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Executive Summary1 
 
Policy Question (pg. 1) 
 

What methodology should conservation land managers use to quantify the economic 
value of the nutrient assimilation services provided by conservation land? 
 
Recommendation (pg. 15) 
 

I recommend that the replacement cost method be used as a valuation tool by land 
managers and conservation groups in the Upper Neuse River Basin. 
 
Problem Statement (pg. 1) 
 

Private land trusts and public agencies, such as NC Division of Parks and Recreation and 
NC Wildlife Resources Commission, have traditionally measured their work in “bucks and 
acres.” Both the public demand for targeted investments in conservation and emerging markets 
for nitrogen and phosphorus offsets are pushing conservation land managers to measure the 
ecosystem services for both new and existing projects. By quantifying these benefits, land 
managers hope to increase the perceived value of conservation land and the services they 
provide. 

 
The Upper Neuse River Basin, which supplies a majority of the potable water required by 

the Raleigh-Durham Triangle region, is the focal point of this report. In addition to the 
competing water consumption demands of the area, such as agriculture, industrial, and 
landscaping, the water supply is being stressed by nutrient loading. Excessive nutrient loading 
can disrupt the ecological balance in a watershed, reducing water quality, increasing algae 
blooms, degrading the aesthetic value of water bodies, and threatening fish and wildlife. 
Impaired waters are also more difficult to treat, increasing costs for water treatment plants 
downstream. 

 
It has been established that vegetated riparian buffers can help keep water supplies clean 

by filtering out surface and subsurface pollution (Holmes, Bergstrom, Huszar, Kask, & Orr Iii, 
2004; Jordan, 1993; Klapproth, 2009; P. M. Mayer, S. Reynolds, T. Canfield, and M. 
McCutchen, 2005). However, development pressures have led to an undervaluing of this 
ecosystem service. By 2030, the region’s population is expected to nearly double, with an 
additional 51,000 acres of open space and rural land lost to development (Hart, 2006). In the face 
of these development pressures, conservation groups and land managers are challenged with 
making an economic case for conservation. 

                                                 
1 This student paper was prepared in 2012 in partial completion of the requirements for the Masters of Public Policy 
Program at the Sanford School of Public Policy at Duke University.  The research, analysis, and policy alternatives 
and recommendations contained in this paper are the work of the student who authored the document, and do not 
represent the official or unofficial views of the Sanford School of Public Policy or of Duke University. Without the 
specific permission of its authors, this paper may not be used or cited for any purpose other than to inform the client 
organization about the subject matter. The author relied in many instances on data provided to him by the client and 
related organizations and makes no independent representations as to the accuracy of the data. 
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This report and the recommendation it generates are intended to provide a “way forward” 
to land managers and land trust organizations seeking to economically quantify the nutrient 
assimilation services provided by conservation land. A series of possible alternatives and 
evaluation criteria have been developed to satisfy the policy question. 

 
Criteria (pg.8) 

 
In order to properly evaluate the alternative valuation methods identified in this report, a 

set of criteria have been developed: 
 

Criterion 1: The data required are realistically obtainable, based on the client’s 
resources. This report assumes that land managers, conservation non-profits, and 
municipal organizations will be the end-users of any recommended methodology. 
Therefore, it is critical that cost and resource considerations be made when weighing each 
alternative. 
 
Criterion 2: The model measures nutrient assimilation without capturing other hidden 
variables. Although it is nearly impossible to completely prevent omitted variable bias, 
some models may do a better job of measuring a specific variable than others. 
 
Criterion 3: The model complements a future communication strategy. One end-use goal 
of any data obtained through this process is informing and persuading private and public 
stakeholders – particularly those considering investments in conservation land. 

 
Alternatives (pg. 10) 
 

Alternative 1: The hedonic price method – an economic valuation method that relies 
upon housing prices to determine consumers’ revealed preference for water quality. 
 
Alternative 2: The replacement cost method – a cost estimation model that uses the cost 
of the next best replacement as a proxy for the value of the ecosystem service being lost. 
 
Alternative 3: The stated preference method – a survey based method for asking 
consumers to state their willingness to pay for an amenity or willingness to accept or 
avoid a dis-amenity. 
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Policy Question 
 

What methodology should conservation land managers use to quantify the economic 
value of the nutrient assimilation services provided by conservation land? 
 
 
Problem Statement 
 

Land and water resources in North Carolina’s Upper Neuse River Basin face competing 
and often incompatible demands. Population growth is driving demand for drinking water and 
residential development. Commercial interests are competing with conservation groups and 
residents in an attempt to convert open spaces and riparian parcels into retail and office spaces 
(Khanna, 2009). Development increases demand for water for consumption and landscaping 
while reducing the land’s ability to naturally recharge the water supply (Hart, 2006). From 2000 
to 2009, the population of the Raleigh-Durham Triangle region increased by 40 percent 
(Koebler, 2011). By 2030, the region’s population is expected to nearly double, with an 
additional 51,000 acres of open space and rural land lost to development (Hart, 2006). In the face 
of these development pressures, conservation groups and land managers are challenged with 
making the case for conservation in economic terms.  
 

Traditional land use policy operates under the rule of “highest and best use”, that is, the 
use that brings the highest return in economic value, usually defined in money (Dorau, 1928). As 
an alternative to development, natural lands are often valued based on the economic potential of 
their marketable resources, such as timber and agriculture. As such, the values associated with 
these economic uses are perceived as being much greater than the value of conservation 
(Kramer, Elsin, & Jenkins, 2010). This approach often fails to recognize the non-market values 
associated with conservation land. Ecosystem services, such as carbon sequestration, nitrogen 
and phosphorus assimilation, erosion control, and biodiversity are typically undervalued by the 
market (Champ, 2003). By quantifying these services, land managers can potentially increase the 
perceived value of land conservation. 
 

Unfortunately, the services that conservation lands provide are diffuse in nature, 
benefiting society as a whole, rather than private individuals (Leschine, 1997). In economic 
theory, ecosystem services such as flood control, climate regulation, and pollution mitigation are 
considered “non-use” values, disassociated from direct market interactions between consumers 
and the outputs produced (Culp, 2011). This makes securing investments in conservation land a 
challenge, particularly during times of economic contraction. North Carolina’s fiscal year 2011-
12 budget cut land acquisition funding by nearly 85 percent, while also prohibiting the use of 
Clean Water Management Trust Fund money for land acquisition (Kuo, 2011). This modification 
to the law is particularly troubling due to the important role that conservation land plays in 
maintaining water quality in the Upper Neuse River Basin. 
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The Upper Neuse River Basin 
 

The Upper Neuse River Basin supplies a majority of the potable water required by the 
Raleigh-Durham Triangle region. Currently, regional demand for water is satisfied by local 
sources. However, population growth and development pressures are predicted to increase water 
demand beyond supply capacity by 2030 (Hart, 2006). In addition to the competing water 
consumption demands of the area, such as agriculture, industrial, and landscaping, the water 
supply is being stressed by non-point source pollution. Nutrient loading and sediment discharge 
in particular are responsible for reductions in water quality and quantity throughout the Upper 
Neuse. 

 
           Figure 1: Drinking Water Sources in the Upper Neuse River Basin  

 
          Source: (Cummings, 2011) 

 
Each municipality depends upon water stored in reservoirs throughout the region (see 

Figure 1). These reservoirs are typically located upstream from users. Durham draws a majority 
of its water from the Little River and Lake Michie reservoirs. Further downstream, Raleigh relies 
upon the Falls Lake reservoir. Regulations designed to protect Durham’s water source limit 
impervious development in the Little River and Lake Michie watersheds to less than 10 percent. 
In contrast, current regulations allow for the establishment of impervious surfaces throughout 70 
percent of the Falls Lake watershed (Bierma, 2012). This discrepancy dates back to the 
construction of Falls Lake. In 1983, the Army Corps of Engineers dammed the Neuse River in 
response to flooding and demand for water resources (Ovaska, 2010). 
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Unlike Durham’s reservoirs, Falls Lake was built in a developed watershed, and has 

suffered from pollution issues ever since. Since 2010, Falls Lake has failed to meet state and 
federal water quality standards. The Durham portion of the lake, upstream from Highway 50, has 
failed water quality tests since the Falls Lake was built (Riechers, 2011). Many of these water 
bodies remain among the most impaired in the state (see Figure 2). This situation is further 
complicated by the lack of porous soil throughout the basin. The Triassic soils present in the 
Upper Neuse, particularly in the Ellerbe Creek watershed (see Appendix V), are characterized 
by poor porosity and low permeability (ECWA, 2003). As a result, these soils become quickly 
saturated, leading to increased surface runoff and sedimentation loss into storm drains and 
streams. 
 
 
Non-Point Source Nutrient Pollution 
 

Non-point source nutrient pollution continues to be one of the primary threats to water 
quality in the Upper Neuse River Basin. Non-point sources include surface and subsurface runoff 
from lawns, agricultural fields, and pavement (Duffy, 2010). These sources are difficult regulate 
and monitor, and are believed to account for a majority of the pollution in the Upper Neuse 
(Line, White, Osmond, Jennings, & Mojonnier, 2002). Excessive nutrient loading can disrupt the 
ecological balance in a watershed, reducing water quality, increasing algae blooms, degrading 
the aesthetic value of water bodies, and threatening fish and wildlife. Impaired waters are also 
more difficult to treat, increasing costs for water treatment plants downstream (Loomis, Kent, 
Strange, Fausch, & Covich, 2000). 

 
Figure 2: Nutrient Impaired Watersheds of the Upper Neuse 

 
Source: (Cummings, 2011) 
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Nitrogen and phosphorus are the primary agents responsible for nutrient loading 
(Jackson, Burger, & Cavagnaro, 2008). Nitrogen is delivered into water bodies through a variety 
of methods, including groundwater contamination, surface water contamination, and atmospheric 
deposition (Shaik, 2002). Nitrogen pollution is primarily responsible for algae blooms, a 
phenomenon that increases water treatment costs and depletes water bodies of oxygen through a 
process called eutrophication. Nitrate (NO3

-) is of particular concern, as this chemical form of 
nitrogen can cause methemoglobinemia, a blood disorder (P. M. Mayer, Reynolds, McCutchen, 
& Canfield, 2007). 
 

Phosphorus is delivered into water bodies through erosion, as it typically binds with soil 
particles. Water from sources overloaded with phosphorus looks, tastes, and smells bad, 
requiring additional inputs of chlorine to treat. Increased levels of chlorine carry their own risk, 
such as the carcinogenic by-product, trihalomethane (Daily, 2002). Algae blooms resulting from 
nutrient loading can also release dangerous toxins into the water supply, killing animals and 
harming humans (Riechers, 2011). 
 

The Falls Lake Nutrient Strategy, or “Falls Lake Rules”, was drafted in an effort to 
address these problems. Approved by the N.C. Rules Review Commission (RRC) in December 
of 2010, the goal of the Falls Lake Nutrient Strategy is to reduce yearly nitrogen loading by 40 
percent and phosphorus by 70 percent. These numbers are based on the watershed baseline year 
of 2006. The allowable loads to Falls Reservoir from the watersheds of Ellerbe Creek, Eno River, 
Little River, Flat River, and Knap of Reeds Creek are set at 658,000 pounds of nitrogen per year 
and 35,000 pounds of phosphorus per year (NCDNER, 2011). Stage 1 of the Falls Lake Nutrient 
Strategy is designed to bring the lower portion of the lake into compliance with the Clear Water 
Act by 2021. Stage 2 will bring the rest of the lake into compliance with the law by 2036 
(Riechers, 2011). 
 
 
The Value of Conservation Land 
 

Conservation lands can play an important role in meeting the Falls Lake Nutrient 
Strategy goals. Nutrient loading can be partially mitigated by establishing wooded, un-developed 
sites along rivers and lakes, or “riparian buffers” (Hart, 2006). Riparian buffers protect water 
quality by intercepting storm water before it reaches water bodies, processing nutrients and 
filtering out contaminants through various natural processes (Jackson et al., 2008). Buffers 
provide many other valuable services, such as floodwater regulation, groundwater recharging, 
and stream flow maintenance (P. M. Mayer, S. Reynolds, T. Canfield, and M. McCutchen, 
2005). When buffers fail to function properly, due to erosion or the removal of vegetation, 
surface and sub-surface pollution can enter lakes and rivers unabated (see Figure 3). For 
additional background on riparian buffers and the Upper Neuse Buffer Rules, please refer to 
Appendix I. 

 
Clearly, there is a demand for the nutrient assimilation services in the Upper Neuse River 

Basin. Municipal requirements to comply with the Falls Lake Rules coupled with budget 
constraints make land conservation an appealing alternative to expensive water treatment 
upgrades. Indeed, the literature shows that the cost of providing clean drinking water is directly 
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correlated to the quality of the raw water input (Kramer et al., 2010).  Furthermore, economic 
theory dictates that scarcity results in high marginal values (Kiker, 2002). As development 
increases, conservation land will become increasingly scarce, as will the services it provides. 
Unless this value is reflected in the market, society may forgo conservation in an attempt to 
realize the “highest and best” economic use of the land. 
 

    Figure 3: Eroded riparian buffer along Ellerbe Creek 

 
    Source: (ECWA, 2003) 

 
The Triangle J Council of Governments (TJCOG), in collaboration with The Trust for 

Public Land (TPL), has identified approximately 24,000 unprotected acres throughout the Upper 
Neuse River Basin as high-priority for water quality (Hart, 2006). Their methodology utilized 
GIS modeling to compare the effects of different development scenarios on watershed services. 
Combining information on land characteristics such as “topography, soil type, slope, land use, 
and zoning”, TPL identified parcels that, if developed, could adversely affect the water quality 
conditions in the Upper Neuse (Hopper, 2005). As a result, there remain many opportunities to 
acquire additional land for conservation. 
 
 
Literature Review of Non-Market Valuation 
 

A review of the literature has revealed that there are no preferred or widely accepted 
methods of capturing the non-market value of nutrient assimilation (Ansink, Hein, & Hasund, 
2008; Champ, 2003; Pattanayak, 2004). However, three of the most commonly used valuation 
techniques have been selected as possible alternatives. These include 1) Hedonic Price method, 
2) Replacement Cost method, and the 3) Stated Preference method. 
 
 
Alternative 1) Hedonic Price Method 
 

The hedonic price method is used to estimate economic values for ecosystem services 
that affect market prices (King, 2000). The most common application of the model in the 
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literature has been housing prices. It is assumed by the model that housing prices reflect the 
value that consumers have for local amenities, such as environmental services. This expression 
of value is also referred to as revealed preference, as opposed to stated preference (see 
Alternative 3). The literature has theorized that consumers of real estate value nutrient loading 
reductions through their appreciation for clean drinking water, clear lakes and rivers, and the 
availability of relevant recreational activities, such as fishing and water contact sports (Poor, 
Pessagno, & Paul, 2007). In this way, the hedonic price method is offered as one way to infer the 
value of a non-market good or service based upon observable market transactions, or revealed 
preferences (Champ, 2003). 
 
The hedonic price method can be broken down into two steps: 
 

1) Collect data on residential property sales in the region for a specific time period. 
 

2) Statistically estimate a function that relates property values to the property characteristics, 
including the distance to subject of interest – i.e., water body.  The resulting function 
measures the portion of the property price that is attributable to each characteristic.  Thus, 
the researcher can estimate the value of water quality by looking at how the value of the 
average home changes when the quality of nearby water changes (King, 2000). 

 
Using a hedonic property model, (Poor et al., 2007) investigated the value of ambient 

water quality as measured by data from twenty-two monitoring stations located throughout a 
local watershed in the St. Mary's River watershed, located in Maryland. The econometric results 
indicate that the marginal implicit prices associated with a one milligram per liter increase in 
total suspended solids and dissolved inorganic nitrogen, are $1086 and $17,642, respectively 
(2007). Research in Maine found that implicit housing prices for water quality range from $5,246 
to $10,430, depending upon the model used (Michael, Boyle, & Bouchard, 2000). Meanwhile, a 
study utilizing fecal coliform as a measure of water quality found that the presence of this 
pollutant along the Chesapeake lowered mean housing prices by $230,000, with a 95 percent 
confidence interval ranging from $105,000 to $353,000 (Leggett & Bockstael, 2000). For a 
summary table of additional studies, see Appendix II. 
 
 
Alternative 2) Replacement Cost Method 
 

Under the replacement cost method, the value of a service is viewed as the cost of 
replacing that service by some alternative means. For example, the value of clean drinking water 
provided by watershed protection has been examined using the cost savings from not having to 
build a water filtration plant (Champ, 2003). Indeed, the textbook example of this concept in 
practice is the New York City reservoir system. New York City elected to buy upstate property 
around the reservoirs, rather than build more expensive treatment plants. This decision allowed 
New York to maintain buffers of undeveloped land, protecting the water. Completed in 1964, the 
Catskill/Delaware Watershed now provides approximately 90 percent of New York City’s water. 
Primarily transported by gravity and natural flows, water currently reaches New York City 
untreated except for some chlorine and filters designed to catch dead fish (Daily, 2002). 

 



7 
 

This type of cost savings can offer a rough estimate of the value of an ecosystem service, 
such as nutrient loading. Consider this basic model (Brown, 2007): 
 

1) Option 1, “Preserve Riparian Buffers”, has a cost of C1 and benefits B1. 
2) Option 2, “Develop Land”, has a cost of C2 and benefits B2.2 
3) The replacement cost method assumes that the benefits of Option 1 (B1) cannot be 

directly measured. 
4) Therefore, the cost of Option 2, C2, is used as a proxy for B1.3 
5) Assuming that the benefits of Option 1 are equal to or greater than the costs of Option 2 

(B1 ≥ C2), C2 serves as a lower bound estimate of B1 (Brown, 2007). 
 

A number of potential candidates for “replacement services” exist in the Upper Neuse 
River Basin. NCDNER’s Nutrient Offsets Program (see Appendix III) gives developers the 
option of mitigating nutrients on their own, or by purchasing offset credits, which fund the 
implementation of nutrient-reducing projects in the same hydrologic area where the development 
occurred (DWQ, 2010). The instillation of Best Management Practices (BMP), such as wet 
ponds, rain gardens, and porous pavement can also serve as a substitute for the natural service 
that riparian buffers provide. For an application of the replacement cost method in the valuation 
of a wetland BMP, see Appendix V. 
 

Water treatment plants are one of the most common services utilized in replacement cost 
models. The Trust for Public Land (TPL) predicts that protecting high-priority acres will lower 
downstream water treatment costs and increase water availability in the basin (Hart, 2006). 
Table 1 details the estimated savings in water treatment costs that forested land provides based 
on research done by TPL (Ernst, 2004). The table demonstrates a nearly linear relationship 
between increased forested-area and falling water treatment costs. (Liu, 2006) found the 
replacement cost associated with 60 meter, 90 meter, and 120 meter riparian land to be 
approximately $7.41/acre, $11.40/acre, and $15.43/acre, respectively. Dehnhardt (2002) 
identified estimates ranging from $1/acre to $150/acre for nutrient retention services. For 
additional studies, see Appendix II. 

 
 

Table 1: Predicted Water Treatment Cost Reductions due to Forest Cover 
Average Treatment Costs* Watershed 

Forested 

Treatment and 
chemical costs 
per mg 

Change in costs 
Per Day P.er Year 

10% $115 -19%◊ $2,530 $923,450 
20% $93 -20% $2,046 $746,790 
30% $73 -21% $1,606 $586,190 
40% $58 -21% $1,276 $465,740 
50% $46 -21% $1,012 $369,380 
60% $37 -19% $814 $297,110 
Source: Trust for Public Land (Ernst, 2004) 
◊ Initial percentage change based on change from 0 percent forest cover to 10 percent forest 
cover 
*Results based on a supplier treating 22 million gallons per day. 

                                                 
2 This method assumes that B2 produces the same type of service as B1. This method also assumes that C2 is the 
least-cost substitute or replacement service available (King, 2000).  
3 This assumption relies upon the following two conditions hold: B2 ≤ B1, and B2 ≥ C2. 
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Alternative 3) Stated Preference Method 
 

Stated preference methods utilize surveys to estimate the value of non-market services. 
Also known as “willingness to pay”, these surveys ask respondents to state the value that they 
place on a service, such as the provision of clean water. Stated preference can also be used to 
value a consumer’s willingness to accept or avoid a dis-amenity, such as noise pollution. Due to 
the ease of direct data collection (minus the transaction costs of implementing a survey), the 
stated preference method has become a popular way of assessing non-market goods. 
 

Stated preference studies have also made a persuasive case for water quality 
interventions, and have been utilized to support the idea that consumers assign a significant and 
measurable value water quality (Egan, Herriges, Kling, & Downing, 2009). For example, surveys 
conducted in communities along the Platte River in Nebraska have estimated a total willingness-
to-pay of $19 million to $70 million for additional ecosystem services (Loomis et al., 2000). 
Meanwhile, (Genius et al., 2008) found that female respondents, households with high income, 
household with children, and households which do not use tap water for drinking were, on 
average willing to pay more for clean water. This study in England found that the mean WTP for 
future water-related projects was estimated to be 10.64 € (2008). 

 
(Welle & Hodgson, 2011)  examined WTP in two Minnesota watersheds. They found the 

means for one watershed clustered in the $200 to $300 range, while the other watershed ranged 
from $11 to $17. They also found that differences between lakeshore and non-lakeshore property 
ownership patterns, recreational use, and other socio-economic and watershed characteristics 
were significant influences on WTP (2011). For a summary table of additional studies, see 
Appendix II. 
 
 
Criteria for Evaluating the Alternatives 
 

In order to properly analyze the alternative valuation methods, a series of evaluation 
criteria have been identified. These criteria are specific to the needs of the client and relevant 
stakeholders: 

 
Criterion 1: The data required are realistically obtainable, based on the client’s 
resources. This report assumes that land managers, conservation non-profits, and 
municipal organizations will be the end-users of any recommended methodology. 
Therefore, it is critical that cost and resource considerations be made when weighing each 
alternative. 
 
Criterion 2: The model measures nutrient assimilation without capturing other hidden 
variables. Although it is nearly impossible to completely prevent omitted variable bias, 
some models may do a better job of measuring a specific variable than others. 
 
Criterion 3: The model complements a future communication strategy. One end-use goal 
of any data obtained through this process is informing and persuading private and public 
stakeholders. 
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When analyzing whether or not each alternative meets the criteria, this report will use a 
“0” to “2” scale as part of a decision matrix (see Table 2). A “0” indicates that the alternative 
does not meet the criterion; a “1” indicates that the alternative partially meets the criterion; a “2” 
indicates that the alternative fully meets the criterion.  The ratings will be summarized at the end 
of the analysis section and used as a basis for a decision matrix that will inform the final 
recommendation. 
 

   Table 2: Criteria Rubric for Assessing Alternatives 
Number Meaning 

0 Does not meet criterion 

1 Partially meets criterion 

2 Fully meets criterion 

 
 
Limitations to Analysis 
 

This report assumes that land managers have devised methods of measuring the nutrient 
assimilation capability of their land. Land managers must be able to estimate the actual extent of 
the ecosystem services provided by their land before attempting to place a value on it. 
Generalized estimates from the literature, as found in Appendix II, may provide a useful starting 
point but should not be a substitute for site-specific research. 
 

A number of tools are available for land managers, from independent field monitoring of 
water quality data to sophisticated computer hydrology models. Developed by engineers at NC 
State, the Jordan/Falls Lake Stormwater Accounting tool is a model that local governments and 
developers can use to determine nutrient loads for pre and post development. The “Jordan Lake 
Accounting tool” uses the Median Effluent Concentration Method to determine Best 
Management Practice (BMP) efficiency (Allen, 2011). The Upper Neuse Site Evaluation Tool 
(referred to as “SET”) is another tool designed to determine BMP efficiency for peak flow and 
hydrology as well as for nutrient loads (2011). For more information on the “Jordan Lake 
Accounting tool” and “SET”, please see “Urban Stormwater Management in Ellerbe Creek 
Watershed”, by Jessie Allen and Nancy Scott (2011) – a Masters project on file at the Nicholas 
School of the Environment at Duke University. 

 
BASINS is an ArcView GIS-based analysis system for studying watershed and water 

quality that integrates environmental data, analytical tools, and modeling (Liu, 2006). The 
Environmental Protection Agency has made BASINS available for download. For more 
information about the tool, as well as access to the program, please visit: 
http://water.epa.gov/scitech/datait/models/basins/ 

 
The Parcel-Pollutant Weighing (PPW) model is a method for predicting the reduction in 

pollutant loads if a particular parcel is protected verses developed. This model selects “high 
priority” parcels based upon weighting the amount of pollutant loading reduced and a parcel 
index, which is based upon characteristics such as stream frontage, size, and distance to where 
the water is treated (Azzaino, Jon, & Ferraro, 2002). The model is detailed in Appendix IV. For 
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more information on the practical application of this model, please see “Parcel Prioritization for 
Drinking Water Protection in the Upper Neuse River Basin, North Carolina”, by Anna R. 
Treadway (2007) – a Masters project on file at the Nicholas School of the Environment at Duke 
University. 

    
Finally, this report assumes that upstream, non-point nutrient loading and downstream 

water treatment costs are correlated. While there is agreement that nutrient loading impairs water 
quality, there is contention over whether present impairment in the Upper Neuse River Basin 
results specifically from preventable upstream urban and agricultural runoff (Cummings, 2011; 
Stow, Borsuk, & Stanley, 2001). Indeed, a recent study by Stow, C. A., M. E. Borsuk, et al. 
(2001) found that while Upper Neuse River Basin-wide sources of nutrient loading have 
increased substantially over the past 10 years, these increases have not resulted in proportional 
changes in river loading. Consequently, the study concluded that reduced nutrient loading land 
use activities have not resulted in expected drops in river and lake loading levels. This is just the 
tip of the ice berg in the current controversy over Falls Lake pollution. This report will not 
attempt the solve the controversy, but will instead move forward assuming that nutrient loading 
in the Upper Neuse is preventable through conservation, based upon the available peer-reviewed 
research (Hart, 2006; Kramer et al., 2010; Line et al., 2002; Sargent-Michaud, 2011). 
 
 
Analysis 
 
Alternative 1) Hedonic Price Method 
 

In this context, the Hedonic Price method assumes that people make housing decisions 
based upon the value they place on water quality. In plain language, people will pay more to live 
near clean, clear water. However, this decision may also be affected by the recreation benefits 
associated with the proximity to water, the proximity of neighborhood amenities and dis-
amenities, or just the appreciation of an unobstructed, natural view. The literature has offered a 
flexible model designed to capture the characteristics of interest: 

 
PRICE = ƒ(S, L, WQ) 

 
where PRICE is the sale price of the property, S a vector of structural characteristics (number of 
stories, number rooms, square-footage, etc.), L is a vector of location attributes (distance to 
water, distance to amenities and dis-amenities, etc.) and WQ is the water quality variable 
(Michael et al., 2000). Although the literature identifies many of the most common 
characteristics that should be considered, each model must be “tailored to the individual housing 
market(s) being investigated and the availability of property data” (2000). 

 
Poor et al. (2007) attempted to control for a number of neighborhood and site 

characteristics in an effort to isolate nutrient assimilation services as a predictor of housing 
prices. Proximity variables included the distance of each observed house from a landfill and a 
naval base. The study also used data on hosing characteristics, such as number of stories, square 
footage, fireplaces, and the presence of porches, decks, and basements. The sheer volume of data 
needed to account for each possible variable presents a challenge to any land manager trying to 
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duplicate this research. Acquiring this amount of data is beyond the resources of most land 
managers; therefore, this alternative does not meet the first criterion. 

 
Indeed, the validity of the hedonic approach has been questioned, as the potential for 

omitted variable bias is quite high. Economics Professor Kenneth Small, in referring to hedonic 
studies on air pollution, has stated that the empirical difficulties associated with unmeasured 
neighborhood characteristics are “so overwhelming as to render the entire method useless” 
(Small, 1975). Leggett points out that water quality studies can suffer from similar shortcomings 
by failing to capture various emitter effects (2000). The method also relies on a series of 
assumptions, such as the assumption that people have the opportunity to select the combination 
of amenities they prefer based upon their income. Housing market prices are also affected by 
outside influences, like taxes, interest rates, and other externalities (Champ, 2003). The recent 
subprime mortgage crisis has shown that the “actual” value of housing is a very fungible thing as 
housing prices across the country have fallen by an average of 25 percent or more since 2008 
(Blodget, 2009). As a result, the housing market may represent an unstable estimator of non-
market values. 

 
The model also assumes that consumers value and understand water quality issues in the 

first place. Hedonic pricing assumes that “consumers and producers have the same list” of goods 
that they are valuing (Hulten, 2003). Rarely, however, do community members value the same 
amenities, nor do they always have accurate information as to what amenities are actually 
available. As Poor et al. (2007) concede: 

 
…the localized study area/watershed is located in a county adjacent to the 
Chesapeake Bay where the cultural heritage has depended on water and water 
quality as it relates to commercial fish harvests as well as recreation. Public 
opinion polls have shown that homeowners in sub-watersheds of the Chesapeake 
Bay are both knowledgeable about water quality issues, and willing to pay for 
improvements. 
 

Community knowledge will vary from region to region, and may be difficult to measure without 
additional research methods, such as surveying. Indeed, Michael et al. (2000) warn against solely 
relying upon environmental data, stating that the selected measure of environmental quality 
should “reflect the public’s perceptions of environmental quality”. The inclusion of a survey 
instrument to capture public perceptions introduces new set of challenges (see Alternative 3) to 
land managers wishing to utilize the hedonic price method. Given the difficulty in capturing the 
specific value of nutrient mitigation services through hedonic pricing, this alternative only 
partially satisfies the second criterion. 
 
 The method does benefit from the fact that it is easy to conceptualize: the value that 
people have for clean water is reflected in the price that people pay to live near clean water. 
This is useful for the purposes of messaging. However, due to the myriad of factors that 
influence homebuyer behavior, it may be difficult to convince non-academic stakeholders that 
estimates gleamed from hedonic pricing are valid. Indeed, the validity issues previously 
mentioned leave any communication strategy vulnerable to criticism. Therefore, this alternative 
only partially satisfies the third criterion. 
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Table 3: Hedonic Pricing Decision Matrix 
Capacity to 
Implement 

Model 

Captures 
Nutrient 

Assimilation 

Complements 
Communication 

Strategy 
Total 

0 1 1 2 

 
 
Alternative 2) Replacement Cost Method 
 

The replacement cost method requires much less data than a majority of economic 
models. With a minimum amount of information, a land manager can utilize this very basic form 
of the model: 

C2
 R2

  × R1
 A1

  = B1 per acre 
 

where C2 is the cost of the service that is replacing the conservation land (existing service), R1 is 
the rate of nutrient assimilation provided by the existing service (as a percentage of nutrients 
removed), R2 is the rate of nutrient assimilation provided by the replacement service, and A1 is 
the area (in acres) of the existing service being considered for replacement (Leschine, 1997). 
This simple model will produce a rough estimate of the cost per acre of replacing the existing 
service. This cost estimate serves as a proxy for B1, the nutrient assimilation benefits of 
conservation land (Brown, 2007). Due to its ease of use, this alternative satisfies the first 
criterion. 
 

A common complaint is that the replacement cost is a measure of cost, not of value, and 
is therefore not truly measuring benefits (King, 2000). Because of the many assumptions made, 
critics argue that simplistic transfers of replacement cost estimates to benefit measures can lead 
to misleading results (Bockstael, Freeman, Kopp, Portney, & Smith, 2000). Critics also contend 
that the focus on specific services “replaced” by technology may not account for other services 
lost when conservation land is developed, such as biodiversity, existence value, carbon 
sequestration, etc. Thus, the method is very limited in its scope and may underestimate the actual 
value of the land. Conversely, there may be circumstances when the social benefits lost due to 
ecosystem degradation are less than the cost of replacing of those services, leading us to 
overestimate lost social welfare (Farber, Costanza, & Wilson, 2002).  

 
Clearly, there is always a risk that the value of nutrient assimilation services will not be 

accurately captured. That said, this method singles out nutrient assimilation more directly than 
any of the other methods examined, as the replacement service usually considered, “water 
treatment”, is directly correlated to upstream nutrient loading. Taking into account the theoretical 
concerns associated with this method, this alternative partly meets the second criterion. 

 
The replacement cost method fits well into a communication strategy. Unlike more 

complex methods, the replacement cost focuses on one or more specific projects. In the case of a 
water treatment plant, this project is highly visible and generally understood by the public and 
politicians (Loomis et al., 2000). In a sense, a community’s “willingness to pay” for water 
treatment services acts as a proxy for the value of natural nutrient assimilation services that 
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already exit (Leschine, 1997). Linking upstream conservation to downstream water treatment 
costs has long been a strategy of land trust organizations (Cummings, 2011; Ernst, 2004; Hart, 
2006). Estimates of the cost avoidance associated with land conservation can easily complement 
current communication strategies, allowing this alternative to fully meet the third criterion.  

 
 

Table 4: Replacement Cost Decision Matrix 
Capacity to 
Implement 

Model 

Captures 
Nutrient 

Assimilation 

Complements 
Communication 

Strategy 
Total 

2 1 2 5 

 
 
Alternative 3) Stated Preference Method 
 

The Stated Preference Method, which is also called contingent valuation and “willingness 
to pay” (WTP), is the most widely used method for estimating non-use values (Champ, 2003). Its 
use has been well established, and there is an abundance of literature available on how to 
properly design and implement a survey. Although some of the work involved in creating and 
administering a survey may beyond the resources of individual land managers, even the smallest 
land trust organizations should have little trouble implementing this model. Online survey 
programs like Survey Monkey and Qualtrics have helped lower transaction costs of creating and 
distributing surveys. While online-instruments introduce their own set of biases and limitations, 
overall, the method is rather easy to implement once a target sample frame has been identified 
and emails collected. With the exception of individual land managers with very limited 
resources, this alternative fully satisfies the first criterion.   
 

In spite of its wide usage, this method has vocal opponents in the literature as well. 
Indeed, some have referred to it as a “short cut”, resulting in hypothetical answers to 
hypothetical questions (Champ, 2003). The use of hypothetical payment scenarios in surveys 
may also result in an over-reported “willingness to pay” (Moore, Provencher, & Bishop, 2011). 
The results of WTP surveys (in addition to hedonic studies) typically follow a non-linear 
functional form, as respondents perceive diminishing marginal utility as environmental quality 
improves (Michael et al., 2000). This is reflected in the findings by Egan et al. (2009) who 
studied recreational use of lakes in Iowa. They found that, while residents strongly valued water 
clarity, the “coefficient on logged chlorophyll is positive, suggesting that on average respondents 
do not mind some greenish water” (Egan et al., 2009). Thus, respondents near clean lakes would 
have little reason to pay more to clean the last particles of pollution, lowering the perceived 
value of ecosystem services. 

 
Like with hedonic pricing, the effectiveness of this approach is also dependent upon how 

knowledgeable survey respondents are about water quality issues. Indeed, few consumers 
actually understand the science behind nutrient loading, potentially making it difficult for them 
to state well-informed preferences. A survey designed to inform as it asks questions may rectify 
this concern. As in all survey-based studies, however, the design of the survey can also have a 
negative impact on the data collected (Champ, 2003). Attempts to “fill in” the required 
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background knowledge may unintentionally lead to biased responses on the part of the 
respondent (Rea, 2005). While the literature demonstrates that the Stated Preference method can 
result in usable data, the concerns mentioned here cause this alternative to only partly meet the 
second criterion.  
 

Due to the very nature of public opinion, people will rarely agree on what they think a 
resource is worth.  Wells and Hodgson (2011) attributed the wide variation of WTP estimates to 
how people perceived their gains relative to their costs for lake restoration. Specifically, they 
found the strongest factors included lakeshore ownership, the levels of recreational activity, and 
household income (2011). Those who don’t own lakeshore properties or fail to take part in lake 
recreational activities placed much lower values on clean water. Furthermore, Loomis et al. 
(2000) found that the higher the dollar amount the respondent was asked to pay, “the lower the 
probability that the respondent would vote for restoration of ecosystem services”. 

 
The public and politicians may balk at certain costs if given only a hypothetical context. 

Generally speaking, policy-makers are reluctant to accept the results of stated preference studies 
based on many of the concerns outlined above (Champ, 2003). Although the methodology is 
relatively easy to implement and describe, the skepticism it invites within the policy community 
means that this alternative only partially satisfies the third criterion. 
 

 
Table 5: Stated Preference Decision Matrix 

Capacity to 
Implement 

Model 

Captures 
Nutrient 

Assimilation 

Complements 
Communication 

Strategy 
Total 

2 1 1 4 
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Recommendation 
 
 Table 6 summarizes the analysis in the form of a decision matrix. Based upon the values 
given to each alternative, the second alternative – replacement cost method – scores highest: 
 

Table 6: Complete Decision Matrix 

Alternative 
Capacity to 
Implement 

Model 

Captures 
Nutrient 

Assimilation 

Complements 
Communication 

Strategy 
Total 

Hedonic 
Price 0 1 1 2 

Replacement 
Cost 2 1 2 5 

Stated 
Preference 2 1 1 4 

 
Cleary each method fails to completely capture the value of nutrient assimilation. This simply 
reflects the current state of environmental economics, where each method has its fair share of 
detractors and skeptics. For our purposes, however, the replacement cost method is the best 
alternative for capturing nutrient assimilation services. It is fairly easy to implement and 
communicate, particularly to stakeholders unfamiliar with economics and science. 
 

For a simple example of applying the replacement cost method in the analysis of a 
project, see Appendix V. While this example does not examine the value of a potentially lost 
resource, it does use the reduced cost of treating nutrient loading as a proxy for the value of a 
proposed reclamation project. The replacement cost method is used in this context to highlight 
the flexibility of the model and ease of implementation. 
 

It is the recommendation of this report that the replacement cost method be used as a 
valuation tool by land managers and conservation groups in the Upper Neuse River Basin. 
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Appendix I: Riparian Buffers 
 

Conservation lands can play an important role in meeting the Falls Lake Nutrient 
Strategy goals. Nutrient loading can be partially mitigated by establishing wooded, un-developed 
sites along rivers and lakes, or “riparian buffers” (Hart, 2006). Nitrogen is absorbed by plant root 
systems through a process called denitrification (Jackson et al., 2008). During rain events in 
naturally vegetated watersheds, approximately 15 percent of precipitation is lost as surface 
runoff. In a highly developed watershed with impervious surfaces, as much as 55 percent of the 
precipitation is lost as surface runoff, delivering surface pollution directly into rivers and lakes. 
Riparian buffers are often a watershed’s last line of defense for keeping non-point source 
pollutants out of its waters. These riparian buffers protect water quality by processing nutrients, 
filtering out contaminants, regulating floodwaters, maintaining wildlife habitats, recharging 
groundwater, and maintaining stream flows (P. M. Mayer, S. Reynolds, T. Canfield, and M. 
McCutchen, 2005). 
 

Although there is no magic number, riparian buffers wider than 50 meters more 
consistently remove nitrogen and bind phosphorus into the soil (2005). Land cover 
characteristics also affect a buffer’s capacity to reduce nutrient loading. As shown in Table 7, a 
meta-analysis by the Environmental Protection Agency demonstrated that forested land provides 
the best nitrogen loading reduction potential. 

 
Additional studies have confirmed the effectiveness of riparian buffers, albeit to varying 

degrees. In Maryland, scientists found that riparian buffers removed up to 95 percent of the 
nitrates from agricultural runoff (Jordan, 1993). Scientists in New England found that where the 
water table was within 20 inches of the soil surface, nitrate removal rates were up to 70 percent 
higher than where drier soils occurred (Gold, Groffman, Wright, Puffer, & Anonymous, 1995). 

 
Table 7: Nitrogen removal effectiveness by buffer type 

Vegetative cover type Mean nitrogen removal effectiveness (%) 

Forest 90.0 
Forested Wetland 85.0 
Grass 53.3 
Mixed grass and forest 80.5 
Wetland 72.3 
Source:  Environmental Protection Agency (P. M. Mayer, S. Reynolds, T. Canfield, and 
M. McCutchen, 2005) 

 
Citing Lowrance and others, Basnyat (2000) concluded that riparian forests can retain up 

to 90 percent of nitrogen inputs received from adjacent cropland. Furthermore, a majority of 
nitrate (NO3

-) removal occurred within 20 meters of the forested area (Basnyat, Teeter, Lockaby, 
& Flynn, 2000). There are questions as to the long-term effectiveness of riparian buffers, 
however. As the soil becomes inundated with sediment or continually saturated with runoff, the 
effectiveness of the buffer may decrease with time. Researchers at Virginia Tech observed that a 
grass filter strip which initially removed 90 percent of the sediment was removing only 5 percent 
of the sediment after six trials (Klapproth, 2009). 
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Although many acres of riparian land in the Upper Neuse River Basin have been 
successfully set-aside for conservation, nutrient loading continues to be an issue throughout the 
basin. The establishment of the Neuse River Basin Buffer Rules have aided in this goal. These 
rules require the presence and maintenance of 50 foot riparian buffers along waterways in the 
Neuse. Specifically, the regulations call for the first 20 feet to remain completely undeveloped 
(see Figure 5), while the next 30 feet are limited to non-impervious development (Bierma, 
2012). While well intended, these rules have their limitations. The original rules “grandfathered 
in” structures and land uses existing prior to July 22, 1997 (NCDNER, 2000).  

 
Figure 5: UNRB Buffer Rules 

 
            Source: (NCDENR, 2012) 
 
Proposals have since been made to amend the law to allow single-family homes built 

prior to August 2000 to remain as well (Bierma, 2012). Secondly, the state’s budget limitations 
have led to inconsistent enforcement of current regulations, often relying upon citizen 
monitoring of compliance (2012). Finally, development pressures remain a threat to current and 
future buffers, as exemplified by the controversy over the Southern Durham Development 
proposal to rezone the protective area near Jordan Lake for commercial and residential 
development (Khanna, 2009). 
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Appendix II: Summary of Values  
 

 Author, Year Location Variable Value 
(Gibbs, Halstead, Boyle, & Ju-
Chin, 2002) New Hampshire Value of 1 meter change in Secchi 

Reading (water clarity) $1,268-$11,094 

(Leggett & Bockstael, 2000) Massachusetts Presence of fecal coliform $105,000-$353,000 

(Mendelsohn, Hellerstein, 
Huguenin, Unsworth, & Brazee, 
1992) 

Massachusetts Presence of water pollution  $15,603-$22,2904 

(Poor et al., 2007) Maryland 1 milligram per liter increase in 
suspended solids (SS) & N 

SS = $1,086 
N = $17,642 H

E
D

O
N

IC
 P

R
IC

IN
G

 

(Walsh, 2009) Florida 17% improvement in N & P 
N = $16,854.86 
P = $12,808.45 
per home 

(Breaux et al.1995)5 Louisiana Cost of replacing coastal wetland $212/acre6 

(Dehnhardt, 2002) Germany Cost of replacing riparian land $1/acre-$150/acre 

(Liu, 2006) Ohio Cost of replacing riparian land $7.41/acre-$15.43/acre 

(Shiratani, Yoshinaga, & Miura, 
2006) Japan Cost of replacing paddy fields $3.43/m-2-$274.91/m-2 

R
E
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A

C
E

M
E

N
T

 C
O

ST
 

(Thibodeau 1981)7 Massachusetts Cost of replacing wetland $115.622/acre 

(Carson & Mitchell, 1993) U.S. Total WTP for water-related 
services, including recreation $305-415/household8 

(Genius et al., 2008) England Household WTF for clean water $14.80/household9 

(Loomis et al., 2000) Nebraska Total WTP for wetlands $19 million to $70 million 
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N

C
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(Welle & Hodgson, 2011) Minnesota Household WTF for clean water $11-$300/household 

 

                                                 
4 Inflation adjusted from 1982 $US 
5 Cited in (Dehnhardt, 2002) 
6 Inflation adjusted from 1995 $US 
7 Cited in (Dehnhardt, 2002) 
8 Inflation adjusted from 1993 $US 
9 Converted from Euros, 2008 value 
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Appendix III: Nutrient Offset Program 
 

The NC Ecosystem Enhancement Program (EEP) uses a fee schedule to determine the 
payment amount required to fulfill compensatory mitigation requirements. Fees are based on the 
amounts and types of compensatory mitigation specified in the approved permits issued by the 
NC DWQ, and other authorized organizations (DWQ, 2010). The system utilizes an in-lieu-fee, 
allowing businesses to offset their nutrient loading and development activities by purchasing 
permits from the EEP (Table 8). The EEP pools mitigation funds in order to finance nutrient 
reduction strategies, such as best management practice (BMP) activities (ELI, 2002). 
 
Table 8: Statewide Stream, Wetland & Riparian Buffer Fees 

 
Source: NC Department of Water Quality (DWQ, 2010) 
 

The U.S. Environmental Management Commission has established a two-fee system. 
One fee has been set at a higher rate to recognize hydrological units (HUs) in the “parts of the 
state where project costs are increased because of factors such as urban constraints, higher land 
costs and limited restoration opportunities” (NCDNER, 2009). A majority of the Upper Neuse 
River Basin falls into the ‘higher fee’ hydrological unit. 
 

The offset and credits system is not currently active in Durham, according to recent 
expert interviews (Cummings, 2011; Gordon, 2011). Furthermore, its application toward valuing 
conservation land is controversial. One of the primary goals of the nutrient program is to offset 
lost ecosystem services. Therefore, until a parcel of land is actually developed, there is no loss of 
services to account for (Huisman, 2011). The land is simply doing what it has always done, and 
thus, reflects the baseline scenario. The United Nations collaborative initiative on Reducing 
Emissions from Deforestation and forest Degradation (REDD) operates in a similar manner. The 
REDD Program offers funding and carbon credits for projects that increase forested area or 
prevent planned development. One of the key criteria of any REDD Project is a “demonstration 
of additionality” (ADP, 2009). Baseline scenarios are not credited toward REDD objectives, as 
no additional service is being provided. Similarly, baseline ecosystem services are not credited 
toward nutrient offsets. 
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Appendix IV: Parcel-Pollutant Weighting Model 
  
 
 
Figure 4: Parcel-Pollutant Weighting Model 

 
            Source: (Treadway, 2007) 
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Appendix V: The Duke Diet & Fitness Center and Ellerbe Creek 
 
 The Replacement Cost method is traditionally used to estimate the value of the ecosystem 
services provided by natural land, ex-ante any development that may eliminate those natural 
services (Champ, 2003). In some instances, however, conservationists may have the opportunity 
to reverse development, resorting or even enhancing the natural processes that were lost when 
development occurred. The following project presents such a scenario. In this example, a 
variation of the replacement cost method is used to estimate added value of a proposed wetland 
BMP project.  
 
Proposed Intervention 
 

Emblematic of the consequences of relying upon drinking water in an urban watershed is 
Ellerbe Creek. With nearly 50,000 people living within this watershed, Ellerbe Creek is the most 
impervious watershed draining into Falls Lake (ECWA, 2003). Sources of pollution in the 
Ellerbe include failing septic systems, sewer line leaks, laundry water discharges, petroleum and 
grease spills, landscape fertilizer, and various other forms of contaminated runoff (2003). From 
1999 to 2007, the aging sewer infrastructure was responsible for 180 sewage overflow events 
(Caldwell, 2010). As a consequence, Ellerbe Creek continues to be one of the most impaired 
water bodies in the region (EPA, 2010). In an effort to reduce nutrient loading into the Ellerbe, 
the city of Durham’s Public Works Department and conservationists have targets the old Duke 
Diet and Fitness Center as a potential site for watershed reclamation. 

 
The Duke Diet and Fitness Center has been abandoned since 2008 and has fallen into 

disrepair. Once a YMCA, the building became obsolete after Duke University relocated its 
fitness facilities. The city of Durham’s Public Works Department has proposed demolishing the 
56-year old building and using its 9.1-acre lot for filtering storm water runoff (Wise, 2011). The 
Duke Fitness Center’s current location is notable for being one of the largest single drainage 
points along Ellerbe Creek, a tributary feeding into Falls Lake (Beratan, 2011). The Ellerbe has 
long been the region’s most impaired water body. This location serves as a major drainage point 
for both the Downtown Durham and Trinity catchments. 
 

Advocates of removing the building have proposed constructing an artificial wetland or 
wet pond to intercept and treat surface runoff before it reaches Ellerbe Creek. Artificial wetlands 
have been used successfully for water treatment, reducing sediment, nitrogen, and phosphorus 
pollution (White, 2001). The proposed artificial wetland project (see Figure 6) would be 
approximately 4.1 acres in size, possibly featuring additional amenities, such as a small 
education center or a park (Allen, 2011). Environmentalists claim that “best management 
practices” (BMPs), such as wet ponds, riparian buffers, and artificial wetlands are lower cost 
alternatives to constructing additional water treatment facilities and other massive infrastructure 
projects (UNHSC, 2007). Finding low cost ways to reduce water pollution is important, as 
Durham is required to meet the state’s Falls Lake rules, obligating the city to reduce nitrogen 
loading by 40 percent and phosphorus by 70 percent by 2036 (Riechers, 2011). 
 

Opponents worry that the proposed wetland will be an eyesore, attracting mosquitoes and 
wasting valuable land in the heart of downtown Durham (Wise, 2011). The Old Durham 
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Neighborhood Association would like to see the building renovated and converted into a 
community center. The Duke Diet and Fitness Center still contains a gym and an indoor pool, 
facilities that some residents would like to see utilized (Bridges, 2011). Currently, the city has 
commissioned a report studying the feasibility of the wetland project while advocates and 
opponents have taken to the local press to make their opinions heard. 

 
Figure 6: Proposed Wetland Project (Allen, 2011) 

 
 
Artificial Wetlands for Pollution Mitigation 
 

Artificial wetlands, in conjunction with a standard wet pond, are an effective way to 
reduce nutrient loading pollution (White, 2001). After a wet pond is installed, wetlands are 
constructed as floating vegetative islands (see Figure 7). These artificial wetland islands do not 
require any earth moving and do not detract from the required storage volume of wet pond, due 
to the fact that they float upon the surface (Hunt, 2008). In the Western United States, floating 
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wetlands composed of plants and recycled plastics have been shown to reduce levels of nitrogen 
and phosphorus (Hunt, 2008). In some trials, constructed wetlands have been shown to remove 
and trap 86-100% of the sediments during summer months (White, 2001). Graduate students at 
Duke University recently estimated that an artificial wetland project at the site of the Duke Diet 
and Fitness Center will reduce nutrient pollution loads by 1,310 lbs/yr of nitrogen and 647 lbs/yr 
of phosphorus (Allen, 2011).   
 

The location chosen for the project presents an 
opportunity to intercept large volumes of surface 
runoff (see Figure 8). Currently, a small culvert 
carrying storm water runoff from downtown Durham 
runs under a field adjacent to the Duke Fitness Center. 
Installed prior to 1951, the culvert is too small to 
support the drainage area and has been damaged from 
frequent flooding. The drainage area  comprises a 254-
acre area including most of downtown Durham and 
another 200-plus-acre drainage area called the Trinity 
catchment that includes the the Duke Fitness Center 
and Duke’s East Campus (Beratan, 2011). 

 
 

 
       Figure 8: Duke Diet and Fitness Center Catchment Zone (Allen, 2011) 

Figure 7: Floating wetland BMP (Hunt, 2008) 
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Using the Replacement Cost Method 

 
Table 9 and Table 10 show the nutrient loading and treatment costs estimated for each 

scenario. Table 9 is the “status quo” scenario, where the Duke Diet and Fitness Center is left in 
place and nutrient loading continues unabated. The total average of N released by both 
catchments in this scenario is 4,309.60 pounds per year. The total average of P released in this 
scenario is 1,027.49 pounds per year. Based upon the mean cost of treating both of these 
pollutants, nutrient loading at this location is resulting in a downstream treatment cost of an 
estimated $2,294,858.19 per year, or $2,284,090.12 and $10,768.07, for N and P respectively. 
 
Table 9: Estimated treatment cost of Ellerbe Creek nutrient loading10 
Location Downtown Trinity Total Catchment 

Acres 254.40 219.80 474.20 

Nitrogen, lbs/acre/year 9.70 8.38 18.08 

Total Nitrogen, lbs/year 2,467.68 1,841.92 4,309.60 

Est. Lower-bound N treatment cost/year  $     567,566.40   $          423,642.52  $         991,208.92 

Est. Mean N treatment cost/year  $  1,307,870.40   $          976,219.72  $      2,284,090.12 

Est. Upper-bound N treatment cost/year  $  2,048,174.40   $       1,528,796.92  $      3,576,971.32 

    

Phosphorous lbs/acre/year 2.38 1.92 4.30 

Total Phosphorus lbs/year 605.47 422.02 1,027.48 

Est. Lower-bound P treatment cost/year  $             581.25   $                  405.14  $               986.39 

Est. Mean P treatment cost/year  $          6,345.35   $               4,422.73  $          10,768.07 

Est. Upper-bound P treatment cost/year  $        12,109.44   $               8,440.32  $          20,549.76 

 
Based upon estimates provided by the “Jordan Lake Accounting tool”, the constructed 

wetland scenario would reduce N loading from the Downtown catchment by approximately 32 
percent and N loading from the Trinity catchment by approximately 34 percent. Total P loading 
from the Downtown catchment would be reduced by approximately 64 percent, while P loading 
from the Trinity catchment would be reduced by approximately 63 percent (Allen, 2011). These 
loading reductions result in significantly lower downstream treatment costs, as detailed in Table 
10. The constructed wetland scenario results in roughly 32 percent lower N treatment costs and 
64 percent lower P treatment costs. 

   
The nutrient loading and cost totals are compared in Table 11. Overall, the constructed 

wetland scenario results in an estimated annual savings of $744,201.87 in treatment costs. Using 
replacement cost logic, these saving can be used as a proxy for the value of the nutrient 
assimilation services provided by the wetland project. 

                                                 
10 Data based upon loading estimates from (Allen, 2011) using the “Jordan Lake Accounting tool”, and treatment 
cost estimates from (RCD, 2008). 
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Table 10: Estimated treatment cost of post-wetland nutrient loading11 
Location Downtown Trinity Total Catchment 

Acres 254.40 219.80 474.20 

Nitrogen, lbs/acre/year 6.69 5.53 12.22 

Total Nitrogen, lbs/year 1,702.70 1,215.67 2,918.37 

Est. Lower-bound N treatment cost/year  $      391,620.82   $          279,604.06  $       671,224.88 

Est. Mean N treatment cost/year  $      902,430.58   $          644,305.02  $    1,546,735.59 

Est. Upper-bound N treatment cost/year  $   1,413,240.34   $       1,009,005.97  $    2,422,246.30 

    

Phosphorous lbs/acre/year 0.86 0.71 1.57 

Total Phosphorus lbs/year 217.97 156.15 374.12 

Est. Lower-bound P treatment cost/year  $             209.25   $                149.90  $             359.15 

Est. Mean P treatment cost/year  $          2,284.32   $             1,636.41  $          3,920.73 

Est. Upper-bound P treatment cost/year  $          4,359.40   $             3,122.92  $          7,482.32 

 
 

 Clearly there are other costs and benefits not accounted for in this crude example. A 
complete cost-benefit analysis model would also take into account other costs, such as the cost of 
demolishing the Duke Diet and Fitness Center, constructing the wetland, and maintaining the 
wetland. Furthermore, some residents are opposed to the project, and see a potential wetland as a 
nuisance. These various costs would, at least in the short run, lower the perceived benefits of the 
project (Wise, 2011). Furthermore, the potential benefits captured in this model far surpass any 
of the estimates predicted by the literature. This may be due to the fact that an artificial wetland 
is designed to mitigate far more nutrient loading than standard riparian land. It is doubtful that 
undeveloped conservation land will command such a premium. The location is also selected 
specifically for its role as a stormwater “bottleneck” of sorts. Many riparian parcels will intercept 
far few volumes of pollution. For simplicity’s sake, however, this example does highlight the 
basic ways in which the economic value of ecosystem services can be captured in clear, 
understandable ways.  
 

Table 11: Summary of Estimated Costs 
Scenario I: Status Quo Totals 
Total Nitrogen, lbs/year 4,309.60 

Total Phosphorus lbs/year 1,027.48 

Est. Mean treatment cost/year $       2,294,858.19 

  

Scenario II: Wet Pond  
Total Nitrogen, lbs/year 2,918.37 

Total Phosphorus lbs/year 374.12 

Est. Mean treatment cost/year $       1,550,656.33 

Cost Difference $          744,201.87 

                                                 
11 ibid 
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