks to inform the intervals (Tables 16, 17 & 18).  

 

Calculating Evenness: Using the number of pixels within each catchment and the number of pixels of each 

zipcode within each catchment we calculated the Shannon’s Diversity Index for each catchment. Higher 

values are given to catchments where the number of zipcodes present in the catchment were fairly evenly 

represented. The Shannon’s Diversity Index gave us an indication of the combined richness and evenness 

within a given catchment (Figure 2). The following formula was used to calculate the H’ for each zipcode: 

H’ = -1 * ([Zip Pixel Count] / [Catchment Pixel Count]) * Log([Zip Pixel Count] / [Catchment Pixel Count]). This 

value was summed over all zipcodes for each catchment to get the overall diversity index of zipcodes for 

the catchment. In another analysis a dominance index could be calculated to identify is some catchments 

were dominated by a portion of zipcodes that had disproportionately large areas relative to the other 

zipcodes in the catchment. 
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3.2.2 Identifying Areas of High Biodiversity 
 

We use the biophysical zipcodes created in the support potential analysis and known Natural Heritage 

Element Occurrences (NHEOs) (NC Natural Heritage Program, 2019) to identify zipcodes that were 

associated with Element Occurrences of high conservation value. With these zipcodes identified we 

weighted the zipcodes based on their NHEO density and then took weighted averages of the zipcodes within 

each planning unit to identify those with the highest likelihood of containing species of interest. Using this 

product, we could not only target specific zipcodes but we could again calculate the evenness and richness 

of planning units based on the number of “interesting” zipcodes and thus the species they contained. It 

should be noted that this analysis was tailored specifically to the Upper Jordan Lake Watershed and used 

local Element Occurrences. As such, it should be modified if used in a different region that does not have 

the same biophysical settings or species occurrences in the future.   

 

Identifying Density of Element Occurrences per Zipcode 

 

Zipcode values were extracted for each known plant or natural community Element Occurrence in the upper 

Jordan Lake Watershed provided by the North Carolina Natural Heritage Program using the extract multi-

value to points tool in ArcGIS Pro. The number of Element Occurrences associated with each zipcode was 

tallied to get a count of Element Occurrences per zipcode. This frequency of Element Occurrence per 

zipcode was joined to the zipcode master attribute table. The amount of the watershed occupied by each 

zipcode was calculated by dividing the area of each individual zipcode by the total area of the watershed 

(m2). To calculate the Element Occurrence density per unit area of zipcode we divided the EO types by the 

unit area of the zipcode. These density/unit area values were reclassified to reflect the likelihood of finding 

an Element Occurrence of interest in the zipcode. Using the reclassified likelihood values we calculated a 

weighted average for each catchment with high catchment scores being more likely to host species of 

relevance to the watershed. Using weighted averages at the planning unit scale we can assess the 

biodiversity potential of an area at a scale relevant to conservation. Alternatively, specific zipcodes may be 

targeted based on their likelihood of having an associated Element Occurrence of interest. The planning 

units identified as having high biodiversity or species of import were cross-checked against the existing 

Natural Heritage Areas register to confirm the validity of the analysis. 

 

3.2.3 Connectivity via Riparian Corridors  
 

Connectivity analysis identifies catchments in the watershed that should be protected as-is due to high 

existing connectivity value among Natural Heritage sites via riparian corridors as well as areas in the region 

that could be restored to increase connectivity in high-potential areas. The analysis was dependent on the 

spatial arrangement of habitat patches across the landscape so careful consideration was given to habitat 

patch designation. Additionally, the weighting of the landscape matrix between habitat patches had 

implications for the distance and ability of animals to move from one patch to another. In this analysis we 

weighted the landscape in a non-traditional manner, giving riparian corridors the lowest resistance values 

while still maintaining the relative differences in cost among landcover types.  

 

While these corridors are important conduits for species movement, the landscape context of the corridor 

is also important. We did not want to simply lead organisms into the heart of urban areas simply because 

there was a stream present. In order to account for the landscape variability outside of the stream corridor 

and more accurately model movement among favorable habitats we devised a weighting scheme that 

encouraged stream corridor movement but did not penalize the algorithm if more advantageous land cover 

types were present. Using this approach, we could assess the importance of riparian corridors in connecting 

upland Natural Heritage Areas. 
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Connectivity analysis required the inputs of designated habitat patches and a resistance surface that served 

as the matrix of interim landcover types.  

 

Habitat Patches 

 

Natural Heritage Sites designated by the North Carolina Natural Heritage Program (NHP) were used as 

habitat patches. The NHP designates sites based on the presence of rare, endemic or threatened species 

and/or the presence of exemplary natural communities of North Carolina specific ecosystems (NC Natural 

Heritage Program).  

 

Resistance Surface 

 

The resistance surface was created by combining a riparian corridor layer with the NASS Cropscape 

Landcover layer.  

 

Haw catchment flowlines (NHD) were buffered to 300ft on either side of the streams for maximum 

connectivity capacity for small mammals (Hawes and Smith, 2005). A 300ft buffer for was used every 

instance of stream. Flowlines that intersected NHD waterbodies were removed. A 300ft buffer on the outer 

edge of all NHD waterbodies was calculated and merged to the buffered NHD flowline data set to create 

the final riparian corridor zone. Note: This could be done again with a 150ft buffer that would provide most 

benefits such as shading, food and water quality for large fish species (Hawes and Smith, 2005).  

 

Weighting the Resistance Surface  

 

The resistance surface was reclassified using the resistance weights used in the Resilient Sites for Terrestrial 

Conservation in Eastern North America publication as a baseline (Anderson et al. 2016) (Table 1). 

Landcover classes within the riparian buffer were given the lowest weights to favor movement along 

riparian corridors with preference being given to forested or wetland habitat.  

 

Landcover classes outside of riparian buffers received higher weights according to their ecological benefit. 

Forest or wetland habitat outside of a riparian corridor was given an additional point to account for the 

added distance from the riparian zone but relative ease of movement through that cover type (Table 19) as 

opposed to others. Agriculture or Urban area weights were roughly doubled to account for the sharp increase 

in resistance of moving through human systems without the natural corridor of a riparian zone (Table 19). 

Open water was given a weight of 20 within and without riparian corridors to deter movement through the 

middle of larger water bodies such as Falls or Jordan Lake.  
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Table 19. Weighing scheme within/without riparian corridor zones. 

Value Class Name Weight 

(Outside Buffer) 

Weight  

(Inside Buffer) 

1 Corn 8 4 

2 Cotton 8 4 

4 Sorghum 8 4 

5 Soybeans 8 4 

11 Tobacco 8 4 

21 Barley 8 4 

24 Winter Wheat 8 4 

26 Dbl Crop WinWht/Soybeans 8 4 

27 Rye 8 4 

28 Oats 8 4 

29 Millet 8 4 

37 Other Hay/Non-Alfalfa 8 4 

46 Sweet Potatoes 8 4 

47 Misc Vegs & Fruits 8 4 

58 Clover/Wildflowers 8 4 

59 Sod/Grass Seed 8 4 

61 Fallow/Idle Cropland 8 4 

67 Peaches 8 4 

69 Grapes 8 4 

111 Open Water 20 20 

121 Developed/Open Space 8 4 

122 Developed/Low Intensity 9 5 

123 Developed/Med Intensity 10 6 

124 Developed/High Intensity 20 10 

131 Barren 3 2 

141 Deciduous Forest 2 1 

142 Evergreen Forest 2 1 

143 Mixed Forest 2 1 

144 Restored Buffer 2 1 

152 Shrubland 3 2 

176 Grassland/Pasture 4 2 

190 Woody Wetlands 2 1 

195 Herbaceous Wetlands 2 1 

225 Dbl Crop WinWht/Corn 8 4 

226 Dbl Crop Oats/Corn 8 4 

229 Pumpkin 8 4 

236 Dbl Crop WinWht/Sorghum 8 4 

237 Dbl Crop Barley/Corn 8 4 

240 Dbl Crop Soybeans/Oats 8 4 

242 Blueberries 8 4 

254 Dbl Crop Barley/Soybeans 8 4 
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Using the habitat patches and the landscape cost matrix the effective cost distance between each habitat 

patch pair was calculated for the entire watershed and stored as a list. Effective length took into account the 

effective distance of each pixel of habitat types. For instance, moving through a developed/high intensity 

pixel was ten times more costly that moving through a forested pixel. While the actual distance of traversing 

these two pixels was 60m (with 30m raster cells) the effective distance was 660m. The Patch Connect tool 

box created by John Fay at Duke University (2018) was used to calculate the distances. With the list of 

effective path lengths we could determine the connectivity of the landscape, subgraphs and at what distance 

the watershed disconnected.  

 

In addition to the list of effective distances between patches, a cost distance surface was created for each 

habitat patch depicting the cost of moving outwards from that one patch. With a cost distance created for 

each patch included in the study they could be summed to determine broad trends of permeability within 

the watershed. It is worth noting that these trends are influenced by number of patches, stream density and 

land cover type.  

 

Protecting Areas with High Existing Value 

 

The 124 numpy arrays corresponding to the 124 habitat patches used in the analysis were stacked and 

summed using a python script developed for this study. The final summed array represented an accumulated 

cost/permeability layer for the study area. The accumulated cost surface was classified into ten groups using 

a quantile distribution. Group 1 had the least cost cumulatively while Group 10 had the most. The bin with 

the lowest score (group 1) represents a region to protect because it is already highly permeable and contains 

many natural heritage sites. The groups with the highest values (groups 9 and 10) were areas to look at for 

restoration and protection efforts that would preserve permeable land cover types boost the number of 

protected habitat patches in the area creating stepping stones for animals and increasing over-all 

connectivity in the area.  

 

3.3 Cost-Benefit Analysis – Conventional and Conservation Agriculture Practices  
 

To address some of the hesitation surrounding the adoption of agricultural BMPs within the watershed we 

conducted a cost-benefit analysis (CBA) quantifying the net benefits resulting from the adoption of certain 

BMPs that yield water quality benefits. Despite the suite of benefits that may be experienced off-farm, this 

CBA focused on the costs and benefits experienced by the individual farmer in order to key in on the 

compensation that may be required to incentivize conservation agriculture in the form of no-till practices 

and cereal rye cover cropping, both practices shown to improve water quality. Larger social benefits such 

as the social cost of carbon were not included in order to maximize the number of costs and benefits that 

apply to the bottom line of a farming operation and to ensure the applicability of results when keying in on 

specific parcels to encourage farmers to change agricultural practices. Net benefits for each of the 

commodities included in the analysis were then scaled to the size of a raster cell and quantified at the 

landscape-scale to determine benefits and costs associated with specific geographic areas. With this 

information in hand organizations will be able to identify parcels where landowners may experience the 

most benefit associated with the adoption of conservation agriculture practices that contribute to water 

quality.  
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3.3.1 CBA Framework 
 

Due to data availability the CBA focused on six crops: corn, barley, soybeans, wheat, oats, and sorghum. 

Farmers growing these crops had standing within the analysis and represent 84% of cropland within the 

Jordan Lake watershed, excluding crops categorized as grassland/pasture and other hay/non alfalfa. The 

analysis involved two scenarios for each of the crops, one assuming the use of conventional tillage and no 

cover cropping over one acre of land and another assuming no-till practices along with the usage of cereal 

rye cover crops over one acre of land. 

 

Net benefits related to the different tillage practices were quantified over the course of 10 years since this 

time span is similar to that of  contracts under the Conservation Reserve Program, a popular program 

implemented by the United States Department of Agriculture (USDA) aimed at the conservation of 

farmlands (USDA, 2018). The net present value (NPV) of the different scenarios was calculated, 

discounted, and compared to assess the different scenarios. 

 

The analysis was based on real dollars and used a real discount rate of 7% as the baseline, as recommended 

by both the Natural Resources Conservation Service (Xu, 2012) and the Office of Management and Budget. 

This discount rate reflects the recent marginal pretax rate of return within the private sector. Real dollars 

were used due to issues associated with accounting for future inflation (OMB, 2018). 
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Table 20. Overview of costs and benefits included in CBA. 

Line Item Typology Source 

Seed Cost USDA ERS, 2018 

Fertilizer Cost USDA ERS, 2018 

Chemicals Cost USDA ERS, 2018 

Custom services Cost USDA ERS, 2018 

Fuel, lube, and electricity Cost USDA ERS, 2018 

Repairs Cost USDA ERS, 2018 

Purchased irrigation water Cost USDA ERS, 2018 

Other variable expenses Cost USDA ERS, 2018 

Interest on operating capital Cost USDA ERS, 2018 

Hired labor Cost USDA ERS, 2018 

Opportunity cost of unpaid labor Cost USDA ERS, 2018 

Capital recovery of machinery and equipment Cost USDA ERS, 2018 

Opportunity cost of land Cost USDA ERS, 2018 

Taxes and insurance Cost USDA ERS, 2018 

General farm overhead Cost USDA ERS, 2018 

Cost of reduced yield associated with erosion Cost Wiebe, 2003 

Cost of drilling cereal rye  Cost University of Illinois Extension, 2015 

Cereal Rye Seed Costs Cost 

Kauffman Seeds, Inc. 2018; Beck’s 

Hybrids, 2017 

Herbicide application costs Cost Schnitkey et al., 2016 

Cover crop yield increase Benefit SARE, 2017 

Primary product value Benefit USDA ERS, 2018 

Secondary product silage/straw/grazing value Benefit USDA ERS, 2018 

 

3.3.2 Baseline Conventional Farming Practices Costs and Benefits 
 

For the conventional agriculture scenario, costs and benefits for all crops were sourced from the USDA 

Economic Research Service (ERS) (USDA ERS, 2018). Within this data operating costs are ascribed to the 

following categories: seed, fertilizer, chemicals, custom services, fuel, lube, and electricity, repairs, 

purchased, irrigation water, other variable expenses, and interest on operating capital. The USDA ERS data 

includes allocated overhead costs as well, which are separated into the following categories: hired labor, 

opportunity cost of unpaid labor, capital recovery of machinery and equipment, opportunity cost of land, 

taxes and insurance, and general farm overhead. The baseline values for the conventional scenario were all 

sourced from the 2017 values of the USDA ERS commodity costs and returns data for each of the crops.  

 

https://farmdocdaily.illinois.edu/2016/07/costs-and-benefits-of-cover-crops-example.html
https://farmdocdaily.illinois.edu/2016/07/costs-and-benefits-of-cover-crops-example.html
https://farmdocdaily.illinois.edu/2016/07/costs-and-benefits-of-cover-crops-example.html
http://farmdoc.illinois.edu/schnitkey
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Additional costs associated with reduced yields due to soil erosion were included in the analysis as well. 

The following equation was used to calculate these costs: 

 

𝐶𝑟𝑜𝑝 𝑌𝑖𝑒𝑙𝑑 (𝑏𝑢𝑠ℎ𝑒𝑙𝑠 𝑝𝑒𝑟 𝑝𝑙𝑎𝑛𝑡𝑒𝑑 𝑎𝑐𝑟𝑒) ∗ 𝑃𝑟𝑖𝑐𝑒(𝑑𝑜𝑙𝑙𝑎𝑟𝑠 𝑝𝑒𝑟 𝑏𝑢𝑠ℎ𝑒𝑙 𝑎𝑡 ℎ𝑎𝑟𝑣𝑒𝑠𝑡)
∗ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 𝐿𝑜𝑠𝑡 𝑃𝑒𝑟 𝑇𝑜𝑛 𝑜𝑓 𝐸𝑟𝑜𝑠𝑖𝑜𝑛
∗ 𝑆𝑜𝑖𝑙𝑠 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 𝑜𝑓 𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒 (𝑡𝑜𝑛𝑠 𝑝𝑒𝑟 𝑎𝑐𝑟𝑒 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟)
= 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑌𝑖𝑒𝑙𝑑 𝐹𝑟𝑜𝑚 𝑆𝑜𝑖𝑙 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 𝑜𝑛 𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑎𝑟𝑚𝑠 

 

Both the loss in annual yield per ton of soil erosion and estimated erosion rates were derived from the 

Linking Land Quality, Agricultural Productivity, and Food Security report by the USDA (Wiebe, 2003).  

 

Benefits related to conventional agricultural practices were derived from the USDA ERS (2018) commodity 

costs and returns data as well. These included yield and price of a given commodity per bushel which were 

then used to calculate the total value of the yield grown within a given year. Additionally, the value of 

secondary products related to each crop, if any, were based on values from the commodity costs and returns 

data. 

 

3.3.3 Conservation Agriculture Scenario 

 

To compare the net benefits that would result from conventional versus conservation agriculture practices 

a variety of literature was used to adjust conventional agriculture costs and benefits to values that more 

accurately resemble the costs and benefits associated with conservation agriculture. Due to the lack of data 

these adjustments were not made for some of the costs and benefits associated with the analysis, including 

costs related to the line items custom services, purchased irrigation water, other variable expenses, and 

interest on operating capital.  

 

Costs including capital recovery of machinery and equipment, the opportunity cost of land, taxes and 

insurance, and general farm overhead were kept constant since it was assumed they would not change if a 

farmer were to transition from conventional to conservation agriculture.  

 

Based on information provided by the University of Missouri Extension (2018), seed and fertilizer 

application rates should remain the same assuming fertilizer is applied via injection, which is why these 

costs were held constant for both conventional and conservation agriculture scenarios. 

 

The last parameter that was held constant for both conventional and conservation agriculture scenarios was 

the price of a given commodity since the way in which the crop is produced was not assumed to influence 

the price of the commodity on the larger market. 

  

For the line items that were modified between conventional and conservation agriculture scenarios, the cost 

of chemicals applied to a given acre of land represented the first adjustment focused on the inclusion of no-

till practices. According to Epplin et al. (2005), an additional $11.25 of herbicide is required per acre of no-

till production, as represented in the following equation: 

 

𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝐶ℎ𝑒𝑚𝑖𝑐𝑎𝑙𝑠 𝐶𝑜𝑠𝑡 + $11.25 = 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝑁𝑇 𝐶ℎ𝑒𝑚𝑖𝑐𝑎𝑙𝑠 𝐶𝑜𝑠𝑡 
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Fuel, lube, and electricity as well as repair costs were adjusted according to the overall reduction in 

machinery use, leading to decreases in fuel use and repair needs related to the production of a certain 

commodity on a given acre of land (Parvin & Martin, 2005; NRCS, 2016; Massey, 1997). The following 

equations were used to adjust the conventional tillage values to better represent those of no-till: 

 

𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑢𝑒𝑙, 𝐿𝑢𝑏𝑒 𝑎𝑛𝑑 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑠𝑡𝑠 ∗ 25%
= 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝑁𝑇 𝐹𝑢𝑒𝑙, 𝐿𝑢𝑏𝑒 𝑎𝑛𝑑 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐶𝑜𝑠𝑡𝑠 

 

𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝑅𝑒𝑝𝑎𝑖𝑟 𝐶𝑜𝑠𝑡𝑠 ∗ 18.75% = 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝑁𝑇 𝑅𝑒𝑝𝑎𝑖𝑟 𝐶𝑜𝑠𝑡𝑠 
 

Reductions in labor costs associated with no-till were incorporated into the analysis as well. Figures 

outlined by Harper (1996) as well as Parvin and Martin (2005) indicate that reduced labor requirements 

related to production on no-till lands could reduce labor costs by around 48.5% percent on average, which 

serves as the basis for the following equations used to adjust labor costs from conventional to no-till 

practices: 

 

𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝐻𝑖𝑟𝑒𝑑 𝐿𝑎𝑏𝑜𝑟 𝐶𝑜𝑠𝑡𝑠 ∗ 48.5% = 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝑁𝑇 𝐻𝑖𝑟𝑒𝑑 𝐿𝑎𝑏𝑜𝑟 𝐶𝑜𝑠𝑡𝑠 
 

𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝑂𝑝𝑝𝑜𝑟𝑡𝑢𝑛𝑖𝑡𝑦 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑈𝑛𝑝𝑎𝑖𝑑 𝐿𝑎𝑏𝑜𝑟 ∗ 48.5%
= 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝑁𝑇 𝑂𝑝𝑝𝑜𝑟𝑡𝑢𝑛𝑖𝑡𝑦 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑈𝑛𝑝𝑎𝑖𝑑 𝐿𝑎𝑏𝑜𝑟 

 

The benefits related to improved soil retention were incorporated into the analysis through a reduction 

factor that was divided into the initial costs associated with reduced yields (Montgomery, 2007): 

 
𝐶𝑟𝑜𝑝 𝑌𝑖𝑒𝑙𝑑 (𝑏𝑢𝑠ℎ𝑒𝑙𝑠 𝑝𝑒𝑟 𝑝𝑙𝑎𝑛𝑡𝑒𝑑 𝑎𝑐𝑟𝑒) ∗ 𝑃𝑟𝑖𝑐𝑒(𝑑𝑜𝑙𝑙𝑎𝑟𝑠 𝑝𝑒𝑟 𝑏𝑢𝑠ℎ𝑒𝑙 𝑎𝑡 ℎ𝑎𝑟𝑣𝑒𝑠𝑡) ∗

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑌𝑖𝑒𝑙𝑑 𝐿𝑜𝑠𝑡 𝑃𝑒𝑟 𝑇𝑜𝑛 𝑜𝑓 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 ∗

𝑆𝑜𝑖𝑙𝑠 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 𝑜𝑓 𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝐴𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑒 (𝑡𝑜𝑛𝑠 𝑝𝑒𝑟 𝑎𝑐𝑟𝑒 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟)

488
= 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝑌𝑖𝑒𝑙𝑑 𝐹𝑟𝑜𝑚 𝑆𝑜𝑖𝑙 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 𝑜𝑛 𝑁𝑇 𝐹𝑎𝑟𝑚𝑠 

 

The baseline reduction factor of 488 was sourced from the Montgomery (2007) meta-analysis mentioned 

above, which compiles and compares soil erosion rates from analyses related to both conventional and no-

till agricultural practices.   

 

Yields for the commodities included within the analysis were adjusted to account for projected yields under 

the conservation agriculture scenario. The following equation was used to account for the yield changes 

projected to result from the implementation of no-till practices: 

 

𝐶𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝑌𝑖𝑒𝑙𝑑 ∗ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶ℎ𝑎𝑛𝑔𝑒 𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 = 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝑁𝑇 𝑌𝑖𝑒𝑙𝑑 
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For barley and oats, the baseline percent change multipliers were calculated by determining the percent 

change between the conventional yield values summarized in the Pittelkow et al. (2015) meta-analysis and 

the no-till yields for these commodities. The baseline value percent change multipliers for corn and 

soybeans were taken from a compilation of studies. In order to calculate these multipliers, the projected 

percent yield advantage associated with the implementation of no-till was halved to represent a more 

conservative estimate of the yield boosts that would come from the use of no-till practices. The baseline 

percent change multiplier for wheat was calculated as the midpoint between the yield impacts of no-till 

practices as documented in the two studies highlighted in Table 21. The multiplier for sorghum was 

calculated in a similar fashion to that of corn and soybeans in that the highest projected increases in yield 

were halved in order to represent a more conservative projection in the yield increase that would result from 

the adoption of no-till practices. The percent change multipliers for each of the commodities and the sources 

from which they were derived are included in Table 21. 

 

Table 21. Table of baseline percent change multipliers associated with each crop type. 

Crop Percent Change Multiplier Source 

Corn 106.10% DeFelice et al., 2006a 

Wheat 97.45% Epplin & Vitale, 1999; Murdock et al., 2005   

Cereals (Barley, Oats) 96.79% Pittelkow et al., 2015 

Sorghum 119.50% Epplin & Vitale, 1999 

Soybeans 102.50% DeFelice et al., 2006b 

 

The benefits and costs associated with the incorporation of a cover crop into a no-till agricultural operation 

were quantified by including a cereal rye seeding rate and seed cost into the analysis, with baseline levels 

collected from Armstrong (2017) and Schnitkey et al. (2018) respectively.  

 

To account for the planting costs of cereal rye seed on a given acre it was assumed that farmers would own 

seed drilling equipment that is used for other crops due to the increased seeding rate efficiency related to 

the use of this equipment, which would also be used for the drilling of cereal rye into crop residues at the 

cost of $13.10/acre according to 2015 machinery cost estimates (University of Illinois Extension, 2015). 

These machinery cost estimates include tractor overhead, implement overhead, fuel and lubricant, labor, 

and fuel use. Herbicide costs were included based on figures sourced from Schnitkey et al. (2016), with a 

baseline estimate of $5.00/acre.  

 

Potential yield increases associated with cover crops were included through a yield adjustment based on 

the benefits documented in the Conservation Technology Information Center (CTIC) annual report 

summarizing their 2016-2017 cover crop survey (SARE, 2017). The adjustment was calculated and 

incorporated into the conservation agriculture scenario yield via the following equation, with the baseline 

set as the midpoint between the lowest and highest average yields associated with the CTIC survey above: 

 

𝐶𝑜𝑣𝑒𝑟 𝐶𝑟𝑜𝑝 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 = 𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝑁𝑇 𝑌𝑖𝑒𝑙𝑑 + (𝐵𝑎𝑠𝑒 𝑉𝑎𝑙𝑢𝑒 𝑁𝑇 𝑌𝑖𝑒𝑙𝑑 ∗ 2.55%) 

 

The yield improvements related to the CTIC report are based on yield improvement figures from farmers 

who, in the majority, are already implementing no-till practices, which indicates that it is appropriate to 

incorporate the cover crop yield adjustment to the already-adjusted no-till yields. 

 

http://farmdoc.illinois.edu/schnitkey
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3.3.4 ARC Payments 
 

Through the USDA farmers can enroll in revenue support programs for the commodities included in this 

analysis. These options include the Price Loss Coverage (PLC) and Agriculture Risk Coverage (ARC) 

programs. With regards to enrollment, 77% of eligible acres are enrolled in the ARC program. To account 

for the benefits farmers can access from the ARC program, ARC payments were included as benefits within 

the analysis for the specific crops. These payments were calculated using the following formulas 

(Angadjivand, 2018):  

 

𝐵𝑒𝑛𝑐ℎ𝑚𝑎𝑟𝑘 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 5 𝑦𝑒𝑎𝑟 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑓𝑎𝑟𝑚 𝑝𝑟𝑖𝑐𝑒 ∗ 5 𝑦𝑒𝑎𝑟 𝑐𝑜𝑢𝑛𝑡𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 

 

𝐶𝑜𝑢𝑛𝑡𝑦 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 𝐺𝑎𝑢𝑟𝑎𝑛𝑡𝑒𝑒
= 5 𝑦𝑒𝑎𝑟 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑓𝑎𝑟𝑚 𝑝𝑟𝑖𝑐𝑒 ∗ 5 𝑦𝑒𝑎𝑟 𝑐𝑜𝑢𝑛𝑡𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑦𝑖𝑒𝑙𝑑 ∗ 86% 

 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑓𝑎𝑟𝑚 𝑝𝑟𝑖𝑐𝑒 ∗ 𝑎𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑 

 

Per Year ARC Farm Payment* 

= (𝐶𝑜𝑢𝑛𝑡𝑦 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 𝐺𝑎𝑢𝑟𝑎𝑛𝑡𝑒𝑒 − 𝐴𝑐𝑡𝑢𝑎𝑙 𝑅𝑒𝑣𝑒𝑛𝑢𝑒) ∗ 𝑏𝑎𝑠𝑒 𝑎𝑐𝑟𝑒𝑠 (𝑜𝑛𝑒 𝑎𝑐𝑟𝑒 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠)
∗ 85% 

 

*Farm either receives this payment or if this payment is greater than 10% of benchmark revenue, the farm 

receives 10% of benchmark revenue. 

 

Table 22. Input values for variables of the equations used to calculate ARC benefits were determined as 

described below. 

Variable Underlying Calculation 

5-year average 

national farm price 

 

Random number generated between the minimum and maximum 5-year 

Olympic average of the national price for the previous four years 

5-year county 

average yield 

 

Random number generated between the minimum and maximum average 5-year 

Olympic average from all county yields per acre in the Jordan Lake watershed 

for the previous five years 

national farm price 

 

Random number generated between the minimum and maximum national crop 

price between the years 2014 and 2017 

actual yield Random number generated between the minimum and maximum average of 

Jordan Lake watershed county per acre yields between the years 2009 and 2017 

 

3.3.5 Sensitivity Analysis Parameters 

 

Regarding the global parameters included in the sensitivity analysis, as shown in Table 23, the discount 

rate was bounded by 3% and 10% according to guidelines provided by both the OMB (2018) and NRCS 

(Xu, 2012). The upper and lower bounds for no-till labor reductions were taken from Harper (1996) and 

Parvin and Martin (2005) respectively, with the base-case calculated as an average of the two. The bounds 

for repair costs reductions were taken from Massey (1997) and averaged to establish the base-case. For fuel 

cost reductions the lower bound was taken from Parvin and Martin (2005) and the upper bound was taken 

from NRCS (2016) materials, with the base-case representing an average of the two. The bounds for the 

yield loss per ton of erosion and soil erosion rates were collected from the Linking Land Quality, 

Agricultural Productivity, and Food Security report by the USDA (Wiebe, 2003). No-till erosion reduction 

rates were collected from (Montgomery, 2007). The bounds for the yield adjustments for each of the crops 

were determined through the corresponding sources in Table 23. 
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The initial high and low bounds for the crop parameters were the maximum and minimum values for each 

of the parameters since 2009, when the most recent base survey for wheat was conducted by the USDA. 

All other crops had data from one or more base surveys conducted since 2009. For cost-related parameters 

the ranges between the upper and lower bounds for each of the crops were calculated and then added 

together to determine the cumulative variability associated with each parameter. Since these ranges were 

represented by the same unit the parameters were compared and those with the top three ranges were 

included in the sensitivity analysis. Yield was included in the sensitivity analysis as well (Tables 24, 25, & 

26). 

 

Once the final parameters were determined, if the minimum or maximum was the same as the base-case the 

difference between the base-case and the bound that was not the same was either added or subtracted from 

the base-case to recalculate the bound that was previously equal to the baseline. Conservation agriculture 

base values for each crop were anchored to the conventional agriculture base values and abided by the 

fluctuations of the conventional base values according to the high and low bound values.  

 

Table 23. Global parameters included in sensitivity analysis. 

Parameter Unit Low Value Baseline High Value 

Discount Rate percent 3.00% 7.00% 10.00% 

No-Till Labor Reduction percent 43.00% 48.50% 54.00% 

No-Till Repair Cost Reductions percent 18.50% 18.75% 19.00% 

No-Till Fuel Cost Reductions percent 20.00% 25.00% 30.00% 

Yield loss per ton of soil erosion percent 0.00% 0.03% 0.05% 

Soil Erosion Rates tons per acre per 

year 

4.8967006 5.4834953 6.07029 

No-Till Soil Erosion Reduction reduction of X 

times 

2.5 488 1000 

No-Till Yield Adjustment - Corn percent 100.00% 106.10% 112.20% 

No-Till Yield Adjustment - Wheat percent 96.65% 97.45% 98.25% 

No-Till Yield Adjustment - Cereals 

(Barley, Oats) 

percent 43.16% 96.79% 156.84% 

No-Till Yield Adjustment - Sorghum percent 100.00% 119.50% 139.00% 

No-Till Yield Adjustment - Soybeans percent 100.00% 102.50% 105.00% 

Cereal Rye Seed Cost dollars per pound $           0.21 $        0.29 $           0.32 

Cereal Rye Seeding Rate lbs per acre 50 70 90 

Cover Crop Yield Adjustment percent 1.30% 2.55% 3.80% 
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Table 24. Crop-specific sensitivity analysis parameters for corn and barley. 

Crop Corn Barley 

Parameter Unit Lower Bound 

Base 

Value 

Upper 

Bound 

Lower 

Bound 

Base 

Value 

Upper 

Bound 

Fertilizer 

dollars per 

planted acre 112.03 115.51 156.51 42.04 42.81 63.50 

Capital recovery 

of machinery 

and equipment 

dollars per 

planted acre 81.12 120.96 160.80 95.74 117.10 138.46 

Opportunity cost 

of land 

dollars per 

planted acre 123.87 169.92 179.15 71.86 83.61 88.28 

Yield 

bushels per 

planted acre 118.00 190.00 262.00 61.00 63.00 71.00 

 

 

Table 25. Crop-specific sensitivity analysis parameters for soybeans and wheat. 

Crop Soybeans Wheat 

Parameter Unit Lower Bound 

Base 

Value 

Upper 

Bound 

Lower 

Bound 

Base 

Value 

Upper 

Bound 

Fertilizer 

dollars per 

planted acre 17.87 25.06 37.54 15.17 30.66 46.15 

Capital recovery 

of machinery and 

equipment 

dollars per 

planted acre 75.54 90.99 106.44 70.33 91.43 112.53 

Opportunity cost 

of land 

dollars per 

planted acre 107.50 142.86 157.91 46.20 63.07 65.99 

Yield 

bushels per 

planted acre 42.00 49.00 52.00 37.00 41.00 51.00 

 

 

Table 26. Crop-specific sensitivity analysis parameters for oats and sorghum. 

Crop Oats Sorghum 

Parameter Unit Lower Bound 

Base 

Value 

Upper 

Bound 

Lower 

Bound 

Base 

Value 

Upper 

Bound 

Fertilizer 

dollars per 

planted acre 36.48 39.21 52.43 18.81 33.09 47.37 

Capital recovery 

of machinery 

and equipment 

dollars per 

planted acre 67.94 103.59 139.24 72.41 85.43 98.45 

Opportunity 

cost of land 

dollars per 

planted acre 78.56 94.01 108.31 44.70 56.20 59.21 

Yield 

bushels per 

planted acre 53.00 65.00 75.00 36.00 57.00 67.00 

 

The abovementioned values were used as parameters for tornado and Monte Carlo analyses. To generate 

tornado charts the parameters above were fluctuated between the lower and upper bounds one at a time 

while holding all other variables constant. The results display which individual variables have the greatest 

impact on the final NPV.  
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Monte Carlo analyses compiled the results of 10,000 trials where all parameters associated with each crop 

were fluctuated across a uniform probability curve between the aforementioned upper and lower bounds. 

The results were then compiled along a probability distribution. 

 

3.3.6 Geospatial Methodology 

 

Acre-based NPV data was scaled to 900 m2, the area of a given raster cell associated with the NASS data 

used for the analysis. These scaled values were then used to reclassify raster cells associated with the six 

commodity crops included. Zonal statistics were then calculated for each parcel, as well as other scales, 

within the watershed to quantify the net benefits that would accrue to a landowner if they were to switch 

from conventional to conservation agriculture practices. 
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4. Results 
 

The modular approach we have developed can produce results at multiple scales for multiple purposes. 

Here, we present analytical output with watershed scale management implications. Specifically, these 

results highlight priority areas within the watershed, allow evaluation of a project’s relative benefit, and 

illuminate the biophysical and economic trends in the watershed that determine the effectiveness of 

conservation interventions. Here, these results are presented individually for the three management 

objectives – water quality, biodiversity, and rural livelihoods. A more comprehensive look at the synergies 

and trade-offs between these objectives is included in the following section, which presents results at the 

scale of a single sub-watershed of the broader Jordan Lake Watershed 

 

4.1 Conservation Priorities for Water Quality 
  

4.1.1 Land Conservation Priorities for Water Quality 
 

Land conservation priorities were identified in the watershed using a multi-criteria prioritization model. 

This model’s output is ultimately a reflection of the priorities of the stakeholders involved. For this reason, 

stakeholder elicited weights will be presented first. Next, the results of the prioritization model will be 

presented at multiple levels – from individual water quality sub-objectives, to larger water quality 

objectives, to overall water quality value. Finally, using Zonal Statistics, mean scores can be calculated 

within catchments, sub-watersheds, and parcels. Viewing the results with this variety of levels and scales 

demonstrates the versatility of the model’s raster output and more clearly illustrates the underlying 

assumptions and implications of the model. 

 

Stakeholder Weights 

 

The output of the prioritization model hinges upon the priorities articulated by watershed stakeholders 

during the Jordan Lake One Water model weighting session. These elicited weights are shown in Table 27. 

Stakeholders showed the strongest support for Water Quality Objective 1, the protection of water sources 

and conveyances, followed closely by Water Quality Objective 3, the promotion of water infiltration and 

retention. Within Objective 1, stakeholders voiced the strongest support for the protection of headwater 

catchments and riparian areas (Objs. 1.1 & 1.2). Within Objective 2, forested catchments were the highest 

priority. Stakeholders assigned the highest priority to wetlands and floodplains within Objective 3 and 

hydric soils within Objective 4.  
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Table 27. Elicited weights for each objective and sub-objective. Overall weights were also calculated for 

each sub-objective, combining the weights of both the sub-objective and the larger objective that it falls 

within. 

Water Quality 

Objective 

Objective 

Weight 
Sub-Objective 

Sub-

Objective 

Weight 

Overall 

Weight 

Objective 1: 

Protect Water 

Sources & 

Conveyances 

32% 

1.1 Protect headwater streams and their 

catchments 
38% 12.2% 

1.2 Protect riparian areas and waterbody 

shorelines 
43% 14.0% 

1.3 Support and connect to existing protected 

areas 
19% 6.0% 

Objective 2: 

Protect 

Pervious 

Upland Areas 

20% 

2.1 Protect pervious land use/land cover types 31% 6.3% 

2.2 Protect catchments with minimal 

impervious area  
22% 4.4% 

2.3 Protect forested catchments  

 
47% 9.4% 

Objective 3: 

Promote 

Infiltration & 

Retention of 

Floodwaters & 

Precipitation 

28% 

3.1 Protect Wetlands 38% 10.6% 

3.2 Protect floodplains 

 
42% 11.6% 

3.3 Protect areas with high soil infiltration 

 
20% 5.7% 

Objective 4: 

Protect 

Vulnerable 

Areas 

20% 

4.1 Protect hydric soils  35% 7.0% 

4.2 Protect steep slopes  27% 5.4% 

4.3 Protect areas with highly erodible soils 28% 7.5% 

 

Sub-Objective and Objective Scores 

 

The output of the land conservation model, at its most basic level, is a raster indicating the landscapes 

suitability for attaining each of the model’s sub-objectives through land conservation. These sub-objective 

scores are weighted and combined to produce scores for each of the objectives that will determine the 

overall water quality score. Understanding the spatial distribution of sub-objective suitability is therefore 

important to understanding the overall priorities set by the model. To develop this understanding, the results 

of the land conservation model will first be presented at the level of the individual sub-objectives (Figures 

3 & 4) and objectives (Figure 5). 

 

For Objective 1, the Protection of Water Sources and Conveyances, there was a clear pattern where riparian 

areas along headwater streams received the highest scores. Upland areas within headwater catchments and 

the riparian areas along non-headwater streams received intermediate scores, while the lowest scores were 

assigned to upland areas in non-headwater catchments. The presence of existing protected areas modified 

this score slightly, but this effect was limited by the low weight given to this sub-objective and the lack of 

existing protection throughout much of the watershed.  
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For Objective 2, the Protection of Pervious Upland Areas, the largest perceptible trend in score was the 

difference between the region’s urban centers (the Triangle, Greensboro, and Burlington) and the more 

rural areas. These developed areas (shown in the lightest green) have replaced pervious forests landcover 

like forests and farms with impervious concrete and asphalt. Outside of these urban centers the landscape 

is more pervious, and attainment of Objective 2 was greater. Still, there were differences in function among 

these rural areas. Some areas, particularly the lower third of the watershed, still have large areas of intact 

forest. Attainment of this objective is therefore highest in the lower watershed, but scattered opportunities 

exist for the attainment of Objective 2 in areas north of Greensboro and Burlington. 

 

For Objective 3, the Promotion of Infiltration and Retention of Precipitation and Floodwaters, the highest 

scores were found in riparian areas. Floodplains and the majority of the watershed’s wetlands are found 

along the stream network. The effect of these areas on scoring was highest in those areas where topography 

and soils allow the formation of broad floodplains and wetland communities. This was best illustrated in 

the many tributaries flowing into Jordan Lake from the north and east, namely New Hope and Third Fork 

creeks. This area of the watershed is characterized by its location in the flatter region below the fall line 

and the presence of Triassic Basin soils, conditions that give rise to broad floodplain development. Broader 

areas of wetland/floodplain also exist along the main stem Haw River and along its headwater forks to the 

north of Greensboro. Upland areas also received intermediate scores based on the presence of highly 

permeable soils.  

 

For Objective 4, the Protection of Vulnerable Areas, scores were distributed more heterogeneously across 

the watershed. Areas with hydric soils appeared as some of the highest scoring in the watershed. Higher 

scores due to soil erodibility were also apparent as the darker areas in the lower third of the watershed. 

Finally, the effect of slope manifested as higher scores in the steeper areas within stream and river valleys 

and particularly, in the fall line zone to the west of Jordan Lake.  
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Figure 3. Water quality conservation sub-objective scores for Water Quality Objective 1, protection of 

water sources and conveyances, and Water Quality Objective 2, protection of pervious upland areas. 
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Figure 4. Water quality conservation sub-objective scores for Water Quality Objective 3, promotion of 

water infiltration and retention, and Water Quality Objective 4, protection of vulnerable areas. 
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Figure 5. Water quality conservation scores for the four objectives of the prioritization model: (1) Protect 

Water Sources, (2) Protect Pervious Upland Areas, (3) Promote Infiltration and Retention of Floodwaters, 

and (4) Protect Vulnerable Areas.  

 

Sub-Watershed Scores (HUC 12)  

 

Conservation actions, however, do not take place at the scale of individual raster cells. Rather, conservation 

occurs both at the level of individual agreements with landowners and at the scale of broader regional 

initiatives. If the focus is water quality, these regional initiatives might concentrate their efforts within a 

handful of priority watersheds. Knowing the locations of these highest quality sub-watersheds can help 

watershed managers and conservation organizations better allocate their resources and better articulate their 

strategy to external sources of funding 



   

 

51 

 

The scale of the 12-digit hydrologic unit code (HUC 12), a level of watershed delineation used by the 

USGS, was selected as a suitable scale (11-55 square-miles) for viewing regional trends within sub-

watersheds. Looking at results summarized at the HUC 12 level, the largest perceptible trend in water 

quality score was the difference between the region’s urban centers (the Triangle, Greensboro, and 

Burlington) and its rural areas (Figure 6). These developed areas perform particularly poorly under 

Objective 2 because they lack pervious landcover types like forests and farms. This alters the function of 

the entire watershed and compromises the functionality of whatever conservation opportunities might 

remain.  

Outside of these urban centers, the landscape is more pervious and conservation value was higher. Here, 

other objectives exert greater influence on the overall water quality score. The highest scoring catchments 

(shown in darkest green) were found in the lower third of the watershed, east of Jordan Lake. This area lies 

on the hydrologic divide between the two major water courses in the region, the Haw River and the 

impounded New Hope River (now Jordan Lake), and therefore consists largely of headwater catchments. 

This part of the watershed is also home to the largest remaining forests. Additionally, the area is 

characterized by permeable and erodible soils, and some of the watershed’s steepest slopes (lying along the 

fall line), making it more vulnerable to development impacts. Although this area presented the greatest 

opportunity to maintain water quality through conservation, there were also dispersed opportunities in the 

middle and upper thirds of the watershed. 

 

Figure 6. Water quality conservation score summarized by HUC12 Sub-watershed 
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Parcel Scores  

 

Ultimately, land conservation must be implemented at the parcel level through agreements with individual 

landowners. It is therefore very important to know where the highest scoring parcels can be found and 

where there might be a particularly high concentration of high scoring parcels. Parcel level scores can also 

play a pivotal role in allocating funding to projects. This is the case within the Upper Neuse Clean Water 

Initiative (UNCWI), where a project parcel must score above the watershed-wide parcel mean in order to 

qualify for further evaluation.  

 

To inform these parcel-scale decisions, water quality scores were summarized and visualized at the parcel 

level (Figure 7). To limit focus to parcels large enough for acquisition, only parcels greater than 10 acres 

were selected. This size threshold was chosen based on conversations with TLC. Although conservation 

projects are usually much larger than 10 acres, this provides a conservative bound for isolating parcels that 

could be of interest. 

 

Parcel scores largely mirrored the patterns visible at a HUC-12 scale (Figure 8). Again, the highest 

concentration of water quality conservation value appeared in the lower watershed, particularly in 

southwest Orange County and along the shores of Jordan Lake. In addition to this high high-scoring area, 

other parts of the watershed emerged as conservation candidates at this smaller scale. In the upper 

watershed, Caswell County contained an abundance of high-quality land to the north of Burlington and its 

water supply reservoirs. Land along the tributaries of the water supply reservoirs north of Greensboro also 

scored very highly, presenting an opportunity to protect drinking water in the upper watershed.  

 

These trends, however, are only some of the most apparent and there were patches of high conservation 

value distributed throughout the watershed. These areas can be seen more clearly in Figure 9, which displays 

only parcels scoring above the median. The median value was selected as the cut-off to provide a slightly 

more selective threshold within this large watershed. These parcels would receive priority and funding 

eligibility under a watershed protection scheme modeled after UNCWI. Collectively this priority distinction 

applies to 10,203 parcels, spanning an area of over 377,000 acres (35 % of watershed). These are the parcels 

where acquisition should be considered if the opportunity arises. 

 

Some parcels may be too desirable to simply wait for an opportunity to arise. Rather, it may be in the best 

interest of conservation organizations and watershed managers to intentionally seek out partnerships with 

certain landowners. The top 10% of parcels, displayed in Figure 9, were taken to comprise these most 

desirable conservation targets. These parcels are found throughout the watershed in many of the areas 

highlighted previously – southwest Orange County, southern Alamance County, Caswell County, the water 

supply tributaries north of Greensboro, and the area surrounding Jordan Lake. All together they comprise 

2,268 parcels and cover 68,437 acres (6.3% of the watershed).  
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Figure 7. Water Quality Score for all parcels with size greater than 10 acres. 

 

 

 
Figure 8. Map of priority parcels greater than 10 acres with water quality scores above the median for 

parcels above that size threshold. Parcels are symbolized to by their percentile group.  
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Figure 9. Map of highest priority parcels scoring within the top 10% of all parcels greater than 10 acres. 

 

Development Threat  

 

The analyses presented thus far described the landscape’s value to water quality based on its intrinsic 

characteristics – its soils, topography, and landscape position. However, conservation is only valuable to a 

regional water quality strategy if it avoids development and the associated water quality impacts. To be of 

the highest value, land must be both important from a biophysical perspective and under threat of 

development. 

 

This development threat was determined within each HUC 12 sub-watershed using a status-quo growth 

scenario modeled by the FUTURES urban growth model (Figure 10). The areas facing the greatest 

development threat, unsurprisingly, surrounded the watershed’s major centers – Greensboro on the 

upstream end and the Triangle downstream. The lowest development threat, on the other hand, was in the 

lower watershed, just west and upstream of Jordan Lake (southwest Orange County, southern Alamance 

county, western Chatham County). In addition, the most northerly sub-watersheds also saw a lower threat 

of development. 

 

Development threat can also be represented at the parcel level and intersected with the results of the land 

conservation prioritization model. Figure 11 displays priority parcels (scoring above the median) based on 

this development threat. The greatest abundance of threatened priority parcels occurred in the area 

surrounding Greensboro and east of Jordan Lake. However, even in sub-watersheds with relatively low 

threat, there were parcels with a higher threat of development throughout the watershed. 
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Figure 10. Development threat by HUC 12 sub-watershed, calculated as the percentage of land projected 

to be urbanized in 2050 by the FUTURES urban growth model (Status Quo Growth) 

 
Figure 11. Map of priority parcels greater than 10 acres scoring above the median value, symbolized by 

relative threat of development predicted by the FUTURES urban growth model under status quo growth. 
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4.1.2 Riparian Buffer Priorities  
 

Current Buffer Practices 

 

Riparian buffer opportunities are fundamentally driven by the current buffer practices in the watershed. 

Restoration is only possible in areas where streamside forests have been cleared for agriculture. These 

practices, and the restoration opportunities they contain, vary across the watershed. Figure 12 displays this 

variability as the percentage of the riparian zone consisting of cropland or pasture. This is a product of both 

the amount of agriculture in each sub-watershed and the buffering practices associated with that agriculture. 

Unsurprisingly, the buffer restoration opportunity was low in areas where agriculture is absent: the lower 

end of the watershed and within the urban areas of Greensboro and the Triangle. Within the central third of 

the watershed where agriculture is most prevalent, sub-watersheds ranged from about 6 to 27% unbuffered 

due to agriculture.  

 

 
Figure 12. Prevalence of buffer gaps by HUC 12 sub-watershed, symbolized as percentage of total 

riparian area currently classified as cropland or pasture.  
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Restoration Priorities 

 

Riparian buffer restoration opportunity is a product of both riparian buffer gap prevalence and the 

characteristics of the watershed upstream of these gaps. Opportunity to improve water quality will be 

greatest where restored buffers will interact with the greatest amount of water and sediments. By summing 

the amount of sediment transported through riparian buffer gaps for each HUC 12 sub-watershed, large 

scale trends in buffer restoration opportunity became apparent (Figure 13). Although buffer gaps were 

identified throughout the watershed, the opportunity to improve water quality was notably highest within a 

band across the center of the watershed. In addition to having some of the lowest rates of buffer protection, 

this area is also home to highly erodible soils and steep slopes.  

 

It should also be noted that the one very dark sub-watershed in the upper third of the watershed appears to 

score highly because of a data flaw. Most of this calculated buffer restoration opportunity can be attributed 

to an area that is classified as agriculture but is apparently now an active rock quarry. This may be a result 

of changes in land use between creation of the land cover dataset in 2011 and creation of the DEM in 2014. 

This reiterates the fact that this analysis is only a first screening and that additional analyses and 

groundtruthing will be needed before a project should be implemented and funded.  

 

 

 
Figure 13. HUC 12 sub-watersheds symbolized by total accumulated sediment in riparian buffer gaps.  
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4.2 Protecting Biodiversity in the Watershed 
 

In this portion of the analysis we concern ourselves with identifying areas with the potential to support 

biodiversity, areas that are likely to be currently occupied by focal species of interest (SOI), and the ease 

with which the landscape can be traversed via a connectivity analysis via riparian corridors. We present 

this analysis as a means to prioritize the landscape for property acquisitions from the standpoint of 

conservation (support potential, current SOIs) and restoration (areas with low permeability). 

 

4.2.1 Identifying Areas with High Support Potential 

 

Using the three biophysical settings of elevation, topographic convergence and landforms, zipcodes 

associated with each unique combination of these settings were generated. The zipcodes follow the order 

of elevation, TCI, Landform. The first digit in the zipcode directs indicates the general region of the 

watershed with low elevations in the East and higher elevations in the West (Figure 14). The second number 

in the zipcode (TCI) (Figure 15) is an estimate of roughly how far the pixel is from a stream or water source. 

The third number in the zipcode, the landform, is a fine-tuned measure of the local landscape variability at 

each pixel (Figure 16). The strong elevation trend in the watershed has a dominant effect on determining 

the zipcode distribution (Figure 17).  

 

 
Figure 14. Elevation classes in the Jordan Lake Watershed. Elevation increases from East to West across 

the landscape, one being the lowest and three being the highest. 
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Figure 15. Topographic Convergence Index for the Upper Cape Fear Watershed. TCI is highest (most 

moist) in drainages that correspond to creeks and rivers in the watershed. 

 

 
Figure 16. Landform classes in the Jordan Lake Watershed ranging from 1 to 10. 
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Using these three biophysical proxies there were 90 possible biophysical zipcodes for the region but only 

70 manifested in the watershed (Table 28). There was greater diversity of landforms in the upper and lower 

portions of the watershed.  

 

Table 28. List of all biophysical zipcodes in the Upper Jordan Lake Watershed ordered as Elevation, TCI 

and Landform. Zipcodes 44 (328) and 52 (236) cover the least amount of area in the watershed, each 90 

square meters while zipcode 30 (217) occupies the largest area with 70509240 square meters.  

Value Area  

(square meters) 

Elevation 

Class 

TCI Class Landform Class Zipcode 

1  10986480 3 1 10 3110 

2 33885720 3 1 7 317 

3 799830 3 1 3 313 

4 1767060 3 1 2 312 

5 310500 3 2 2 322 

6 56070 3 2 3 323 

7 12530430 3 1 6 316 

8 222210 3 2 5 325 

9 1232190 3 1 5 315 

10 4821660 3 1 1 311 

11 2501820 3 2 1 321 

12 3239190 3 1 9 319 

13 12742650 3 1 4 314 

14 1306260 3 1 8 318 

15 119160 3 2 6 326 

16 961200 3 2 4 324 

17 220230 3 2 7 327 

18 9751680 2 2 1 221 

19 14633460 2 1 1 211 

20 5218650 2 2 4 224 

21 54200160 2 1 4 214 

22 4120920 2 1 8 218 

23 3885390 2 1 2 212 

24 1025640 2 2 2 222 

25 41565060 2 1 6 216 

26 8107380 2 1 9 219 

27 5695740 2 1 5 215 

28 376740 2 2 6 226 

29 835290 2 2 5 225 

30 70509240 2 1 7 217 

31 386280 2 3 4 234 

32 254970 2 3 1 231 

33 2091600 2 1 3 213 

34 465750 2 2 7 227 

35 20451780 2 1 10 2110 

36 125280 2 2 3 223 

37 630 2 2 8 228 

38 26010 3 3 4 334 

39 4950 3 3 1 331 
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40 360 3 2 9 329 

41 3510 2 3 5 235 

42 540 2 2 9 229 

43 810 3 2 10 3210 

44 90 3 2 8 328 

45 132570 1 3 1 131 

46 4335030 1 2 1 121 

47 8552340 1 1 1 111 

48 24799680 1 1 4 114 

49 331290 1 3 4 134 

50 4224600 1 2 4 124 

51 180 2 2 10 2210 

52 90 2 3 6 236 

53 180 2 3 7 237 

54 20482110 1 1 7 117 

55 1377180 1 1 3 113 

56 10462230 1 1 10 1110 

57 59670 1 2 3 123 

58 2273400 1 1 2 112 

59 13585230 1 1 6 116 

60 97110 1 2 7 127 

61 101340 1 2 6 126 

62 404730 1 2 2 122 

63 1518750 1 1 5 115 

64 3147840 1 1 9 119 

65 2137500 1 1 8 118 

66 1009980 1 2 5 125 

67 360 1 2 10 1210 

68 270 1 2 9 129 

69 28350 1 3 5 135 

70 3150 1 3 6 136 
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Figure 17. Zipcodes for the Upper Cape Fear Watershed. Of the 90 possible zipcodes only 70 manifest in 

the Jordan Lake watershed.  

 

Catchments with high zipcode richness occurred along the Western edge of Jordan Lake and up along the 

Haw River in the lower watershed (Figure 18). In the upper watershed there were many zipcode-rich 

catchments around Lake Reidsville and down around Greensboro (Figure 18).  
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Figure 18. Catchments with the highest richness of biophysical zip codes.  

 

There were large regions of even catchments in the lower and upper watershed that followed roughly the 

same distribution of catchment richness in figure 19. Even catchments were more widely dispersed among 

the watershed than rich catchments.  
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Figure 19. Catchments with the greatest evenness of biophysical zipcodes.  

 

We found that there was great opportunity to protect areas of support potential in the upper watershed 

around Lake Reidsville. Catchments with high richness and high evenness were concentrated there. 

Likewise, there were opportunities to protect high support potential areas in the lower watershed around 

Jordan Lake, however, they were less continuous (Figure 20).  
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Figure 20. Top 5% of catchments showing the greatest evenness and top 5% showing the greatest 

richness. There is a greater evenness of zipcodes by catchment in the lower watershed, though areas of 

richness and evenness occur in both the upper and lower regions of the watershed.  

 

4.2.2 Identifying Areas of High Biodiversity 
 

The region of watershed surrounding Jordan Lake and following the Haw River up through Chatham 

County and into Alamance County contained zipcodes with the highest weights (Figure 21). Wetland 

conditions and high microclimatic variability at the interface between aquatic and terrestrial ecosystems 

contributed heavily to the high weights here. Another contributing factor was the plethora of Element 

Occurrences in the lower portion of the watershed. The high number of existing natural heritage areas and 

thus the opportunity for extensive sampling were higher here leading to more vigorous and thorough 

sampling efforts identifying species of interest.  
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Figure 21. Weighting zipcodes by density of Element Occurrences by unit area of zipcode. The higher 

the weight the more likely there will be Element Occurrences associated with the zipcode.  

 

The catchments with the highest probability of containing a species of interest or high biodiversity were 

located in the southern watershed around Jordan Lake (Figure 22). The opportunities in the upper watershed 

for existing biodiversity were low partially because there were fewer Element Occurrences recorded in that 

region and partially because there was more private property in the upper watershed that impeded the ability 

of the Natural Heritage Program to conduct sampling there. 
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Figure 22. Averages of biodiversity by weighted zipcode for NHD catchments. Catchments with higher 

values are more likely to contain species of interest because they contain highly weighted zipcodes. 

 

Catchments with the greatest potential to contain species of interest and high existing biodiversity were 

concentrated in the lower watershed around Jordan Lake (Figure 23). Many of them concentrated around 

the wetland areas of Western Jordan Lake and up along the Haw River in Chatham County.  
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Figure 23. The top 10% of NHD catchments for biodiversity. Scores are weighted averages of the NDH 

biodiversity values per zipcode. 
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Table 29. Table depicting the zipcode identity, the biophysical settings associated with the zipcode, the 

area of the zipcode, the proportion of the watershed represented by the zipcode, and the number of 

Element Occurrences found in that zipcode. 

Value 
DEM 

Class 

TCI 

Class 

Landform 

Class 

Area of 

Zipcode (Ha) 

Zipcode/total 

Area (Ha) 

# EO 

Types/Zipcode 

1 3 1 10 1098.6 2.83E-03 1 

2 3 1 7 3388.6 8.74E-03 3 

3 3 1 3 80.0 2.06E-04 0 

4 3 1 2 176.7 4.56E-04 0 

5 3 2 2 31.1 8.01E-05 0 

6 3 2 3 56.1 1.45E-04 0 

7 3 1 6 12530.4 3.23E-02 0 

8 3 2 5 222.2 5.73E-04 0 

9 3 1 5 1232.2 3.18E-03 0 

10 3 1 1 4821.7 1.24E-02 2 

11 3 2 1 2501.8 6.46E-03 0 

12 3 1 9 3239.2 8.36E-03 0 

13 3 1 4 12742.7 3.29E-02 1 

14 3 1 8 1306.3 3.37E-03 0 

15 3 2 6 119.2 3.07E-04 0 

16 3 2 4 961.2 2.48E-03 0 

17 3 2 7 220.2 5.68E-04 0 

18 2 2 1 9751.7 2.52E-02 0 

19 2 1 1 14633.5 3.78E-02 0 

20 2 2 4 5218.7 1.35E-02 2 

21 2 1 4 54200.2 1.40E-01 8 

22 2 1 8 4120.9 1.06E-02 0 

23 2 1 2 3885.4 1.00E-02 0 

24 2 2 2 1025.6 2.65E-03 0 

25 2 1 6 41565.1 1.07E-01 1 

26 2 1 9 8107.4 2.09E-02 2 

27 2 1 5 5695.7 1.47E-02 1 

28 2 2 6 376.7 9.72E-04 0 

29 2 2 5 835.3 2.16E-03 0 

30 2 1 7 70509.2 1.82E-01 3 

31 2 3 4 386.3 9.97E-04 0 

32 2 3 1 255.0 6.58E-04 0 

33 2 1 3 2091.6 5.40E-03 0 

34 2 2 7 465.8 1.20E-03 0 
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35 2 1 10 20451.8 5.28E-02 8 

36 2 2 3 125.3 3.23E-04 0 

37 2 2 8 0.6 1.63E-06 0 

38 3 3 4 26.0 6.71E-05 0 

39 3 3 1 5.0 1.28E-05 0 

40 3 2 9 0.4 9.29E-07 0 

41 2 3 5 3.5 9.06E-06 0 

42 2 2 9 0.5 1.39E-06 0 

43 3 2 10 0.8 2.09E-06 0 

44 3 2 8 0.1 2.32E-07 0 

45 1 3 1 132.6 3.42E-04 1 

46 1 2 1 4335.0 1.12E-02 6 

47 1 1 1 8552.3 2.21E-02 21 

48 1 1 4 24799.7 6.40E-02 28 

49 1 3 4 331.3 8.55E-04 1 

50 1 2 4 4224.6 1.09E-02 11 

51 2 2 10 0.2 4.64E-07 0 

52 2 3 6 0.1 2.32E-07 0 

53 2 3 7 0.2 4.64E-07 0 

54 1 1 7 20482.1 5.29E-02 12 

55 1 1 3 1377.2 3.55E-03 0 

56 1 1 10 10462.2 2.70E-02 11 

57 1 2 3 59.7 1.54E-04 0 

58 1 1 2 2273.4 5.87E-03 0 

59 1 1 6 13585.2 3.51E-02 9 

60 1 2 7 97.1 2.51E-04 0 

61 1 2 6 101.3 2.62E-04 0 

62 1 2 2 404.7 1.04E-03 0 

63 1 1 5 1518.8 3.92E-03 0 

64 1 1 9 3147.8 8.12E-03 1 

65 1 1 8 2137.5 5.52E-03 5 

66 1 2 5 1010.0 2.61E-03 0 

67 1 2 10 0.4 9.29E-07 0 

68 1 2 9 0.3 6.97E-07 0 

69 1 3 5 28.4 7.32E-05 0 

70 1 3 6 3.2 8.13E-06 0 
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257 of the top 10% catchments (389) overlapped with existing natural heritage areas, 66% overlap. There 

was significant opportunity for conservation and restoration in the Upper Watershed and mid watershed 

from Lake Reidsville down to Greensboro (Figure 24). The number of existing Natural Heritage Areas here 

was low but catchments with high richness and evenness existed. Additionally, this was an area that would 

contribute to increasing connectivity between the upper and lower watershed.  

 

 
Figure 24. The top 10% of catchments showing high existing biodiversity overlap with Natural Heritage 

Areas. 

4.2.3 Connectivity 
 

The southern watershed presented an area rich in streams, forest cover and existing Natural Heritage sites. 

Moving outwards from this region, particularly in the upper watershed the stream density decreased, the 

agriculture increased, and the number of natural heritage sites were fewer leading to higher costs of 

permeability (Figure 25). This analysis was dependent on the number of Natural Heritage Areas near-by, 

stream density and matrix of land cover between NHAs. As such it was important to consider the local 

connectivity of natural heritage sites as well as the watershed wide connectivity.  
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.  

Figure 25. Upper Jordan Lake Watershed accumulated cost surface of all NHA cost distance rasters 

summed. Areas in green denote regions of high permeability/low cost due to land cover type and 

proximity to other Natural Heritage Areas. Areas in red denote regions of low connectivity on the 

landscape scale. 

 

The watershed divided into roughly two sub graphs when thresholded at a distance of 20,000 cost units or 

less. At a threshold of 12,000 cost units the NHAs south of Jordan Lake were connected but anything less 

and they disconnected (figure 26). The region south of the Jordan Lake watershed was an area that had high 

potential for increasing connectivity and preserving areas that were already high in conservation value. The 

upper watershed around Lake Reidsville was also an area in which there could be conservation of land that 

was already high in conservation value. The middle watershed was a region that could be targeted as a 

restoration zone that would also promote more cross-watershed connectivity.  
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Figure 26. Upper Jordan Lake watershed. Landscape permeability in the background, edges for all patch 

pairs in the edgelist in the foreground. Edges thresholded at 12,000 cost-distance units. This is roughly 

equivalent to the dispersal distance of mammals or forest song birds. 

 

Figure 27 indicates that while the lower and the upper watersheds were optimal for conservation properties 

that already exhibited high connectivity and conservation value there were areas in the mid-watershed that 

could have been valuable in decreasing the cross-watershed cost of getting from lower to upper. 

Specifically, targeting areas to the north or south of Burlington would coincide with least cost paths running 

across the watershed.  
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Figure 27. Upper Jordan Lake watershed. Landscape permeability in the background, least cost paths for 

all patch pairs in the edgelist in the foreground. 
 

 

4.3 Net Present Value of Conventional and Conservation Agriculture 
 

For all crops, except for corn and soybeans under conservation agriculture practices, the NPVs for both 

conventional and conservation agriculture practices were in the negative (Table 30, 31, & 32). 

Documentation regarding recent trends in U.S. farm operations and the global context in which they operate 

confirms that this negative net income for many farming operations is likely due to the decreased cost in 

commodity prices associated with stockpiling resulting from trade disputes with China as well as increased 

production costs (Congressional Research Service, 2018). Despite this result the most important metric 

focuses on the difference between the NPVs for the different agricultural practices. When focusing on this 

difference, the implementation of conservation agriculture resulted in greater benefit for all crops, 

highlighting the benefits that may accrue to a given landowner through the adoption of no-till practices and 

planting of cereal rye cover crops. It is apparent that for all crops, the decreases in fuel, lube, and electricity, 

repairs, labor, cost reductions associated with soil erosion, and increases in yield, if any, led to higher net 

benefits with regard to conservation agriculture practices.  
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Table 30. Net benefits associated with corn and barley for both conventional and conservation agriculture 

practices. The difference between conservation and conventional agriculture net benefits are included as 

well. Positive difference values indicate conservation practices are more favorable for a given commodity 

and negative values indicate conventional agriculture practices are more favorable for a given commodity. 

Commodity Corn Barley 

Farming Practice Conventional Conservation Conventional Conservation 

Benefits $4,622.89 $5,006.86 $2,047.99 $2,031.36 

Costs $5,066.03 $4,958.85 $3,304.06 $3,164.47 

BC Ratio 0.91 1.01 0.62 0.64 

Net Benefits (acre) ($443.15) $48.00 ($1,256.08) ($1,133.11) 

Net Benefits (30m*30m) ($98.55) $10.68 ($279.35) ($252.00) 

Cons. - Conv. Difference (acre)  $491.15  $122.97 

Cons. - Conv. Difference (30m*30m)  $109.23  $27.35 

 

Table 31. Net benefits associated with wheat and oats for both conventional and conservation agriculture 

practices. The difference between conservation and conventional agriculture net benefits are included as 

well. Positive difference values indicate conservation practices are more favorable for a given commodity 

and negative values indicate conventional agriculture practices are more favorable for a given commodity. 

Commodity Wheat Oats 

Farming Practice Conventional Conservation Conventional Conservation 

Benefits $1,587.78 $1,585.28 $1,248.79 $1,239.36 

Costs $2,395.92 $2,347.49 $3,038.69 $2,862.70 

BC Ratio 0.66 0.68 0.41 0.43 

Net Benefits (acre) ($808.14) ($762.21) ($1,789.89) ($1,623.34) 

Net Benefits (30m*30m) ($179.73) ($169.51) ($398.06) ($361.02) 

Cons. - Conv. Difference (acre)  $45.94  $166.56 

Cons. - Conv. Difference (30m*30m)  $10.22  $37.04 
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Table 32. Net benefits associated with sorghum and soybeans for both conventional and conservation 

agriculture practices. The difference between conservation and conventional agriculture net benefits are 

included as well. Positive difference values indicate conservation practices are more favorable for a given 

commodity and negative values indicate conventional agriculture practices are more favorable for a given 

commodity. 

Commodity Sorghum Soybeans 

Farming Practice Conventional Conservation Conventional Conservation 

Benefits $1,378.57 $1,670.72 $3,305.32 $3,468.64 

Costs $2,415.67 $2,361.27 $3,389.04 $3,331.93 

BC Ratio 0.57 0.71 0.98 1.04 

Net Benefits (acre) ($1,037.11) ($690.55) ($83.72) $136.71 

Net Benefits (30m*30m) ($230.65) ($153.58) ($18.62) $30.40 

Cons. - Conv. Difference (acre)  $346.56  $220.43  

Cons. - Conv. Difference (30m*30m)  $77.07  $49.02 

 

4.3.1 Sensitivity Analysis Results 
 

Monte Carlo Analysis 

 

The mean differences of the Monte Carlo analysis results indicated the average difference in NPV was 

positive with regard to the adoption of conservation agriculture practices. For corn, soybeans, wheat, and 

sorghum we can be more confident in the reliability of these gains in net benefit since the lower bounds of 

the results for these crops do not have ranges extending into negative values (Table 33). Overall, these 

results favored the transition from conventional to conservation agriculture practices. The main sources of 

variability in these results will be discussed in the section below. 

 

Table 33. Mean, lower bound of the middle 50% of trials, and higher bound of the middle 50% of Monte 

Carlo analysis trials measuring the difference in net benefits between conservation and conventional 

agriculture practices. 

Crop 

Lower 

Bound Mean Upper Bound 

Corn $        350.11 $        507.10 $        636.52 

Barley $       (432.04) $        203.09 $        837.90 

Soybeans $        178.11 $        220.14 $        258.24 

Wheat $          40.10 $          47.52 $          54.48 

Oats $       (129.27) $        212.91 $        552.14 

Sorghum $        284.70 $        328.41 $        367.66 
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Tornado Analysis  

 

Through the tornado analysis results we determined the sensitivities of certain commodities to various 

parameters included in the analysis. With regard to the difference between net benefits derived from corn 

under conservation and conventional agriculture practices it was apparent that the change in yield resulting 

from the conversion was the most important factor to consider. This factor is followed by the baseline corn 

yield and discount rate used in the analysis (Figure 28).    

 

 
Figure 28. Tornado chart depicting the influence of parameters on the difference in net benefits 

associated with corn under conservation and conventional agriculture scenarios. 
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For barley, the difference in net benefits was most dependent on the projected changes in yield that could 

occur when adopting conservation agriculture practices. This wide range in the difference between practices 

accounted for the majority of fluctuation for this specific crop (Figure 29). 

 

 

 
Figure 29. Tornado chart depicting the influence of parameters on the difference in net benefits 

associated with barley under conservation and conventional agriculture scenarios. 
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When assessing the sensitivity of the difference in net benefits accruing to soybeans between practice types 

the change in yield resulting from conversion was the most important in terms of the fluctuations that might 

result. This factor was followed by the discount rate used in the analysis and baseline soybean yield (Figure 

30).    

 

 
Figure 30. Tornado chart depicting the influence of parameters on the difference in net benefits 

associated with soybeans under conservation and conventional agriculture scenarios. 
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The outcome associated with wheat was most sensitive to the projected difference in yield resulting from 

the adoption of conservation agriculture practices, while the reduction in labor and discount rate used for 

the analysis were the second and third most influential parameters (Figure 31). 

 

 

 
Figure 31. Tornado chart depicting the influence of parameters on the difference in net benefits 

associated with wheat under conservation and conventional agriculture scenarios. 
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The sensitivity of the outcome related to oats was similar to that of barley. The wide range of potential 

change in the resulting value was most reliant on the yield adjustment used within the analysis, followed 

by the discount rate and reduction in labor (Figure 32). 

 

 

 
Figure 32. Tornado chart depicting the influence of parameters on the difference in net benefits 

associated with oats under conservation and conventional agriculture scenarios. 
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For sorghum the initial yield associated with the crop was the most influential factor, while the discount 

rate and reduction in labor associated with the transition from conventional to conservation cropping 

practices represented the third most influential parameter included in the analysis (Figure 33). 

 

 

 
Figure 33. Tornado chart depicting the influence of parameters on the difference in net benefits 

associated with sorghum under conservation and conventional agriculture scenarios. 

 

4.3.2 Geospatial CBA 
 

Figure 34 depicts the cumulative benefits that accrued from the adoption of conservation agriculture 

practices throughout the watershed at the HUC12 sub-watershed scale. When considering areas where the 

greatest benefit resulted, sub-watersheds 54, 50, and 41 provided the most benefit for farmers with totals of 

$1,080,429.00, $959,759.00, and $665,010.00 associated with the transition from conventional to 

conservation agriculture practices.  
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Figure 34. Map of cumulative benefits at the HUC12 sub-watershed scale that resulted from the 

conversion of all conventional agriculture lands associated with the commodities included in the analysis 

to conservation agriculture practices. 

 

More sophisticated targeting of practices could be achieved by focusing in on the areas associated with the 

greatest benefit, such as parcel numbers 7990585689, 799100205922, and 7990220713 within HUC12 sub-

watershed number 54, the sub-watershed with the darkest shading in Figure 34. Conversion of practices 

from conventional to conservation agriculture led to a total of $50,142.00, $36,179.00, and $29,579.00 in 

benefit respectively, over 10 years. Additional specificity could be achieved when using these results in 

conjunction with the water quality analyses packaged in this report, as highlighted in the case study below. 

Locations of importance for water quality while also high potential to yield benefit for farmers could be 

optimal for the implementation of conservation agriculture practices. As visualized in Figure 35, many of 

these parcels of large benefit lie within the upper portions of the watershed and also within a band stretching 

from southwest to northeast in the middle of the watershed. 
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Figure 35. Map of cumulative benefits at the parcel scale that resulted from the conversion of all 

conventional agriculture lands associated with the commodities included in the analysis to conservation 

agriculture practices. 
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5. Integrated Use Case  
 

5.1 Introduction 
 

The results presented thus far demonstrate how our analytical approach could be used to identify 

conservation priorities at the scale of the entire watershed. However, this is not the scale at which 

conservation is implemented. To present the implications of this analysis at a scale more relevant to 

conservation, this section focuses on one specific sub-watershed within the broader Jordan Lake watershed. 

At this scale, it is much easier to see how land conservation, riparian buffer restoration and conservation 

agriculture can be strategically deployed across the landscape. This scale also allows comparison across 

objectives to determine where objectives align and where tradeoffs exist. 

 

The focal sub-watershed identified for further analysis in the Integrated Case Study was selected from a list 

of 12-digit HUC sub-watersheds delineated by USGS. The chosen HUC 12, Upper Cane Creek, is situated 

in Alamance County in the south-central portion of the Jordan Lake Watershed (Figure 36). The watershed 

is predominantly characterized by agriculture, low density development and forested land. There are three 

Natural Heritage sites located completely or partially within the Upper Cane Creek watershed - Cane Creek 

Mountains/Observatory Woods, Major Hill Monadnock Forest and Kimesville Road Basic Forest. The case 

study is situated in the jurisdiction of the Piedmont Land Conservancy with various surrounding PLC 

easements.  

 

 
Figure 36. Aerial imagery and stream network within the integrated use case sub-watershed, Upper Cane 

Creek. 
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5.2 Use Case Approach 
 

The raster-based outputs of this project allowed for the different project components to be compiled and 

analyzed at multiple scales. This use case took advantage of this flexibility and highlighted how the analyses 

could be synthesized to inform decision-making at the watershed scale. 

 

5.2.1 Water Quality Protection & Restoration 
 

Land conservation value and buffer restoration opportunity were both calculated at a raster level, allowing 

them these outputs to be easily summarized at a variety of scales. In the previous section (4. Results), these 

results were summarized at the HUC-12 sub-watershed scale to illustrate the broad spatial patterns within 

the entire watershed. Within the Use Case Sub-watershed, conservation value and riparian buffer restoration 

opportunity were summarized at the scale of even smaller watersheds, the NHD catchment, using Zonal 

Statistics. Catchment conservation value was calculated as the mean score, while riparian buffer restoration 

was calculated as the sum of accumulated sediment within riparian buffer gaps. 

 

5.2.2 Habitat Connectivity 
 

Within this case study, we determined the degree to which riparian buffer restoration could restore habitat 

connectivity in addition to water quality. First, we selected three catchments within the case study area that 

presented high opportunity for water quality improvement. Within these three catchments we then 

simulated riparian restoration by converting agricultural LULC pixels to forest within the 100-ft riparian 

zone. Using this new landcover raster as an input, effective cost distances between Natural Heritage Areas 

were compared pre- and post-restoration. Areas in which the effective distance between NHAs decreased 

as a result of restoration would be most beneficial for restoring landscape connectivity.  

 

5.2.3 Conservation Agriculture 
 

With a patchwork of potential benefit related to the implementation of conservation agriculture practices, 

it was helpful to use the underlying motivation of this analysis, water quality, as a guide to key in on focal 

areas. Catchments with high buffer restoration potential served as an excellent guide when refining focus. 

Through this approach three NHD catchments were chosen, assessed based on net benefits at the catchment 

level, and then used to zoom in on parcels within the sub-watershed that may yield relatively high benefits 

when converted from conventional to conservation agriculture practices.   

 

5.3 Use Case Findings 
 

5.3.1 Water Quality  
 

Land Conservation 

 

Conservation value varied widely across the sub-watershed (Figure 37). The northern headwaters provided 

the greatest opportunity for water quality protection through land conservation. This area was home to the 

largest area of forest remaining in the sub-watershed. These forests covered steep slopes and highly erodible 

soils. Outside of this core area of conservation value, there were smaller patches of high conservation value 

distributed throughout the watershed.  
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Riparian Buffer Restoration  

 

Despite being the sub-watershed with the greatest calculated buffer restoration opportunity, streamside 

buffers appeared to be intact throughout much of the watershed. Only seven of the sub-watershed's 

catchments emerged as needing buffer restoration (Figure 38). This suggested that most of the opportunities 

for buffer restoration occur on a handful of properties in the greater watershed. Of these catchments, three 

were selected for simulated restoration to determine if restoration in these catchments would also benefit 

habitat connectivity and if conservation agriculture would be economically beneficial. 

 

 
Figure 37. Water quality conservation value within the Upper Cane Creek sub-watershed, summarized as 

the mean score within NHD catchments. 
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Figure 38. Riparian buffer restoration opportunities in the Upper Cane Creek sub-watershed, calculated 

as total accumulated sediment in buffer gaps within NHD catchments. Catchments highlighted in green 

indicate where riparian buffer restoration was simulated to evaluate effects of restoration on connectivity. 

 

5.3.2 Connectivity & Biodiversity 
 

Cane Creek (HUC 33) Catchment Restoration 

 

Restoration of NHD catchment 53072 did not decrease resistance between natural heritage areas in HUC 

12, ID 33 (Table 34). See Appendix 1 for Natural Heritage Area Patch ID’s and attributes.  

 

Table 34. NHD Catchment 53072 buffer restoration. Total Cost reduction for NHD restoration: 0 cost 

units. Greatest reduction between nodes is negligible. 

Start 

Patch ID 

End 

Patch ID 

Cost Baseline 

(cost units) 

Cost 53072 

(cost units) 

Cost 

Reduction 

(cost units) 

19 49 9911 9911 0 

19 62 12298 12298 0 

49 62 12090 12090 0 

 

Restoration of NHD catchment 57729 did not decrease resistance between natural heritage areas in HUC 

12, ID 33 (Table 35). 
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Table 35. NHD Catchment 57729 buffer restoration. Total Cost reduction for NHD restoration: 0 cost 

units. Greatest reduction between nodes is negligible. 

Start 

Patch ID 

End 

Patch ID 

Cost Baseline 

(cost units) 

Cost 57729 

(cost units) 

Cost 

Reduction 

(cost units) 

19 49 9911 9911 0 

19 62 12298 12298 0 

49 62 12090 12090 0 

 

Restoration of NHD catchment 53444 had the largest affect (989 cost units) of the three restoration sites on 

decreasing resistance among Natural Heritage Areas in HUC 12, ID 33 (Table 36). 

 

Table 36. NHD Catchment 53444 buffer restoration. Total Cost reduction for NHD restoration: 9,083 

cost units. Greatest reduction in cost between nodes 19 and 62. 

Start 

Patch ID 

End 

Patch ID 

Cost Baseline 

(cost units) 

Cost 53444 

(cost units) 

Cost 

Reduction 

(cost units) 

% Reduction 

19 49 9911 8922 989 10% 

19 62 12298 12298 0 0% 

49 62 12090 12090 0 0% 

ID 62. 

Restoring NHD catchment 53444 was the most effective for increasing connectivity in the Upper Cane 

Creek case study (Table 36, Figure 39). Restoring buffers there decreased the effective path length between 

Kimesville (ID 49) and Cane Creek Mountain (ID 19) Natural Heritage Areas by 10%. There was no change 

in effective path length between the other patch pairs in the HUC 12 catchment (Table 34, Table 35).  
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Figure 39. Cane Creek case study area. Natural Heritage Areas (green) and potential buffer restoration 

zones based on NHD catchments. Kimesville Road - ID 49, Cane Creek Mountains – ID 19, Major Hill – 
 

The Cane Creek case study area contained some of the top catchments for biophysical zipcode richness and 

evenness (Figure 40). In addition to containing high support potential sites, the restoration of NHD 

catchment three (Figure 39) not only increased connectivity to the Cane Creek Mountain Natural Heritage 

area but it increased connectivity to a catchment between the NHA and the restoration catchment that scored 

in the top 5% for both richness and evenness of biophysical zipcodes - support potential.  
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Figure 40. Cane Creek case study area. Natural Heritage Areas (green) and potential buffer restoration 

zones based on NHD catchments in blue, catchments within the top 5% for richness in red and catchments 

in the top 5% for evenness in yellow. Evenness and richness refer to biophysical zipcodes  - support 

potential. 

 

5.3.3 Conservation Agriculture 
 

As outlined in Figure 41, catchments in the Upper Cane Creek sub-watershed varied greatly in the benefit 

that would accrue when converting from conventional to conservation agriculture practices. When focusing 

on the three catchments identified for this use case it was evident that benefits related to conservation 

agriculture aligned with water quality priorities.  

 

At the high end of the net benefits spectrum, landowners within the catchment labelled 53072 could 

experience as much as $64,101.00 over the course of ten years if they converted from conventional to 

conservation agriculture practices (Figure 41). The large amount of benefit that would accrue within 

catchment 53072 aligned with the same region in which there was extensive opportunity for the installation 

of riparian buffers (Figure 38). Overlapping potential such as this can help pinpoint areas where water 

quality can be improved via multiple strategies. 

 

At the other end of the spectrum, for the catchments in which the applicable commodities were grown, as 

little as $10.00 of benefit was experienced. It was also important to consider that landowners within some 

catchments did not grow any of the commodities included in the study, leaving them with $0.00 in benefit 

that they would experience when applying the results of this analysis.  
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Figure 41. Map of sub-watershed with catchments shaded based on the net benefits that would accrue 

within a given area if the commodities grown with conventional agriculture practices were instead grown 

by conservation agriculture methods. 

 

With a better understanding of the larger picture within a given watershed we zoomed in even further to the 

parcel scale, as displayed in Figure 42. At this scale specific parcels could be identified as contributing to 

the larger benefit that would have accrued at the catchment scale, allowing for the targeting of conservation 

agriculture practices at the individual parcel level. Within Figure 42 the parcel outlined in red represented 

the area of greatest benefit contributing to the values at the catchment level represented in Figure 41.  

 

By focusing on this parcel environmental managers would be equipped with data that highlights the range 

of benefits a given landowner would experience. The specific figures associated with this parcel indicated 

that if the landowner implemented conservation agriculture practices, they would have experienced 

approximately $52,000.00 of net benefit with this value ranging between $40,482.00 and $62,676.00 based 

on sensitivity analysis results.  
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Figure 42. Map of sub-watershed with parcels shaded based on the net benefits that would accrue if the 

commodities grown with conventional agriculture practices were instead grown by conservation 

agriculture methods. 
 

5.4 Sub-Watershed Trends 
 

We provide this case study to both visualize the use of our approach at a smaller scale and to illustrate how 

our modular approach can be used visualize tradeoffs between objectives. Here we discuss the watershed 

management implications that emerge at this smaller scale and the relationships we observe between 

watershed management objectives. 
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5.4.1 Water Quality 
 

Land Conservation 

 

At this smaller scale of analysis, finer variations in conservation value become apparent. Even within this 

small sub-watershed, water quality conservation value is highly heterogeneous. This presents an 

opportunity for precision conservation. Within this watershed, the northern headwaters provide the 

greatest opportunity for water quality protection through land conservation. If a land conservation 

organization is interested in developing a conservation initiative in this watershed, they should start by 

identifying properties and landowners within this area. Outside of this core area, other smaller patches of 

high conservation value exist and provide opportunities for more isolated conservation projects that can 

be pursued as they arise. 

 

Riparian Buffer Restoration 

 

This case study sub-watershed presents a greater opportunity for riparian buffer restoration than any other 

in the Jordan Lake Watershed. However, within this sub-watershed, riparian buffer restoration opportunities 

are strikingly limited to only a handful of catchments (Figure 38). Riparian buffers are already intact 

throughout much of the watershed, as a result of state and federal programs like the CRP as well as natural 

factors like slope and saturated soils that make these areas unsuitable for agriculture. Still, these practices 

do not cover the entire stream network and there is opportunity to improve water quality through buffer 

restoration. This analysis homes in on those areas lacking buffer protection and prioritizes restoration based 

on the amount of sediment they receive.  

 

Equipped with this knowledge, watershed managers and conservation organizations no longer have to issue 

sweeping prescriptions of buffer restoration that ignore areas where farmers are already doing the right 

thing. Instead, they can identify and build relationships with the individual landowners who could still 

implement buffer restoration practices. They will also be able to speak with more specificity about how the 

unique characteristics of that farmer’s land, its topography, soils, and position in the watershed, combine 

to make it highly important for local water quality. This should make for a more convincing argument as 

to why farmers should implement conservation agriculture practices.  

 

5.4.2 Landscape Connectivity 
 

In this case study we demonstrated that conserving land for the goal of increasing connectivity among 

Natural Heritage Areas did not have equal value in all places. Least cost paths showed that there was a very 

specific region in which connectivity corridors existed. Additionally, when combining buffer restoration 

with connectivity objectives the restoration of specific catchments had varying effects on connectivity. With 

the use of this tool, assessing the pre and post buffer restoration cost surface the user could assess the over-

all change in cost between all patches in the case study area or they could single out a particular patch pair 

they were interested in an run different buffer restoration scenarios to determine which had the greatest 

effect on decreasing cost between Natural Heritage Areas or other habitat patches of interest.  
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5.4.3 Conservation Agriculture 
 

By applying the CBA results to the case study sub-watershed, it is clear that the benefits associated with 

the implementation of conservation agriculture practices for the analyzed commodities vary widely across 

the watershed. The application of the tool at the catchment and parcel levels allows for the identification 

of areas representative of significant benefit that would accrue to farmers if they were to adopt practices 

that yield water quality benefits, which, when stacked with the results of other analyses can facilitate 

more nuanced engagement with landowners in areas of interest, especially within areas of significant need 

for improvements in water quality. Equipped with these figures highlighting the financial gain specific 

farmer would experience, practitioners have additional information that can facilitate the recruitment of 

interested landowners. 

 

5.4.4 Integrating Objectives 
 

No organization has an unlimited budget to satisfy all of its goals and priorities. With this three-pronged 

approach the confluences and divergences of objectives are easily visualized in a spatial context, allowing 

conservation organizations to most effectively allocate their limited funds.  Figure 43 shows the results of 

each analysis, side-by-side. Here, it is clear that the catchment with the greatest opportunity for riparian 

buffer restoration also contains parcels that could achieve the greatest economic benefits through 

conservation agriculture. This makes this catchment a high priority if a conservation organization is 

interested in protecting and improving management on working lands. Although this catchment provides 

no value to habitat connectivity, water quality and connectivity benefits can be achieved through buffer 

restoration in a different catchment. This catchment would therefore be a great target for organizations with 

a strong interest in biodiversity and a willingness to give up some of the possible water quality benefits. 

 

While this case study focuses on conservation agriculture, riparian buffer restoration and the subsequent 

effects on connecting Natural Heritage Areas, these priority areas could easily be modified or expanded 

upon according to organizational values. For instance, the top NHD catchments for support potential 

(Figure 39) also overlap with the top land conservation priorities for water quality preservation (Figure 38). 

A spatial representation of these priorities allows the user to toggle layers on and off to easily identify sites 

that align with the organization’s priorities.  

 

 
Figure 43. A three panel map depicting the areas of overlap and divergence among the three focus areas 

of this study – connectivity, water quality and conservation agriculture (from left to right) 
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6. Discussion 
 

Using this analysis, broad trends can be identified within the watershed to guide the strategic deployment 

of conservation tools and maximize benefits to water quality, watershed biodiversity, and rural livelihoods. 

This approach can be used to evaluate projects as they arise and empower organizations to proactively 

approach landowners and secure funding sources. Because this approach is modular and scalable, there are 

a range of other useful applications. Finally, watershed management is complex and the objectives of 

watershed managers go beyond those presented here. Because of this, there are always opportunities to 

expand upon this work by further supporting the analyses already conducted and incorporating additional 

objectives. 

 

6.1 Watershed Trends & Priority Areas  
 

When acquiring land, conservation organizations have historically taken a passive approach, relying on 

land owners to contact them about potential partnerships. While conservation organizations still rely heavily 

on such opportunities, the field is shifting towards a more active approach as modeling techniques and 

spatial analyses improve. Our approach builds on this growing analytical capability in a way that will allow 

conservation organizations to identify priority areas internally and then proactively reach out to specific 

land owners. Once these land owners have been identified, these models can provide the information needed 

to make a case to landowners about the conservation value of their land. 

 

6.1.1 Water Quality  
 

Land Conservation  

 

Land worth protecting for water quality can be found throughout the watershed’s rural areas and even, to 

some extent, within the suburban fringe. However, the greatest conservation value for water quality lies in 

the lower watershed, particularly within Wake County, Chatham County, southern Alamance County, and 

southwest Orange County. Within this area, a combination of factors including large extents of forest, high 

fall line slopes, erodible soils, and stream network patterns converge to produce very high water quality 

value across a wide area. As a result, this region is home to most of the priority parcels (scoring above the 

median) in the watershed and an even greater majority of parcels scoring in the top 10%. Despite 

disproportionally favoring the lower watershed, the conservation model identifies some high priority 

conservation areas in the upper watershed. The upper forks of the Haw River north of Greensboro, the 

headwater areas north of Burlington, and southeastern Forsyth County all stand out for their high 

representation of both 50th percentile and 90th percentile parcels.  
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These areas with high conservation value, however, can only contribute to the regional water quality 

strategy if they are under threat of development and a water quality impact can be avoided through 

conservation. This development threat follows a very different pattern than pure conservation value. Apart 

from the area east of Jordan Lake (Wake and Chatham counties), development threat is low within the areas 

of the lower watershed that scored high for conservation value. Rather, development threat is highest in the 

upper watershed, in areas north and east of Greensboro. Although there are fewer priority parcels in this 

area, this suburban fringe in the upper watershed may present the greatest opportunity to impact water 

quality through conservation. Conservation organizations are thus presented with a choice between 

protecting land for its outstanding intrinsic characteristics or protecting it because it is under threat.  

 

Riparian Buffer Restoration 

 

Opportunities to improve water quality through the restoration of riparian buffers are concentrated in the 

upper two thirds of the watershed, where agriculture is most widespread. Existing riparian buffer practices 

are inconsistent within this agricultural zone, with streams having between 6 and 27% unbuffered cropland. 

Riparian buffers are least intact within sub watersheds in the south-central area of the watershed. Once flow 

paths and sediment generation are accounted for, these highly unbuffered catchments become an even 

higher priority because of the slopes and erodible soils in this area. Watershed managers and conservation 

organizations interested in improving buffer restoration should therefore focus their work within this central 

belt of the watershed.  

 

Finer-scale analysis within the integrated use case demonstrated that even within the least buffered sub-

watershed, riparian areas are largely protected. However, there are still areas where buffer restoration could 

result in water quality improvement. Using our approach, watershed managers can target these last 

remaining areas and develop targeted communications strategies for reaching their respective land owners.  

 

6.1.2 Biodiversity 
 

We found through the support potential analysis that catchments with high zipcode richness occurred along 

the Western edge of Jordan Lake, up along the Haw and around Lake Reidsville and around Greensboro. 

The lower watershed is already fairly well protected and represented in the NC Natural Heritage program. 

The areas in the upper watershed around Lake Reidsville and Greensboro present opportunities to expand 

the NCHP’s presence and contribute to greater connectivity between the upper and lower watershed. 

Additionally, we note that the upper watershed  

 

Catchments with the greatest potential to house species of interest are concentrated in the lower watershed 

around Jordan Lake. Many of them concentrate around the wetland areas of Western Jordan Lake and up 

along the Haw River in Chatham County. This analysis confirms the validity of the weighted zipcoding 

approach for identifying areas not already flagged as Natural Heritage areas as there is a 66% over lap of 

NHA’s in the area with the top 10% of high biodiversity catchments. What our analysis indicates that 

previous conservation efforts concentrated around western Jordan Lake but there is great potential for 

protection of existing “best of the best” sites on the Chatham/Wake County border Southeast of Jordan 

Lake.  
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Currently, the areas that are already well protected and connected are in the lower portion of the watershed 

around the population centers of Durham and Chapel Hill. The area with the greatest restoration potential 

is in the northern region of the watershed where the Haw River originates. Areas with high permeability 

scores are regions we should PROTECT because they have existing connectivity value both due to land 

cover type, number of Natural Heritage Areas and stream density. Areas with lower permeability scores, 

such as those in the mid and upper watershed are region in which there is potential for restoration to improve 

connectivity. Restoration and protection efforts not only preserve permeable land cover types but site 

protection creates additional habitat patches that may act as stepping stones to improve overall watershed 

connectivity.  

 

The biodiversity analysis and its components indicate that the area around Jordan Lake Watershed is an 

area with high conservation value both existing and potential. However, existing and potential conservation 

value are in a positive feedback loop. Areas that are already well protected will look more appealing as 

adding to these networks increases connectivity and the value of that local landscape. We propose from the 

findings of this study that diversifying the conservation portfolio in the watershed to include areas in the 

upper watershed around Lake Reidsville and Greensboro will significantly increase the watershed’s 

conservation value for connectivity and biodiversity alike and provide important conservation opportunities 

that are quickly disappearing due to development pressures. 

 

6.1.3 Conservation Agriculture 
 

Within the watershed there remains significant potential concerning the implementation of conservation 

agriculture practices. Potential hotspots lie in the upper watershed and along a band in the middle of the 

watershed. As highlighted by the positive net benefits for all commodities included in this CBA, the 

importance of providing farmers with information and resources that increase awareness regarding these 

benefits is crucial and would facilitate the implementation of these practices on a larger scale.  

 

Seeing as farmers growing the commodities included in the analysis stand to benefit, providing farmers 

with this knowledge is of the utmost importance. However, even with an awareness regarding the benefits 

they might experience, many landowners will likely remain hesitant to adopt certain practices, lending to 

the importance of additional tools such as incentives.  

 

Programs such as the Environmental Quality Incentives Program and North Carolina Agriculture Cost-

share Program do exist, along with a plethora of other additional funding opportunities meant to incentivize 

the establishment of these conservation agriculture practices. Connecting farmers to these opportunities and 

more effectively documenting the resultant benefits associated with adoption may provide the most 

effective mechanism for overcoming the resistance that exists in many areas regarding the implementation 

of BMPs.  

 

6.2 Use as a Project Screening Tool 
 

In addition to guiding more proactive conservation based on regional priority areas, our approach can also 

be used to inform more traditional opportunistic conservation. Not all of these opportunities contribute in 

the same way to an organization’s mission, so they need a process of evaluation that can ensure that their 

limited funds are being allocated most effectively. Our approach can serve this project evaluation function. 

Using the output of the various modules, both in isolation and in combination, conservation organizations 

can quickly compare projects on the strength of their relative benefits and select the project that most 

effectively meets the organization’s goals.  
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Using an objective evaluation tool also brings credibility and transparency to conservation. Both will be 

key as conservation organizations seek new partnerships and funding sources. Before a water utility or 

watershed management entity will invest in conservation approaches, they will need some assurance that 

their money is being spent in a strategically informed manner. Our science-based approach can provide 

these funders with an objective standard of project quality and a clear vision of what conservation is aiming 

to accomplish.  

 

6.3 Future Work 
 

Despite the comprehensiveness of our approach, there are still opportunities to improve its analyses and 

expand its applications. First, individual analyses could be refined by replacing simplifying assumptions 

and incorporating new sources of data. Second, new objectives in watershed management could be 

incorporated to support a broader holistic management strategy. Finally, the approach could be applied in 

new ways to inform a wider range of decisions.  

 

6.3.1 Refining Analyses 
 

Water Quality 

 

This approach provides a relatively robust means for assessing the relative benefits of a land conservation 

or riparian buffer restoration project. However, it cannot provide an absolute estimate of the water quality 

benefits that can be expected from a project. Such an absolute estimate will be needed in order to understand 

how conservation projects compare to more traditional grey infrastructure projects. This absolute measure 

will also be needed in order to incorporate these conservation tools into regulatory markets, such as the 

trading of nutrient credits. Obtaining such an estimate will require computationally intensive modelling, 

higher resolution data and an improved understanding of how current and future land uses effect water 

quality. This more robust estimate could then be combined with the computational simplicity of this 

approach to more effectively allocate watershed management resources. Within the prioritization models 

there are also multiple opportunities for refinement. These are described in more detail below. 

 

Land Conservation  

 

To maintain regional model consistency, no new metrics or objectives were added to the land conservation 

prioritization model. However, there are a number of other watershed measures that could be incorporated 

to provide new information. One example is flow-path distance to drinking water reservoirs, which the City 

of Durham added to their version of the UNCWI model. This metric captures the importance of travel time 

in processing water quality impacts before they reach a reservoir. By calculating this metric separately 

relative to each of the major water quality reservoirs in the watershed, it would also enable decision makers 

to focus on a specific reservoir of concern. The floodplain metric used in this analysis is also flawed in that 

it fails to represent floodplains along smaller tributary streams. This bias could be mitigated by adding a 

specified width buffer to smaller streams or using the North Carolina Geomorphons dataset to identify 

floodplains by topography.  

 

Development threat is also a major factor determining the effectiveness of land conservation. This report 

depicts how the land conservation model results relate to the region’s development pressures, but further 

work is needed to more systematically incorporate this threat. Doing so will require development of a 

weighting scheme accounting for an organization’s valuation of intrinsic biophysical value versus threat of 

loss.  
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Buffer Restoration 

 

The analysis used prioritize buffer restoration projects is built around multiple simplifying assumptions 

made to work within the data and time constraints of this project. More information around these 

assumptions could improve the reliability of this prioritization analysis. One of the biggest assumptions is 

that all riparian areas have the same intrinsic capability to act as buffers. In reality,a riparian area’s buffering 

capacity has been shown to be linked to a range of factors, including slope and soil type (Philips, 1989). 

This buffer capacity could be incorporated into the current analysis by screening the areas selected based 

on buffering opportunity for these factors. 

 

Many assumptions were also needed to apply the USLE at the scale of the entire watershed, but these could 

be improved with more time and data. Precipitation intensity, which was assumed to be constant throughout 

the watershed, could be calculated from the regional rainfall record. Soil erodibility was estimated in map 

units with missing data by taking the median of its nearest neighbors. A more robust interpolation could be 

achieved by using available data about that map units texture and other physical characteristics. The crop-

factor was also heavily simplified and, importantly, did not differentiate between different types of crops 

and the different agricultural practices present in the watershed. More detailed calculations of C-factor 

could be made based on the unique properties of each crop and the prevailing practices used to cultivate 

them in the watershed. Finally, the analysis could be run at a daily time-step to capture seasonal interactions 

between the erosional factors, particularly the precipitation and cover factors.  

 

Finally, sediment is just one water quality concern in the watershed. Buffer placement could also be 

prioritized based on the predicted loads of nitrogen and phosphorus generated upstream. Once nitrogen and 

phosphorus estimates are available from the North Carolina calibration of USGS’s SPARROW model, 

these could be used to further inform the placement of riparian buffers. An additional weighting scheme 

could then be used to prioritize these three water quality constituents based on their regional importance 

and their susceptibility to treatment by buffers. 

 

Connectivity 

 

In future analyses we suggest that the areas identified by the biodiversity analysis and support potential 

analysis be incorporated into the connectivity analysis to determine what effect they might have on 

increasing landscape permeability. These potential sites, if beneficial to connectivity would be multi-

attribute acquisitions sites that would meet both biodiversity and connectivity objectives.  

 

Additionally, the biophysical settings could be modified to create and even finer-scale picture of the 

landscape. Of particular interest would be the incorporation of soil pH. The Southeastern US and the 

Piedmont region is characterized by highly weathered soils with acidic properties. With this being the 

dominant trend, geomorphic occurrences that buck this trend are areas with high potential for species of 

interest. pH was no incorporated into this analysis due to the poor quality of soil data layers for the region 

(county line artifacts, etc.). If these data quality issues could be addressed pH would likely be an important 

addition to any support potential or biodiversity analysis using the methods proposed here.  

 

Furthermore, the incorporation of development threat in the upper watershed would be an important 

addition to this analysis. The lower watershed is well protected and connected making it an easy and 

appealing place to conserve more land. The upper watershed has areas of importance for the watershed but 

less social capital and a more diverse array of land uses. We propose that this area be given special 

consideration as the conservation opportunities in this region are high but at serious risk of land use 

conversion.  
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Conservation Agriculture 

 

Within the area of conservation agriculture additional commodities could be included in the CBA to expand 

the applicability of the results to other areas throughout the watershed. In addition to increasing the number 

of commodities included, further research could be conducted to refine the bounds for the sensitivity 

analyses related to the CBA, such as the bounds for the change in yield in relation to barley and oats. The 

lack of research in the relative yields for these two commodities when transitioning to conservation 

agriculture practices is the major reason for the wide range associated with the sensitivity analysis. With 

time it is likely that additional research will help refine the impacts of no-till and cover crops on these 

commodities as well as the others included in this analysis, which will only improve the reliability of these 

results.  

 

Developing the framework of the analysis in a way that allows for a flexible baseline (conventional 

agriculture scenario) and alternative (conservation agriculture scenario) would make the tool more 

adaptable to specific parcels on the landscape which would improve its applicability to agriculture 

operations that are already transitioning to conservation-oriented practices.  

 

Additionally, expanding the scope of future CBAs could expand the applicability of the results to other 

fields. For example, including the social cost of carbon and benefits that might result from additional carbon 

sequestered through the implementation of conservation agriculture practices might attract the involvement 

of other stakeholders whose goals are oriented around climate change mitigation instead of water quality 

benefits. 

 

6.2.2 Incorporating New Objectives  
 

While water quality, biodiversity, and rural economic outcomes might be some of the highest priorities for 

watershed managers, watershed managers might be interested in pursuing other objectives. The modular 

nature of this approach allows these other objectives to be easily incorporated into the existing analysis. 

For example, conserved land can provide a range of benefits. Of these benefits, recreational value, is a high 

priority for both conservation organizations and local governments. A watershed assessment of recreational 

value could be combined with the existing analyses of water quality and biodiversity in order to incorporate 

this social value of land conservation.  

 

Minimizing project costs and maximizing economic efficiency are also key goals for watershed managers. 

Although some economic analysis is incorporated into the conservation agriculture assessment, additional 

economic assessment is needed to determine the costs of acquiring land and restoring riparian buffers 

throughout the watershed.  

 

6.3.3 Further Applications 
 

Because the model output is in a raster format, it can be applied to decisions at a variety of scales. This 

report demonstrated applications at the scale of sub-watersheds, catchments, and parcels, but other 

applications are possible. For example, if a water utility is interested in implementing a source water 

protection program, they could limit to the analysis to their water supply watershed. County governments 

interested in conservation could also focus the analysis to their specific county.  
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The modular nature of this approach also provides versatility that hasn’t been fully explored here. For 

example, water quality conservation value and biodiversity metrics could be combined to inform the 

placement of land conservation for multiple objectives. This would require a biodiversity scoring system 

similar to what is used to calculate water quality value. Similarly, a more systematic approach could be 

developed to combine the economics of conservation agriculture with the water quality benefits of these 

practices. Using the existing USLE framework, erosional rates could be recalculated with different 

management practices to place conservation agriculture where it yields the greatest reduction in erosion at 

the least cost. Once all of an organization’s management objectives have been incorporated, a weighting 

scheme could be developed based on stakeholder priorities to identify and make tradeoffs between the 

various objectives. 
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9. Appendices 
 

Appendix 1. Natural Heritage Areas - Patches used in connectivity analysis 

PatchID Name Top Ranking Acres % Protected 

1 Bald Mountain Moderate 140 0.95 

2 Battle Park Very High 81 0.94 

3 
Beaver Creek 

Floodplain 
General 172 1.00 

4 Bennett Mountain General 93 0.00 

5 

Berryhill 

Rhododendron 

Bluff 

General 15 0.34 

6 Big Oak Woods High 57 1.00 

7 
Big Woods Road 

Upland Forests 
General 97 0.95 

8 
Big Woods Road 

Upland Forests 
General 55 0.89 

9 
Big Woods Road 

Upland Forests 
General 48 0.97 

10 
Big Woods Road 

Upland Forests 
General 1916 0.00 

11 
Blackwood 

Mountain 
Exceptional 130 0.82 

12 
Bolin Creek 

Natural Area 
General 282 0.10 

13 Boothe Hill General 117 0.00 

14 
Box Elder 

Bottomlands 
General 111 0.00 

15 

Brown's Summit 

Forest/Hardy's 

Millpond 

General 322 0.81 

16 
Bush Creek 

Marshes 
General 217 0.77 

17 
Calvander Laurel 

Bluff and Bottom 
Moderate 66 0.08 

18 Camp Pipsissewa General 13 0.00 

19 

Cane Creek 

Mountains/Observ

atory Woods 

Very High 711 0.27 

20 

Cane 

Creek/Crawford 

Mountain 

General 86 0.41 

21 

Cane 

Creek/Crawford 

Mountain 

General 204 0.80 

22 

Cane 

Creek/Crawford 

Mountain 

General 145 0.87 

23 Cedarock Park General 266 1.00 
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24 Collins Mountain General 4 0.00 

25 Collins Mountain General 184 0.00 

26 Couch Mountain Moderate 91 0.98 

27 
Cub Creek Forests 

and Beaver Ponds 
General 180 0.34 

28 Currie Hill Moderate 93 0.33 

29 

Dry Creek/Mount 

Moriah 

Bottomland 

Moderate 89 0.66 

30 

Dry Creek/Mount 

Moriah 

Bottomland 

Moderate 396 0.63 

31 
Duke Forest Oak-

Hickory Upland 
Very High 423 0.91 

32 
Eli Whitney Rich 

Slopes 
General 7 0.00 

33 
Eli Whitney Rich 

Slopes 
General 159 0.00 

34 

Eubanks Road 

Xeric Hardpan 

Forest 

General 4 1.00 

35 
Gate 4 Mafic 

Forests 
Moderate 241 0.98 

36 Gate 9 Pond Very High 155 0.94 

37 

Gum Springs 

Church Road 

Slopes 

General 285 0.90 

38 Hagan-Stone Park Moderate 8 0.86 

39 
Haw River 

Alluvial Terrace 
General 6 0.00 

40 
Haw River Bur-

Reed Floodplain 
General 38 0.00 

41 
Haw River Levees 

and Bluffs 
Very High 650 0.60 

42 
Haw River Levees 

and Bluffs 
Very High 467 0.43 

43 
Haw River Levees 

and Bluffs 
Very High 13 1.00 

44 
Haw River Levees 

and Bluffs 
Very High 51 0.98 

45 
Haw River Skunk 

Cabbage Patch 
Moderate 16 0.00 

46 
Henry J. Oosting 

Natural Area 
High 194 0.96 

47 
Herndon Creek 

Ravine 
General 147 0.00 

48 
Jordan Creek 

Alluvial Forest 
General 96 0.00 

49 
Kimesville Road 

Basic Forest 
General 66 0.00 
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50 
Kit Creek Slopes 

and Floodplain 
General 55 0.86 

51 
Lake Brandt 

Slopes 
General 8 1.00 

52 
Lake Higgins 

Forest 
Very High 28 0.70 

53 
Lake Mackintosh 

Slopes 
General 152 0.86 

54 
Laurel Bluff 

Ravine 
Moderate 5 0.35 

55 
Little Alamance 

Creek Forest 
General 95 0.59 

56 

Little Creek 

Bottomlands and 

Slopes 

General 1126 0.89 

57 

Little Creek 

Bottomlands and 

Slopes 

General 321 0.77 

58 

Little Terrells 

Creek Bottomland 

Forest 

Moderate 165 0.15 

59 

Lower Cane 

Creek Slopes and 

Bottom 

General 245 0.00 

60 

Lower New Hope 

Creek Floodplain 

Forest and Slopes 

Very High 1413 0.92 

61 

Lower New Hope 

Creek Floodplain 

Forest and Slopes 

Very High 408 0.95 

62 
Major Hill 

Monadnock Forest 
General 158 0.57 

63 

Mason 

Farm/Laurel Hill 

Oak-Hickory 

Forest 

Exceptional 462 0.71 

64 
Massey Road 

Hardpan Forest 
Exceptional 201 0.00 

65 Meadow Flats Exceptional 233 0.79 

66 

Mears Fork Forest 

at Lake Brandt 

Road 

Moderate 387 0.26 

67 
Moncure Boggy 

Streamheads 
High 160 0.17 

68 

Moores 

Creek/Reedy Fork  

Slopes and 

Floodplain 

General 146 0.14 

69 
Moores 

Creek/Reedy Fork  
General 120 1.00 
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Slopes and 

Floodplain 

70 

Moores 

Creek/Reedy Fork  

Slopes and 

Floodplain 

General 66 0.91 

71 
Morgan Creek 

Bluffs 
High 205 0.75 

72 
Morgan Creek 

Floodplain Forest 
Very High 1594 0.79 

73 

New Hope 

Chestnut Oak 

Forest 

General 12 0.00 

74 
New Hope Church 

Road Basic Forest 
General 19 0.33 

75 
New Hope Creek 

Bottomland Forest 
Exceptional 949 0.83 

76 
New Hope Creek 

Slopes 
Very High 475 0.94 

77 

New Hope 

Overlook Bluff 

and Slopes 

General 383 1.00 

78 
North Edwards 

Ridge 
General 120 0.00 

79 
Northeast Creek 

Floodplain Forest 
Moderate 984 0.62 

80 

Northeast 

Creek/Panther 

Creek Dikes and 

Bottomlands 

Moderate 499 0.87 

81 
Parkers Creek 

Ridges 
Moderate 227 0.97 

82 
Persimmon 

Nursery Flats 
High 95 0.00 

83 
Pickards 

Mountain 
High 496 0.53 

84 
Pine Hill Xeric 

Woodlands 
General 104 0.00 

85 
Pittsboro 

Wilderness 
General 1427 0.10 

86 

Poes Ridge/Dam 

Road Upland 

Forests 

General 90 1.00 

87 
Reedy Fork 

Slopes at NC 61 
General 39 0.00 

88 
Reedy Fork 

Slopes at NC 61 
General 8 0.00 

89 

Robeson Creek 

Depression and 

Hardpan 

Moderate 33 1.00 



   

 

113 

 

90 
Robeson Creek 

Slopes 
General 140 0.85 

91 

Rock Branch 

Mesic Mixed 

Hardwood Forest 

Moderate 96 0.00 

92 

Rock Creek 

Upland 

Depressions 

Moderate 52 0.00 

93 
Rock Rest Mafic 

Islands and Shore 
General 2 0.00 

94 
Rock Rest Mafic 

Islands and Shore 
General 278 0.29 

95 
Rock Rest Mafic 

Islands and Shore 
General 35 0.00 

96 
Rock Rest Mafic 

Islands and Shore 
General 372 0.00 

97 

Saxapahaw 

Sloughs and 

Slopes 

Moderate 378 0.00 

98 Sevenmile Creek High 80 0.00 

99 Sevenmile Creek High 8 0.00 

100 Sevenmile Creek High 4 0.00 

101 
Steep Bottom 

Branch Slopes 
General 103 0.35 

102 Stony Creek Flats Moderate 121 0.00 

103 
Stony Creek 

Forest 
General 245 0.00 

104 
Stony Creek 

Mountain 
Moderate 169 0.00 

105 

Strader Road 

Beaver Pond and 

Uplands 

General 60 0.16 

106 
Terrells Creek 

Galax Bluffs 
General 71 0.00 

107 Terrells Mountain General 189 0.00 

108 
Third Fork Creek 

Wetlands 
General 165 0.90 

109 

Troublesome 

Creek 

Forests/Witty 

Crossroads 

Alluvial Forests 

General 327 0.39 

110 

Troublesome 

Creek/Benaja 

Creek Wetlands 

and Slopes 

General 206 0.00 

111 

Troublesome 

Creek/Benaja 

Creek Wetlands 

and Slopes 

General 50 0.00 
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112 

Troublesome 

Creek/Benaja 

Creek Wetlands 

and Slopes 

General 21 0.00 

113 

Troublesome 

Creek/Benaja 

Creek Wetlands 

and Slopes 

General 177 0.00 

114 

Troublesome 

Creek/Benaja 

Creek Wetlands 

and Slopes 

General 93 0.00 

115 

Troublesome 

Creek/Ogburns 

Crossroads 

Alluvial Forests 

General 58 0.00 

116 
Turkey Hill Creek 

Forest 
General 630 0.78 

117 

University 

Lake/McCauley 

Mountain Slopes 

General 467 0.07 

118 

Upper Haw River 

Floodplain and 

Slopes 

Moderate 94 0.00 

119 

Upper Haw River 

Floodplain and 

Slopes 

Moderate 42 0.45 

120 

Upper Haw River 

Floodplain and 

Slopes 

Moderate 16 1.00 

121 

Upper Haw River 

Floodplain and 

Slopes 

Moderate 190 0.02 

122 

Upper Haw River 

Floodplain and 

Slopes 

Moderate 357 0.61 

123 
Warf Airfield 

Forest 
General 58 0.00 

124 
White Oak Creek 

Floodplain 
Very High 614 0.98 

 

 

 


