
Abstract 

 
Asheville is a rapidly growing city in western North Carolina, nestled in the Blue Ridge 

Mountains.  Asheville draws drinking water from two artificial reservoirs, Bee Tree and North Fork, 

located northeast of the city.  The reservoirs collectively hold of 6.5 billion gallons of water. The two 

watersheds total 22,000 acres, and are almost entirely covered by hardwood forests.  The watershed lands 

have recently come under jurisdiction of a conservation easement held by the Conservation Trust of North 

Carolina, as a steward for the City of Asheville.  The easement ensures that the public traveling along the 

Blue Ridge Parkway will have an unaffected viewshed, and that the city’s populace will have clean water 

supply.  However, the easement technically permits forestry operations within the watershed, if such 

management benefits Asheville.  There is some interest by the city to pursue such management. 

This master’s project qualitatively and quantitatively analyzes Appalachian municipal watershed 

forestry management for Galax, VA, Spartanburg, SC, Altoona, PA, and Greenville, SC.  A review of these 

municipalities’ management experience, their history, water quality, and current management emphasizes 

the importance of developing Best Management Practices specifically for municipal watershed 

management.  If these are used in forestry operations, timber harvesting may potentially benefit Asheville 

financially. 

However, a GIS-based analysis that examines the potential of harvestable lands within the 

Asheville municipal watershed reveals substantial limitations for hypothetical forestry management.  Given 

the details of the easement, riparian buffers, and three slope scenarios (15%, 25%, and 35%), very small 

areas are hypothetically available for forestry management (e.g. a maximum of 25 hectares under a scenario 

of < 35% slope).  Road networks designed to minimize land impacts and connect potential forestry sites 

were all deemed entirely impractical, and would undoubtedly not meet criteria established by the 

conservation easement. 

The qualitative analysis suggests that careful management of forestry operations could benefit 

Asheville.  However, the quantitative, GIS-based analysis concludes that extremely small areas are 

available for harvesting and related management.  Using this information, and considering the ecologically 

invested populace of Asheville, forestry management is not recommended for Asheville, NC. 
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Introduction 

 Asheville, NC, has two municipal watersheds on the south face of the Black Mountain range of 

the Blue Ridge Mountains with catchments that flow into the Bee Tree and North Fork Reservoirs.  The 

total watershed area that supplies these water bodies is 22,000 acres.  The watershed has a supply capacity 

of 6.5 billion gallons of water per year.  This water serves a city of over 70,000 persons who have a daily 

demand of 36 million gallons.  Unofficial data suggest that the current population and daily water demands 

are much higher, serving nearly 100,000 people. Excess water demand is met by a water supply held in a 

dam on the Mill River in South Asheville.  The municipal watershed is currently protected by a 

conservation easement that preserves the water quality of the reservoirs and prohibits disruption of the 

viewshed from the Blue Ridge Parkway.  This easement is held by the city, but is in the stewardship of the 

Conservation Trust of North Carolina (CTNC) (Roe, 1996). 

 In 2004, watershed development in the form of logging was considered by the Asheville City 

Council. The easement permits logging if it will benefit the public and is accomplished at an elevation < 

3600 ft. Although the watershed has been exploitatively logged in the distant past, forest management has 

not been practiced in the watershed in over 30 years.  These operations were confined to small areas; most 

of the watershed has been unaltered for well over a half-century.  Consequently, the option to harvest 

timber interests some council members, but this option has not been fully assessed.  The issue polarized the 

2004 city council, and dominated city politics for over six months.  Asheville city council solicited 

consulting firms for ecological and economic analyses of the watershed, but all proposed assessments 

proved too expensive for the council’s more fiscally conservative parties.  With potential forestry 

operations unappealing to most, the issue of forestry practices in the Asheville municipal watershed appears 

to be indefinitely tabled. 

 The issue of potential timber harvesting in the Asheville municipal watershed remains to be 

explored. The feasibility of forestry management in the watershed has yet to be examined, nor has anyone 

examined the ecological impacts of such operations.  The history of municipal watershed management 

throughout Appalachia, as seen through the examples of Galax, VA, Spartanburg, SC, Altoona, PA, and 

Greenville, SC, enlightens upon issues Asheville faces.  All have managed their watershed resources in 

different ways, and provide precedents for guiding municipal watershed management in Asheville.  For a 

more quantitative perspective, GIS is employed to examine the potential for log landings and roads within 

the Asheville watershed, under the legal constraints of the conservation easement. Through these analyses, 

I will consider the ecological and hydrological impacts upon the Asheville municipal watershed from a 

range of management approaches, as well as the feasibility of proposed operations. 

Background 

The Asheville municipal watershed encompasses the Bee Tree and North Fork Reservoirs (Fig. 1) 

(Roe, 1996).  The Blue Ridge Mountains are part of the southern Appalachian Mountains, characterized as 

a maritime, humid, temperate system.  The average temperature range is 7 to 17° C, depending largely on 

elevation and aspect, and the Blue Ridge Mountains have a climate of “year-round precipitation with 
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frequent and sometimes intense rainstorms,” averaging 1700 to 2500mm precipitation annually, < 5% snow 

(Swift & Messer, 1971; Douglass & Swank, 1975; Swift, 1986; Swank et al., 2001; Elliott et al., 2002; 

Hood et al., 2002; Riedel et al., 2004). Precipitation is dependent upon elevation, which can be as high as 

1400m, but averages between 600 and 700m (Swank et al., 2001).  Regular precipitation supplies the two 

reservoirs with water to fill their shared supply capacity of 6.5 billion gallons of water (Roe, 1996).  The 

average slope of the Asheville municipal watershed is 41%, considerably higher than the slope of 2 – 19% 

seen throughout the Blue Ridge Mountains (Douglass & Swank, 1975; Hood et al., 2002).  The soils with 

their underlying saprolites and colluvium are highly variable in depth, ranging from < 5 to 70 ft.  Most soils 

are classified as fine-loamy, mixed, mesic Humic Hapludults, and are acidic and rocky.  Despite steep 

slopes, high soil permeability, accompanied by relatively high soil organic matter (SOM), minimizes 

surface runoff in intact forests (Swift & Messer, 1971; Elliott et al., 2002; Hood et al., 2002). 

The 22,000 acres that drain to the two reservoirs are protected by a conservation easement.  The 

easement perspective on this land’s management is shared by the United States Forest Service (USFS), 

which has classified it as a Level 1 parcel of land, and a Visual Quality Objective (VQO) “retention” 

parcel, in which management activities must not be observable to the public (USFS, 2000).  The easement 

limits public access to special permission and strictly prohibits all-terrain vehicles and camping.  Black 

bear hunting has been permitted on rare occasions (Roe, 1996).  National Land Cover Data (NLCD) 

obtained from the USGS shows tree coverage that is almost entirely deciduous, with small stands of 

conifers and mixed tree types.  Due to the low incidence of human impacts within the watershed, the 

ecological status of the included lands is assumed to only be affected by natural events. 

 Ecology 

The primary artificial factor affecting the Asheville municipal watershed is the Blue Ridge 

Parkway, which surrounds part of its highest elevation perimeter. The only human activities within the 

watershed are maintenance of a primary road network that totals 65 miles; all other human access to the 

watershed is restricted to special, supervised permission, as dictated by the easement (Roe, 1996).  This 

road network is needed for firefighting and rescue purposes, a need highlighted by a plane crash within the 

watershed in 2002.   

The watershed is contiguous with the Pisgah National Forest, and a habitat for both mesic and 

xeric native hardwood and softwood trees, mainly beeches, oaks, and pines (Douglass & Swank, 1975; 

Swank et al., 2001; Fohrer et al., 2005).  Its role as an undisturbed habitat for flora and fauna in the region 

is likely important, but unverified. An ecological inventory determined by a professional ground survey 

could quantify assemblages of forest biota, but none has been done to date.  Nearby Nantahala National 

Forest is known habitat for 7 federally-threatened and 16 -endangered species, including the Indiana bat 

(USFS, 2000).  Black bears are known to use the Asheville watershed and surrounding forests as both 

hibernating and hunting grounds (Roe, 1996).  An increase in human activity could devalue the ecological 

role the watershed currently serves, or it could merely drive species into adjacent, less-disturbed patches. 
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 The forests of the watershed have been managed much as most of the Appalachians; indeed, as 

much of the 300 million acres of forested land east of the Mississippi River has been in recent history 

(Douglass, 1983; Hornbeck & Swank, 2006).  Fire suppression, disease, and logging have significantly 

altered forests across the eastern United States.  This conversion has implications regarding ecosystem 

function, as forests contain fewer ”high mast” tree species – chestnut, oak, and hickory – that historically 

dominated these ecosystems and that are important for black bear, wild turkey, and many other species’ life 

cycles (Sharitz et al., 1992; USFS, 2000).  Disease has famously made the once omnipresent American 

chestnut tree practically disappear from the wild of the eastern U.S., and current insect pests like the 

balsam- and hemlock-wooly adelgids continue to threaten the current ecosystems of the Blue Ridge 

Mountains and their historic ecological functions such as habitat.  Historically, logging has impacted the 

region in various ways, altering species composition, threatening endangered species habitat, and degrading 

the forest quality via high grading (Douglass, 1983; Elliott et al., 2002; Hornbeck & Swank, 2006).   

Sediment 

“Sediment is considered the greatest of water pollutants” (Yoho, 1980).  Sediment is the leading 

cause of water impairment; degrades more miles of stream than any other pollutant; is responsible for 18% 

of the Environmental Protection Agency (EPA)’s TMDL program; and is the “…third leading cause of 

lake, reservoir, and pond stress, behind nutrients and metals” (Nietch et al., 2005).  Sediment is the logging 

industry’s greatest pollutant, and the impetus behind industry-related best management practices (BMPs) 

(Kochenderfer et al., 1997; Megahan & Hornbeck, 2000; Prud’homme & Greis, 2000; Fulton & West, 

2002; McNaught et al., 2003; Hutchens et al., 2004). 

Sediment impacts upon ecosystem function, soil quality, stream habitat, and source water quality 

are too potent to not minimize sediment production. All logging operations produce sediment.  Though 

southern forests produce low levels of sediment, the need to manage sediment production is a priority 

(Yoho, 1980; Swift & Burns, 1999). Natural erosion produces ~0.2 tons/acre/year of sediment, and levels 

of 1 – 5 tons/acre/year are deemed acceptable (Yoho, 1980; Swank et al., 1989; Neary & Michael, 1995).    

Greater than 90% of sediment production in logging operations is directly correlated with the level 

of soil compaction and sediment production caused by roads (Yoho, 1980).  Access road construction 

unavoidably requires soil compaction, which decreases porosity, impeding soil aeration and inhibiting 

biological productivity.  The lack of vegetative growth and root infrastructure decreases soil integrity, 

leaving it prone to dissociation (Keppeler & Ziemer, 1990; Marion & Ursic, 1993).  

Secondary skidder roads and stream crossings are the source of > 80% of the sediment produced 

from logging operations (Douglass & Swank, 1975; Yoho, 1980; Swank et al., 1989; Keppeler & Ziemer, 

1990; Neary & Michael, 1995; Kochenderfer et al., 1997; Kozlowski, 1999; Swank et al., 2001; Clinton & 

Vose, 2003; Rummer, 2004).  Primary road structures are paved and/or graveled to mitigate surface sheer 

stress, and release organic sediment into surface water flow; secondary roads primarily produce inorganic 

sediment. Heavy machinery is confined to log landings and primary and secondary road networks, 
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minimizing soil compaction (Yoho, 1980; Lacey, 2000; Megahan & Hornbeck, 2000; Kreutzweiser & 

Capell, 2001; Fulton & West, 2002; Riedel et al., 2004). 

The compacted soils of these impervious surfaces also decrease the biological productivity of the 

soil, as evidenced by decreasing vegetative cover (Swift, 1986; Keppeler & Ziemer, 1990; Marion & Ursic, 

1993; Kochenderfer 1997; Kozlowski 1999; Stednick 2000; Fulton & West, 2002; Hood et al., 2002; 

NCDFR, 2006).  A decline in vegetative cover exposes soils to more sunlight and evaporation, drying their 

surface.  Concurrently, they lose the structural network of roots that prevent stress-induced erosion.  These 

loose, dry soils are the likeliest to erode (Douglass & Swank, 1975; Corbett et al., 1978; Swift, 1986; Neary 

& Michael, 1995; Kozlowski, 1999; Elliott et al., 2002; Powers, 2002; Sutherland et al., 2002; Hutchens et 

al., 2004; Jones & Post, 2004; Hornbeck & Swank, 2006; Shure et al., 2006). 

Sediment impacts upon stream habitat and water quality are manifold.  Fine sediment increases 

stream turbidity, while coarse/heavy sediment settles to the bottom of streams (Silsbee & Larson, 1983; 

Megahan & Hornbeck, 2000; Sutherland et al., 2002).  Both of these sediment species degrade stream 

habitat quality, which is well-reflected in the effects upon trout in Blue Ridge Mountain streams.  Trout use 

these streams for spawning and rearing, and these life stages require visible, cool (< 68°F), well-graveled 

streambeds, and abundant tertiary structures that form relatively still pools in the streams.  Trout avoid 

turbid streams, which have decreased visibility and thereby lower mating potential and increase predation.  

Coarse sediment settles into graveled streambeds, depleting oxygen from the variable terrain of the 

graveled streambed, smoothing their topography and eliminating potential roe deposition locations, and 

driving trout away (Swift & Messer, 1971).   

Sediment deposition also has the potential to raise water levels on streambanks and expand the 

stream laterally.  This redistribution of vertical water volume on horizontal axes effectively decreases 

stream depth.  A decrease in stream depth increases stream temperature, dissuading trout habitation.  

Without BMP implementation, a lack in streambank vegetative cover directly prevents trout from 

inhabiting stream waters: water temperatures > 75°F cause morbidity and mortality (Swift & Messer, 

1971).  The economic value of trout to Asheville and Blue Ridge streams demands that trout habitat 

preservation be a priority for all management decisions.  The lack of public access to the Asheville 

watershed makes it a primary locus for trout spawning and breeding habitat.   

BMP application can greatly reduce sediment production by logging operations.  They are not 

mandatory in NC, but are often used, and to great effect.  More permanent roads are usually used in 

concordance with erosion mitigation applications, including bioretention walls, culverts, and berms that 

mitigate sediment output resulting from their use (Swift, 1986; Gray & Sotir, 1995; Swift & Burns, 1999; 

Horswell & Quinn, 2003; Lane et al., 2006). With no intervening landscape to mitigate sediment 

contributions to the water, stream crossings are the largest culprit of sediment production, and should be 

minimized (Swift, 1986; Brynn & Clausen, 1991; Lane & Sheridan, 2002). The access road is the only 

known site of artificial soil compaction within the watershed (Roe, 1996). 



  

   - 5 - 

Logging operations can minimize erosion by permitting non-marketable trees to stand, leaving 

boles in-ground, and leaving the landscape covered by detritus (Swank et al., 1989; Kochenderfer et al., 

1997; Kozlowski, 1999; Hood et al., 2002; Rummer, 2004).  Slash and snags, in particular, can have great 

impact upon soil integrity post-harvest.  They not only provide a root infrastructure, but they degrade and 

furnish soils with organic material and flush them with nutrients and minerals upon decomposition.  This 

promotes regeneration of early successional species and a habitat enhanced by tree sproutings from live 

stumps (Swift, 1986; Swank et al., 1989; Keppeler & Ziemer, 1990; Sharitz et al., 1992; Gray & Sotir, 

1995; Powers, 2002; Kreutzweiser et al., 2004).  

 Hydrology  

The Asheville municipal watershed hydrology is such that all water that falls within its catchment 

flows into either of the Bee Tree or North Fork reservoirs; a much larger volume of water flows to the 

North Fork catchment (Appendix 1).  This has implications upon land use within the watershed, which 

could increase non-source pollution into the reservoirs. Soil compaction by heavy machinery is popularly 

viewed as the main cause of erosion and sediment production. Decreased soil porosity caused by 

compaction also decreases soil water retention in the top soil horizons, shunting it into surface flow and 

temporarily increasing the volumes of catchment waters (Marion & Ursic, 1993; Neary & Michael, 1995; 

Hood et al., 2002).   

The natural porosity of Blue Ridge soils has two important impacts upon compaction.  The first is that 

groundwater – the primary source for catchment waters of the Blue Ridge Mountains – is decreased. 

Nutrient-poor ground water is filtered en route to a catchment, providing some of the most pristine water in 

the US.  Groundwater serves as the primary water source for the plants growing within the watershed and 

an alteration of the soils’ hydrology impacts the biota these soils support.  Lower soil water levels from soil 

compaction fundamentally alter the primary successional plants that can pioneer and settle a harvested site 

(Keppeler & Ziemer, 1990; Kozlowski, 1999; Fulton & West, 2002; Hutchens et al., 2004).   

 The other effect of decreased soil water retention is that water is shunted over soil instead of 

through it. Increased evaporation rates of exposed soils desiccate the upper layers of the soil profile.  The 

hardened surface impairs saturation and percolation, leaving surface flow as the only available route 

precipitation. As soil water further evaporates, the top of the soil profile becomes even more prone to water 

loss, and greater volumes of surface flow result (Douglass & Swank, 1975; Swank et al., 1989; Keppeler & 

Ziemer, 1990; Kochenderfer et al., 1997; Yeakley et al., 1998; Swank et al., 2001; Fulton & West, 2002; 

Qualls et al., 2002; Hutchens et al., 2004; Jones & Post, 2004; Nietch et al., 2005).  Increased surface water 

flow increases sheer stresses upon the upper soil horizons, instigating erosion and sediment transfer (Swank 

et al., 1989; Megahan & Hornbeck, 2000; Swank & Tilley, 2000; Negley & Eshleman, 2006).  This stress 

can remove the vital O and A horizons of the soil profile, depriving soils of organic material and high 

levels of nutrients.  Loss of these top horizons removes much of the carbon, nitrogen, and phosphorous 

from the soil, leaving the mineral layers exposed.  In more static lacustrine systems such as reservoirs, 

terrestrial-derived nutrients can create algal blooms that block sunlight from submerged aquatic vegetation 
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and utilize oxygen upon decomposition, creating hypoxic aquatic systems (Graynoth, 1979; Silsbee & 

Larson, 1983; Golladay et al., 1992; NCDFR, 2003; Kreutzweiser et al., 2004).   

Thinning the forest understory may increase water flow to catchments (such as reservoirs) with 

minimal pollution impacts, and, thusly, has the potential to benefit multiple stakeholders.  However, 

harvests that remove less than 20% of vegetative cover may not increase water accumulation yields, and, if 

they do, the yields will return to pre-cut levels within five years (Swank, 1972; Bosch & Hewlett, 1982; 

Swank et al., 1989; Keppeler & Ziemer, 1990; Swank & Tilley, 2000; Swank et al., 2001; Jones & Post, 

2004; Fohrer et al., 2005). North Carolina Best Management Practice (NCBMP)-recommended aquatic 

buffers, many of the potential pollutants, especially sediment, are prevented from reaching water 

catchments.  It is commonly accepted that the most conservative practices should be used when buffering 

public water supplies (Swift, 1986; NC FPG, 1990; NCDFR, 2003).   

An important part of forestry BMPs is the use of stream management zones (SMZs).  SMZs occur 

along three dimensions: vertical, horizontal, and lateral.  Their size depends on the intensity of forestry 

operations, the horizontal distance from the water catchment, and the slope of the landscape (Menashe, 

1998; Prud’homme & Greis, 2000; Lee et al., 2004; NCDFR, 2006). SMZs have “…proven to be one of the 

most effective and least expensive methods to implement for protecting water quality,” but they should be 

planned so that they can mitigate the impacts of extenuating circumstances like 100-year precipitation 

events (NCDFR, 2006).  The horizontal dimension of the buffer system should most greatly consider this, 

as increased resistance to surface flow is chiefly mitigated by this dimension.  The horizontal dimension 

should also consider the soil type(s) uphill of the catchment zone: clay soils will require more mitigation of 

surface water flow than sandy soils because they are less porous (Swift, 1986; Clinton & Vose, 2003; Lee 

et al., 2004).  Increases in surface water flow increase stresses upon SMZs, and these must also be 

considered in design.  Increased surface flow homogenizes the biphasic nature of the annual cycle of wetter 

and drier seasons that normally exists in the southern Appalachians, resulting in a more consistent surface 

water flow.  In some cases, this stress can be so great that SMZs are plastered in surface-transferred 

sediment and rendered functionally useless.  These plants will die if not relieved, contributing further to 

stream degradation (Swank, 1972; Douglass & Swank, 1975; Swift, 1986; Graynoth, 1979; Menashe, 1998; 

Megahan & Hornbeck, 2000; Prud’homme & Greis, 2000; Jones & Post, 2004; Riedel et al., 2004; 

Azevdeo et al., 2005; NCDFR, 2006).   

SMZs are areas of high terrestrial biological productivity.  Sediment-associated nutrients that are 

retained by the vegetative filter stimulate high levels of growth and regeneration: selective harvesting 

studies within SMZs report that vegetative cover can recover within 1 year of harvest, though species 

composition is altered.  SMZs provide excellent transit arteries for wildlife, and can serve an invaluable 

function for immediate post-harvest ecosystem dynamics such as food webs (Keppeler & Ziemer, 1990; 

Golladay et al., 1992; Sharitz et al., 1992; Gray & Sotir, 1995; Lacey, 2000; USFS, 2000; Azevdeo et al., 

2005).  This could be an invaluable criterion for maintenance of ecological function within the Asheville 

municipal watershed. 
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Management 

Ecological valuation is fundamentally an imposition of human values upon natural systems.  As 

stated in Bockstael, 1996, “human activity, rather than natural succession, is the most common cause of 

land use change.”  The opinions regarding the Blue Ridge Mountains and its forests can be seen as a 

reflection of the different perspectives stakeholders have in the management of these forests; the dissent of 

Asheville’s city council displays this diversity (and divisiveness) of opinion.  When regarding public water 

supplies, however, maintenance of water quality and “hydrologic character” are the highest priority (NC 

FPG, 1990; Prud’homme & Greis, 2000; McNaught et al., 2003).  This has been the explicit governing 

perspective since the Organic Act of 1897, which created the National Forest system with the explicit 

purposes of “improv[ing] and protect[ing] the forest within the boundaries, or for the purpose of securing 

favorable conditions of water flows, and... furnish[ing] a continuous supply of timber for the use and 

necessities of citizens of the United States” (DOI, 1897).  In accordance, the American South’s forested 

watersheds are recognized as having some of the highest water quality in the US, and NC explicitly 

acknowledges the need for clean water sources under the NC Department of Water Quality (NCDWQ), NC 

Division of Forest Resources (NCDFR), and NC Department of Natural Resources (NCDNR) (Fulton & 

West, 2002).  

As recognized under the Organic Act of 1897, there is a governance perspective that 

acknowledges the need for forests to be managed for timber and its byproducts (DOI, 1897).  The South 

has extremely productive forests that regenerate quickly, and is currently the center of timber harvesting for 

the country (Elliott et al., 2002). There are ample timber resources in the forested lands east of the 

Mississippi River: 51% (300 million acres) is forested, and contains 53% (8.6x10^9 dry metric tons) of US 

total tree biomass (Douglass & Swank, 1975; USFS, 2000; Fohrer et al., 2005).  As a result, “…it is the 

revenue returned by timber sales rather than sale of the extra water produced that often dictates 

management prescriptions” on municipal watersheds (Douglass, 1983). With the high priority that the US 

Forest Service (USFS) and local municipalities place on the ecology of these watershed forests – 

classifying them as “higher sensitivity,” and prohibiting management activities that can be publicly 

observed – management that preserves historic and old growth habitats seems to be balanced with the 

potential revenue of such forests.  

The impacts of this chronicled forest logging have not been inconsequential: 83% of Blue Ridge 

habitats are estimated to be degraded by past land uses.  Currently, about 2% of all streams and 7% of 

impaired streams are degraded due to forestry practices; and 13% of wetland loss in the American South 

from 1982-1992 was from silvicultural practices (Hutchens et al., 2004; Rummer 2004; Schaberg & Abt, 

2004).  With 1.5% of timberland available annually for harvest, there is a potential to harvest 44% of the 

mid-Atlantic forests in the next 30 years (Schaberg & Abt, 2004).  NC’s BMPs may moderate impacts of 

this management, but BMP compliance has been slow to occur.  Forestry practice guidelines (FPGs), 

similar to BMPs, seek to mitigate forestry impacts upon terrestrial and aquatic ecology, have been actively 

encouraged by the NC Department of Forest Resources (NC DFR).  Though NC’s FPG compliance now 
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stands at 95%, until 1989 forestry practices were exempt from observing FPGs, designed to minimize water 

pollution from forestry (Aust et al., 1996; Prud’homme & Greis, 2000; NCDFR, 2003; NCAC, 2004; 

Nietch et al., 2005; Ryder & Edwards, 2005). 

Periodic harvesting of logging sites, even if spaced years apart, exacerbate ecological impacts.  

Already sensitive from prior agitation, soils quickly erode upon repeated disturbance (Golladay et al., 1992; 

Lacey, 2000; Hood et al., 2002; Rowland et al., 2005).  Though disturbances such as 100-year rainfall or 

hurricanes cannot be controlled, multiple timber harvests can, and, with the vulnerability of a public water 

source at issue, should be considered with gravity before authorized.   

Fundamental to minimizing the environmental impacts of forestry management is administration 

by a professional forester familiar with state BMPs and local ecosystems. Working with stakeholders’ 

foresters ensures that systems are managed to minimize damage, and forester involvement is correlated 

with BMP compliance.  Preplanning is essential to this process.  NC DWQ recognizes this, and 

recommends forester involvement for all logging operations that include riparian zones (Brynn & Clausen, 

1991; Aust et al., 1996; Prud’homme & Greis, 2000; NCDFR, 2003; NCDWQ, 2004; Holcomb, 2005). 

Logging within the Asheville watershed would also require extraction methods that produce 

minimal amounts of sediment so as to not threaten the quality of the municipal water supply.  Helicopter 

log removal produces the lowest amounts of sediment, but is much more expensive than more conventional 

extractions such as tractor-drawn and cable-yarded skidders (Rummer, 2004).  Rubber-tired vehicles 

produce the highest levels of sediment and should be avoided.  Furthermore, skidding has too often opted to 

use the shortest paths between harvesting sites and the road network.  This frequently requires dragging 

timber perpendicular to the hill grade and across patches that would otherwise be untouched aggravating 

soil integrity.  Instead, skidder tracts should be planned to follow hillgrades and only traverse affected 

landscapes; they should use a “least-cost” landscape that minimizes sediment production (Bockstael, 1996; 

Kochenderfer et al., 1997; Kozlowski, 1999; Lacey, 2000; Megahan & Hornbeck, 2000; Prud’homme & 

Greis, 2000; Kreutzweiser & Capell, 2001; Elliott et al., 2002; Fulton; West, 2002; Rummer, 2004; Nietch 

et al., 2005). 

NC advises the use of minimum 50-ft. SMZs, which should provide enough resistance to surface 

water flow over all soil types in all three of the landscape of NC (coastal plain, Piedmont, mountains).  

However, the NCDFR also states that this is a minimal buffer, and that conditions may demand a greater 

preventative character to the buffer, such as mountainous terrain (NCDFR, 2003; NCDFR, 2006).  Most 

cities demand larger buffers for public water sources (Swift, 1986). 

Slope is a significant consideration for logging operations’ execution and impacts mitigation.  A 

catchment surrounded by a large, grassed floodplain will need less SMZ width than a mountain stream that 

accepts high-energy surface flows.  To not consider slope when planning mountain SMZs is an ignorance 

of hydrology and displays a lack of investment in the water quality of a public supply. However, it also 

known that the presence of vegetation in SMZs can amend for the lack of slope considerations; vegetation 

presence can mitigate sediment flow from surface water moving at velocities up to 1.3 m/s.  Furthermore, 
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root infrastructure is fundamental to maintaining streambank stability and direct sediment input to 

catchments (Swift, 1986; Gray & Sotir, 1995; Abernethy & Rutherfurd, 2000; McNaught et al., 2003; 

NCDFR, 2003; Lee et al., 2004; Rummer, 2004).   

While the need for BMPs is no longer debated, the issue of harvesting in SMZs remains an issue. 

There are claims that the economic value of clean water outweighs benefits from harvesting trees within a 

50-ft. SMZ.  This width is often increased if logging occurs within the SMZ and/or slope consideration 

(Corbett et al., 1978; Lacey, 2000; NCDFR, 2003; Kreutzweiser et al., 2004; Lee et al., 2004; Hornbeck & 

Swank, 2006).  One claim about SMZs states that, “…for every $50 spent on erosion control at 

construction sites, taxpayers could save $500 spent on downstream dredging costs” (Nietch et al., 2005).  

Others claim that, with care and preplanning, 20-30% of trees in a SMZ can be extracted without impacting 

riparian ecosystems and water quality (Lacey, 2000).  Bosch & Hewlett, 1982, showed that a 10% decrease 

in SMZ deciduous tree coverage, a 25mm increase in water is gained, and without a decrease in water 

quality.  

Southern Appalachian forests are remarkably resilient.  Most of the regrowth in an unmanaged 

system will be shade-intolerant species, featuring shrubs, bushes, and epiphytes with low-nutrient 

requirements.  These types of plants have high decomposition rates, and nurture soil with rich O- and A-

horizons in little time.  In post-harvest logging sites, with a great deal of uncovered land, deciduous 

saplings and root sprouts have an advantage over some coniferous saplings: sprouts generate from snags 

and stumps left on the landscape.  However, their dominance in the system will not be representative of the 

pre-cut ecosystem: without active management, more rapidly growing species like the tulip poplar will 

dominate (Golladay et al., 1992; Lacey, 2000; Elliott et al., 2002; Hood et al., 2002; Hutchens et al., 2004; 

Kreutzweiser et al., 2004; Hornbeck & Swank, 2006; Shure et al., 2006). It can be estimated that the 

Asheville watershed would recover the majority of its vegetative cover within five years of a harvest. 

Recovery of the native ecosystem to its predisturbance ecological composition, however, can take 

anywhere from 100-400 years (Golladay et al., 1992; Lacey, 2000; Elliott et al., 2002; Hood et al., 2002; 

Hutchens et al., 2004; Kreutzweiser et al., 2004; Hornbeck & Swank, 2006; Shure et al., 2006). 

If a harvested stand is permitted to regrow, there must be decisions regarding its burgeoning 

growth. The Blue Ridge Mountains are renowned for high primary productivity, high nitrogen retention in 

soils, resilience in biogeochemical cycling, and, consequently, high water quality. The shrub growth of 

rhododendron, sassafras, and others that predominates throughout here is likely the majority of land 

coverage in the Asheville watershed as well, a result of fire suppression and these species’ vegetative 

resilience.  Invasive species take advantage of this management strategy, and can be found throughout the 

southern Appalachians. Forestry management can potentially be used for habitat restoration, and can be 

actively managed, with the use of fire, to discourage the growth of invasive species and/or encourage the 

growth of desired species, including, potentially, the genetically-restored American chestnut tree (Resh et 

al., 1988; Sharitz et al., 1992; Kochenderfer et al., 1997; Menashe, 1998; Lacey, 2000; Swank & Tilley, 

2000; USFS, 2000; Elliott et al., 2002; Rowland et al., 2005; Hornbeck & Swank, 2006; Shure et al., 2006). 
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Qualitative Analysis: Appalachian Municipal Watershed Comparison  

Introduction   

“The quality of water draining forested watersheds in the South is typically the highest in the 

country” (Fulton & West, 2002).  The region is also noted as being a center of forestry management; the 

southeastern US climate is ideal for deciduous and, especially, pine regeneration and stand perpetuation 

(Elliott et al., 2002; Schaberg & Abt, 2004).  As a result, the impacts of land use upon public water supplies 

are an issue throughout the Appalachians, and the opportunity to improve revenue through logging 

operations is a more pressing issue in the American Southeast than much of the U.S.   

The NC state government has acknowledged the threats to public water supplies from, amongst 

other land uses, urbanization and forestry, through the implementation and enforcement of BMPs, FPGs, 

and SMZs (NCDFR, 2003; NCDWQ, 2004; NCDFR, 2006). A public right to clean water is recognized, 

and sediment is recognized by NC as the top threat to all water supplies (Yoho, 1980; Swift, 1986; 

McNaught et al., 2003). Sediment mitigation in the Asheville watershed has the potential to maintain clean 

public water in the event of active management such as logging.   

Municipalities throughout Appalachia face issues of balancing revenue opportunities through land 

management such as timber exploitation and maintaining a healthy public water supply.  They must also 

consider an increasingly interested and invested public that – in NC – prioritizes ecological conservation 

and public health aspects of watershed management (Schaberg et al., 1999).  Some municipalities have 

responded with a strictly preservationist management regime (Greenville, SC); others continually harvest 

timber from municipal watersheds (Altoona, PA).  Many municipalities manage watershed lands in a 

manner that falls between these two management approaches.  In assessing the management options for the 

Asheville, NC, forested municipal watershed, a comparison with other Appalachian municipalities – 

particularly the benefits and costs of particular management strategies – appears to be an educational 

pursuit. 

Methods 

The selection of the municipalities was based upon five criteria:  

• location within the Appalachian Mountains  

• a forested municipal watershed  

• a reservoir water supply 

• proximity to Asheville 

• population size   

 

Based upon these criteria, the cities of Galax, VA, Spartanburg, SC, Altoona, PA, and Greenville, 

SC, are all examined and compared.  Some of the municipalities selected fulfill more of the criteria than 

others, but all are forested municipal water sources in the Appalachians.  One municipality is not 

considered to reside in the “southern Appalachians” (Altoona, PA), but its population is roughly the same 

size as Asheville.  In assessing the managements of the watershed land and water quality, land use, number 
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of reservoirs, water quality, treatment costs, and success/failures of management strategies are all 

considered. 

Galax, VA 

The city of Galax, VA, is located in southern Virginia, along the NC border, in the Blue Ridge 

Mountains, at an elevation of 2079 to 3560ft.  The city has a population of 6,670 served by the Chestnut 

Creek watershed. The Chestnut Creek watershed serves a greater population of 22,000 residents in the 

surrounding 91,594 acres, where forestland (53.7%) and cattle-based agriculture (34.3%) are the most 

prevalent land uses. The topographic slope is 10-16%.  In Carroll County, VA, alone, there were 939 farms 

with 117,167 acres worth $15,952,000 in annual revenues; 78.7% of these lands were designated for 

livestock. The area has ecologically sensitive areas, including 6 unique bog systems called “the Glades,” 

and three state-listed endangered species: the bog turtle, piratebush, and Virginia spiraea.  All 

demographics show the counties and cities of this area as being economically depressed relative to the 

state, and dependent upon agriculture and a growing retirement services niche (USDA NRCS, 1996).  

In 1996, the VA Department of Conservation and Recreation rated the Chestnut Creek watershed’s 

ecological prioritization as “High+.”  Chestnut Creek had degraded to the point that, of 158 stream miles, 

20 miles were impaired by severe erosion, and another 55 miles were degraded by moderate erosion.  Most 

of the erosion was due to a lack of BMPs on cattle farms: cattle were permitted direct access to the creek 

and its banks; no SMZs were enforced or encouraged by the state (USDA NRCS, 1996).   

This same year, Virginia deemed that the erosion resulting from forestry in this hydrologic unit 

(HUC) was in the top 10% of the state.  Annual timber harvesting was 210-250 acres/year, with 75-100 

acres of these lands used for white pine plantations.  Timber harvesting continues to increase annually. 

Forestry produces the highest intensity of sediment of any land use in the Chestnut Creek watershed, at 

14.50 tons/ha/yr.  These operations are all on private lands, so revenues and operations details are not 

publicly available (USDA NRCS, 1996).  

The Chestnut Creek dams are the only water source in this study that is not a reservoir, instead 

relying upon a series of dams created within the creek.  Under these landuse conditions, sediment loading 

of the streams was high enough to effectively disable three dams upon instigation of heavy rainfall. 

Downstream sediment levels were 1,343 tons/square mile/year, versus the state average (and acceptable) 

level of 555 tons/square mile/year. The extra maintenance required to clear these dams cost $13,783/year.  

These excess sediment levels degrade stream habitat quality, prohibiting trout residence due to turbidity 

and sediment deposition; trout is a significant aspect of the Galax-area tourism industry.  4.1 miles of the 

stream network are completely uninhabitable to trout due to toxic metals, pH, pathogens, and phosphorous 

levels. Furthermore, the dams lost all pool areas to sediment, and the turbid waters were unfit for recreation 

(USDA NRCS, 1996).  

In 1996, the US Department of Agriculture (USDA) Natural Resources Conservation Service, and 

USDA Forest Service, worked with invested county and civic governance bodies to develop a Chestnut 

Creek watershed management plan. This plan, observes that “...benefits are associated with improved water 
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quality, greater recreational opportunities, lower water treatment costs, improved aesthetics, increased 

biodiversity, and lower risks to public health and safety.”  They recognize that these impacts on ecological 

and human health, as well as economic.  The 3,075 tons of sediment/acre/year on forestlands – 215 acres 

grazed by cattle – was estimated to cost $63 per acre per year for a total of $13,500 per year.  The 50.1 

miles of potential trout habitat stream impaired by sediment and ammonia from cattle excretion was 

estimated to cost a third of the potential fisherman use every year, valued at ~$2000/year.   As already 

stated, it was estimated that the increased dam maintenance resulting from increased sedimentation cost the 

governments $13,783/year, with an additional $1,818 in road cleanup costs.  These values have not been 

adjusted from their 1996 values (USDA NRCS, 1996). 

To remedy these conditions, a 15-year management plan approved by the committee aims to 

restore much of this habitat primarily through sediment reduction.  The client communities recognized the 

need for management, and were supportive of the plan.  The most direct management strategy was to 

observe and employ BMPs, particularly upon agricultural lands. (USDA NRCS, 1996).  To this end, 15ft 

SMZs were established on streambanks, mainly through the creation of a network of 91 acres in 

conservation easements (USDA NRCS, 1996).   

On forested lands, this required the implementation of SMZs and preplanning to reduce 

impervious surfaces, particularly “...logging roads, saw mill sets, log decking sites, skid trails…” that are 

sources of sediment production.  35 acres of forestland were deemed in need of restoration, which was 

assessed to cost a total of $26,350.  The total cost of the project, adjusted for future inflation is $348,306, 

and a total sediment reduction of 113,641 tons per year, with a benefit : cost ratio of 0.18 (USDA NRCS, 

1996).  A benefits optimization – a more accurate measure of cost efficiency – was not conducted, but an 

explicit recognition of ecological and economic sustainability through such measures was recognized. 

These measures appear to be working, though “…sediment is [still] the Most Probable Stressor for 

Chestnut Creek,” and is the primary pollutant targeted in riparian restoration efforts (NR-HRC&D & 

MapTech, Inc., 2006).  The TMDL goal for sediment loads in Chestnut Creek is 6,618 T/yr, a 27.8% 

reduction from current/1996 conditions.  This requires a 34% decrease in sediment production from 

forestry practices, currently at 14.60 T/ha/yr (NR-HRC&D & MapTech, Inc., 2006). Sediment is mitigated 

by increased riparian vegetation and buffer presence; there is a correlation between decreasing sediment 

levels and increased riparian corridor vegetation (Graynoth, 1979; Swift, 1986; Swank et al., 1989; Swift & 

Burns, 1999; Prud’homme &; Greis, 2000; Powers, 2002; Horswell & Quinn, 2003; Lane et al., 2006; 

NCDFR, 2006).  Metals associated with sediment have also decreased, to the point that almost all levels are 

now within the 90th percentile for metal contamination of streams (NR-HRC&D & MapTech, Inc., 2006). 

Spartanburg, SC 

Lake Blalock watershed occupies 176,760 acres in the western parts of both SC and NC, and 

serves a total population of 192,074 in Spartanburg County with a total capacity of 37.5 mgd.  The total 

daily demand by the public is 79 mgd; the remainder of water supplied is provided by the Lake Bowen and 

Municipal Reservoir #1 reservoirs and the Landrum Dam.  Lake Blalock has an elevation of 710 ft and 
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occupies a location in the southern tip of the Blue Ridge Mountains northeast of the city of Spartanburg, 

SC.  The lands around Lake Blalock are for the “passive use and enjoyment of the buffer land as well as 

access to the lake”, provided these actions don’t threaten the residents of Spartanburg, SC, their “legal right 

to take all action necessary to maintain and protect its water system” (SWS-1, 2006) 

The primary land-use surrounding Lake Blalock is residential, single-family plots.  Recently, 

Spartanburg Water Systems (SWS) has claimed authority over all land modifications – active and passive 

landuses – up to 720 ft within the Lake Blalock watershed.  SC BMPs are used to mitigate pollution of 

Lake Blalock and are strictly enforced: the private residential plots have essentially been overlaid with 

SWS jurisdictional zoning, creating a ~30m SMZ along the lake.  The aims of this regulation appear to be 

to preserve both high water quality and the habitat of the federally-endangered dwarf-flowered heartleaf 

(Hexastylis naniflora).  This regulation is intense, prohibiting gardens, kennels, and leaf-raking within the 

buffer zones; maintaining 70% “natural” lawns; prohibiting the use of herbicides, pesticides, and fertilizers; 

and restricting water recreation surface activities. Furthermore, while maintenance pruning is permitted, 

“clearing/thinning cannot result in non-vegetated areas that exceed 500 square feet.” Land modifications 

must obey BMPs and be authorized by SWS.  The landowners are responsible for reparation of any altered 

lands to ensure sediment mitigation, and responsible for all damages that occur on their property (SWS-1, 

2006).   

This environmentally conservative regulation of land use may be the result of contamination at the 

other two artificial drinking water reservoirs that served Spartanburg, Lake Bowen and Municipal 

Reservoir #1.  Sharing similar ecosystems, these watersheds are also used residentially, and display the 

symptoms of eutrophication.  The toxin-producing cyanobacterium Cylindrospermopsis raciborski was 

found in both reservoirs at Toxin Alert levels 1 and 2, the highest under Australian standards.  Nitrogen and 

phosphorous levels in both reservoirs are higher than EPA-recommended levels, and high levels of geosmin 

– a potent foul-smelling and –tasting chemical that is a byproduct of algal blooms – are also found.  These 

biochemical assays indicate lake conditions that are favorable to algal blooms, which are conducive to 

failing lacustrine health, notably decreased photosynthesis and net primary productivity, and hypoxic 

conditions due to algal decomposition.  Waters affected by algal blooms have increasingly poor water 

quality affecting public water supply suitability (Journey & Abrahamsen, 2006). 

Lake Blalock was only reopened as a public drinking water source in September 2006, just prior to 

the discontinued use of Lakes Bowen and Municipal Reservoir #1, and following the completion of the 

Lake Blalock dam.  The high degree of regulation and lack of recent use bode well for water quality.  No 

TMDL studies have been conducted for Lake Blalock, but SWS has been monitoring water quality since 

reinstatement of the lake as a public utility.  

There appears to be an equivalent expenditure of resources and finances to maintaining high water 

quality in Lake Blalock relative to the other municipal reservoirs.  Less chlorine is used for every million 

gallons of water than on average for other water sources.  Low dissolved oxygen (DO) levels, an indirect 

symptom of water eutrophication, are found below depths of ~20ft., indicating some lasting impacts of 
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nutrient runoff.  In contrast, nearby Lake Simms continuously maintains DO levels between 5 and 10 mg/L 

to depths beyond 30ft except for the late summer and early fall, when oxygen consumption is at its peak.  

The costs for this treatment are low, at $618,000, or ~$0.30/1000 gallons, for all three water treatment 

systems.  Management costs are unknown, but management is intensive, with consistent surveillance 

(personal communication with Ken Tuck). 

Altoona, PA 

Altoona, PA, is an urbanizing and growing municipality, but it is surrounded by a landscape that is 

mostly rural, with primarily forested lands (>97%).  The city is located at 458m elevation in the middle 

range of the Appalachian Mountains, on the Allegheny Front; it is the municipality farthest from Asheville, 

NC. It is a city of ~75,000 people who consume 7.5 mgd.  The watershed lands occupy 42,240 acres 

surrounding the city and flow into 12 public water reservoirs that are filtered by 7 water treatment facilities.  

In 2003, the EPA conducted a Source Water Assessment Program for the municipality (GDFICE, 2004).  

Despite the preponderance of forested lands, logging operations are not a concern for Altoona 

governing authorities.  The change in geology between Asheville and Altoona is such that Altoona is in 

formerly coal-rich mountains.  Due to improper closure and abandonment, many former coalmines produce 

acid mine drainage (AMD), which is the result of acidified, metallic waters seeping from all mines over the 

landscape and into water catchments.  The impacts of AMD are potent, and can be seen in discolored 

waters, smelled from the release of hydrogen sulfide, and felt in waters that can corrode a soda pop can in 

two days (ILGARD, 1999).  These toxic conditions drive off wildlife, discourage regenerative growth, and 

degrade ecosystem health and function.  Altoona is currently making efforts, with cooperation from EPA 

and Pennsylvania DEP, to neutralize these impacts. 

Also of concern to Altoona authorities are the occurrences of illegal dumping and impervious 

surface runoff. Dumping is a responsibility for law enforcement agents.  The road network that weaves 

throughout the surrounding counties and cities in the Altoona municipal watersheds is the main source of 

pollutants from impervious surface runoff.  Altoona is a prime example of urbanization impacts upon water 

quality (GDFICE, 2004).  Increasing vegetative cover throughout the watersheds, particularly via SMZ 

implementation, can mitigate runoff pollution, though this could be difficult in urban areas (Swift, 1986; 

McNaught et al., 2003; Holcomb, 2005; NCDFR, 2006). 

Forestry in Altoona, PA, is managed by the consulting company American Forestry Consultants.  

Though forestry profits belong to the city of Altoona, the lands logged are on private-held property, making 

profits and costs difficult to obtain.  Of the 10-12,000 acres of forested lands within the municipal 

watersheds, approximately 200 acres are logged each year; the volume of timber harvested is determined 

by Altoona, PA’s, budgetary needs.  All of the wood harvested is deciduous, predominantly oak, but 

including maple and cherry.  PA BMPs are employed in all logging operations, and riparian buffers are 

maintained for all public water reservoirs.  The trees are harvested using rubber-tired skidders, and the trees 

are not high-graded; unevenly-aged stands are maintained (personal communication with Craig Osterman, 

AFC). 
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Given the other pollution sources that affect the public water supplies for Altoona, PA, it is 

impossible to distinguish the impacts of forestry practices upon water quality.  There are too many 

confounding factors: sediment may result from the widespread impervious road network throughout the 

watershed; illegal dumping introduces too many potential biological and chemical factors; and AMD 

dramatically alters all biological and chemical impacts upon the water catchments.  Put succinctly: how can 

one distinguish the potency of forestry-instigated sediment upon fish habitat if AMD creates a chemical 

environment that is already uninhabitable?  Current water quality data indicates improvement, but this has 

little to nothing to do with improved forestry management practices, which ultimately seem to little affect 

water quality: turbidity consistently remains <1 NTU (personal communication, Mike Sinisi, Altoona, PA). 

 

 

Greenville, SC 

Standing in sharp contrast to Spartanburg, SC, is neighboring Greenville, SC.  This municipality is 

also located in northeastern SC and, with Spartanburg and Anderson, SC, forms a tri-city region that is one 

of the quickest growing in SC.  Greenville draws water from two artificial reservoirs, Table Rock and 

Poinsett, that lie 25 miles northwest of the city, in the southern tip of the Blue Ridge Mountains, and serve 

a city of > 56,002; the daily water demand in 1991 was 40 mgd.  The watersheds are at approximately 

3,000 ft, and the water surfaces are at ~1250 ft.  The Table Rock watershed occupies 9,833 acres and the 

Poinsett watershed occupies nearly 20,000 acres.  These lands are held by Greenville under a strict 

preservation ethic.  The land hosts “old-growth” tree stands and provides habitat for a reported “thirty-

seven rare, threatened, or endangered [plant] species, ” as well as five of eight SC-endangered bat species, 

wild trout, and Peregrine falcon (GWSC, 1992). 

The similarities between the Greenville, SC, municipal watersheds and the current status of the 

Asheville, NC, municipal watersheds are striking.  Indeed, Greenville compares its watershed to 

Asheville’s in its 1992 management evaluation.  The watershed lands are managed under a strict 

protectionist ethic, with a prohibition on wastewater or septic effluent, or any development, including 

citings of industrial zones, logging operations, or recreational pursuits.  An exception to the prohibition on 

recreational use was made in 1991, when Greenville permitted the state to modify its watershed lands to 

extend it Mountains-to-Sea hiking trail, provided the trail was a throughway with no camping sites (GWSC, 

1992). 

The regulations regarding the reservoirs are enforced, with the waters and banks surveyed daily by 

boat, and emergency fire access roads being the only significant transit routes that invade watershed lands.  

Herbicide and fertilizer application are permitted, presumably to eliminate occupation of the watershed by 

invasive species.  Construction is also permitted, if it is used to mitigate sediment production following a 

fire (GWSC, 1992). 

Greenville claims that any debate regarding the management of their reservoirs is a “non-issue”: 

the city owns all of the land, and is satisfied with the current management strategy.  The 1991 numbers 
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seem to enforce this position, as the maximum turbidities for Table Rock Lake (2.5) and Lake Poinsett (3 

NTU) are below EPA levels of concern (5 NTU), and these were following unusually intense precipitation 

events.  In 1991, Greenville was spending ~$51 million/year, including engineering, to serve an average of 

44 mgd to the populace of ~100,000; there was a growth of ~2000 new accounts annually.  For this 

management plan, Greenville boasted that, of “…a comprehensive survey of 272 watersheds and watershed 

systems in the U.S….none [were] so well protected as Greenville’s” (GWSC, 1992). 

Greenville has not done any further studies regarding their watershed management plan, 

committing to its strategy.  They continue to boast of superior water quality and, with a robustly-growing 

population, it is an excellent comparison to Asheville. 

Asheville, NC  

Asheville, NC, has two municipal watersheds on the south face of the Blue Ridge Mountains: 

catchments flow into the Bee Tree and North Fork Reservoirs.  The total land area of the watersheds that 

supply these water bodies is 22,000 acres.  The water serves a city of over 70,000 persons who have a daily 

demand of 36 million gallons; between the two, the watershed has a supply capacity of 6.5 billion gallons 

of water per year.  It is currently protected from alteration by a conservation easement that preserves the 

water quality of the reservoirs and prohibits disruption of the viewshed from the Blue Ridge Parkway 

(BRP).  This easement is held by the city, but is in the care and supervision of the Conservation Trust of 

North Carolina (CTNC) (Roe, 1996). 

Forestry has not been practiced in most of the watershed in over 50 years; small parcels were 

harvested between 1963 and 1976 (GWSC, 1992).  Under the current stipulations of the conservation 

easement, the lands of the watershed are to be “…retained forever in its predominantly natural, scenic, and 

forested condition… [to] protect native plants, animals, and plant communities.”  Furthermore, no use of 

the watershed may “...significantly impair or interfere with the conservation values of the Protected 

Property [sic].”  The easement, however, does provide for “...the right to expand the Water Protection 

Facilities to meet growing demand for water,” provided all such expansions follow NC BMPs, maintain 

high water quality standards, and are not visible from the BRP (Roe, 1996). 

The conservation explicitly outlines that logging is permitted in the watershed, provided it is 

uneven-aged, selective harvesting that lies under 3600 ft, and the impacts are not observable from the BRP.  

Furthermore, the operations must avoid all threatened and endangered species and their habitats, as well as 

preserving old-growth forested lands (Roe, 1996).  The lack of an ecological inventory makes the 

likelihood of any of these eventualities unknown. 

Based upon data from prior harvesting operations within the North Fork municipal watershed, the 

forestry impacts would be low.  From 1963 to 1976, with considerably less stringent state regulations 

regarding logging operations than currently exist, all turbidities were lower than the EPA-mandated 

threshold of 5 NTU.  On average, turbidity levels were 0.4-1.5 NTU, and they maximized following intense 

precipitation events at 4 NTU.  These levels were higher than those found in the pristine watersheds of 

Greenville, SC, and cost the residents of Asheville more than those in Greenville (GWSC, 1992). 
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Since then, turbidity levels have dropped to < 1 NTU, and the public water sources possess 12 of 

128 EPA-regulated substances, all below federally-required levels.  Bee Tree Reservoir is currently not 

being used, and a new reservoir (of lesser water quality) has been opened on the Mill River, a result of this 

river’s successful recovery from the federally impaired waters’ list (US EPA).  The demand at North Fork 

Reservoir is 17-18 mgd, with a remaining 3 million daily gallons provided by Mill River.  The annual 

operating cost for the Asheville Water Department is $3.5 million with an additional $7.8 million spent on 

water treatment “plant upgrades” for both Bee Tree and North Fork Reservoirs (personal communication 

with David Hanks, AWS).  Asheville’s water quality is high, and has been noted by NC DENR as an 

exemplary stewardship situation in which the owner protects a public water source via ownership. 

 

Table 1:  Appalachian Municipalities with reservoir water supplies, relative to Asheville 

 

Summation 

 The Asheville, NC, watershed mirrors the situation in Greenville, SC: high water quality within 

untouched, forested watershed.  Unlike Greenville, there is an option to artificially disturb this watershed 

through logging, provided such management does not threaten the quality of the public water supply.  

Altoona, PA, shows that, in regard to sediment impacts, a precautionary approach that prioritizes water 

quality and observes recommended BMPs can provide a profitable timber harvest with negligible impacts 

upon the catchment waters.  Furthermore, water supplies will temporarily increase. 

City Population Management Water Impacts Water Quality Costs 

Galax, VA 22,000 
Remediation; BMP 

Enforcement 

High: forest, 
agriculture, 

urban sources 

Low: 34% forest 
sediment 

reduction needed 

Remediation: 
~$350,000 with a 

0.18 C:B?? 

Spartanburg, SC 253,791 
Restricted 

Residential Use 

Medium: use 
restricted, 
enforced; 
eutrophy 

Medium+: Safe 
for recreation & 

drinking; DO 
issues 

Management: 
$3,707,933 

 or $0.30/1000 
gallons 

Altoona, PA ~75,000 

Managed Use, 
Including Urban, 
Agriculture, & 

Forestry 

Medium: point 
sources inc. 

AMD, 
dumping, urban 

runoff 

Medium: <1 
NTU, but other 

concerns 
X 

Greenville, SC 98,592 (1991) 
Highly Restricted 
for Conservation 

None 
Good: <1 NTU; 

no notable 
pollutants 

Management+ 
Treatment: 
$54M/yr 
(1991) 

Asheville, NC ~100,000 
Highly Restricted 

for Conservation & 
Water Quality 

None 
Good: <1 NTU; 

no notable 
pollutants 

Management + 
Treatment: 
~$11.3M/yr 
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 Should Asheville proceed with timber harvesting in their municipal watershed, a conservationist 

approach is recommended.  Galax, VA’s, poor water quality serves as an example of how mismanaged 

forestry operations can potently affect public water supplies.  Both Galax and Spartanburg serve as 

cautionary tales of the costly remediations municipalities have had to use in order to neutralize the impacts 

of historic non-regulation of public watershed lands.  A well-planned, conservationist approach managed 

by a professional forester and observing NC BMPs will mitigate these types of negative impacts upon 

watershed ecology, sediment, and hydrology, and can yield a sustainable landscape that will continue to 

host native and endemic species.   
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Quantitative Analysis: GIS Determination of Logging Sites  

The analysis of logging within Asheville’s municipal watershed is a hypothetical scenario, with 

the purpose of management application.  The landscape can be modeled using federal data and GIS 

software.  Federal data sources provide both directly sampled data (NHD water quality data) and indirectly-

sampled data (slope). Modeling was carried out in ESRI ArcGIS, which possesses sufficient applications to 

both analyze the 22,000-acre landscape and the effects of forestry upon the landscape and hydrology. 

Data Collection 

 The data for the Asheville municipal watershed was obtained mostly from federal sources.  

Existing stream networks and water features were supplied by the National Hydrologic Dataset (NHD).  

Resolution of one-third arc second elevation data provided data at a resolution of 10x10m cells; it was 

obtained from the USGS seamless server.  USGS also supplied land use land coverage, impervious surface, 

and canopy coverage data sets.  SSURGO was contacted for watershed soil data for Buncombe County, 

NC, but none has been digitized yet.   

From this data, secondary features including slope, and surface water flow direction and 

accumulation were derived using ArcGIS tools (Appendix 2).  Further feature data, including local road 

networks, BRP location, and BRP viewpoints were provided by Hugh Irwin at the Southern Appalachian 

Forestry Coalition (SAFC). 

Watershed Delineation & Logging Site Selection 

 The Bee Tree and North Fork reservoirs’ watersheds were delineated using flow direction data.  

The pour points were snapped to flow accumulation pixels that were overlain with the known feature 

positions of the reservoirs for accuracy.  The watersheds were determined by providing the ArcGIS 

“watershed” tool with these pour points and flow direction data (Appendix 1). 

All logging operations, including landings and road infrastructure, within the Asheville municipal 

watershed must fulfill the criteria of the conservation easement.  Therefore, GIS was employed to 

determine the areas to which harvesting would be legally restricted.  A decision tree detailing the analytical 

delineation of potentially harvestable lands is seen in Figure 1.   
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Figure 1:Decision tree of logging site selection within the Asheville municipal watershed. 

Due to the watershed’s restricted access, the only observable lands are to BRP travelers.  The 

viewpoints shapefile was digitized to incorporate elevation data, and the “viewshed” tool was used to 

delineate the viewshed from these points (Appendix 3).  Visible lands were reclassed to “0”, and non-

visible lands to “1”; lands of value = 1 were selected.  The easement also states that all landscape 

alterations must take place at elevations < 3600 ft, so watershed lands fulfilling this criterion were selected; 

all other data was set to “null” (Appendix 4).  Under NC BMPs, SMZ widths between 25 and 125 ft are 

recommended for mountainous regions; I chose a width of 30m; all other land was reclassed as “0” 

(Appendix 5) (NC DFR, 2003).  30m is frequently cited in both domestic and international studies of 

forestry operations in mountainous regions. Non-visible lands were masked with the riparian buffer and 

elevation files, such that only remaining areas were non-visible, > 30m from water features, and < 3600 ft 

in elevation (Fig. 2).  The resulting land area is ~600 hectares, or 6.76% of the total watershed area, and is 

the potential harvestable area (Appendix 6). 
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Figure 2:  A graphic representation of the GIS tools used to determine the potentially harvestable land in the Asheville 

municipal watershed. 

 

Slope criteria were applied to these potential harvesting sites.  Greater slopes carry greater 

operational risks and produce higher energy surface water flows, which produce more sediment.  Slope 

scenarios of 15%, 25%, and 35% were explored by simply reclassifying potential harvestable lands so that 

only cells with these slopes or lower persisted. Land with these slopes was then used as a mask that was 

applied to the potential harvestable areas.  The remaining areas are ones that could be legally and safely 

harvested (see Appendix 7).  The areas persisting under all three slope scenarios are small relative to both 

the total watershed area and the potential harvestable areas (see Table 2).  The least conservative harvest 

scenario, which permits operations upon slopes of up to 35%, yields a total harvestable area that is 0.283% 

of total watershed lands, and only 4.18% of legally-harvestable lands. 

Table 2: 

SLOPE SCENARIO 
AREA 

(HECTARES) 
% OF 

HARVESTABLE LAND 
% OF 

TOTAL WATERSHED 

15% 3.99 0.66 0.045 

25% 11.42 1.90 0.129 

35% 25.09 4.18 0.283 

 

Least-Cost Path Determination 

 Slope criteria limit possible log landings to defined arrays of cells.  The cells with the lowest 

slopes were determined to be the best sites of centralization of management operations: log landings.  

Determination of the best 10x10 cells to host log landings was done by creating a weighted overlay for the 

harvestable areas delineated by each slope scenario. Factors affecting the weighted landscape included 

distance to the preexisting road network, the land use land cover, location within the viewshed, and slope 

(Figure 3).  Cells possessing the lowest slopes that are an impervious surface and/or cleared land (i.e. 

pastures) close to a road are most appropriate for log landings.  10 log landings were chosen from these 

criteria; the best sites had the lowest values. 
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Figure 3:  The weighted landscape used to determine the best potential log landings within the potentially harvestable land of the 

Asheville municipal watershed.  The “Raster” column denotes the source of data; the “% Influence” column denotes the relative 

influence each data set has in determining log landings; the “Field” column denotes the value attribute of each data set used.  The 

sites with the highest values were the best log landing sites.  This particular tool evaluated the best log landings under a 35% slope 

scenario. 

 

 The connectivity amongst these log landings was determined in order to determine the feasibility 

of a single forestry operation within the Asheville municipal watershed.  The most efficient path amongst 

the harvestable patches was determined across a weighted landscape minimizing the creation of impervious 

surface area and maximizing the proximity from aquatic features. To convey this perspective, a different 

weighted overlay was applied to the Asheville watershed (Figure 4).  Viewshed residence, slope, proximity 

to road networks, and land use land coverage were all considered in computing a weighted landscape for 

the watershed. A least cost path was derived using this weighted landscape as it applied to the distance 

between two log landings.  The connectivity between the landings was conducted such that the landings 

closest to each other by Euclidean distance were connected by least cost paths; a network of these shortest 

least cost paths was connected by mosaic.   
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Figure 4:  The weighted landscape used to determine the least-cost paths through the Asheville municipal watershed.  This particular 

tool was used to determine the least-cost path for the 25% slope scenario.  The cells with the lowest values were chosen as best for 

path determination. 

 

The least cost paths derived by this approach for each slope scenario all display circuitous and 

unwieldy paths.  More importantly, all of these least cost paths intersect riparian features at multiple 

junctures, pass through the viewshed, and are at elevations > 3600 ft.; all of these paths are illegal 

(Appendix 8).  The potential harvestable areas used in determining this weighted landscape value non-

loggable areas at 0.  If these non-loggable areas are valued at “NoData,” the least cost paths could not be 

formed; the paths could not leave the legally loggable areas to provide a connective network amongst these 

patches. 
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Conclusions 

 Relative to other Appalachian municipalities, Asheville has excellent water quality, which they 

provide at a relatively low cost (Table 1). Galax, VA, and Spartanburg, SC, show the costs of watershed 

management without BMP implementation, and the long-term damages that can occur and harm 

communities’ ecologies and economies. Altoona, PA, and its forestry operations, emphasizes the 

importance of BMP use in watershed management, by applying them to forestry operations within the 

municipal watershed and successfully maintaining low turbidity levels.  The city uses the profits from these 

harvesting operations to supplement the Altoona budget, providing precedent for the financially-minded 

management of watershed lands voiced by some Asheville city councilpersons.   

Based upon the precedents established at Altoona, PA, and within the literature, it is estimated that 

the sediment impacts of any logging operations within the watershed upon the public water supplies in the 

North Fork and Bee Tree Reservoirs would be negligible.  With a primary road already in place and 

maintained, disturbance would be lower than any analogous logging operations required to establish a 

primary infrastructure upon a relatively unmanaged landscape.  A GIS tool such as SWAT or SPARROW 

could accurately predict the sediment production of any potential management scenario for the watershed, 

and the impacts of sediment upon water quality.  Furthermore, with the investment by conservation groups 

– notably easement holders CTNC – in the watershed’s ecological health, oversight would exist to ensure 

that ecosystems are not degraded.  This is particularly relevant if any ecological inventory revealed old-

growth forest stands, or threatened or endangered species’ habitat.  

The Asheville residents and tourists place a high value upon having a pristine watershed.  

Asheville, NC, is known for its proximity to natural beauty, and many who reside or visit it do so to enjoy 

this environment; there is a higher existence value for untouched landscapes in Asheville than other places.  

Knowledge of landscape management in such close proximity to the city’s public water source may 

decrease the value placed upon Asheville and its intrinsic, supposed ecological priorities (Schaberg et al., 

1999). 

Due to the Asheville community’s high social valuation upon ecological conservation, the 

management of the municipal watershed may be too politically costly for Asheville to pursue the issue.  

Under the conservation easement, which is under review to strengthen its conservation perspective, no old-

growth or threatened or endangered species may be disturbed, including their habitats.  However, without 

an ecological inventory of the municipal watershed lands, presence of this wildlife is unknown and 

undefined.  Any operations that proceed in the absence of an ecological inventory would be foolhardy, and 

could lead to a legal and political quagmire should sensitive habitats and species be discovered. 

Upon consideration of the GIS analysis conducted for the Asheville municipal watershed, the 

benefits of forestry operations become more questionable (Appendix 7).  Under the most generous harvest 

scenario – in which slopes of 35% or less were considered potentially manageable land – < 1% of the 

22,000 acres of the watershed are available for harvesting (Table 2).  A 35% slope is a questionable 
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parameter, as it somewhat dangerous to land managers, and is likelier to produce greater levels of sediment.  

Under the more conservative slope scenarios of 15% and 25%, only 4 and 11.5 hectares, respectively, are 

available for harvest.   

Furthermore, these potential harvest areas are not localized, but are dispersed throughout the 

22,000 acres of the municipal watershed.  The paths that would connect all of these sites would be 

circuitous and illegal, violating the 3600 ft height and viewshed parameters detailed in the CTNC 

conservation easement (Appendix 8).  It should also be noted that relatively simple analyses of other 

landscape attributes, such as sites prone to sediment production, were not conducted within ArcMap.  The 

results of such assessments could further limit the area of harvestable lands and potential road routes within 

the Asheville municipal watershed (Horswell & Quinn, 2003). 

Any benefits from timber harvesting within the watershed are presumably a one-time event. 

Altoona, PA, shows the possibility of repeated, mixed-age stand harvesting, but they also have a much 

larger area of harvestable lands (> 5,000 hectares) than Asheville (25 hectares); Altoona harvests ~80 

hectares/year.  Though the short-term profitability of logging within the municipal watershed is enticing, it 

should be examined with caution.  The initial revenue generation from timber sales and increased water 

supplies will last a very short time (five years, conservatively), and, unless invested wisely, the fiscal gain 

is unsustainable.  Furthermore, the prospect of increasing the volumes of water in the reservoirs is unlikely, 

as > 15% of vegetative cover must be removed to note significant increases (Swank, 1972; Bosch & 

Hewlett, 1982; Swank et al., 1989; Keppeler & Ziemer, 1990; Swank & Tilley, 2000; Swank et al., 2001; 

Jones & Post, 2004; Fohrer et al., 2005). The operations costs must be considered in conjunction with the 

human and ecological health concerns. 

Though the qualitative analysis shows that forestry operations within a municipal watershed can 

benefit a populace without significant costs, this approach is not recommended for the Asheville, NC, 

municipal watershed.  The small, disparate area of harvestable lands within a landscape of unknown 

ecological character and value makes the benefits of any forestry ventures uncertain; the potential costs of a 

project could be very high.  Augmenting this quantitatively unsatisfactory management scenario is the 

socially- and politically-invested populace of Asheville that places a strong intrinsic value upon ecological 

conservation and high water quality.  The political costs of any forestry operations would be high, and there 

would be little money or other benefits (such as increased water yield) to validate such an investment.  

Though forestry management within a municipal watershed is a potentially beneficial practice that can 

financially bolster a city’s budget, it is not advised for the Asheville, NC, municipal watershed. 
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Appendix 1: 

 

 

 

 
Relief of Asheville municipal watershed: Bee Tree reservoir the eastern water catchment; North 

Fork reservoir is the western catchment. 
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Appendix 2: 

 

 

 
 

Asheville, NC, and surrounding areas, as defined from federal digital data sets, and displayed using 

ArcMap.  Note that the municipal watershed is delineated in electric blue. 
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Appendix 3: 

 

 
 

The areas within the Asheville municipal watershed not visible from the Blue Ridge Parkway. 
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Appendix 4: 

 

 
 

Area with Asheville municipal watershed equal to or less than 3600ft. elevation. 
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Appendix 5: 

 

 
 

30m buffers defining the non-harvestable SMZs within the Asheville municipal watershed. 
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Appendix 6: 

 

 
 

Potential harvestable areas within Asheville municipal watershed, when accounting for the viewshed and 

elevation parameters defined within the conservation easement, as well as a 30m SMZ.  It is 6.76% of the 

total watershed area. 
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Appendix 7: 

 

 

 
 

The watershed areas available for potential logging operations under three different slope parameters: 

15%, 25%, & 35%.  Please note that the maximum area available for logging operations is 25.09 hectares, 

or 0.283% of the entire watershed area. 
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Appendix 8: 

 

 
 

The least cost paths derived for the three slope-defined potential logging areas: 15%, 25%, & 35%.  Please 

note that all of these paths pass within the viewshed (green areas), cross riparian features, and rise above 

3600 ft. 
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