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Abstract 

The following report documents the findings of a client-focused group Master’s Project completed at the 

Nicholas School of the Environment at Duke University. The project’s purpose is to support the client’s 

goal to optimize nutrient and timber management in a 750-acre forested tract owned by the Town of 

Butner in Granville County, North Carolina. Excess nitrogen and phosphorus delivery to drinking water 

reservoirs has become a concern in the North Carolina piedmont as development pressure increases in 

surrounding watersheds.  The Falls Lake Nutrient Strategy is among several new regulations aimed at 

reducing nitrogen and phosphorus delivery to an increasingly eutrophic public water supply. While the 

regulation pressures upstream communities to reduce their impact, mitigation strategies are diverse and 

can be costly to local governments.  Even though a market-driven nutrient trading credit system is 

included in the Falls Lake Nutrient Strategy, there is currently no opportunity to earn credits through 

avoided deforestation or land conservation, commonly called “conservation credits”.  The Town of 

Butner is interested in novel approaches to managing its nutrient loading and the possibility of earning 

conservation credits while managing its forestland for timber. There were four objectives to this project, 

1) to estimate the value of timber on the property, 2) to determine the range of impacts that different 

timber management scenarios will have on nitrogen and phosphorus loading from the property, 3) to 

develop a simple tool that land managers can use to predict optimal outcomes for different timber and 

nutrient management scenarios, and 4) to inform state policy on the value of conservation credits and the 

effects of forest management on nutrient loading.  A range of forest management scenarios with different 

harvest practices and maintaining 50-ft to 200-ft streamside management zones were modeled over a 30-

year timeline.  The USDA Forest Service’s Forest Vegetation Simulator (FVS) and Timber-Mart South 

were used to project harvested and standing timber values under each scenario.  GIS-based models were 

employed to predict nitrogen and phosphorus delivery to perennial and intermittent streams under each 

scenario.  The future value of conservation credits was assumed to be the sum of the value of nitrogen and 

phosphorus credits in the existing NC Department of Environment and Natural Resources, Nutrient Offset 

Program.  The findings of this project suggest that the monetary value of timber within the 50-ft to 200-ft 

buffer zone far exceeds any reasonable economic value of conservation credits earned by not harvesting 

within the buffer zone during a 30-year time horizon.  Timber harvesting, and in particular changing the 

buffer zone width from 50-ft to 200-ft, had a relatively small impact on nitrogen and phosphorus loading 

when compared to other land uses. The implication is that nutrient management and productive forest 

management are not mutually exclusive. The minimum buffering requirement of 50-ft was effective at 

removing nutrients, while still permitting the maximization of timber revenue. 
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1. 0 Introduction 

This is a report on the findings of a client-focused group Master’s Project through the Nicholas School of 

the Environment at Duke University.  The primary client of this project was the Town of Butner, NC. Key 

client contacts include Jim Wrenn, Granville County Attorney, and Tommy Marrow, Butner Town 

Manager (see Appendix A).  The Nicholas Institute of Environmental Policy Solutions also had direct 

interest in these findings as they are deeply engaged in state-level environmental policies related to 

nutrient management. The authors of this project are Master of Environmental Management candidates at 

Duke University’s Nicholas School of the Environment..  The main focus of this project was a 750-acre 

tract of forested land owned by the Town of Butner, henceforth referred to as the “Butner Tract”.  The 

Butner Tract partially abuts the town proper and is close to the northern reach of Falls Lake.  Currently, 

the tract is almost entirely forested. Both Granville County and the Town of Butner desire to preserve the 

Butner Tract’s forested character while managing it for multiple uses including: timber, nutrients, 

recreation, and wildlife.       

1.1 Falls Lake Nutrient Management  

The client’s main goal, stemming from Butner’s proximity to Falls Lake, is to manage the Butner Tract 

for nutrients under the Falls Nutrient Strategy (15A NCAC 02B .0275-.0282)..  Specifically, the town 

would like to investigate ways that the Butner Tract may help reduce their nutrient load to Falls Lake or 

impact their ability to comply with these new regulations.   Concerns over excess phosphorus and 

nitrogen in Falls Lake arose in 2004.  Excess nitrogen and phosphorus in Falls Lake pose ecological 

concerns, increase filtration costs, and produce taste and odor issues (Scott et al. 2001; Carlson & 

Simpson 1996).  Nutrient loading from agricultural and urban landscapes can lead to eutrophication in 

drinking water reservoirs, which has become a major concern for North Carolina (North Carolina 

Department of Environment and Natural Resources 2011).  In 2007, the North Carolina Department of 

Environment and Natural Resources (NCDENR) Division of Water Quality (DWQ) monitored Falls Lake 

through the formation of the Falls Lake Technical Advisory Committee.  Based on the committee’s 

findings Falls Lake has been placed on the draft NC 2008 303(d) list as impaired for chlorophyll-! and 

turbidity (NCDENR 2011).  In 2005, the North Carolina General Assembly adopted a provision 

mandating a nutrient management strategy for Falls Lake. Senate Bill 1020 was introduced during the 

2009 general session and is devoted to water quality improvements in Falls Lake.  Following a series of 

stakeholder meetings during the fall of 2009, a set of Draft Rules were approved by the Environmental 

Management Commission in June 2010.  These Draft Rules were subject to a public commentary period 

during the summer of 2010 and were formally adopted by the Environmental Management Commission 
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on November 11, 2010.  The Final Falls Nutrient Strategy, subsequently referred to as the “Rules”, went 

into effect on January 15, 2011.  

The Rules propose nutrient management goals of a 77% reduction in phosphorus inputs (35,000 lbs/ year) 

and a 40% reduction in nitrogen (658,000 lbs/ year) from the Falls Lake watershed. Implementation 

would be an adaptive staged process occurring over the next 30 years (15A NCAC 02B .0275-.0282). 

 Nutrient sources addressed by the Rules include agriculture, fertilizer application, wastewater discharges, 

and storm water runoff from both new development and existing developed lands.  Productive forest 

management is not regulated under the Rules.  

A market-based nutrient credit trading system is also outlined in the Rules; however, in the proposed 

system’s current form no credits can be earned for avoided nutrient loading through land conservation, or 

what are commonly termed “conservation credits” (15A NCAC 02B .0282).  Public comments opposing 

this decision were submitted by several parties, including our clients.  Because the responsibility of 

compliance rests with the 8 municipalities and 6 counties, the Town of Butner is very interested in 

additional options to mitigate their nutrient loading, including the possibility of earning conservation 

credits from the Butner Tract. Other public comments indicate that land trusts (such as Triangle Land 

Conservancy) and environmental NGOs (such as the Nicholas Institute) generally favor a credit trading 

system that would promote land conservation. 

1.2 Multiple-Use Management 

Having spent the prior 60 years managed directly by the State, the Town of Butner was recently 

incorporated in 2007.  The Butner Tract was given to the town as a part of its incorporation.  The Butner 

Tract has been participating in the NC Wildlife Game Lands program for archery hunting for over 10 

years.  Butner would like to continue participating in this program, but also sees the Butner Tract as both 

a recreational and potential revenue asset (Butner Town Council 2008).  Two of the primary uses that 

Butner would like to pursue are nutrient management (for reasons mentioned above) and active timber 

management, though it is possible that these two uses are mutually exclusive. Namely, the more intensely 

one manages timber on a piece of land the less capable that piece of land may be at retaining nutrients and 

attenuating the flow of nutrients to streams.  It was the primary goal of our client to understand how 

timber and nutrient management compete, and whether there are management schemes and practices that 

can optimize the value of the Butner Tract both as a source of timber revenue and nutrient management. 
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1.3 Policy Implications 

The results of this project have broader implications at the State policy level.  As indicated above, the 

Town of Butner, along with other stakeholders, have expressed interest in earning conservation credits for 

avoided development of forestland.  Although the Rules were adopted in January 2011, there will still be 

the opportunity for adaptation throughout the Rule’s implementation.  Both the Town of Butner and the 

Nicholas Institute for Environmental Policy Solutions are looking for arguments that could support the 

inclusion of conservation credits in the market-based trading system outlined in the Rules.  The 

secondary goal of this project was to demonstrate the value of “conservation credits” in a way that can be 

applied to managed forestlands in the Falls Lake Watershed.  Any approach applied to the Falls Lake 

Watershed may be transferable to other watersheds in North Carolina and potentially elsewhere in the 

Southeastern United States, making the importance of conservation credits widespread.  As concern over 

nutrient management in drinking water reservoirs increases enactment of similar rules can be anticipated 

throughout North Carolina and the Southeast. 

1.4 Objectives 

Contained within the primary goal of pursuing nutrient and timber management, and secondary goal of 

attaining conservation credits, identified above, we have determined four specific objectives of this 

project.  They are: 

! To provide the Town of Butner with an economic evaluation of various timber management 

scenarios for the Butner Tract.  

! To inform our client of the effect of a range of timber management scenarios on nitrogen and 

phosphorus export from the Butner Tract.  

! To develop methods for evaluating timber and nutrient management that can be used by other 

land managers to help predict optimal outcomes from different timber and nutrient management 

scenarios.  

! To inform state policy concerning the value of forest conservation to nutrient management, and 

the value and ways in which to account for conservation credits.  
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2.0 Background 

2.1 The Butner Tract 

The Butner Tract is comprised of 750 acres located to the southwest of the Butner town proper in 

Granville County, NC.  It is approximately 2.4 miles long and 0.9 miles wide.  It is bordered to the East 

and North by low-density development and to the West and South by forest and mowed pasture.  Nearly 

all of the Butner Tract is forested with mature mixed, hardwood, and pine forest.  A dirt access road 

serves as the entire Western border of the property.  There is one transmission line right-of-way, one 

sanitary sewer right-of-way, and several unpaved access roads running across the property (See Appendix 

B).   

2.1.1 Geography 

The Butner Tract is in the Piedmont physiographic region of North Carolina, which is 

characterized by rolling hills with level to moderate slopes and elevation ranging from 300 feet to 

740 feet throughout Granville County (USDA 1997). 

2.1.2 Climate 

Granville County experiences hot summers, cool winters, and ample precipitation.  The average 

winter temperature is 41° F and the average summer temperature is 76° F (USDA, 1997).  The 

approximate total average annual precipitation is about 44 inches (USDA 1997).   

2.1.3 Soils 

According to the Granville County soils map (USDA 1997), the majority of soils on the Butner 

Tract fall into the Creedmoor and Iredell-Picture-Enon soil series. Distinguishing features include 

near level to gradual slopes, moderately well drained, and loamy or coarse sandy loam surface 

layer overlying clayey subsoil. 

2.1.4 Hydrology 

There are no named waterways on the Butner Tract; however, there are a number of unnamed 

perennial and intermittent streams.  Drainage of the property is generally toward the southwestern 

corner with all waterways eventually reaching Falls Lake.  Falls Lake is approximately 1,800 feet 

from the Butner Tract at its closest point. 
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2.2 Nutrient Cycling 

Nitrogen and phosphorus are essential nutrients for plant growth and are often the limiting nutrients in 

both terrestrial and aquatic ecosystems (Withers and Jarvie 2008).  Both of these nutrients are cycled 

through plant and animal tissue, soil, water, and the atmosphere so that they are in constant flux 

throughout the environment (Mander et al. 1997).  When mobilized, both of these nutrients have the 

ability to reach water bodies through surface runoff.  Phosphorus has low solubility and its transport is 

associated with sediment transport (Nemery et al. 2005).  Nitrogen is soluble and can enter a water body 

through surface runoff, groundwater infiltration, or precipitation. A certain amount of nitrogen and 

phosphorus are required in aquatic ecosystems; though, too much can lead to excessive algal growth and 

eutrophication (Scott et al. 2001).  Forests are an important sink for these nutrients and are highly 

efficient at removing them from surface runoff. Riparian forests act as a buffer to water bodies through 

interception of phosphorus-containing sediment and absorption of nitrogen by plants and soil microbes 

(Mander et al. 1997).   

2.3 Modeling Nutrient Export 

The ability of riparian forests to reduce nitrogen and phosphorus delivery to water bodies has been well 

studied.  Conserving riparian buffer zones is a frequently employed strategy to protect water quality in 

areas where forest conversion for agriculture and urbanization is an issue (Wenger 1999).  Many factors 

contribute to a riparian buffer zone’s ability to act as a sink for excess nutrients, and a wide range of 

accepted buffer zone widths that prove optimal for different land use scenarios (Wenger 1999).  

Furthermore, quantifying the export of nitrogen and phosphorus from a specific site or to a specific water 

body is highly dependent on site characteristics such as vegetation type, soils, topography, climate, and a 

host of other outside influences (Reckhow et al. 1980).   

Export of nutrients into water bodies is commonly measured either as concentrations in water and 

sediment or as delivery in mass per unit of ground area for various land cover types (Reckhow et al. 

1980).  The latter method was utilized in this project since the goal is to quantify export from a delineated 

property to a number of waterways entering and exiting that property.  The common term given to the 

measurement of delivery of nutrients from specific land cover types is “export coefficient”.  More 

precisely, export coefficients are the average delivery per unit land area of a specific land cover type over 

a defined time period, and are typically given in units of kg/ha/yr.   

The range of export coefficients for various land cover types varies considerably. Often referenced is a 

manual developed for the EPA by Reckhow and others (1980), which contains a collection of export 
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coefficients for phosphorus and nitrogen from locations around the country. The ranges of export 

coefficients from this manual for nitrogen and phosphorus for various land cover types relevant to this 

project are shown in Figure 1.  As shown, forests exhibit the lowest range of export coefficients of any 

measured land cover type for both nitrogen and phosphorus. 

Another important consideration in modeling nutrient export is the retention capacity of various land 

cover types.  Forests are highly efficient at retaining incoming nutrients from up-gradient in a watershed; 

however, just as a dam can be overtopped, the buffering capacity of forests can be overwhelmed.  Other 

land cover types also have a measurable retention capacity for nutrients, but few have the high efficiency 

of removal and low export as do forests. This feature makes forests an ideal land cover type for removing 

nutrients before they can enter a water body (Anderson and Lockaby 2011). 

Nutrient export is not static over time and peaks during storm events when runoff is highest (Reckhow et 

al. 1980).  This is an important consideration when averaging nutrient export over a one-year period for a 

land cover type.  Rapid input of nutrients into a water body can produce a more dramatic increase in plant 

growth than constant lower level inputs as storm events can overwhelm a water body’s ability to flush 

nutrients from the system (Wenger 1999).  Since forests demonstrate a more elongated hydrographic 

response to storm events and a lower peak flow than other land cover types this makes them better suited 

to buffering nutrient export during periods of high precipitation (Figure 2). 
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2.4 Nutrient Export in Managed Forests 

Measuring impacts of timber management practices on nutrient export from forests was of key concern 

for this project.  Since the client wishes to harvest timber from the Butner Tract, it is important to be able 

to predict the response of nutrient export post-harvest and over the course of development of the new 

forest.  A number of studies have been performed on intensively managed forests to estimate nutrient 

export following harvest or other disturbances (Anderson and Lockaby 2011; Croke and Hairsine 2006; 

Johnson and Todd 1986; Lear et al. 1985).  Independent of the variability in export coefficients across 

different forest types, physiographic regions, and climates, the general trend is toward a dramatic, but 

short-lived response in nutrient export following timber harvest. The range of this response, however, 

varies with the aforementioned factors.   

Given the wide variability and dynamic complexity of nutrient export from different land cover types it 

would be ideal to collect site specific data during repeated sampling events throughout the property over 

time. Constrained by time and resources, for this study it was necessary to select representative nutrient 

export coefficients for nitrogen and phosphorus based on similar sites and forest types and an 

understanding of the response of nutrient export to forest management. 
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3.0 Methods:  

3.1 Conceptual Site Model 

The following graphically depicts the process used to model and optimize timber and nutrient 

management on the Butner Tract (Figure 3).  More detailed explanations of each component in this 

process are outlined in the sections below. 
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!
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3.2 Model Scenario Selection 

With a nearly limitless combination of options for managing the Butner Tract’s forest, it was important to 

select realistic management scenarios that represented the range of possible outcomes for both timber and 

nutrient management.  Several constraints helped to identify realistic scenarios.   

1. The Town of Butner has no plans to develop any portion of the Butner Tract and would like for it 

to retain its forested character. Thus, all scenarios assumed reforestation of any harvested portion 

of the site for the timeframe covered in this project, except for one hypothetical low-density 

development scenario. 

2. The timeframe for full implementation of the Falls Nutrient Strategy is 30 years.  It is assumed 

that nutrient trading credits would only be bought and sold within this timeframe.  Therefore, all 

scenarios assume a 30-year outlook for both timber and nutrient management. 

3. Forestry practices in North Carolina are required to comply with the NC Forest Practices 

Guidelines Related To Water Quality (FPGs) (15A NCAC 01I .0100- .0209). These set a 

minimum streamside buffer width of 50 feet and suggest that the optimal buffer width for 

protecting water quality be approximately 200 feet. With the exception of a single full harvest of 

the Butner Tract scenario, all scenarios maintained at least a 50-ft forested buffer and identified 

the 50-ft to 200-ft zone to be the area where timber management would most significantly impact 

water quality. 

4. The frequency of nutrient trading credit verification is not yet defined in the Falls Nutrient 

Strategy.  Since export coefficients are standardized to a yearly estimate and since the sensitivity 

of export coefficients to timber management is short-lived it was assumed that nutrient trading 

credits would be verified and earned on a yearly basis for the 30-year period. 

5. It is infeasible that the Town of Butner would harvest the entire Butner Tract within a single year.  

However, to simplify the model it was assumed that all harvesting would occur in the first year of 

the 30-year period.  The value of timber from the Butner Tract is comprised of both the harvested 

timber and the standing value of timber at the end of the 30-year period.  Consolidating all 

activities requires fewer model runs and does not impact the outputs of the nutrient model any 

differently than if harvesting was staggered.  The only error introduced is in estimates of standing 

timber at year 30 since age classes across the Butner Tract would most likely be staggered.  

With these constraints in mind, our management scenarios proceeded in three phases.  The goal of the 

first phase was to establish outer boundaries for nutrient export from the site through a no management 

and full harvest scenarios. The no management scenario serves as a baseline and predicts natural nutrient 
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export without timber management and natural changes in the forest for the 30-year period.   The whole 

site harvest, although unrealistic because it violates the FPGs, explores the impact of removing all timber 

on the site, including the buffer zone, on nutrient export over the 30-year period. 

In the second phase the objective was to quantify the differences in timber value and nutrient export under 

different buffer width scenarios.  Five buffer widths (no buffer, 50 feet, 100 feet, 150 feet, and 200 feet) 

were used to demonstrate the range of impacts that harvesting in close proximity to a waterway may have 

on nutrient export.  The FPG assertion that a 200-ft buffer is the optimal buffer width for protection of 

water quality was also tested.  Under this assumption it should not matter how intensively the forest is 

managed outside of the 200-ft buffer zone because the cumulative retention capacity of such a large 

buffer would mitigate any other delivery from on the site.  The amount of nutrients exported to streams 

was compared against the baseline no management scenario, which quantified natural nutrient export if 

no harvesting were to occur. 

In the third phase of the modeling scenarios, the response to nutrient export if the Butner Tract were to be 

converted to low-density developed land was assessed. Despite a low probability of this scenario 

occurring, development may be considered in many of the other managed forests in the Falls Lake 

Watershed.  This scenario was conducted to explore how a conversion of forested properties to low-

density development may affect nutrient export. 

3.3 Stream Delineation 

Before establishing the management scenarios, locations of perennial and intermittent streams on the 

Butner Tract were determined.  This was done remotely using GIS data, and subsequently verified against 

United States Geologic Service (USGS) mapped streams and ground truthing.   

The Butner Tract is a single contiguous parcel owned by the Town of Butner, and its size and shape were 

determined from the Granville County GIS website (Granville 2007).  The boundaries of the watershed 

containing the Butner Tract and flowing into the northern section of Falls Lake were taken from the 

Hydrologic Unit Code (HUC) 14 layer acquired from the United States Department of Agriculture 

(USDA) Natural Resources Conservation Service website (USDA 2011). Finally, USGS mapped 

perennial streams were obtained from the 24k Hydrography shapefile through the North Carolina 

OneMap website (NC OneMap 2011).  Multiple 1/9th Arc Second National Elevation Datasets (NED), 

also known as a Digital Elevation Models (DEMs), covering the entirety of the HUC-14 watershed were 

downloaded from the United States Geologic Survey (USGS) Seamless Server.  



   

   17   

These data were overlaid in ArcGIS v10.0 where standard stream delineation models could be applied. 

The DEM layer was filled to remove sinks. Then the flow direction and flow accumulation tools were 

applied to generate a continuous flow surface. A threshold of 10,500 pixels was set for the flow 

accumulation tool to determine what constituted a stream.  This threshold was selected through trial and 

error based on similarity to the USGS perennial streams from the 24k Hydrography shapefile referenced 

earlier. The resulting stream raster layer was subsequently converted into a polyline feature. At this point 

it was possible to create the 200-ft buffer layer surrounding streams.  These steps are illustrated as an 

ArcGIS ModelBuilder image in Model 1 in Appendix D.  

3.4 Stand Identification  

Geospatial analysis was used to establish forest inventory sampling plots necessary to gather vegetation 

data for FVS modeling. A Create Random points function was used to generate 10 transect center points 

along the delineated hydrography polyline, with a minimum distance of 100 feet between points to ensure 

that plot boundaries would not overlap (Model 2 Appendix D). The resulting center point locations and 

transect design are displayed in Map 2 of Appendix B. 

3.5 Field Sampling Methods 

To support the use of the Forest Vegetation Simulator (FVS) it was necessary to collect forest inventory 

data in the buffer zones throughout the Butner Tract.  Field sampling of the buffer zones occurred during 

December 2010 and January 2011.  The minimum inputs required to run FVS are individual tree diameter 

breast height (DBH) and species within fixed plot sizes. FVS predictions can be improved through a large 

amount of user-defined inputs.  The best compromise between enhancing FVS predictions and 

undertaking a manageable amount of data collection was to sample individual tree DBH, total height, and 

species for both large tree fixed plots and small tree subplots (sub-plots allow for estimating natural 

regeneration after harvest).  Circular plots of 50-ft radius were used for the large tree plots (A plots) and 

subplots of 14.1-ft radius (or 5% of the large plot area) were used for small tree plots (B plots).  The large 

tree size cut-off was 8 inches DBH, chosen as a lower estimate of trees of merchantable size.  All trees 

greater than or equal to 8 inches were measured in the A plots.  The small tree minimum size was 0.5 

inches DBH, a moderate estimate of trees likely to be found in a new stand post-harvest, meaning that all 

trees greater than or equal to 0.5 inches DBH, but less than 8 inches DBH were measured in the B plots 

Plots were arranged in transects running perpendicular to streams on the property.  Four plots were 

measured at each transect, two on each side of the stream which spanned the extent of the 200-ft buffer 

zone (Figure 4).  A total of 10 transects were sampled resulting in 40 total plots.  Efforts were made to 
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distribute the plots proportionately across the different forest types in the property based on existing land 

cover data. 
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FVS is a growth prediction model and typically 10% of the total stand is sampled to adequately 

characterize a stand.  Due to the vast size of the Butner Tract a 10% sample was unrealistic given the 

timeframe.  The compromise was to sample 5% of all forests within the 200-ft buffer zone, which 

required about 100 hours of field data collection.  

One assumption impacting the estimates for timber yield is that forest stand characteristics from within 

the buffer zone represent the entire 750-acre tract. Although our sample size was not sufficient to 

characterize the entire site, upon visual inspection it appears that the forest outside of the 200-ft buffer 

zone does not differ substantially from that inside the buffer zone. Since the purpose of predicting timber 

revenue outside the buffer zone is primarily for comparison to revenue inside the buffer zone, the lack of 

sampling outside the buffer zone is of little consequence. Indeed, the main comparison will be drawn 

among timber revenues within the buffer zone at varying buffer widths.  

Nutrient export coefficients are specific to general forest type, and not dependent on specific species 

composition and physical characteristics (i.e. diameter at breast height and tree height). A comparison, 

therefore, between values from within the buffer area to the entire tract should necessitate that the relative 

proportions of land cover correlate between the two.  The proportion of land cover represented in the 

buffer area and the entire tract are not different (paired t-test p= 0.49).  
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When examining the total area within the 200-ft buffer and the entire Butner Tract (Table 1), the majority 

of the area is comprised of forests (98.26 and 96.23%, respectively). Of the forests, three distinct 

classifications were delineated: deciduous forest, evergreen forest, and mixed forest. Evergreen forests 

account for the largest area of all forest classes, compromising over half of the total land area.  The other 

land classes within the Butner Tract mainly represent the power line right of way that cuts through the 

property as well as a gravel road, which was classified as low-density development.  

3.6 Forest Vegetation Simulator Methods 

We utilized FVS to estimate current and future forest character and timber volumes under different 

management scenarios.  Before entering the data into FVS, each transect was divided into two stands, one 

for each aspect on either side of the stream. Based on the observed species composition, forest stands 

were classified into one of three forest-type categories aligning with the previously generated GIS land 

cover classifications. Stands were labeled Loblolly (also referred to as evergreen forest), Loblolly-

Hardwood (also referred to as mixed forest), and Miscellaneous FVS Hardwoods (also referred to as 

deciduous forest).  

All FVS management scenarios were run at 5yr increments over a 30-year time horizon beginning in 

2010. The first scenario run was a no-management scenario (NM) to determine the current stand 

composition and amount of standing timber within the buffer zone. Next a clear-cut (CC) was simulated 

where non-merchantable timber remained standing. Here the total merchantable timber (cubic feet) and 

sawlogs (board feet) removed from within the entire buffer zone were calculated. The 30-year growth 

projection of this treatment took into account partial natural regeneration within the stands assuming 

stump sprouting of hardwoods (Dixon 2002). In this partial regeneration model, loblolly individuals do 
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not sprout. Thus, after a clear cut with no additional pine planting, a loblolly-dominated forest will 

convert to a deciduous forest.  

In order for loblolly pine to persist in the future, the default settings of the FVS partial-regeneration model 

illustrate the necessity for planting loblolly pines post-harvest.  The next applied treatment included a 

clear-cut followed by planting 500 trees per acre (TPA) loblolly pine, assuming 100% survival in-

between non-merchantable trees left standing (CC+P). Lastly, consideration was paid to potential impacts 

of density-induced mortality on loblolly stands, and to light optimization and nutrient availability per tree. 

A thinning scenario was run where the stand was thinned from below to 300 TPA 15 years after planting 

(CC+P+T). 

The estimates from within the buffer zone were extrapolated to project the amount of merchantable 

timber and post-treatment standing timber from within the entire Butner Tract. This was accomplished by 

multiplying timber volume from each forest class by the proportional acreage of forest represented by that 

land-cover class across the entire tract. Once total timber volume in the buffer zone was generated, the 

varying buffer widths were proportionally calculated.   

3.7 Export Coefficient Selection 

As described earlier, reducing nutrient loading into a watershed by maintaining forest riparian buffer 

zones is widely accepted.  However, quantifying nutrient export under different forest management 

scenarios without the use of empirical data is inherently subject to error.  Export coefficients were 

selected from the literature through comparison to sites that correlated with the Butner Tracts’ site 

characteristics (i.e., soils, region, climate) and through review of relevant studies referencing the impacts 

of timber harvests on export coefficients.  In general, it was found that nutrient export following timber 

harvest peaked during the first year, but returned to pre-harvest levels by the fifth year. Consequently 

export coefficients were generated for baseline, one year post-harvest, 3 years post-harvest, and 5 or more 

years post-harvest for the three forest types on the Butner Tract: pine/hardwood, hardwood, and loblolly 

pine.  Export coefficients were also selected for other land uses on and surrounding the Butner Tract 

based on median values for non-forested land uses presented in Reckhow et al. (1980), which is a widely 

accepted and still commonly cited collection of export coefficients from around the United States.  A 

summary of these export coefficients is presented in Tables 2 & 3. 
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3.8 GIS Methods 

The phosphorus and nitrogen delivery models used in this analysis calculate estimates for the amount of 

each nutrient that reaches streams located within the Butner Tract. Both models were adapted from 

nutrient export analysis developed by Maura Nowalk (2009). All geospatial datasets examined in this 

study were either originally projected or subsequently re-projected in North American Datum 1983 (NAD 

83) Universal Transverse Mercator (UTM) Zone 17 N coordinate system. 

3.8.1 Land Cover Data 

With the watershed boundaries and hydrography already established, a 30-meter 2001 National 

Land Cover Dataset (NLCD) was downloaded from the USGS Seamless Server and imported into 
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the GIS (USGS Seamless 2010). The NLCD was masked to the extent of the Butner Watershed. 

In an effort to improve the accuracy and resolution of the land cover data within the 750-acre 

Butner Tract, a NLCD dataset masked specifically to the bounds of the Butner Tract was 

converted to a polygon shape file and manually reclassified using Arc Editor. A 1998 infrared 

Digital Orthophoto Quarter-Quad (DOQQ) image acquired from the NC OneMap website was 

examined while reclassifying land covers in order to increase the accuracy of boundaries between 

forest types (deciduous, evergreen, and mixed) as well as barren, herbaceous, and developed land 

covers (NC OneMap 2011). Map 1 in Appendix B compares the edited Butner Tract land cover to 

the original low resolution NLCD. 

The resulting edited polygon land cover dataset was converted to a high-resolution 3-meter raster. 

The original NLCD spanning the entire Butner watershed was also converted to a 3-meter raster. 

Using the Con tool, it was then possible to create a 3-meter NLCD raster spanning the entire 

Butner watershed, with the edited high-resolution raster of the Butner Tract super imposed over 

the original land cover classifications. 

3.8.2 Phosphorus Delivery Model 

The quantity of phosphorus reaching streams inside the Butner Tract was calculated by 

multiplying the quantity of phosphorus exported from each land cover type by a sediment 

delivery ratio that accounts for distance from streams. In this analysis, sediment flow was used as 

an indicator of phosphorus delivery. Since phosphorus is strongly bound to sediment, it typically 

deposits in streams as a result of sediment runoff (Ballantine 2009). This strategy of multiplying 

phosphorus export by sediment delivery serves as a simple method of estimating gross 

phosphorus export (Baumgart 2002).  

The first step of the analysis involved assigning the export coefficients identified for each land 

cover type to the edited high resolution NLCD. An Add Join function and Lookup tool added the 

export coefficients and generate a new raster using these values as the primary field. The second 

step was then to calculate sediment delivery value of each raster pixel throughout the Butner 

Tract. This was accomplished by using the following equation: 

ln(DR) = 1.01 – 0.34ln(D) 

In the above equation, ‘DR’ equals the delivery ratio and ‘D’ is distance in meters. This model 

was developed by Reckhow et al. (1989), and represents a simplified estimation of soil sediment 
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erosion in a watershed. The Euclidean Distances calculated from the delineated Butner Tract 

hydrography were inserted into this equation using a Raster Calculator. 

The delivery ratio was then multiplied by the export coefficient dataset. The result was a raster 

layer with estimated total phosphorus in kilograms anticipated to deposit annually in the Butner 

Tract streams. However, since we assume that any nutrients outside of a 200-ft buffer of a stream 

are more likely attenuate in the soil, the total phosphorus layer was then sampled by the 200-ft 

buffer using the ‘sum’ function of the Zonal Statistics tool. The resulting value yields a more 

precise estimation of the quantity of phosphorus likely to reach nearby streams, eventually 

depositing in the Falls Lake Reservoir.  The phosphorus delivery model is illustrated in Model 3. 

3.8.3 Nitrogen Delivery Model 

Initially, the edited high resolution NLCD was reclassified into three categories: nonpoint source 

(NPS) pollution, buffer cells, and other cells (not likely to participate in the nitrogen delivery 

pathway). The breakup of category designation is displayed in Table 4 below. 
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After identifying the most probable sources of nitrogen runoff, the nitrogen export coefficients 

were assigned to the high resolution NLCD (using the Lookup tool) and a new nitrogen export 

raster dataset was generated.  

Next, the number of buffer cells through which NPS cells flowed in the process of reaching the 

delineated streams was determined. The methodology leveraged for this analysis was developed 

by Baker et al. (2006) for specific use in ArcMap. The first component of the analysis involved 

converting the reclassified NLCD into a binary dataset, assigning a value of ‘1’ to potential 

pollution sources, and a value of ‘0’ to all other categories including buffers. A flow 

accumulation was then calculated using the binary layer as a weighting. The resulting output was 

then added back to the source binary layer. A Set Null function was subsequently used (setting 

values ‘=0’ to ‘No Data’) to produce a layer including only cells that were sources of nitrogen or 

were a component to the nitrogen delivery pathway.  

Isolating the buffer cells likely to participate in the analysis was the next necessary step. In order 

to only include buffer cells that are located in the flow path, the Con tool was used to create a 

binary raster dataset identifying buffer cells as ‘1’ and other cells as ‘0’, with the NPS flow path 

used as a mask. Only contiguous riparian cells (immediately adjacent to streams) were to be 

included in the analysis, since they are most likely to diminish nitrogen flows through attenuation. 

This made it necessary to also calculate Flow Length of both riparian locations as well as to the 

buffer cells. An Equal To function was then able to isolate contiguous riparian buffer cells. 

The final component of the Baker et al. (2006) model calculated another Flow Length from NPS 

cells, using the contiguous buffer dataset as a weight. This step effectively determined the amount 

of contiguous buffer that NPS flows would have to travel through to reach the nearest streams. 

With this value known, it was then possible to calculate the nitrogen removal capacity of an 

individual buffer pixel. The average amount of nitrogen removed from a riparian forest located in 

North Carolina was estimated to be 0.616 g/m2/day (Mander et al. 1997). This value was then 

converted to be 8.1 kg/pixel/year for use in the nitrogen model when conducting analysis at a 6-

meter resolution (NOTE: Particular analysis limitations made it necessary to conduct the final 

nitrogen analysis at a resolution lower than the 3-meter used in the phosphorus model. All 

coefficient values have been adjusted accordingly.). This nitrogen removal capacity was then 

multiplied by the number of contiguous buffer cells to determine the total estimated nitrogen 

removal on the particular flow path for a given source cell. 
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Having calculated the total buffering capacity within NPS nitrogen flow paths, it was necessary to 

calculate the cumulative nitrogen inputs from all cells along each flow path. An upstream Flow 

Length function was used with the nitrogen export raster as a weighting. The result was a dataset 

that indicated the amount of nitrogen contained within the riparian buffer prior to reaching the 

final source cell of interest. The buffer capacity layer was then subtracted from this cumulative 

nitrogen flow length. The resulting output contained a number of pixels with a value less than’0’, 

indicating the buffer was capable of removing all nitrogen exported from source cells. Values 

greater than ‘0’ indicated that the buffer through which NPS source cells flowed, had exceeded 

their capacity for nitrogen attenuation. A Con statement was then used to convert any cells  ‘< 0’ 

to ‘= 0’, and values ‘> 0’ to ‘= 1’. This binary raster was then multiplied by the nitrogen export 

coefficient dataset to arrive at the amount of nitrogen within the 200-ft buffer that will reach 

streams within the Butner Tract. Again, the ‘sum’ function of the Zonal Statistics tool was used to 

calculate the total annual nitrogen export, in kilograms, that reaches streams within the Butner 

Tract and potentially deposit in Falls Lake. The steps of this nitrogen delivery model are 

illustrated in Model 4.  

3.8.4 Scenarios 

The phosphorus and nitrogen analyses were conducted numerous times using different inputs to 

reflect characteristics of each harvest scenario. Several variations of the high resolution NLCD 

dataset were needed to reflect harvesting up to 200 feet, 150 feet, 100 feet, and 50 feet of 

delineated streams. These NLCD layers were generated by initially creating a reclassified high-

resolution raster with new identifier values for deciduous, evergreen, and mixed forestland 

covers. These new IDs represent the nutrient export coefficients for both phosphorus and nitrogen 

for each of the different scenarios (Table 1).  

In following steps, binary rasters were created where the non-harvested buffer, land covers other 

than forest types, and areas outside the Butner Tract represent a value of ‘1’. The remainder of the 

Butner Tract was assigned a value of ‘0’. It was then possible to set the Con tool to replace values 

of ‘1’ with the original high resolution NLCD, and values of ‘0’ with the harvested NLCD.  

3.8.5 Limitations 

To understand the utility of our model results it is also important to explore model limitations. These 

limitations included assumptions based on model inputs and nutrient dynamics, as well as the preclusion 

of numerous environmental variables that are useful for future investigations.  
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Looking first at the phosphorus model, it was important to reiterate that this model assumed the major 

form of phosphorus reaching streams was adsorped to sediment. The model only evaluated phosphorus 

exports resulting from sediment transport. Even though this form of phosphorus likely comprised a 

majority of phosphorus export, dissolved phosphorus may also contribute (Withers and Jarvie 2008). This 

leaves the possibility that phosphorus exports to Butner Tract streams may be underestimated. 

In addition, the flow path of sediment was assumed to be a straight line to the nearest stream. Unlike the 

nitrogen model, the phosphorus model assumed both a direct route of export, and no retention by the 

sediment to which phosphorus was adsorped. The original intent of this model created by Reckhow et al. 

(1989) was to provide a mechanism to estimate phosphorus exports over broad landscapes. In reality it is 

unlikely that sediment would flow in this manner uninhibited and without retention. As a result, 

phosphorus delivery ratio values may be overestimated.  

While the nitrogen model included nutrient flow metrics and retention capacity of riparian buffer, it could 

be further enhanced. As described by Baker et al. (2006), this model was constrained by the simplistic 

surface flow analysis provided in ArcGIS and was devoid of any subsurface flow calculations. Future 

modeling should incorporate complex surface flow algorithms better capable of simulating nutrient 

export, as well as subsurface flow datasets. These additions would help develop a more accurate 

understanding of the volume, frequency, and distribution of nitrogen into stream networks.   

The nitrogen model also failed to account for changes in buffer efficiency. Over time excess nitrogen 

exposure may trigger adverse effects on retention capacity in riparian buffers. As an example, exposure to 

high levels of nitrogen can result in root rot and subsequent tree mortality. High nitrogen concentrations 

can also initiate a shift from coniferous to deciduous forest composition (Pocewicz et al. 2007). In this 

analysis, the riparian buffer efficiency was held constant over the 30-year study. However, it was critical 

that fluctuations in nitrogen retention be considered in future analysis when attempting to extrapolate to 

long-term time horizons. 

The coefficients used in both the phosphorus and nitrogen models are also key assumptions of the 

analysis. Due to a lack of recent research on anticipated nutrient export coefficients, median values were 

utilized from analysis decades old. Furthermore, these coefficients are the averages from ranges of values 

derived from experiments across the nation. They do not reflect phosphorus and nitrogen exports 

specifically in North Carolina piedmont forest.  

This analysis also assumed that the total volume of nutrients exported to Butner Tract streams will reach 

the Falls Lake Reservoir, yet it failed to deduct natural nutrient deposition from the water column that 
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occurs during stream flow. This assumption, therefore, led to an overestimation of the ability of land 

conservation in reducing nutrient exports.  

In addition to the aforementioned improvements that should be considered to augment nutrient model 

accuracy, the incorporation of yet other important datasets could lead to greater accuracy. Landscape 

characteristics such as climate (humidity, average temperature, precipitation), forest age, soil type, and 

stream morphology, would strengthen insight into the volume and allocation of nutrient exports into 

Butner Tract streams, and ultimately Falls Lake. 

3.9 Economic Comparison Methods 

Appropriate timber and nutrient credit prices must be set in order to optimize timber revenue and nutrient 

credit revenue at the Butner Tract over the 30-year period. The strategies for quantifying these revenue 

sources are shown below. 

3.9.1 Timber Valuation Methods 

Average merchantable pulpwood (ft3) was calculated for each management scenario. The board 

feet of sawtimber as estimated by FVS were used as the basis for sawtimber volume. Volumes of 

all removed timber were converted to revenue utilizing the Fourth Quarter 2010 Timber Mart 

South average price values for the respective species and size classes using the International Rule 

(Harris 2010). Volume estimates using the southern variant of FVS were based on the volume 

equations contained in the National Volume Estimator Library.  For each stand, FVS provided 

two separate volume estimates: total cubic feet of merchantable timber and merchantable stem 

cubic feet sawtimber. Pulpwood was calculated by subtracting sawlogs (ft3) from total 

merchantable timber (ft3). Merchantable cubic feet of pulpwood were then converted to cords. . 

Finally, to calculate mean timber volume per forest type, all timber volumes from stands of 

similar forest types were averaged.  

As applied by Smith and Beckham (2007), potential earned revenue for P and P+T scenarios were 

adjusted to include management costs. For planting, a total cost of $188/ acre was assumed, 

which included costs of seedlings, site preparation (which includes herbicide application), and 

planting. Here, site preparation involved spraying herbicide to reduce the effect of competition. 

For pre-commercial thinning, a cost of $150/ acre was assumed (Smith and Beckham 2007).  
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3.9.2 Nutrient Credit Valuation Methods  

The value of nutrient credits is difficult to predict since no current market trades these credits in 

Falls Lake.  Predicting future nutrient credit prices for Falls Lake would be challenging without 

substantial economic analysis and assumptions.  An alternate approach would be to predict the 

value of nutrient credits in Falls Lake by proxy, using price information for similar established 

nutrient credit trading markets.  However, there are relatively few examples of established 

nutrient credit trading markets in the Southeast, and comparison by this method requires 

acceptance of significant dissimilarity between the Falls Lake and other watersheds.  Another 

issue with deploying established nutrient credit systems is that the value of credits is driven by 

market forces fluctuating over time. This makes it difficult to represent an extended period using 

only a single value. 

The best available method for selecting nutrient credit prices comes from existing North Carolina 

Nonpoint Source Pollution Management Program, which sets rules for NPS pollution from 

stormwater, wastewater, agriculture, and other sources.  Various basins with North Carolina are 

subject to this program with their own sets of nutrient rules. The Neuse River Nutrient Sensitive 

Waters Management Strategy, for example, was adopted in 1997 and set limits for nutrient inputs 

into the Neuse River basin.  In support of these compliance strategies the NC DENR and 

Environmental Management Commission established a Nutrient Offset Program, wherein NPS 

polluters could buy offsets for their nutrient inputs at prices set by the State.  Moneys collected 

through the program flow to the Riparian Buffer Restoration Fund administered by the Ecosystem 

Enhancement Program.  The 2011 prices for nitrogen and phosphorus in the Falls Lake 

Watershed are $20.59 per pound and $142.02 per pound, respectively (NC DENR, 2011).  This is 

a good proxy because it allows the trust fund to build more riparian buffer, which is the ultimate 

goal. 
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4.0 Results 

4.1 FVS Results 

On average, stands within the maximum buffer zone of 200 feet are fully stocked with sawtimber-sized 

trees, a representative characteristic for stands within the entire Butner Tract (Table 5). After the 

simulation of no-management, stands on average became overstocked 30 years after initial inventory 

conditions. Tree size and composition, nevertheless, remained constant among stands. Stocking of the 

Butner Tract falls in line with forest stands throughout North Carolina. According to the Forest Inventory 

and Analysis (2009), non-managed forests in North Carolina were on average either fully stocked or over 

stocked. In Granville County, 60-80% of forests are overstocked or fully stocked (USDA Forest Service 

2009).  Thirty years after a simulated clear cut of the buffer region with no additional management 

produced very different results. Pine stands were poorly stocked or completely non-stocked, while forest 

composition in mixed and hardwood stands shifted to a predominantly oak-hickory forest type. This poor 

stocking is due to the partial-regeneration FVS setting where only hardwoods sprout post-harvest.  
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Planting 500 TPA of loblolly pine following the simulated clear-cut caused all forest stands to become 

even age loblolly pine with poletimber sized trees, becoming overstocked after 30 years.  Furthermore, 

where stands were thinned within 15 years post-harvest, overall stand conditions improved, such that trees 

were on average sawtimber sized and pine stands were fully stocked. Visual representations of the 

character of forests on the Butner Tract in the present and under various future management scenarios are 

shown in Appendix C. 

Timber volumes generally agreed with values from similar forests in the area.  Assuming 200 TPA initial 

stocking density, one study (Pienaarand Rheney, 1994) estimated an average per acre merchantable 

timber of loblolly pine to be about 3,227 ft3/acre, which is mirrored by the average pine volume in the 

Butner Tract (Table 6). Similarly, Duke Forest timber volumes for mature forests (loblolly pine 4477.48 

ft3, mixed pine/ hardwood 2663.53 ft3, and hardwoods 2055.27 ft3; Whitney 2001) were in general 

agreement with volumes from the Butner Tract 3,762.83 ft3 of loblolly pine, 4,211.44 ft3 of mixed pine 

hardwood, and 2,762.20 ft3 of mixed hardwoods. However, estimates of sawtimber board feet from the 

Butner Tract were much higher than value from the Duke Forest. For example, the Duke Forest calculated 

board feet of mature loblolly pine to be 18404.65 (Whitney 2001), whereas our estimates predicted almost 

28,000 board feet of loblolly pine. These large differences could be due to a different conversion of ft3, 

volume to board feet employed by FVS and the Duke Forest, a point requiring further evaluation. 

Furthermore in the Butner Tract, standard error of the standing volume of all forest types was relatively 

high, indicating high variance in volume among plots (Table 6). This suggests that the reduction from 10 

to 5% sampling intensity, necessitated by time constraint, increased the uncertainty of the estimated mean 

volume. Because timber revenue was calculated based on FVS estimates of board feet, potential revenue 

may be overestimated. Nevertheless, since FVS estimates were used in all analyses of timber volume and 

sawtimber board feet, the relative difference among scenarios should be unaffected. 
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Monetary earning from harvesting within the buffer naturally increased when larger proportions of the 

buffer are harvested (Table 7, Figure 5). When 25% of the buffer area is harvested (harvesting up to 150 

feet) at year one, the total revenue from the buffer area is roughly $146,000. Harvesting the entire buffer 

area (200 feet) would generate almost $585,000, a net gain of close to $440,000. When harvesting the 

entire 200-ft buffer and the entirety of the tract, the total estimated revenue from harvesting would be 

roughly $3.2 million dollars.  
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If all stands are allowed to regenerate naturally

timber 30 years after initial harvest

planting loblolly pine at 500 trees per acre, total standing timber within the buffer zone after 30 years 

jumps to $137,000.  Mean sawlogs for all forest types increased with each sequential treatment

management scenario (Table 8). Despite the fact that timber volume 

thinning 15 years post-harvest, sawtimber 

high cost of thinning.  
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to regenerate naturally following a clear-cut harvest, the amount of standing 

timber 30 years after initial harvest (I) for an entire 200-ft buffer zone is approximatel

planting loblolly pine at 500 trees per acre, total standing timber within the buffer zone after 30 years 

ean sawlogs for all forest types increased with each sequential treatment

Despite the fact that timber volume decreased after a pre

sawtimber volume increased enough in a 30 year time horizon to offset the 
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into streams over the 30-year timber management strategy. As expected, the baseline scenario of no 

timber harvesting occurring in the Butner Tract yielded the lowest nutrient exports, estimated to be 607 

pounds and 123 pounds of phosphorus and nitrogen respectively. However, when these values are 

compared to nutrient exports resulting from harvesting to riparian buffers of decreasing widths increases 

of export are relatively small. Harvesting all timber outside of a 200-ft riparian buffer would generate no 

additional phosphorus and only small additional nitrogen inputs into streams over the 30-year duration 

(Table 9).  Harvesting all timber outside of a 50-ft riparian buffer exports about 664 pounds of 

phosphorus and 172 pounds nitrogen to Tract streams. 
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Only the full harvest and the conversion to urban land cover scenarios yielded large increases 

exports over baseline values. The full harvest scenario predicted 702 pounds of phosphorus and 319

pounds of nitrogen exported, while a harvest following conversion to low-density urban land cover 

estimated to yield 3,234 pounds of phosphorus and 972 pounds of nitrogen.  
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4.3 Economic Comparison Results 

The purpose of the economic comparison was to demonstrate how revenue from timber and nutrient 

credits on the site could be optimized.  To quantify nutrient credits it is assumed that credits could be 

earned only for avoided nitrogen and phosphorus loading resulting from management outside of a 50-ft 

buffer width. The minimum buffer is already required by NC Division of Forest Resources.  The potential 

revenue from timber and nutrient credits within the buffer zone under each management scenario are 

shown in Table 10. 
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One scenario not shown in Table 10 is the impact of converting the Butner Tract to low-density 

development on nutrient credits.  The economic value of low-density development is not quantified in this 

project, but would include the value of timber removed as well as the value of future development and 

could be anticipated to be quite high.  To compare nutrient credit revenue under this scenario one could 

assume that credits could be earned for the avoided loading of nutrients from low-density development as 

compared to keeping the Butner Tract forested.  The potential revenue from nutrient credits under this 

assumption would be $390,636P'''
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5.0 Discussion 

5.1 Timber Management 

The total value of timber on the Butner Tract is substantial. The initial harvest of the site up to the 

required minimum 50-ft stream buffer, plus standing value after 30 years would be approximately 3 

million dollars.  This assumes an objective of maximizing timber profits through intensive management 

and conversion to a loblolly pine forest.  Management decisions within the stream buffer zone will have a 

substantial impact on timber revenue.  For instance, choosing to harvest up to a 200-ft buffer rather than a 

50-ft buffer would result in a revenue reduction of about $570,000 over 30 years. 

The intensity of timber management on the Butner Tract will also have an impact on revenue and the 

appearance of the forest over time.  If left to regenerate naturally, under FVS partial-regeneration 

assumptions, the future stand after 30 years would be poorly stocked oak-hickory forest with low volumes 

of standing merchantable timber. As the intensity of management increases with practices such as 

planting and thinning, the quantity and value of standing merchantable timber 30 years post-harvest also 

increases. Specifically, for the Town of Butner to optimize their timber revenue, converting their forest 

into an even-aged, single species rotation through a clear-cut followed by a low-density planting would 

optimize timber production in the 30 year time horizon. 

The conversion of this uneven-aged forest into a loblolly plantation is not, however, a consideration for 

the Town of Butner. Instead, the town has expressed interest in maintaining the recreational uses of the 

tract; for example, the tract is widely used by town residents for hiking and hunting. An additional 

scenario in which these non-timber uses are maintained while simultaneously generating revenue from 

timber harvest is feasible and could be profitable. One suggested management alternative would be 

harvesting only existing pine stands. This plan would allow pine stands to remain stocked as loblolly 

pine. Within the 200-ft buffer, the Town of Butner could earn up to $319,000 harvesting to within 50 feet 

of the streams under a 30-year rotation. As applied to the previous scenarios, the same CC+P+T treatment 

was applied to the pine-only scenario. 
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5.2 Nutrient Management 

Our models show that maintenance of a 200
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that maintenance of a 200-ft riparian buffer minimizes nutrient inputs from harvest 

When comparing the baseline scenario to one of harvesting everything outside the 200

buffer, there is no discernable increase in phosphorus exports to streams, and only a 13

year time horizon (Table 9). Our analysis is consistent with the conclusion of the NC 

Forestry Guidelines that nutrient exports outside a 200-ft buffer are unlikely to reach streams. 

dels, it is highly unlikely that improved model accuracy would cause 

changes sufficient to alter our conclusions because we concentrate our analysis on clearly 

that the full harvest and conversion to developed land scenarios prompted the 

est increases in nutrient exports over baseline values. Neither of these scenarios are considered by the 

suggest these management strategies. They merely serve as points of 

to other management scenarios. When compared against the full harvest scenario, maintenance 

prevents the export of an estimated 37 pounds of phosphorus and 147

). This translates into a ~6% and ~86% increased nutrient export avoidance 

without a riparian buffer.  
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Increasing the buffer width beyond 50 feet has little impact on improving nutrient retention. Figures 5 and 

6 support this conclusion by documenting only minor differences between annual export values across 

buffered scenarios. By contrast, the disparity between nutrient export of the first year following harvest, 

the third year following harvest, and years five and up, is considerable for both phosphorus and nitrogen 

under the full harvest scenario. The magnitude of nutrient exports over years one through five following 

the full harvest are measurable enough to dramatically increase the total nutrient exports calculated over 

the 30-year period. Figure 7 displays an incremental increase of phosphorus with decreasing stream buffer 

width, with the largest increment associated with the full harvest. Figure 8 exhibits minor increases of 

nitrogen exports tied to declining buffer size, with a substantial increase punctuated by the full harvest 

scenario. These values simultaneously verify the importance of maintaining a 50-ft riparian buffer and 

suggest that increasing buffer size beyond 50-ft will prevent only negligible additional nutrient runoff.  

5.3 Economic Comparison 

The objective of the economic comparison was to determine at what buffer width timber value and 

nutrient credit value would be optimized.  Our results signify that no such optimization is necessary.  At 

the predicted nutrient credit prices and timber prices, the value of timber within the buffer zone far 

exceeds any potential revenue from nutrient credits.  Despite volatility in timber prices and nutrient credit 

values it is unlikely that a reasonable fall in timber prices or rise in nutrient credit prices could bridge the 

gap between millions of dollars of timber revenue and thousands of dollars of nutrient credit value.  The 

explanation for nutrient credit revenue being so low is not due to the low prices per credit, but rather the 

low volumes of nitrogen and phosphorus exported in any of our management scenarios once the 

minimum legal buffer zone is retained.  These findings validate that the minimum 50-ft riparian forest 

buffer width set by NC Division of Forest Resources can be very effective at attenuating nutrient loading 

from the site.  It is only under a low-density development scenario, where the entire buffer is removed and 

no forest remains on the site for 30 years, that the value of nutrient credits jumps considerably.  If 

conservation credits were valued so as to represent avoidance of low-density development, their value 

could rise enough to make them desirable in a market-based nutrient credit trading system. 
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6.0 Findings and Recommendations 

The results of this project satisfy the objectives outlined by our clients to evaluate the various 

considerations regarding nutrient and timber management on the Butner Tract.  To that end, we offer the 

following findings and recommendations: 

• Forest management and nutrient management are not mutually exclusive.  It was found that a 50-

ft buffer was very effective at reducing nutrient export and still enabled maximization of timber 

revenue on the property. 

• Since timber revenue is so high compared to nutrient credit revenue, there is not a strong 

argument for earning conservation credits through modification of forest management practices.  

However, the importance and potential value of conservation credits does manifest itself when 

comparing nutrient export from forests to nutrient export from low-density development. 

• The timber management scenarios outlined in this project are only hypothetical given Butner’s 

implied interest in multiple use management and maintaining the Butner Tract’s forest character.  

The simplified and tract-encompassing timber harvesting scenarios used in this project strove to 

maximize timber value, they would also result in what might be considered an aesthetically 

unappealing forest of even-aged loblolly pine.  Even if Butner were to manage timber less 

intensively, managing timber on only half the Butner Tract outside of the various buffer zones, 

the monetary return on timber would still far surpass that of nutrient credits. 

• The projected timber revenues from our simplified scenarios would be realized at the exclusion of 

other uses for the Butner Tract. Tradeoffs must be considered before the Town of Butner decides 

to harvest timber in such a manner.  The Butner Tract offers a variety of other values ranging 

from conservation to recreation to historical heritage.  As an example, the forests of the Butner 

Tract are home to a appreciable amount of wildlife and many stands of older hardwoods.  It is 

likely that the Butner community and surrounding areas place a high value on using the forest for 

hunting, walking dogs, and other forms of recreation, all of which have measurable value. While 

visiting the Butner Tract we observed several features of historic significance including an old 

cemetery and remnants of its use for military training from its time as part of Camp Butner.  The 

importance of these landmarks should not be ignored in making land management decisions. We 

strongly suggest that the sentiments of the Butner community be gauged, either through survey or 

public meetings, to better assess the non-timber values of the Butner Tract. Based on such 

comprehensive assessment, a more realistic timber management plan can be constructed, with 

staggered harvesting, resulting in patches (managed stands) of loblolly pine in a multi-aged 
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forest, while conserving special hardwood patches (with appropriate management) and other 

unique sections of the tract. Our analysis shows that this plan is simplified by not having to worry 

about the effect of timber management on nutrient export once the required 50-ft buffer zone is 

employed.    
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