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ABSTRACT 

SCHMIDT, AMELIA ANNE. MASTERS IN NATURAL RESOURCE POLICY AND ADMINISTRATION.  
INVESTING IN NATURAL CAPITAL: ESTIMATING THE VALUE OF OPEN SPACE NATURE PRESERVES IN 
WAKE COUNTY, NORTH CAROLINA. 
 
We benefit from many of the services provided by nature's ecological functions that contribute to air 

and water quality, and the wildlife-associated recreational opportunities offered by species diversity.  

Working with valuation models and geospatial data, this study estimates the socio-economic value of 

conserving publicly managed open space through simulation models designed to estimate benefits 

based on the biophysical properties of landcover and the protection of biodiversity through species' 

habitat conservation. This assessment provides information intended to inform policy decisions by 

estimating both market and non-market values associated with the benefits provided to residents who 

directly or indirectly use these resources. The intent of this study is to heighten awareness of open 

space property values expressed in terms of their biological, ecological, geological and social worth. The 

InVEST program was used to model the benefits of biological carbon removal and nutrient retention. 

The benefits of carbon sequestration and storage were expressed as the avoided social cost of carbon. 

The benefits of nutrient retention were expressed as the replacement cost of biological filtration with 

artificial water treatment. The Wildlife Habitat Benefits Estimation Toolkit was used to quantify the 

benefits of biodiversity and wildlife-associated recreation based on a willingness to pay to observe 

wildlife or simply know that a species exists. The annual benefit of carbon sequestration averaged 

$612/ha. The lifetime benefit of carbon storage averaged $9,186/ha. The annual benefits of nutrient 

retention averaged $63/ha for nitrogen and $111/ha for phosphorus. Biodiversity protection through 

habitat conservation averaged $3,204/ha annually and its associated recreational opportunities 

averaged $2,774/ha. The 2.3 million tons of carbon stored is five orders of magnitude greater than the 

30 tons of nutrients retained. The social cost of carbon used to quantify the benefit of carbon 

sequestration and storage was $60/ton. The cost of artificial water treatment used to quantify the 

benefit of nutrient retention averaged 18 cents/ton. Biodiversity and its associated recreational 

opportunities were quantified using fundamentally different methods from those applied to carbon and 

nutrient retention. A willingness to pay estimate includes both the non-market value of consumer 

surplus and the direct market value of costs. This assessment is a first step toward increasing the 

capacity of planners throughout Wake County to create a more effective way of protecting biological 

resources.  As analytical capabilities and our understanding of ecosystem services increase, developing 

useful valuation methods can form the foundation of future policy- and decision-making. The purpose of 

valuing the natural world is to elicit a measure of human preference for or against environmental 

change; however, economic values are not the same as intrinsic values. Often, the intrinsic value of 

nature itself is ignored. In support of ecosystem service valuation, it can be argued that environmental 

economics does not seek to price intrinsic value but the human perception of intrinsic value. These 

actions complement traditional biodiversity protection by conserving land for people and not simply for 

nature’s sake. 
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1. Introduction 
 
 From 2001–2011, the population of Wake County increased 43.5 percent, adding 273,147 

persons (Census, 2011). This explosive growth encouraged the acquisition of publicly managed open 

space to protect and conserve county land and water for current residents and future generations by 

striking a balance between conservation and development (WCPROS, 2006). 

 While acquisition is clearly important, lands (particularly the most valuable natural areas) must 

be managed appropriately to protect their natural heritage and value for the long term. Local 

governments own park and open space properties with high biological and ecological value. However, 

the absence of inventory, classification, and management of these lands leaves them vulnerable to 

degradation and inappropriate development. Publicly owned open space and natural areas need to be 

inventoried to be able to understand which lands are most important, and what natural features exist 

and need to be protected (WakeNature, 2007).  

 Since 2007, WakeNature Preserves Partnership ("WakeNature") has worked to identify and 

designate protected open spaces in Wake County that contain important ecological or geological 

resources or meet other criteria that may qualify them for distinction as a WakeNature Preserve or a 

WakeNatural Wonder (WakeNature, 2009a). A WakeNature Preserve is "a natural area within Wake 

County that contains high-quality examples of plant and animal populations, natural communities, 

landscapes, or ecosystems. It is to be bounded, dedicated, and managed to ensure the long-term 

conservation of those natural resources and to provide people with the opportunity to experience and 

learn about those resources in a contemplative, natural setting."  A WakeNatural Wonder is "a natural 

feature or habitat within Wake County including but not limited to WakeNature Preserves, county or 

municipal parks, other protected open space or natural areas;  highlighted for the development and 

growth of public awareness about Wake County's natural heritage and systems, and their importance to 

environmental health, biodiversity, and quality of life" (WakeNature, 2009b). 

2. Objectives and Approach 

 The goal of this project is to enhance our understanding of the relative value of the habitat and 

species WakeNature wants to protect.  The ecosystem services selected for assessment and valuation 

include: 
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 Climate regulation through the storage and annual sequestration of carbon;  

 Purification of water through the retention of nutrient runoff;  

 Biodiversity enhanced through improvement in wildlife habitat; and, 

 Wildlife-associated recreational opportunities through the provision of wildlife habitat.  

  
This information is needed to broaden the debate about the relative benefits of publicly managed open 

space and the values for which they could and might be managed. This assessment provides a 

foundation for policy discussion and it allows future decision-makers to prioritize the preservation of 

open space. These data provide an empirical basis to inform policy makers about the relative value of 

protecting ecological resources.  

 The purpose of this project is to provide WakeNature with a workable accounting framework to 

capture the benefits these four (4) ecosystem services provide on open space properties. Quantifying 

service benefits attempts to convey ecological value, which is seldom considered in regional planning.  I 

examined an electronic inventory of species' habitat and hydrologic features present on publicly 

managed open spaces, and these data were filtered through valuation modeling software programs that 

measured the biogeochemical properties of landcover and provided an integrated assessment of 

ecosystem functions and services based on an array of valuation methods.  

 Ecosystem valuation methods and advanced technical modeling of natural systems have 

received peer critique (see Pittman et al., 2010 and Spash et al., 2006). Academic researchers have 

expressed concern with the validity of valuation techniques and value transfer methods, and have 

recommended alternative assessment methods. These methods are similarly critiqued as relatively new 

and controversial tools for use in the economic analysis of policies and projects. One such argument is 

that the protected status of this publicly owned and managed resource renders its ecosystem services of 

no economic value since no alternative use is possible.  

 While being publicly managed open space, properties included in this study can be converted to 

ball fields, basketball courts, and other more active recreational purposes, which would arguably 

degrade the ecological quality and accompanying ecosystem benefits that would come with putting in 

hard infrastructure with such activities (Steelman, personal communication, January 27, 2012). This 

vulnerability is what renders the ecosystem services provided on these lands of economic value since 

alternative use is possible.  WakeNature was born out of this concern—how do we make people aware 

of the value of more passive uses of land and put in place measures to protect these values?  
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 The remaining sections of the report are structured as follows: Section 3 provides a review of 

analytical methods I used to identify and calculate the economic value of ecosystem services, 

assumptions inherent in making these assessments, and the limitations of each tool. This is followed by 

a discussion in Section 4 of the valuation methods and modeling tools used to measure ecosystem 

services in the study area. Section 5 summarizes the criteria used to select property for this study, 

reasons for the selection, and property that was excluded from the study area. 

 Sections 6 through 9 review the ecosystem services valued in this study. Each section provides a 

short profile of the service(s) valued, a discussion of the assessment model used, data required to run 

the model(s), and how the data were gathered and used. Each section includes a description of the 

assumptions and limitations of both the model and methodology I used. Section 9.4 compares the 

estimate of wildlife-associated recreation benefits with a similar assessment conducted in Mecklenburg 

County. The findings for each ecosystem service were analyzed by section and a summary of all 

ecosystem service values (referred to collectively as open space conservation value) appears in Section 

10. Inherent in the quantification of ecosystem services is the temptation to aggregate (stack) service 

benefits, which can lead to an unintended distortion of values. A brief discussion of this practice, 

coupled with the risk of modeling uncertainty, is explored in Sections 11 and 12.   

 A sensitivity analysis is provided in Section 13, which looks at the impact different discount rates 

can have on the present value of ecosystem service benefits, comparing service values using different 

discount rates. Climate regulation benefits are also compared using a range of social costs found in the 

natural resource economics literature. Section 14 offers recommendations for further research, 

followed by an interpretation of my findings in Section 15. 

3. Literature Review 

 An effective quantification of ecosystem service benefits requires a keen understanding of the 

limitations of and caveats for this valuation methodology.  Accordingly, my literature review explores 

the following questions:   

 What is natural capital? 

 What are ecosystem functions and services? 

 How are ecosystem services valued, and why is valuation difficult? 

 What methods will I use to value ecosystem services? 
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3.1 Natural capital  

 Ecosystem services make up our natural life support system and are a form of natural capital. 

Like financial, manufactured and human capital, natural capital is a requisite for economic progress and 

human welfare (Hawken et al., 1999). Yet, natural capital is usually absent from government or 

corporate balance sheets and, in some cases, can take the form of a liability. A natural capital 

perspective leads natural resource managers to regard landscapes as natural capital and to account for 

the assets they are managing (Collins and Larry, 2007).  

 Accounting for natural capital requires a measure of the stocks and flows of ecosystem services 

and their indicators (or appropriate proxies), making sure the people who rely on these assets know 

their value and the cost of losing them. Information relating to the status, trends and, to the extent 

possible, the economic worth of ecosystem services can better inform policymakers and the public. 

Understanding the extent to which a forested landscape purifies the air or moderates soil erosion, for 

example, can lend priority to regional investments in land management and conservation. A necessary 

step is to align individual incentives with the collective interest (Collins and Larry, 2007). 

 The concept of natural capital has the potential to reconcile economic interests with 

environmental imperatives by integrating the value of natural capital in decision-making (Voora and 

Venema, 2008). It makes it possible, for example, to develop a cost-benefit analysis of a new water 

treatment plant versus the restoration or preservation of a wetland for the water filtration services it 

provides.  

3.2 Ecosystem functions and services  

 While natural capital is the spectrum of physical assets within the natural environment that 

deliver economic value through ecosystem services, ecosystem functions are the complex physical and 

biological cycles and interactions that underlie what we see in the natural world. Ecosystem services are 

the specific results of those processes that either directly sustain or enhance human life or maintain the 

quality of ecosystem goods (Brown et al., 2007). For example, microorganisms in the soil and stream, 

seeking their own sources of energy, remove contaminants from water, producing the water purification 

"service." 

 Ecosystem services are products of the structure (e.g., plant and animal community composi-

tion) and processes, such as nutrient cycling and decomposition, that characterize an ecosystem (Moore 
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and Hunt, 2011). The inherent value of these services will ideally guide management and policy 

decisions regarding the use and preservation of ecosystems (Figure 1). 

 

   Figure 1. Relationship between ecosystem services, structure, and processes 
  and their value in decision-making (Adapted from de Groot et al., 2002). 

 
 Ecosystem services and functions do not necessarily show a one-to-one correspondence; 

however, it is important to emphasize the interdependent nature of many ecosystem functions. For 

example, some of the net primary production in an ecosystem ends up as food, the consumption of 

which generates respiratory products necessary for primary production. Even though these functions 

and services are interdependent, a single ecosystem service may be the product of two or more 

ecosystem functions and, in other cases, a single ecosystem function contributes to two or more 

ecosystem services (Costanza et al., 1997). Care should be taken to avoid double-counting services by 

applying credit to the assets for both the intermediate and final goods produced. Clean drinking water, 

for example, which is consumed directly by a household, is dependent on a range of intermediate 

ecological goods but these intermediate goods should not be counted in an ecosystem service 

accounting. The reason that functions and processes are not services is they are not final products; 

functions and processes are intermediate to the production of final services (Boyd et al., 2006). 

  For an ecosystem to provide services to humans, some interaction with, or at least some 

appreciation by humans, is required. Ecosystem processes are the transformation of a set of natural 

capital, such as soil, plants, animals, air and water into "services" that we value. Thus, functions of 

ecosystems are value-neutral while their services have value to society (King and Mazzotta, 2006). 

   The capacity of ecosystems to provide goods and services depends on the related ecosystem 

processes and components providing them (de Groot et al., 2002). An overview of the primary functions 

and services attributed to natural ecosystems and their associated ecological structures and processes 

provides this context (Table 1). For example, bio-geochemical cycles, as a function of atmospheric gas 

regulation, maintain air quality and influence climate.  
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Table 1. Functions, processes and services of natural ecosystems. 

Ecosystem 
Function 

Ecosystem Process 
 and Components 

Ecosystem Services 

Regulatory Maintenance of essential ecological processes and life support systems 

Gas regulation 
Bio-geochemical cycles (e.g. CO2-O2 balance, 
protective O3 layer, etc.) 

Maintenance of air quality 
Influence on climate  

Climate regulation 
Influence of landcover and biologically- 
mediated processes on climate 

Maintenance of favorable climate  for human 
habitation, health and cultivation 

Disturbance 
prevention 

Influence of ecosystem structure on 
dampening environmental disturbances 

Storm protection (e.g. by forests) 
Flood prevention (e.g. by wetlands) 

Water regulation 
Role of landcover in regulating runoff and 
river discharge 

Drainage and natural irrigation 
Medium for transport 

Water supply 
Filtering, retention and storage of fresh 
water  

Provision of water for consumption (drinking, 
irrigation and industrial) 

Nutrient cycling 
and regulation 

Role of biota in storage and re-cycling of 
nutrients  

Maintenance of healthy soils and productive  
ecosystems 

Habitat 
Providing habitat (suitable living space)  
for wild plant and animal species 

Maintenance of biological and genetic diversity 

Habitat and refuge  
Suitable living space for wild plants and 
animals; suitable reproduction habitat  

Maintenance of biodiversity, food -web production 
and maintenance 

Production Provision of natural resources 

Provision of future 
options though the 
maintenance of 
biodiversity 

Bio-geological maturation and regeneration 
Opportunities and choices available to future 
generations 

Information Providing opportunities for cognitive development 

Aesthetic  Attractive landscape features  Enjoyment of scenic roads and vistas 

Recreation/ 
Ecotourism 

Variety in landscapes with (potential) 
recreational uses 

Travel to natural ecosystems for ecotourism, 
outdoor sports, etc. 

Cultural and 
historical  

Variety in natural features with cultural and 
historic value 

Natural ecosystems and features as  symbols and 
heritage value 

Sources: Adapted from similar tables presented by Costanza, et al. (1997); de Groot, et al. (2002); and Cork (2003). 

3.3 Valuation Methods 

 Ecosystem services play an ecologically valuable, if not critical, role in our survival.  If there were 

economic markets for services essential to human welfare such as clean water and clean air, we could 

value a forest based on its carbon sequestration or biodiversity support services. However, such 

valuations are likely to be incomplete because there are usually services provided by natural ecosystems 

for which there are no markets; hence, no market prices (Heal, 1999). Despite the objective nature of 

market-based valuation, market prices do not reflect the social importance of ecosystem services or the 

extent of the losses that we would suffer if these services were removed. Market prices reflect the 

economic equilibrium between the amount supplied and the amount demanded, indicating current 
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supply conditions. They tell us nothing about how things would be valued if a great deal less were 

available. At best, we could compute lower bounds for the values of these natural systems. 

 There are ways of attributing prices to services for which there is no market. It is not necessary 

for an ecosystem service to be traded in the marketplace to measure its value in dollars (Heal, 1999).  

What is required is a measure of how much purchasing power (dollars) people are willing to give up to 

get the ecosystem service, or how much people would need to be paid to give it up, if they were asked 

to make a choice similar to one they would make in a market (King and Mazzotta, 2006).  

 There are numerous approaches to estimating the value of an ecosystem service. Many articles 

appear in the environmental literature that discuss these approaches and review the valuation methods 

associated with them. A comprehensive synthesis of the methods used for this project appears in a 

recent study conducted in conjunction with The Economics of Ecosystems and Biodiversity (TEEB) 

initiative to draw attention to the global economic benefits of biodiversity, and to highlight the growing 

costs of biodiversity loss and ecosystem degradation (TEEB, 2010).  

 An economic framework underlies the TEEB study (2010) in which willingness to pay information 

was derived from individual behavior data provided by market transactions relating directly to the 

ecosystem service. In the absence of such information, pricing data were derived from parallel market 

transactions associated indirectly with the service being valued. If both direct and indirect pricing 

information for ecosystem services was absent, hypothetical markets were created to elicit values. 

These situations correspond to a common categorization of approaches used to quantify ecosystem 

service benefits (Chee, 2004). 

 Direct market valuation includes market price- and cost-based approaches. Cost-based 

approaches estimate the cost that would be incurred in the absence of the service (avoided costs) or 

incurred by replacing the ecosystem service with artificial technologies (Garrod and Willis, 1999). Market 

prices reflect what the good is worth to what economists call the “marginal buyer.” A marginal buyer is 

on the verge of not buying a good — a buyer who would drop out if the price were to rise by only a small 

amount— but there are many people buying a good for whom the good is worth more than they 

actually pay. The difference between the price paid and what they would have been willing to pay is 

called the buyer's "consumer surplus." Revealed preference approaches are based on the observation of 

individual choices such as the Travel Cost Method, which associates recreational experiences with direct 

expenses and the opportunity cost of time to measure consumer surplus. Stated preference approaches 
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simulate a market and demand for ecosystem services by means of surveys to elicit a willingness to pay 

to increase or enhance the provision of an ecosystem service.   

 Some valuation methods are more suitable than others are for valuing a particular ecosystem 

service and for eliciting the specific value type. Direct use value results from direct human use of 

biodiversity (consumptive or non-consumptive). Indirect use value is derived from the regulation 

services provided by species and ecosystems indirect use. Non-use value refers to a bequest value 

attached to intergenerational equity concerns; altruist value addresses intra-generational equity; and 

existence value pertains to the satisfaction individuals derive from the mere knowledge that species or 

ecosystems continue to exist. Valuation methods are distinguishable only by the nature of service 

provided (Carson and Bergstrom, 2003); hence, different valuation approaches reveal the value of these 

attributes (Table 2).   

   Table 2. Correspondence between ecosystem service, valuation method and value type. 

Ecosystem Service Approach: Valuation Method Value Type 

Climate regulation Direct market valuation: avoided cost Direct and indirect use 

Water Purification Direct market valuation: replacement cost Direct and indirect use 

Provisioning of  species' habitat for 
biodiversity 

Stated preference: contingent valuation; 
Direct market valuation: replacement cost  

Use and non-use 
Direct and indirect use 

Wildlife-associated recreation  
Revealed preference: travel cost; 
Stated preference: contingent valuation 

Direct  (indirect) use; 
Use and non-use 

     Source: Adapted from the Total Economic Value approach taken by TEEB (2010). 

3.1.1 Direct Market Valuation  

 Cost-based approaches, a subset of direct market valuation, estimate the costs that would be 

incurred if ecosystem service benefits needed to be recreated through artificial means (Garrod and 

Willis, 1999). Techniques include the avoided cost method, which relates to the costs that would have 

been incurred in the absence of ecosystem services, and the replacement cost method, which estimates 

the costs incurred by replacing ecosystem services with artificial technologies.  

3.3.1.1 Avoided cost 

This method uses either the value of property protected or the cost of actions taken to avoid 

damages as a measure of the benefits provided by an ecosystem service.  For example, if a wetland 

protects adjacent property from flooding, flood protection benefits may be estimated based on the 
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damages avoided if the flooding had not occurred or by the expense incurred to protect property from 

flooding. The method assumes the cost to repair damages or replace ecosystem services is a valid 

measure of the benefits provided; however, costs are usually not an accurate measure (King and 

Mazzotta, 2006).  

Avoided cost does not consider social preferences for ecosystem services or individuals’ 

behavior in the absence of these services. It is also likely that the cost of action already taken to protect 

an ecological resource will underestimate the benefits of a new action to improve or protect the 

resource. Although avoided cost may not be a precise measure of value, it is still important information. 

It indicates the net advantage of having access to the productive input provided by ecosystems, as 

opposed to having to achieve the same input through an alternative. It provides a rationale for 

preserving the ecosystem service (Goulder et al., 2009).  

3.3.1.2 Replacement cost 

 The replacement cost approach regards the value of an ecosystem’s service as the price of the 

cheapest alternative (Woodward and Wui, 2001). This cost to replace an ecosystem service is used to 

estimate its value. Replacement cost can only be a good indicator of value if the ecosystem service is 

such that its replacement is considered a necessity (Heal, 1999).  Consider the case of New York’s 

decision to preserve the Catskills watershed. The city had an alternative to restoring the watershed: 

replacing it with a water filtration plant. This would have cost $6-8 billion, plus operating costs and 

eventual replacement costs. In the New York watershed case, non-replacement was not an option — the 

city needs drinking water.  

 Suppose instead that the Catskills had only been providing recreational services to the city and 

that the replacement of these services was at issue. And suppose that this replacement would cost 

several billions of dollars. In all probability, the city would have decided against replacing the 

recreational services of the Catskills, deciding that at a cost of several billion dollars they could do 

without these services.  In the case of recreation, the replacement cost method would not be a suitable 

indicator of value. However, in the case of a watershed supplying a critical life-support service, 

replacement is a necessity and the replacement cost method is a suitable determinant of value.  

 Most studies that focus on the nutrient retention potential of wetlands and the improvement of 

water quality are based on the replacement cost approach (Dehnhardt, 2002) because the highly 
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complex nature of this  hardly perceptible function requires a skill that randomly selected  respondents 

to a contingent valuation survey (discussed in sub-section 3.3.3.1) may not possess. 

3.3.2 Revealed preference 

 Revealed preference approaches are based on the observation of individual choices in existing 

markets related to the ecosystem service, suggesting that consumers reveal their preferences through 

their choices (TEEB, 2010). For example, the value of a change in the quality or quantity of a recreational 

site (resulting from changes in biodiversity) can be inferred from estimating the demand function for 

visiting the site that is being studied. To understand this concept, a brief discussion of consumer surplus 

is in order. 

 Consumer surplus (also referred to as net economic value) measures the difference between the 

price actually paid for a good or service and the maximum amount an individual would have been willing 

to pay. In an ecosystem service context, surplus is a monetary measure of the enjoyment received from 

visiting a site or knowing that a species exists. Consumer surplus is money a visitor or household would 

pay if they had to keep or gain protection of wildlife or habitat area (Kroeger et al., 2008). 

 In revealed preference methods, market imperfections and policy failures can distort the 

estimated monetary value of ecosystem services (Kontoleon and Pascual, 2007). Scientists need good 

quality data on each transaction, large data sets, and complex statistical analysis. As a result, revealed 

preference approaches are expensive and time-consuming. Generally, these methods have the appeal of 

relying on actual or observed behavior but their main drawback is the inability to estimate non-use 

values and the dependence of the estimated values on the technical assumptions made on the 

relationship between the environmental good and the surrogate market good.  

3.3.2.1 Travel cost method 

  The basic premise of the travel cost method is that, although the actual value of the 

recreational experience does not have a price tag, costs incurred by individuals in travelling to the site 

(direct expenses and the opportunity costs of time) can be used as surrogate prices. This method is used 

to estimate recreational values related to biodiversity and ecosystem services (TEEB, 2010).  For 

example, two people whose income and preferences are the same, pay different amounts to travel to a 

recreational site. Mary pays $100 in travel costs and Joe, who lives closer to the site, pays $50. Joe pays 
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less per trip than Mary pays, and he would be willing to pay more for this activity and his ability to 

observe wildlife because he receives a higher level of consumer surplus, or economic well-being 

(Loomis, 2002). 

 This method assumes visitors take single-destination trips, thus the measurement of the price 

for any one of the sites becomes difficult if other recreational sites are visited during the same trip. For 

this reason, contingent valuation (discussed below) can be used to value multiple-destination trips and 

these two methods are sometimes combined to combat the weaknesses of each (Loomis, 2002). 

 Market prices, travel costs and replacement costs as methods of valuing ecosystem 

services have an important feature in common: they are based on actual transactions. Travel costs 

reflect real transactions and replacement costs, when applied properly, reflect a cost that will be 

incurred in the case of a need for replacement. The final approach, used when these methods are not 

suitable, is called stated preference. 

3.3.3 Stated preference 

 Stated preference approaches simulate market demand for ecosystem services by means of 

surveys that pose hypothetical changes in the provision of ecosystem services to estimate both use and 

non-use values of ecosystems when no surrogate market exists from which the value can be deduced  

(TEEB, 2010). 

3.3.3.1 Contingent valuation  

  A contingent valuation study is designed to elicit demand for a specific service by asking people 

how much they would be willing to pay to increase or enhance the provision of an ecosystem service, or 

alternatively, how much they would be willing to accept for its loss or degradation. It is, therefore, a 

measure of consumer surplus. 

 For example, a survey might ask respondents to express their willingness to pay to increase the 

level of water quality in a stream, lake or river so that they might enjoy activities like swimming, boating 

or fishing. The basic notion is that a realistic, yet hypothetical, market for "buying" the use or 

preservation of a non-marketed natural resource can be credibly communicated to an individual, and 

the individual is told to use the market to express his or her valuation of the resource (Loomis, 2002). 
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  The conceptual, empirical, and practical problems associated with developing dollar estimates 

of economic value based on how people respond to hypothetical questions about hypothetical market 

situations are debated constantly in economic literature (see Carson et al., 2001 and Veisten, 2007).   

Many economists, as well as many psychologists and sociologists, do not believe that the dollar 

estimates resulting from contingent valuation are valid. More importantly, many jurists and policy-

makers will not accept the results of contingent valuation (King and Mazzotta, 2006). In response to this 

ongoing controversy, a group of researchers has developed an alternative valuation method, called 

benefit transfer. 

3.3.5 Benefit transfer  

 Benefit transfer involves the application of a per unit estimate (e.g., per visitor day, per 

household, or per hectare) from an existing study site to an unstudied policy site where such a value is 

needed. The per-unit measure is then multiplied by the change in human use (e.g., number of visitors or 

households) or number of hectares associated with a policy or management action. 

 Benefits are defined by economists for economic efficiency or benefit-cost analyses as the user’s 

willingness to pay in excess of current costs (net willingness to pay) or consumer surplus (Loomis and 

Richardson, 2008). This is the measure used by federal water agencies for benefit-cost analysis (Water 

Resources Council, 1983), by federal agencies for natural resource damage assessment (Department of 

Interior, 2004) and by regulatory agencies such as U.S. Environmental Protection Agency for benefit-cost 

analysis (EPA, 2000). This is also one of the methods of measure required by Office of Management and 

Budget when federal agencies perform a benefit cost analysis. 

  Benefit transfer is a practical way to evaluate management and policy impacts when primary 

research is not possible or justified because of budget constraints, time limitations, or resource impacts 

that are expected to be low or insignificant. There are two broad approaches to benefit transfer: value 

transfer and function transfer. 

3.3.5.1 Value transfer 

 Value transfer involves the adaptation of existing valuation information to new policy contexts 

where valuation data are absent or limited. This involves searching the literature for valuation studies 

on ecosystem services associated with ecological resource types (e.g., forests, wetlands, etc.) present at 
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the policy site. Value estimates are transferred from the original study site to the policy site based on 

the similarity of ecological resources at the policy site. Value transfer is a “second-best” approach for 

gathering information about the value to humanity of ecosystem goods and services; however, the 

alternative primary valuation research is extremely costly and is rarely feasible in the context of the 

policy and planning process. Therefore, value transfer integrated with geospatial science has proven to 

be a critical tool in decision-making and planning (Saah, 2010). 

3.3.5.2 Function transfer  

 Function transfer encompasses the transfer of a benefit or demand function from a study site or 

a meta regression analysis function derived from several study sites. Function transfers then adapt the 

function to fit the specifics of the policy site such as socioeconomic characteristics, extent of market and 

environmental impact, and other measurable characteristics that systematically differ between the 

study site(s) and the policy site. The adapted function is then used to forecast a benefit measure for the 

policy site (Rosenberger and Loomis, 2001).  

 Function transfer differs from value transfer because it transfers the entire benefit function 

from one or more study sites to the policy site rather than individual benefit estimates.  They are both 

benefit transfer methods; however, function transfer is conceptually more appealing because more 

information is transferred (Navrud and Bergland, 2001).  

3.3.5.3 Meta-analysis 

 Meta-analysis attempts to measure statistically the systematic relationships between reported 

valuation estimates for an environmental good or service and attributes of the study that generated the 

estimates including valuation methods, human population and sample characteristics, and 

characteristics of the good or service. One of the greatest strengths of using meta-analysis for benefits 

transfer is the ability to combine and summarize large amounts of information from previous studies. 

This strength can also lead to one of the method's greatest weaknesses, which is the loss of important 

valuation details across time and space in the aggregation process (Bergstrom et al., 2006). 

 Results from several valuation studies can be combined in a meta-analysis to estimate one 

common benefit function. Meta-analysis has been used to synthesize research findings and to improve 

the quality of literature reviews of valuation studies by producing adjusted unit values. In a meta-
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analysis, results from each study are treated as a single observation in a new analysis of the combined 

dataset.  The resulting regression equations, explaining variations in unit values and data collected on 

the independent variables in the model that describe the policy site, can then be combined to construct 

an adjusted unit value (Navrud and Bergland, 2001).  

 The Wildlife Habitat Benefit Estimation Toolkit, one of the valuation software models used in 

this study, provides benefit transfer values and estimated meta-analysis equations to value wildlife 

habitat through the function transfer method. Further discussion of benefit transfer appears in the 

discussion of the Toolkit's assumptions and methodological limitations in Section 9.5 following the 

model's findings. 

4. General Biophysical and Economic Valuation Methodology 

 Ecosystem services measured in the study area all rely on biogeochemical properties of 

landcover on the open space properties. Two (2) distinct software simulation models were used to 

evaluate these properties for their relative contribution to the provision of each service. The benefits 

provided by these services were quantified by filtering the biophysical property limits through specific 

valuation method protocols (see Table 2). 

  Services associated with climate regulation and water purification were measured using a 

spatially explicit modeling tool titled Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST).  

The Tier 1, 2.0 beta version of InVEST is an ArcGIS-compatible tool developed by the Natural Capital 

Project, a group representing the joint effort of Woods Institute of the Environment at Stanford 

University, in partnership with The Nature Conservancy and World Wildlife Fund1.   

 Benefits derived from the ability of landcover to sequester and store carbon were linked to the 

social cost of carbon, a term used to represent the cost imposed on society by each additional ton of 

carbon dioxide released into the atmosphere (Bell et al., 2011). These include health impacts, economic 

dislocation, agricultural changes, and other effects that climate change can impose on humanity. This 

figure was not supplied by the model; it was taken from my extensive review of the natural resource 

economics literature. A discussion of the social cost estimates and my justification for the value chosen 

appears in Section 6.1. 

                                                             

1 This software is available from http://www.naturalcapitalproject.org 

http://invest.ecoinformatics.org/
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 Benefits derived from the capacity of landcover to filter nutrients from stormwater runoff were 

linked to the cost of replacing this biochemical process with an artificial means of water treatment. The 

costs used to estimate the value of these benefits were not supplied by the model but were taken from 

my conversations with environmental specialists working with the NC Division of Water Quality. The 

costs reflect the wastewater rules governing the Falls Lake and Jordan Lake watersheds. 

 Benefits derived from the ability of landcover to supply species' habitat were estimated using 

the Wildlife Habitat Benefits Estimation Toolkit (Toolkit)2. The Toolkit was developed in collaboration 

with economists at Defenders of Wildlife and Colorado State University under a grant from National 

Council for Science and the Environment’s Wildlife Habitat Policy Research Program. The models 

measure a wide range of habitat provisioning that enhances biodiversity and provides wildlife-

associated recreational opportunities.  

 The coefficient values assigned to the ecological features in the Toolkit's statistical models are 

based on comprehensive literature reviews and meta-analyses of the different benefits associated with 

wildlife and habitat. The Toolkit includes databases that present relevant information and findings from 

the original studies used to develop the models and compile the value tables  (Kroeger et al., 2008).  

 In contrast to InVEST where I supplied monetary values to quantify the biophysical benefits of 

climate regulation and water purification, the Toolkit uses benefit transfer methods to apply willingness 

to pay estimates for wildlife recreation and for an improvement in the habitat of threatened, 

endangered and rare species in the Wake County study area.  Benefit transfer methods are also used to 

apply contingent valuation and replacement cost data to estimate the existence and service values of 

wetlands, aquatic resources and terrestrial habitats in Wake County. Many of these studies were 

conducted in the Southeastern United States at sites with similar topographic and demographic 

characteristics although topographic similarities were not locally validated. 

  InVEST and the Toolkit models use geospatial data to establish parameters for the scope of 

analysis. These data provided the spatially explicit biogeochemical information needed to identify and 

assess the specific ecosystem services present in the study area (Table 3). Landcover data were used in 

all models to identify the biophysical profile in the areas of interest to assess climate regulation, water 

purification and biodiversity. The evapotranspiration, precipitation, soil depth, plant available water, 

hydrologic units and digital elevation data were used to determine the amount of nutrient retained by 

                                                             

2 This software is available from http://www.defenders.org. 

http://www.defenders.org/programs_and_policy/science_and_economics/conservation_economics/valuation/benefits_toolkit.php
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the water purification model in the areas of interest. The wetlands and deepwater habitat data were 

used to supplement the landcover data to locate aquatic species' habitat. 

     Table 3. Geospatial data used in this study. 

                              Geospatial Data  Agency 

Potential evapotranspiration for Wake County's 
landcover 

Food and Agriculture Organization of the United 
Nations 

Publicly managed open space in Wake County Geographic Information Systems Department  

Soil survey data indicating soil depth and plant 
available water capacity for Wake County soils 

Natural Resources Conservation Service 

Landcover data that use the Multi-Resolution Land 
Characteristics Consortium landcover classification 
system; 10-digit hydrological unit classification 
watershed data for North Carolina 

North Carolina GAP Analysis Project3 

Natural Heritage Element Occurrences and  Significant 
Natural Heritage Areas in Wake County 

North Carolina Natural Heritage Program 

Estimated precipitation in North Carolina  Prism Climate Group at Oregon State University 

Wetlands and deepwater habitats in Wake County United States Fish and Wildlife Service 

Digital Elevation (Hydrology) Model for North Carolina United States Geological Survey 

 

 ArcGIS 9.3.1 (ESRI, 1999-2009) and Soil Data Viewer 5.2 (NRCS, 2008), an extension to ArcMap, 

were used in the geospatial map analysis. All geo-spatial maps have a 30x30-meter cell size resolution 

and were re-projected to the NAD83_State_Plane_NC_FIPS_3200 (meter) coordinate system.  

 All economic and social values are adjusted for inflation to reflect March 2011 dollars based on 

the monthly Consumer Price Index of all urban consumers where the monthly index equaled 223.467. 

All benefits except the static nature of carbon storage are expressed as both annual and present values 

using a 2% social discount rate over a 30-year time period.  

 Present value is the current value of an amount of money in the future, discounted to reflect the 

time value of money and other factors such as investment risk and uncertainty about the future 

(Henderson, 2008). A social discount rate (SDR) is used to calculate present value, and selecting a 

context- appropriate SDR for the valuation of ecosystem services is central to the credibility of the 

findings because valuation models have been shown to be highly sensitive to assumptions about the 

discount rate (Tol, 2009).  For example, the marginal damage from the release of an additional ton of 

                                                             

3
 Landcover types were based on multi-season satellite imagery taken between 1999 and 2001; consequently, the 

landcover depicted may not exactly represent the current cover in Wake County.  Created as part of the 
Southeastern GAP Analysis Program sponsored by the Biological Resources Division of the United States Geological 
Survey (USGS-BRD), these data are available from http://www.basic.ncsu.edu/ncgap/.  

http://www.basic.ncsu.edu/ncgap/
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carbon increases from $18 to $38 to $99 as the discount rate declines from 5% to 3% to 1%, 

respectively. 

 A social discount rate, also referred to as the pure rate of time preference, reflects the relative 

valuations that are placed on present and future generations (NRC, 2005). The notion of an SDR is 

usually presented in the form of the following equation, known as a Ramsey equation (Ramsey, 1928): 

SDR = r + μ ∙ g, 
 
where r is the pure rate of time preference reflecting people’s impatience, μ is the elasticity of the 

marginal utility of consumption, and g is the growth rate of future per capita consumption.  Mu (μ) 

measures the percentage change in well-being derived from a percentage change in consumption (or 

income). The intuition behind μ is that it expresses individuals’ aversion to fluctuations in their income 

levels. While there is a substantial debate about the value of μ, recent reviews suggest that it takes a 

convenient value of about 1.0 (Cowell and Gardiner, 1999). 

  Despite current trends in population growth and resource use, it is likely that people will be 

richer in the future, so the ‘utility’ they attach to an additional dollar of income is likely to be lower than 

the utility attached to that same dollar today. Discounting is justified by this likelihood that people will 

be better off in the future than they are today. Rates of impatience are notoriously difficult to estimate 

but recent work suggests a value of 0.5% is reasonable (Pearce and Ulph, 1999). So, for an economy 

growing at 2% per annum, the Ramsey formula suggests a discount rate of 2.5% at most (Pearce et al., 

2003). I chose a 2% discount rate  in accordance with the Weitzman (2001) findings indicating that 2% is 

appropriate when valuing resources over a 26-75-year time period. 

 The present value of ecosystem service benefits presented in this study is derived by discounting 

each year's value by 2%. When the discounted benefits are summed over 30 years, 22.844 becomes the 

multiplier for each dollar: 

  
1

(1.02)t

T−1

t =0

= 22.844, 

where T represents time and t is decremented by one over 30 years, beginning in the present where t=0. 

 The present value calculations are bounded by a 30-year timeframe because it represents a 

conservative estimate of time the study area will remain in its current land use. Alternatively, this 

timeframe as it is applied in the nutrient retention model represents the lifespan of the wastewater 

treatment plant, which would replace the landcover filtration process if this ecosystem service were not 
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available. The question of whether there is any value to the temporary conservation of ecosystem 

services is fundamental to environmental policy design across a number of arenas, especially the relative 

value of temporary carbon offsets and the value of other carbon mitigation efforts that are known to be 

impermanent, including deferred deforestation (Marshall et al, 2010).  

 Quantifying the value of temporary carbon storage depends on a number of assumptions about 

how the social cost of a given ton of carbon emissions is expected to change over time. In 2010, a U.S. 

government interagency task force calculated the social cost of carbon estimates to be used in benefit-

cost analysis of regulations affecting carbon dioxide emissions (IWG, 2010). The task force estimates of 

social cost of carbon suggested that it was possible to achieve permanent benefits from carbon storage 

projects that do not necessarily ensure permanent reductions or sequestration. While these estimates 

are sensitive to the methodologies used to calculate them as well as to a number of assumptions about 

projected emissions paths, damage functions over time, economic growth paths, and other factors it is 

instructive to understand the implications of non-zero temporary carbon storage values across a 

number of policy arenas. 

5. Site Selection 

 Publicly managed open space refers to the protected land and waterways owned and managed 

by the Wake County Parks, Recreation and Open Space Department (WCPROS), its public sector 

partners, municipalities throughout Wake County, the United States government, and the County's 

private sector partners including non-profit land trusts. Open space consists of any area of land or water 

devoted to the preservation of natural resources and habitat; the managed production of resources 

(farmland); outdoor recreation; preservation of historic and cultural property; protection of scenic 

landscapes; and, protection of public health, safety and welfare (WCPROS, 2006). 

  To identify publicly managed open space, I used geospatial data to determine the scope of 

properties suitable for study. Geospatial map developers working with Wake County's Geographic 

Information Services (GIS) Department classify public open space by its intended function4. The property 

types are defined as follows: 

                                                             

4
 These land type classifications are assigned by Wake County's GIS Department using no specific assignment 

criteria, although WCPROS also assists with the assignment of land types. Data are gathered by checking municipal 
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Gameland is contiguous to other open space and likely to support 
species' habitat and further aide in the protection of species through 
political advocacy groups. 
 
Greenways provide connectivity between natural areas, people and 
nature, and further aide in the protection of water and air quality. 
This designation also refers to open space intersected by a greenway. 
 
Mitigation sites contain degraded streams and piedmont floodplain 
wetlands deemed suitable for reconstruction, restoration and 
enhancement. The NC Department of Transportation manages these 
restoration projects. 
 
Open space is undeveloped publicly owned conservation, 
agricultural, and historic preservation easements held by any 
government entity or non-profit land trust. 
 
Parks are publicly owned and managed land that offer opportunities 
for recreation and exploration. 
 
Research land is owned and/or managed by either NC State 
University or the NC Museum of Art. 
 
School property is a tract of open space often acquired to serve as a 
recreational function or as land for future facility expansion. 

   

 Open space included in this study was limited to publicly owned and managed properties that 

contain rare and endangered species and occurrences of exemplary or unique natural ecosystems, or 

special animal habitats designated by the North Carolina Natural Heritage Program as Significant Natural 

Heritage Area containing Element Occurrences.  These open spaces have the potential to become 

WakeNature Preserves or Wake Natural Wonders based upon criteria set forth by WakeNature. 

However, property was included in the study area irrespective of its current or potential use.  

  The scope of publicly managed open space was reduced to properties that have significant value 

for conservation. Geospatial maps based on data produced by the Wake County Geospatial Information 

Service Department and the North Carolina Natural Heritage Program5 (Natural Heritage Program) were 

                                                                                                                                                                                                    

websites for new parks, or querying the property description field in the digital cadastral database for keywords 
such as "greenway" or "open space" (Mike Ping, personal communication, November 15, 2010). 
5
 The North Carolina Natural Heritage Program is a division within the Department of Environment and Natural 

Resources Office of Conservation and Planning Division. 
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used to identify the Significant Natural Heritage Areas and Natural Heritage Element Occurrences in 

Wake County6. 

 Significant Natural Heritage Areas are designated through the Natural Heritage Program's 

assessment of lands significant to the preservation of our state's natural heritage. A Significant Natural 

Heritage Area is an area of land or water identified by the Natural Heritage Program as being important 

for conservation of biodiversity.  These areas generally contain one or more high quality or rare natural 

communities known as Element Occurrences — rare species and special animal habitats suitable to 

conserve rare and endangered species that are considered significant, and often contain the best 

examples of natural communities (NHP, 2011).   

  In 2008, WakeNature engaged Dr. Heather Cheshire, Associate Professor of Forestry at North 

Carolina State University, to identify open space properties that would be considered for possible 

management as a WakeNature Preserve or a Wake Natural Wonder.  Dr. Cheshire's Geospatial 

Information Services class produced geospatial maps that provide an intersection of Wake County 

publicly managed open space and the Natural Heritage Program's Significant Natural Heritage Areas and 

Element Occurrences. These maps were used to narrow the study area to properties that contain land 

and water identified by North Carolina Natural Heritage Program biologists as being important for the 

conservation of our state's biodiversity7.  

 Properties were removed from consideration if they contained Element Occurrences (animals 

and habitat) that had not been seen since 1985 and the animal or habitat carried an observation status 

of "historical" or "destroyed," or had a "low" or "very low" representational accuracy8. These selection 

criteria were chosen based on conversations with my committee members and in consultation with 

Natural Heritage Program personnel. An element occurrence is still considered extant if the biologist 

decides there is no reason to warrant a change in observation status, such as a change to its habitat, 

even if it has not been seen in over 20 years. Therefore, the "last seen" date was not the sole criteria to 

determine the exclusion of the element (John Finnegan, personal communication, May 2, 2011).  

                                                             

6 April 2008 datasets were produced by the NC Department of Natural Resources, Division of Parks and Recreation, 
Natural Heritage Program in Raleigh, NC. 
7
 Open space properties were identified in the geospatial mappings using the selection criteria interface within the 

ArcMap toolbox. The dataset names and structured query language (SQL) syntax used in this selection process 
appear in Appendix B. 
8 Representational accuracy is the approximate percentage of the element occurrence represented by its digitized 
features, buffered by their uncertainty distance. Low signifies 5-20% of the GIS geospatial area is occupied by the 
species habitat (NHP metadata, 2008). 
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 The Natural Heritage Program does not set a fixed time interval to declare an element 

occurrence historical because too many occurrences would be unjustifiably flagged as historical.  For 

example, there are some sets of elements (e.g., mosses and lichens) that so few people have the 

expertise to identify and are, therefore, so rarely inventoried that all occurrences would be flagged 

historical even if nothing else had changed at the site where they were found (John Finnegan, personal 

communication, May 2, 2011). 

 The study area was further narrowed by removing parks, mitigation sites and open space less 

than 16.2 hectares. The 16.2-hectare restriction is based on studies suggesting that smaller open space 

is susceptible to the edge effects associated with forest fragmentation (Broadbent, et al., 2008). Edge 

effects may affect organisms in a forest fragment by causing changes in the biotic and abiotic conditions. 

If exposure to the edge modifies the features of the forest beyond their range of natural intrinsic 

variation, then the portion of the fragment under the influence of edge effects will be unsuitable for the 

original ecosystem, and the fragment's area will be effectively reduced for conservation purposes 

(Murcia, 1995).  

 It should be noted that when mapping the Significant Natural Heritage Areas, the NC Natural 

Heritage Program biologists generally try to draw natural areas boundaries with sufficient buffer to 

protect and/or allow management of the elements contained in the natural area, although this is not 

always feasible.  If an area contains a rare species and has some semblance of a natural community 

surrounding it, the biologists will usually attempt to draw a Significant Natural Heritage Area around it 

(John Finnegan, personal communication, November 28, 2010). Some Element Occurrences are not 

bounded by a Significant Natural Heritage Area and it is unclear whether all other Element Occurrences 

are buffered by natural areas boundaries; therefore, I chose to impose the 16-hectare restriction on all 

property where extant Element Occurrences exist. 

  Finally, all school property was removed from consideration due to the heavy recreational use it 

receives and, consequently, is unlikely to fit within the vision of WakeNature for providing people with 

the opportunity to "experience and learn about natural resources in a contemplative, natural setting" 

(WakeNature, 2009b). The properties that met the section criteria for inclusion in the study area total 

14,175ha and these selected properties are hereafter referred to as the "study area." 

 The study area represents 52.8% of the 26,845ha of publicly managed open space in Wake 

County, and 93.7% of the 15,127ha of Significant Natural Heritage Areas and Element Occurrences on 

open space property throughout Wake County. Properties of interest to WakeNature that met the 
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selection criteria include Marks Creek Open Space, Lake Johnson, Horseshoe Farm Park, Lake Raleigh 

Woods, Durant Nature Park, and Hemlock Bluffs (Table 4). However, Swift Creek Bluffs and the Futrell 

Tract, Temple Flat Rock, and Tarpley's Mill were excluded because their contiguous land size did not 

meet the 16.2-hectare restriction (Table 5). The excluded properties represent 6.3% of all Significant 

Natural Heritage Areas and/or land containing Element Occurrences in Wake County. 

 

   Table 4. Properties included in the study area. 

Land Type Area  
(Ha) 

Properties of Interest 
 

Gameland 776 Falls Lake Recreation Area contains element occurrences but no significant 
natural heritage areas 

Mitigation sites 826 Underhill, Dutchman's Creek, Phillips and Crabtree Creek 

Parks 3,476 Lake Johnson, Horseshoe Farm Park, Hemlock Bluffs, Umstead Park, Durant 
Nature Park 

Research sites 335 SNHA on NCSU Ag land; EO on NCSU Ag land, Randleigh Field Lab and 
Schenck Forest 

Other open space9 8,762 Marks Creek open space; Lake Raleigh Woods 

Total Area 14,175 
93.7% of Significant Natural Heritage Areas and/or land containing Element 
Occurrences 

    

 

   Table 5. Properties excluded from the study area. 

Land Type Area 
(Ha) 

Properties of Interest 
 

Mitigation sites  33  

Parks  327  

School property (all) 78 
Banks Rd Elementary includes some significant natural heritage area; 
Element occurrences occur on Whitley Middle and Reedy Creek Elementary 
School property 

Other open space14 514 Swift Creek Bluffs, Tarpley's Mill, Temple Flat Rock 

Total Area  952 
6.3% of all Significant Natural Heritage Areas and/or land containing 
Element Occurrences 

 

                                                             

9
 Parcels defined as greenways (open space intersected by an existing or planned greenway) are included in this 

land type. 
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  The study area encompasses 39 properties located within ten different watersheds. Landcover 

across the study area includes forest (52%), open water (20%), forested wetland (9%), agricultural land 

(5%), successional grassland (12%), and urban development (2%). The Wake County boundary was 

extended by 1.6km to address the fact that species' habitat extends beyond jurisdictional boundaries 

(Figure 2). 

        Figure 2. Study area in Wake County, NC.  
       Source: Natural Heritage Program data (2008). 
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 The following sections discuss the benefits of carbon storage and sequestration, nutrient 

retention, biodiversity, and wildlife-associated recreational opportunities through the provision of 

wildlife habitat. Each ecosystem service is presented in a separate section; however, all benefits are 

summarized in Section 10, followed by a sensitivity analysis that addresses the variation of values seen 

in the environmental economics literature and the variance in benefits when different discounting rates 

are used to determine present value.   

6. Carbon Storage and Sequestration 

 Carbon storage refers to the biogeochemical process of fixing atmospheric carbon that occurs in 

plants during photosynthesis. Excess carbon not needed for growth is stored in a plant's trunk, branches, 

foliage, and roots as biomass (Nowak and Crane, 2002).  Stored carbon indicates the mass of carbon in 

an ecosystem at any given point in time. To diminish carbon dioxide (CO2) inputs from land use change, 

carbon storage management often focuses on the two prominent carbon pools: soil and live biomass 

(Jackson and Schlesinger, 2004).  Because forests play a significant role in the global carbon cycle (75% 

of carbon in terrestrial systems is stored in forests and their soils), carbon storage can be achieved 

through reduction of deforestation practices and aforestation (Kurz et al., 2009; Hamilton et al., 2002). 

 Carbon sequestration refers to the active capture and removal of CO2 from the atmosphere, 

which is then converted to carbon and stored in a plant's biomass over time. Carbon sequestration is 

customarily measured at an annual rate and the rate slows as the plant matures and its rate of growth 

slows. The net long-term CO2 source/sink dynamics of forests change through time as trees grow, die, 

and decay. In addition, human influences on forests (e.g. management) can further affect the CO2 source 

and sink dynamics of forests through such factors as fossil fuel emissions and harvesting/utilization of 

biomass, and planting trees. 

 The benefits of carbon sequestration and storage are expressed as the avoidance of the social 

cost of carbon. This cost represents the damage done by emitting each additional ton of carbon to the 

atmosphere, and is a measure of the seriousness of climate change and a yardstick against which to 

judge actual and proposed climate policy (Tol, 2008). This cost is based on a large number of variables 
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and is tempered by the pure rate of time preference, the rate of risk aversion, and the rate of inequity 

aversion10.   

 The complexity and uncertainty of assigning a social cost to carbon emissions has resulted in 

median estimates ranging from $21 to $193 per ton over the past 20 years of study (Tol, 2008). The 

mean estimate of $197/ton of carbon in these studies is the marginal cost of carbon but the modal 

estimate is only $55/ton. This difference suggests the mean is driven by some very large estimates (cost 

at the 95th percentile is $744/ton); however, the large variance is partly explained by the different rates 

of pure time preference applied in these studies. The standard deviation has decreased over the past 20 

years of study from $575/ton to $171/ton, indicating increased confidence in the cost estimates over 

time (See Tol, 2009). 

6.1 Assessment model 

  The InVEST Carbon Storage model quantifies the benefit of the study area's landcover to store 

carbon. The amount of carbon stored on each property depends on the size of four carbon pools 

because the calculation is based on the amount of carbon stored in a given landcover class and the area 

each class covers on the property (Tallis et al., 2011). The calculation is a summation of the carbon 

stored in aboveground biomass (all living plant material above the soil), belowground biomass (the living 

root systems of aboveground biomass), soil organic matter (the organic component of soil), and dead 

organic matter (leaf litter including lying and standing dead wood). The figure represents the amount of 

carbon stored until it is released through fire, harvest or soil disturbance.  

 The rate of carbon sequestration on each property reflects the additional carbon accumulated 

annually in aboveground biomass, which differs from the carbon stored in the aboveground biomass 

pool used in the storage equation. This service was measured by applying the estimated volume of 

carbon storage and sequestration for each landcover class present in the study area (Table 6). 

 

 

 

  

                                                             

10 These terms are discussed in Section 4, General Biophysical and Economic Valuation Methodology. 
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      Table 6.  InVEST data requirements, process and output summary. 
Step Data Process Output 

Service 

Landcover 

Allocates storage efficiency of each 
landcover class  across the study 
area  

Total carbon stored, 
expressed in tons of 
carbon per property 

Carbon in aboveground biomass 

 Carbon in belowground biomass 

Carbon in dead organic matter 

Carbon in soil 

Landcover Allocates sequestration efficiency 
of each landcover class  across the 
study area  

Carbon sequestration 
rates expressed in tons 
of carbon per property Carbon in aboveground biomass 

     Source: InVEST 2.0 User's Guide (2011). 

 
  The benefits of this ecosystem service allow society to avoid the social costs and economic 

damage incurred in the absence of this service (e.g., health care costs related to the exacerbation of 

cardiovascular and respiratory disease, and increased damage caused by erratic weather events). The 

social cost of carbon (SCC) is the estimated price of economic damage caused by each additional ton of 

carbon released into the atmosphere (Ackerman and Stanton, 2011). The biophysical sequestration and 

storage of carbon, and the social benefit is derived as follows. The present value of carbon sequestration   

 

Carbon Sequestration Benefit =
Ton-C in AGB pool/ha

landcover class
  ∗ Area ∗  SCC ∗   

1

(1.02)t

T−1

t=0

   

 

Carbon Storage Benefit =
Σ(Ton-C in 4 pools/ha)

landcover class
  ∗ Area ∗ SCC 

 

 The present value of the sequestration benefit is calculated at a social discount rate (r) of 2% annually 

over 30 years (T) for each landcover class. 

6.2 Obtaining carbon pool estimates 

  A number of studies were consulted to estimate carbon accumulation efficiencies.  Annual rates 

of carbon sequestered in the aboveground biomass of species present in the study area were gleaned 

from studies by Nowak, et al. (2002) whose research was conducted in the urban forests of North 

Carolina. This work was supplemented with studies from Han, et al. (2007), Hu, et al. (2008), and Giese, 

et al. (2003). Landcover classes present in the study area were identified in the 2001 North Carolina GAP 

Analysis landcover mapping data (NCGAP data).  
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 Aboveground biomass comprises all living plant material above the soil (e.g., bark, trunks, 

branches, leaves). Annual sequestration rates were calculated from field studies conducted in urban 

areas of the southeast (Nowak et al., 2002), the South Carolina Piedmont (Hu et al., 2008), and the 

riparian forests of South Carolina (Giese et al., 2003).  Han, et al. (2007) modeled data collected on 

North Carolina forestland. When landcover classes listed in the NCGAP data did not have a direct match 

with species groupings in the Han, et al. (2007), Hu, et al. (2008), and Giese, et al. (2003) studies (often 

simply hardwood versus softwood), correlations were made using the dominant tree species listed in 

the NCGAP metadata. 

 The primary source used to estimate the average amount of carbon stored in forest ecosystems 

in above- and belowground biomass, soil organic matter, and dead organic matter was a study by Smith, 

et al. (2006) indicating the amount of carbon stored in species by age for generalized forest classes 

across the United States.  When landcover classes listed in the NCGAP data often did not have a direct 

match with forest groupings in Smith, et al. (2006), correlations were made using the dominant tree 

species and knowledge about the moisture tolerances of the landcover classes in the NCGAP data. For 

every landcover class in Smith's study, data presented for the 50-year old trees were selected based on 

the landcover class descriptions provided in NCGAP data that show a predominance of this age group in 

the study area.  

The carbon pools used in the Smith, et al. (2006) study did not correspond directly with the 

categories required for InVEST's carbon storage model.  The “live trees” carbon pool in Smith's 2006 

study combined above- and belowground biomass for trees in the ecosystem; accordingly, values taken 

from Smith, et al. (2006) apportioned 21% of live tree biomass to belowground carbon storage in 

accordance with the average 18-24% root-to-shoot ratios noted in the literature (Cairns et al, 1997).   

The value for the “soil organic carbon” pool in Smith, et al. (2006), defined as belowground carbon 

without coarse roots but including fine roots and all other organic carbon not included in other pools to 

a depth of 1 meter, was used to represent the amount of carbon stored in soil. The carbon value applied 

to the "dead organic matter" pool in the InVEST model was taken from the sum of the “standing dead 

tree,” “down dead wood,” and “forest floor” pools in Smith, et al. (2006). Finally, the “understory 

vegetation” values were determined to be the highly variable sources of carbon found in grass- and 

scrubland. These values were applied to the corresponding landcover classifications in the NCGAP data. 

 Several other sources were consulted to determine carbon storage values for landcover 

classifications not included in Smith, et al. (2006). In many cases, the landcover classes in the NCGAP 
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data did not match the categorization of landcover classes exactly; therefore, subjective decisions were 

made in determining how to match NCGAP landcover classes with the carbon pool estimates found in 

the literature.    

6.3 Input to climate regulation analysis 

 Properties within the study area served as the basic component to define the scope of the 

carbon analysis. The NCGAP data were used to identify landcover classes present in the study area. The 

sequestration potential of aboveground biomass gleaned from the literature was integrated into the 

model to calculate the amount of carbon sequestered for each landcover class.  These estimates 

differed from the potential of aboveground biomass to store carbon because sequestration is based on 

an annual rate and carbon storage in aboveground biomass measures the accumulation over a species' 

lifetime. The storage potentials of above- and belowground biomass, woody debris and soil organic 

matter gleaned from the literature were integrated into the model to calculate the amount of carbon 

stored across the landscape (data values and sources can be found in Appendix C). 

 A social cost was applied to each ton of carbon sequestered and each ton stored. The most 

recent studies estimate the social cost to be from $21-$90/ton. I chose a conservative value of $60/ton 

from among the wide range of estimates presented in the literature. This figure is slightly less than the 

$69/ton mean of these values and the relatively constant modal value of $55/ton (Tol, 2008). 

6.4 Findings 

 The annual sequestration potential across all properties in the study area is 144,617 tons (Figure 

3). The median sequestration rate on a property is 945 tons annually with a standard deviation of 12 

tons. At a social cost of $60/ton of carbon, the annual benefit of sequestration across the study area is 

$8,677,016.The range of estimated values shown represent the benefit for each property (Figure 4).  

When expressed in terms of a present value over a 30-year period using a 2% discount rate, the carbon 

sequestration benefit across the study area is $198,221,091. Relatively high rates of sequestration occur 

in actively growing forest and wetland species found in the Falls Lake Recreation Area, Wake County 

Open Space, Crabtree/Oak Park Greenway, and the Tobacco Trail adjacent to Lake Jordan.  
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          Figure 3. Carbon sequestered across the study area (tons per property).  
         Source: InVEST 2.0 Carbon Model. 
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Figure 4. Carbon sequestration benefits in the study area (value per property). 
Source: InVEST 2.0 Carbon Model. 
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  The carbon storage potential across all properties in the study area is 2,170,264 tons (Figure 5). 

The median storage volume per property is 13,134 tons with a standard deviation of 241 tons. At a 

social cost of $60/ton of carbon, the benefit of storage across properties in the study area is 

$130,215,840.The range of estimated values represent the benefit on each property (Figure 6). Storage 

benefits are not expressed in terms of a present value because benefits do not accrue over time. 

 The mix of landcover classes and species age influence the total biophysical and monetary 

values on each property. For example, the mix of both young, fast growing species and more mature 

species in the Falls Lake Recreation Area render this a valuable property in terms of its potential to 

sequester and store relatively high volumes of carbon in the forests and forested wetlands found there. 

The City of Raleigh Greenway, Drewry Hills Park, the Underhill and Phillips mitigation sites, and Jordan 

Lake open space also store high volumes of carbon. This is due in large part to the carbon stored in 

aboveground biomass and in the soil, as high as 105 and 180 tons/ha, respectively.  

 The high volume of carbon stored in the soil at Jordan Lake and the mitigation sites is influenced 

by the carbon-holding hydric soils and wetlands that regulate CO2 levels on these properties. A study 

conducted by Mitsch and Gosselink (2000) found that wetland vegetation removes CO2 from the 

atmosphere and stores it in above- and belowground tissue. When this vegetation dies, the saturated 

conditions typical of wetland soils create an anaerobic environment in which organic matter 

decomposition proceeds at a relatively slow rate, thus promoting a buildup of carbon in the soil. 

Through the ongoing processes of carbon accumulation and subsequent burial, naturally occurring 

wetlands hold massive soil carbon stores, representing the largest component of the earth’s terrestrial 

biological carbon pool, although they occupy less than 8% of the earth’s surface (Moore and Hunt, 

2011).  
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  Figure 5. Carbon stored on each property in the study area (tons/property). 
  Source: InVEST 2.0 Carbon Model. 
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    Figure 6. Benefits of carbon stored across the study area.  
    Source: InVEST 2.0 Carbon model. 
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 The estimated amount of carbon sequestered and stored on each property is a function of land 

size as well as landcover mix, which varies in its growth phase and sequestration efficiency.  Normalizing  

sequestration and storage volume by dividing each by land area removes the effect of property size on 

carbon volume, providing a relative comparison of benefits across properties based on the per hectare 

averages. The mix of landcover in the Falls Lake Recreation Area sequesters and stores the greatest 

amount of carbon per hectare; however, that is where the relationship among properties ends. 

Sequestration rates are highest on Wake County Open Space, Crabtree/Oak Park Greenway, and the 

Tobacco Trail adjacent to Lake Jordan but storage density per hectare is greatest on the City of Raleigh 

Greenway, Underhill mitigation site, Drewry Hills Park, Jordan Lake's open space, and the Phillips 

mitigation site. 

  Large properties like the Falls Lake Recreation Area include a variety of fast growing and mature 

species, which explains its top rank in both sequestration and storage volume (Table 7). Smaller 

properties are likely to have a relatively homogeneous mix of species and plant age. The six properties 

where per hectare storage value is greatest also have the widest variance of sequestration and storage 

value. 
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   Table 7. Normalized carbon sequestration and storage benefits on study area properties. 

    Source: InVEST 2.0 Carbon Model 
 

Property 

(ranked by sequestration value) 

Annual 
Sequestration 

Benefit/ha  
(SCC @ $60/ton) 

Lifetime 
Storage  

Benefit/ha 
(SCC @ $60/ton) 

Property 

(ranked by storage value) 

Falls Lake Recreation Area $ 4,386 $ 65,807 Falls Lake Recreation Area 

Wake County Open Space   1,355   26,762 City of Raleigh Greenway 

Crabtree/Oak Park Greenway   1,235   14,146 Underhill mitigation 

Tobacco Trail   1,070   13,854 Drewry Hills Park 

Lake Myra Open Space      921   13,848 Jordan Lake Open Space 

Underhill mitigation      913   13,845 Phillips Mitigation 

Drewry Hills Park      858   13,655 Triangle Greenways Land 

Triangle Greenways Land      845   13,590 Crabtree Creek Greenway 

Hemlock Bluffs      833   12,543 Tobacco Trail 

Phillips Mitigation      823   12,416 Wake County Open Space 

Jordan Lake Open Space      820   12,220 Hemlock Bluffs 

Umstead Park      808   12,207 Lake Myra Open Space 

City of Raleigh Greenway     800   12,060 Neuse River Greenway 

BW Wells Recreation Area     799   11,953 Umstead Park 

Crabtree Creek Greenway     796   11,714 BW Wells Recreation Area 

Horseshoe Farm Park     788   11,546 Mitchell Mill Park 

Blue Jay Point     776   11,445 Horseshoe Farm Park 

Mitchell Mill Park     773   11,250 Shinleaf Recreation Area 

Shinleaf Recreation Area     773   11,088 Dutchman's Creek mitigation site 

Schenck Forest     765   10,869 Southeast Regional Park 

Milburnie Park     757   10,842 Blue Jay Point 

Marks Creek Open Space     749   10,738 Milburnie Park 

Southeast Regional Park     747   10,734 Marks Creek Open Space 

Cedar Fork Creek Open Space     731   10,520 Cedar Fork Creek Open Space 

Alvis Farm Open Space     722     9,765 Schenck Forest 

Anderson Point Park     706     9,687 Little River Open Space 

Little River Open Space     689     9,431 Dedicated Open Space 

NCSU Ag Research Land     685     9,219 Anderson Point Park 

Neuse River Greenway    680     8,828 Alvis Farm Open Space 

Dedicated Open Space    675     8,376 Crabtree/Oak Park Greenway 

Randleigh Field Lab    672     8,024 Crabtree Creek mitigation site 

Dutchman's Creek mitigation site    657     7,986 Lake Johnson Open Space 

Yates Mill Park    655     7,589 Lake Raleigh Woods  

Barham Farm Open Space    648     7,564 Yates Mill Park 

Lake Johnson Open Space    557     7,341 Barham Farm Open Space 

Lake Raleigh Woods     534     7,079 NCSU Ag Research Land 

Crabtree Creek mitigation site    478     5,738 Lake Benson Open Space 

Lake Benson Open Space    350     4,599 Randleigh Field Lab 

Totals       $ 33,562       $ 477,436 Totals 
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6.5 Limitations of the InVEST Carbon Storage model 11 

 The model greatly oversimplifies the carbon cycle, which allows it to run with relatively little 

information but the model's developers caution that this oversimplification can lead to important 

limitations. For example, the model assumes that none of the landcover classes are gaining or losing 

carbon over time. Instead, it is assumed that all species are at some fixed storage level equal to the 

average of measured storage levels within that landcover class. Under this assumption, the only changes 

in carbon storage over time are due to changes from one landcover class to another.  This is not really a 

limitation of the model, but of the data.  To address this issue, one could divide the pool of aboveground 

biomass for each a landcover class into "young", "middle-aged" and "mature" species. The classification 

system used in the NCGAP landcover data did not provide this level of detail, preventing a direct 

correspondence between mapping units and carbon pool estimates. 

 A second limitation noted by the InVEST developers is the model's reliance on carbon storage 

estimates for each landcover class. Once again, results are only as detailed and reliable as the landcover 

classification system used. Carbon storage clearly differs among species (e.g., tropical forest vs. open 

woodland), but often there can also be significant variation within a landcover class. For example, 

carbon storage within a “tropical moist forest” is affected by temperature, elevation, rainfall, and the 

number of years since a major disturbance (e.g., clear-cut or forest fire). The variety of carbon storage 

values within coarsely defined classes can be partly recovered by using a classification system and 

related carbon pool table that stratifies coarsely defined landcover classes with relevant environmental 

and management variables. For example, forest species could be stratified by elevation, climate bands 

or time intervals since a major disturbance. This more detailed approach requires data describing the 

amount of carbon stored in each of the carbon pools for each of the finer landcover classes. The 

classification system used in the NCGAP landcover data prevented me from developing a direct 

correlation between mapping units and a division of pool data into biogeophysical classes by 

temperature, elevation, rainfall, and the number of years since a major disturbance. 

 The model does not take into account factors other than landcover class that could affect 

carbon storage or sequestration rates.  Differences in elevation, precipitation, and rates of 

evapotranspiration and disturbance could affect how readily landcover takes up additional carbon from 

                                                             

11 This information was taken from the InVEST 2.0 User's Guide (Tallis et al., 2011). 
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the atmosphere.  Without knowing the specific microclimate and elevation of an area, and how these 

factors interact with the landcover classes present, it is unlikely that very precise measurements of 

carbon storage can be obtained. 

 This model does not consider outside influences that may decrease the ability of a particular 

landcover to store carbon.  Although some forests may have a typical carbon storage capacity, pest 

outbreaks or forest fires can cause a reduction in carbon storage capacity (Hamilton et al., 2002).  The 

effects of global climate change may also increase decomposition rates that diminish the ability of 

carbon to remain stored in soil or debris (Malhi et al., 2002).  

 Finally, while most sequestration follows a nonlinear path such that carbon is sequestered at a 

higher rate in the first few years and a lower rate in subsequent years, the economic valuation of carbon 

sequestration assumes a linear change in carbon storage over time. The assumption of a constant rate 

of change will tend to undervalue the carbon sequestered, as a nonlinear path of carbon sequestration 

is more socially valuable than a linear path due to discounting. 

6.6 Assumptions and limitations in methodology 

 Although the NCGAP landcover data classifies vegetation types to a finer scale than some other 

data such as the National Land Cover Dataset, the categories are still coarse representations of what 

vegetation exists at a given location.  Each class is described by its dominant species, however, no 

mention is made of tree density or the species included within a vegetative structure.   

  Smith, et al. (2006) reported their findings by species and age. Ninety percent of the landcover 

in my study area is dominated by oak-pine and oak-gum-cypress forestland. The description of species' 

age was taken from the NCGAP landcover classification metadata, which indicates a predominance of 

50-year old species in the study area.  When I selected carbon storage estimates from the Smith (2006) 

study, I assumed all forest types identified across the study area were approximately 50-years old based 

on the Multi-Resolution Land Characteristics Consortium's descriptions accompanying the landcover 

classifications in the NCGAP data. Therefore, the carbon storage attributed to those areas may have 

been over- or underestimated since species in some areas may vary in age. Even if the values for carbon 

storage are accurate for the type of forest and age of the stand, they may not accurately predict the 

amount of carbon stored in each forest class with increasing amounts CO2 in the atmosphere.  One 

study showed that forests in areas with elevated CO2 levels sequestered greater amounts of carbon (a 
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41% increase in net ecosystem productivity) when compared with forests with ambient concentrations 

(Hamilton et al., 2002).  

  I assumed all carbon pool values obtained for my study were applicable to the Piedmont region 

of North Carolina. The vast majority of studies found in the literature looked at forest species in the 

southeastern United States; however, climatic differences between the Mountain, Floodplain, 

Piedmont, and Coastal Plain regions affect the biophysical attributes attributable to carbon 

sequestration and storage capability (N.L. Osborne, personal communication, April 26, 2011). 

7. Water Purification: Nutrient Retention 

 The water resources in North Carolina most affected by pollution are streams and rivers, 

followed by lakes and ponds (Gilliam et al., 1997). Within the boundaries of Wake County, there are two 

river basins: Cape Fear and the Neuse. A river basin is the portion of land drained by a river and its 

tributaries. It encompasses all land surface dissected and drained by many streams and creeks that flow 

downhill into one another, and eventually into one river. The Neuse River Basin, the third largest in 

North Carolina (16,149km2), encompasses all or portions of 18 counties and 77 municipalities (NCEE, 

2010). The population within this area is projected to grow by more than 867,000 with the total number 

of people living within the Neuse River Basin to be over 2,000,000 by 2020 (NCDWQ, 2010). The Cape 

Fear River Basin is the largest in North Carolina (23,696km2) and includes portions of 26 counties and 

115 municipalities. The basin is composed of five major drainages: the Haw, Deep, Northeast Cape Fear 

and Black Rivers.  

  The sources of water pollution are diverse, although a significant portion of this pollution is 

delivered from non-point sources (diffuse runoff) as opposed to point sources such as wastewater 

treatment systems and factories (Hardy et al., 2003). Pollutants of great concern stem from nutrient 

runoff, and this analysis focused on the nitrogen and phosphorus levels in the Cape Fear and Upper 

Neuse watersheds, and the river and lake subwatersheds within them. 

 Nutrient sources include over-application of fertilizer, wastewater discharge, and stormwater 

runoff from both new development and existing urban landscapes. Non-point source nitrogen and 

phosphorus originate from agricultural activity (row crop and animal operations) and urban stormwater 

runoff. Phosphorus is transported via overland flow into receiving water resources, usually attached to 

soil particles. Organic forms of nitrogen, attached to sediment or as part of organic matter, also enter 
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surface waters through overland flow. The majority of non-point source nitrogen entering surface water 

is transported through subsurface flows. 

  Stormwater runoff commonly contains low concentrations of nitrogen compared to ground 

water flows from fertilized fields and lawns (Gilliam et al., 1997). Most nitrogen added to soil as 

commercial fertilizer or organic wastes is converted to nitrate-nitrogen, a mobile form of nitrogen that 

readily moves with soil water. As rainwater enters the soil and flows downward through the rooting 

zone, the nitrogen will be absorbed by growing plants or it will move into the shallow groundwater. The 

movement of nitrogen into the groundwater most often occurs during the winter when plants are not 

growing, but nitrate leaching can also occur in very wet periods during the spring or summer.  

  Once the nitrate-nitrogen moves below the water table and enters the saturated zone, it will 

flow with the groundwater. In upland areas, groundwater tends to move downward, driven by periodic 

rainfall events that recharge the groundwater system. Nitrate that is carried with the groundwater 

eventually discharges to a surface waterway. The amount of nitrate entering the surface water can be 

reduced if the groundwater flows through a riparian buffer. Nitrate in groundwater passing through a 

riparian buffer may either be utilized by the riparian vegetation or converted to a gas by the bacteria 

found in the organic matter deposited in the area. Soils can store and trap some soluble pollutants, and 

wetlands can slow flow long enough for pollutants to be taken up by vegetation (Gilliam et al., 1997).  

  Determining the ecosystem services provided by landcover is more complex for nutrient 

retention than for carbon storage.  The primary difference is the importance of property location 

relative to a stream network. Since most of the phosphorus is transported from the nutrient source via 

sediment, the amount of sediment carried to the stream is associated with how much phosphorus 

pollutes the stream (Nemery et al., 2005).  Nitrogen transport can be affected by how much riparian 

buffer runoff must travel through before reaching the stream; therefore, forest and wetland can 

effectively remove some of the nitrogen concentration (Wang and Duggin, 2008).  These spatial 

relationships should be considered when valuing the nutrient retention service provided by the 

landcover in a particular open space property. 

7.1 Assessment model   

  The InVEST Nutrient Retention model quantifies the benefits of study area's landcover to filter 

and retain nitrogen and phosphorus runoff before it reaches ground or surface water. The model 

quantifies the benefit of this filtration service in terms of the cost of alternative wastewater treatment. 
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The model integrates data on the magnitude of overland water flow, pollutant loading, the capacity of 

different vegetation to retain pollutants, and the cost of water treatment for the nutrient pollutants12.  

 The model is divided into three modules that simulate annual average surface runoff from each 

property, determine the pollutant load retained by each landcover class on the landscape, and how 

much of that load is retained on each downstream property as runoff moves the pollutant toward the 

stream (Table 8). The value of this water purification benefit is expressed as the cost that would be 

incurred if this biological nutrient filtration service had to be replaced by chemical treatment in a water 

purification plant.   

 

 Table 8. Summary of InVEST model's data requirements, process and output for nutrient retention.  

Module Data Process Output 

Water 
Yield 

Landcover 

Calculates average annual 
runoff (export) and filtration 
of nutrients by each 
landcover class in each 
subwatershed  

Nutrient export 
(kg/yr); 
 
Nutrient retention 
(kg/yr) 

Digital elevation model 

Soil depth and the plant 
available water fraction 

Estimated precipitation and 
evapotranspiration 

Nutrient export coefficients 

Nutrient filtration efficiencies  

Nutrient 
Retention 

Watershed boundaries  
(HUC-10) 

Calculates net nutrient 
retention by subtracting 
nutrient export from 
filtration for each landcover 
class in each study area 
property in the 
subwatersheds 

Net retention of nutrients 
per subwatershed (kg/yr) 

Value 

Average annual water 
treatment costs 

Calculates the present value 
of retention benefits per 
property based on a given 
discount rate, time span and 
treatment cost 

Avoided treatment costs 
($/subwatershed/yr) 

Time span 

Discount rate 

 Source: InVEST 2.0 User's Guide (Tallis et al., 2011). 

 

 The first module, Water Yield, requires estimates of biophysical parameters for each landcover 

class and estimates the annual average runoff from each study area property is calculated in each 

subwatershed. 

                                                             

12 Sources for these data and values used are listed in Appendix D.  
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 The second module, Nutrient Retention, uses a digital elevation model and the calculated runoff 

(water yield) to determine the route water takes down flow paths, determined by slope. This simulation 

allows each property downstream of a polluting property to filter nutrients based on the landcover class 

and its ability to retain each nutrient; however, the scheme does not account for saturation of uptake 

(Tallis et al., 2011). Following the nutrient load downstream, the module calculates net nutrient 

filtration of each landcover class by subtracting the amount of retention from upslope export within 

each sub-watershed. 

  Once net nutrient retention is determined, the Value module calculates the present value of 

the filtration service by multiplying treatment costs by the net amount of nutrient retained on the 

property, discounted by the rate of time preference over the life of the treatment plant.  The net 

retention (exported-retained) of each nutrient is summed as it makes its way along the hydrologic 

pathway (HP) to the outlet point of each sub-watershed. The benefit derived from avoiding the cost of 

alternative water treatment is evaluated as follows:  

 

Nutrient Retention Benefits =  
 (export − retention)HPHP

sub-watershed
 ∗ Treatment Cost ∗   

1

(1 + r)t

T−1

t=0

  

 

 The present value of the retention benefits are calculated at a social discount rate (r) of 2% annually 

over 30 years (T) for each sub-watershed. 

7.2 Input to nutrient retention analysis 

  Watershed data used for this simulation form complete digital hydrologic unit boundaries to 

the 10-digit (HUC-10) subwatershed level for Wake County13 but because watersheds do not respect 

municipal jurisdictions, portions of five adjacent counties were included to achieve hydrologic accuracy 

during the model's simulation of down slope nutrient flow (Figure 9). This 2009 watershed boundary 

map was used to identify the landcover available for the retention of nutrients. Ten subwatersheds 

surround the 39 study area properties in Wake County (Table 9). The Upper Neuse watershed containing 

the Upper Falls Lake, Middle Falls Lake, Lower Falls Lake, Milburnie Lake-Neuse River, and Crabtree 

                                                             

13 The watershed and hydrologic unit boundaries provide a uniquely identified and uniform method of subdividing 
large drainage areas. The smaller sized fifth level (10-digit) subwatersheds are useful for numerous application 
programs supported by a variety of local, state, and federal agencies (USGS, 2011). 
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Creek were combined into three smaller subwatersheds to prevent the division of properties by the 

natural HUC-10 subwatershed boundaries.   

 The model measures the net retention for each landcover class as runoff flows to the outlet 

point in each watershed across the study area. These biophysical amounts were aggregated to the 

subwatershed level by the Nutrient Retention module. The amount of nutrients retained on each 

property was of primary interest in this study so net retention within landcover classes was parsed to 

each property using Arc Map's Zonal Statistics function. 
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       Figure 7. Study area and surrounding subwatersheds atop the hydrologic elevation model. 
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 Table 9. Study area properties and surrounding subwatersheds evaluated for nutrient retention. 

Watershed Subwatershed(s) Study Area Properties 

Upper 
Neuse 

Upper Falls Lake;  
Middle Falls Lake;  
Lower Falls Lake;  
Milburnie Lake-Neuse River;  
Crabtree Creek 

Falls Lake Recreation Area/NCPR land, Blue Jay Point, 
Raleigh Greenway, Horseshoe Farm Park, Umstead Park, 
Crabtree Creek and Oak Park Greenways, Schenck Forest, 
NCSU Ag Research land, Anderson Point Park, Alvis Farm, 
Crabtree Creek mitigation site 

Upper 
Neuse 

Middle Creek    Triangle Greenways Council land, Southeast Regional Park 

Upper 
Neuse 

Swift Creek    
Hemlock Bluffs, Yates Mill Park, Phillips and Underhill 
mitigation sites, Lake Benson, Dutchman's Creek 
mitigation 

Upper 
Neuse 

Walnut Creek-Neuse River  
Lake Johnson, Yates Mill Park,  Lake Raleigh Woods, City 
of Raleigh and Neuse River Greenways, Marks Creek 
Open Space, Lake Myra Open Space, Randleigh Field Lab 

Cape Fear: 
Haw River 

Jordan Lake-New Hope River Jordan Lake and Tobacco Trail Open Space 

Upper 
Neuse 

Upper Little River 
Barnham Farm and  Little River Open Space, Mitchell Mill 
Park 

  

 The first step in this analysis was to derive the location of the stream networks relative to study 

area properties. To create a stream network, an April 2011 hydrologic elevation model generated from 

Geological Survey data was obtained from the U.S. Geological Survey's website. This map and the 2001 

NCGAP landcover data used in the carbon storage valuation formed the basis for this analysis.                

 The quantity of nitrogen and phosphorus retained annually by each landcover class was 

determined by finding nutrient filtration coefficients in the literature.  A September 2007 report 

published by the NC Department of Environment and Natural Resources Water Quality Division 

(NCDWQ, 2007a) was used as the source of these values to pair each landcover class with its export 

coefficient14.   

 The soil depth given in the geospatial mapping used in this model represents the maximum 

depth of all horizons to bedrock within a soil class component and a weighted average of the 

components is estimated. All water and urban areas in the landcover data were assigned a soil depth of 

zero in accordance with instructions provided in the InVEST User's Guide.  

 Root depth of vegetated landcover classes was assigned based on the most abundant species in 

each NCGAP landcover classification. For the forest classes, NCGAP data were referenced to determine 

the most abundant species in the study area (Oak and Pine). The documented root depths for each 

                                                             

14 All coefficient values appear in Appendix D. 
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genus were cumulatively averaged to determine an average depth. For agricultural land, the NC 

agricultural census provided the most dominant crops in the landscape (sweet potato, potato, soybean, 

corn, oat, barley, rye, tobacco, and wheat).  Pond Cypress and Swamp Tupelo, the two dominant NC 

wetland species based on NCGAP wetland class data, were used to assign root depth coefficients for 

wetlands. The root depths in each class were averaged and applied. 

 The estimated annual precipitation data averaged annual normal rainfall from 1971-2000. 

Potential evapotranspiration rates for each landcover class were taken from 2004 data. 

Evapotranspiration coefficients taken from those referenced in the InVEST User's Guide were used by 

the model to obtain actual evapotranspiration by using plant energy/transpiration characteristics to 

modify the potential rates for each landcover class. 

 The nutrient loading (export) and filtration (retention) rates presented in the InVEST User's 

Guide were used to assign the amount nitrogen and phosphorus export and filtration efficiency rates, 

respectively, by landcover class15. These coefficients identify the kilogram (kg) per hectare export and 

retention rates (as a percentage of the amount of nutrient flowing into the landcover class from up 

slope) for nitrogen and phosphorus among the landcover classes in the study area. 

 The wastewater treatment costs were taken from the North Carolina Department of 

Environment and Natural Resources' Nutrient Offset Rates. These revised rates took effect July 1, 2011. 

The costs reflect Ecosystem Enhancement Program (EEP) offset rates for nitrogen and phosphorous 

dictated by North Carolina Nutrient Offset Rule No. 02B.027416. These costs reflect the capital and the 

associated operations and maintenance (O&M) costs needed to meet standard Biological Nutrient 

Removal (sewage treatment) treatment necessary to meet discharger's Stage 1 concentration limits by 

2016 (NCDWQ, 2010). Based on conversations with Mike Templeton and Rich Gannon, engineers 

working for the NC Division of Water Quality and authors of the analyses for the Falls Lake and Jordan 

Lake watersheds, $40.76/Kg of nitrogen and $313.10/Kg of phosphorus represent the annual water 

treatment costs. Nitrogen and phosphorus treatment generally require different treatment units and 

                                                             

15
 Nutrient export coefficients were largely based on values from EPA manuals and research studies in the United 

States. 
16

 On July 15, 2010, the NC Environmental Management Commission adopted two rules under NCAC Title 15A 
sections 2B.0240, 2B.0274 and 2R.0402. On August 19, 2010, the NC Rules Review Commission approved 
them.  The July 1, 2011 effective date satisfies a timeframe mandated under SL 2009-484. These nutrient offset 
rules are available on the NCDENR website. 

http://portal.ncdenr.org/web/eep/fee-schedules
http://portal.ncdenr.org/web/wq/ps/nps/nutrient-offset-rules
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have separate O&M needs, so the costs for nitrogen and phosphorus treatment improvements were 

estimated separately.   

7.3 Calculation of nitrogen and phosphorus retention 

   The amount of nitrogen and phosphorus exported is subtracted from the amount of nitrogen 

and phosphorus retained on each landcover class, based on the vegetative load and filtration 

efficiencies estimated of each landcover class, as the runoff makes its way to the stream networks 

within each subwatershed (Stacie Wolny, Natural Capital Project Engineer, personnel communication, 

May 19, 2011). The final calculation of nutrient retention is expressed as Kg/property..  

 Output from this model provides insight into the dynamics of nutrient export, transport, and 

retention by each landcover class, and the present value of this ecosystem service using a 2% social 

discount rate over the 30-year lifespan of the water treatment plant. 

7.4 Findings 

 The amount of nitrogen exported across the study area is 3,159Kg with phosphorus representing 

an additional 943Kg. The annual retention of nitrogen amounts to 22,064Kg and phosphorus is retained 

at 5,012Kg across the study area, which avoids alternative water treatment costs of $899,313 for 

nitrogen and $1,569,354 for phosphorus annually. Phosphorus was retained at a quarter the rate for 

nitrogen, yet its economic value is double due to the difference in cost to artificially remove these 

pollutants from the Jordan and Falls Lake reservoirs to meet water quality standards. The offset rates 

are tied to the mitigation costs associated with the removal of nitrogen and phosphorus, which differ 

significantly (RTI, 2007). The retention of nitrogen is calculated and presented separately from the 

retention of phosphorus because the same landcover often retains both nutrients so adding them 

together would distort the overall retention service, thereby overestimating the benefit of biological 

nutrient retention.   

 The present value of nitrogen retention across the study area (Figure 8), discounted at a rate of 

2% over 30 years, is $20,665,232. Landcover retention ranges from a low of 0.3kg on the Tobacco Trail 

near Lake Jordan ($276 in avoided treatment costs) to a high of 6,352kg in the Falls Lake Recreation Area 

($5,949,660). The median amount of nitrogen retention on these properties is 95kg ($88,843), 

representative of the open space at Marks Creek, Anderson Point, Lake Myra, and Hemlock Bluffs. 
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 The present value of phosphorus retention across the study area (Figure 9), discounted at a rate 

of 2% over 30 years, is $35,839,479. Landcover retention ranges from a low of 0.03kg on the Tobacco 

Trail near Lake Jordan ($246 in avoided treatment costs) to a high of 1,234kg in the Falls Lake Recreation 

Area ($8,821,420). The median value for phosphorus retention on these properties is 20kg ($140,677), 

representative of the open space at Marks Creek, Lake Raleigh Woods, Lake Myra, Anderson Point, and 

the Underhill mitigation site.  
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Figure 8. Present value of nitrogen retention across the study area discounted at 2% over 30 years.   
Source: InVEST Nutrient Retention model. 
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Figure 9. Present value of phosphorus retention across the study area discounted at 2% over 30 years.   
Source: InVEST Nutrient Retention model. 
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     These findings illustrate the benefit of natural landcover in reducing the amount of nitrogen and 

phosphorus infiltrating downstream waterways. The amount of nitrogen and phosphorus retained on 

each property and its corresponding monetary benefit is a function of land size as well as the mix of 

landcover on each property, which varies in its nutrient load capacity and retention efficiency.   

 Normalizing annual retention levels by land area removes the effect of property size on 

retention value, providing a relative comparison of benefits across properties based on per hectare 

averages (Table 10). The mix of landcover in the Falls Lake Recreation Area, Umstead Park and Little 

River open space appear relatively efficient in filtering both nitrogen and phosphorus, although the 

amount nutrient exported upstream contributes the amount of nutrient retained downstream. 

 These properties are downstream of pasture-hay fields, evergreen plantations, hardwood 

forests, medium and high intensity development, developed open space, and row crops where nutrient 

export is relatively high. The predominant landcover types on these properties include forests and 

evergreen plantations, capable of filtering 80% of the nitrogen load, and pasture-hay and row crops that 

can filter 10%. The developed areas filter negligible amounts of nitrogen17.  

 The highest phosphorus export loads were found in the open space vegetation surrounding 

Little River, and the Falls Lake recreation area. These properties are downstream of pasture/hay fields, 

evergreen plantations, hardwood forests, medium and high intensity development, grassland, row 

crops, and developed open space. The predominant landcover types on these properties include forests 

and evergreen plantations capable of filtering 60% of the phosphorus load, successional shrub and scrub 

that can filter 25%, and riparian forest areas that can filter 50% of the phosphorus load18. 

 

 

 

 

 

 

 

   

                                                             

 
22, 23 

These filtration efficiency figures were found in the literature and were part of the biophysical input data to 
the InVEST Nutrient Retention model. 
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   Table 10. Biophysical and economic benefits of nitrogen and phosphorus retention on study area properties. 

 
Sub-
watershed(s) 

Property 
N and P 

Exported 
(Kg) 

N and P 
Retained 

(Kg) 

Nutrient Retention 
Annual Value ($/ha) 

Nitrogen      Phosphorus                           

Upper Falls 
Lake; Middle 
Falls Lake; 
Lower Falls 
Lake;  
Milburnie 
Lake-Neuse 
River; 
Crabtree 
Creek 

Falls Lake Recreation Area19   0.70 6.9  $ 236 $ 348 

City of Raleigh greenways 1&2 0.40 1.9 66 102 

Horseshoe Farm Park 0.05 3.3 113 170 

Umstead Park 0.23 2.1 71 99 
Crabtree Cr./Oak Park greenway 1.01 2.5 88 104 
Schenck Forest 0.24 2.7 94 124 
NCSU Ag Research land 0.21 3.5 120 178 
Anderson Point Park 1.32 9.9 348 434 
Alvis Farm 0.33 3.1 105 170 

Crabtree Creek mitigation site 0.61 1.8 61 91 

Milburnie Park 0.01 1.4 48 67 

Drewry Hills Park 0.93 0.9 31 41 

Middle Creek 

Southeast Regional Park 0.94 3.4 110 209 

Hemlock Bluffs 0.66 1.7 58 79 

Triangle Greenway Council land 0.33 1.5 51 72 

Swift Creek 

Yates Mill Park 0.38 4.8 157 308 

Underhill mitigation site 0.38 2.2 76 112 

Phillips mitigation site 0.003 0.05 2 2 
Lake Benson open space 1.19 3.4 103 270 
Lake Johnson open space 0.37 1.8 63 95 
Lake Raleigh Woods 0.33 1.5 51 70 
City of Raleigh greenway #3 0.97 2.2 75 115 
Neuse River greenway 0.79 4.0 118 352 

Marks Creek open space 0.25 2.9 97 158 

Lake Myra open space 1.34 9.0 287 615 

Randleigh Field Lab 0.06 4.0 138 183 

Jordan Lake-
New Hope 
River 

Jordan Lake open space 0.45 2.3 78 117 

Tobacco Trail open space 0.14 0.01 0.2 0.2 

Barnham Farm 0.47 5.1 164 336 

Upper Little 
River 

Little River open space 0.86 5.2 162 375 

Mitchell Mill Park 2.27 3.7 108 312 

Cedar Fork open space 0.65 1.7 58 76 
Totals  4,102 27,076 $ 80,518 $ 137,155 

   Source: InVEST Nutrient Retention model. 

 

                                                             

19 The methods used to capture and identify properties within Falls Lake recreation area negated the ability to 
capture specific nutrient export and retention figures for individual parks such as Blue Jay Point, Shinleaf and BW 
Wells recreation areas. 
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7.5 Limitations of the InVEST Water Purification: Nutrient Retention model 20 

 The model does not address any chemical or biological interactions that may occur from the 

point of loading to watershed outlet point beyond filtration by terrestrial vegetation. In reality, nutrients 

may degrade over time and distance through interactions with the air, water, other pollutants, bacteria 

or other elements. The model assumes there is continuity in the natural hydraulic flow path. Tile 

drainage, ditches, and stormwater pipes could create shortcuts for nutrient movement and run 

nutrients directly to streams. 

 The model may also provide an inaccurate marginal cost for pollutant removal because the full 

cost of removing a unit volume of nutrient is difficult to estimate due to the complexity of the treatment 

process. The marginal cost may not be a constant value but instead a function of decreasing cost per 

additional unit volume of nutrient as the total volume increases.  

7.6 Assumptions and limitations in methodology 

 The calculations assume several things about the filtration potential of landcover upstream of a 

waterway.  The estimates of nutrient delivery are based on the distance to the closest stream; however, 

streams themselves can process nutrient export as they flow towards larger bodies of water so this 

method may overestimate the ecosystem services provided by vegetation alone. This phenomenon may 

be seen in the Falls Lake; Lakes Benson, Johnson, and Jordan; Little River; and, Yates Mill Pond areas for 

both nitrogen and phosphorus adsorption. 

  Information about variations in landcover that may affect nutrient transport is unknown but 

may have an influence on the amount that reaches the stream network.  One study suggested that more 

phosphorus is exported from young forest systems than mature systems (Scott et al., 2001).  

 Other factors could have been included that might have allowed delivery estimates to be 

determined more accurately.  For example, the climate patterns of the region and the soil type at the 

location of the land property may have affected the amount of sediment transported into the stream 

network, and ultimately the amount of phosphorus (Alexander et al., 2004). 

 It was assumed that the nutrient export values obtained from the North Carolina Department of 

Environmental Resources were reasonable estimates of the nitrogen and phosphorus exported from the 

                                                             

29 This information was taken from the InVEST 2.0 User's Guide (Tallis et al., 2011). 
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source landcover classes; however, export coefficients are highly variable among studies even when the 

same landcover type is examined (Wallace et al., 2007; Zhu and Mazumder, 2008).  

 This study focused on the effects of landcover on nutrient export but other factors such as soil 

type can increase variability in the export coefficient for nitrogen (Zhu and Mazumder, 2008).  Similarly, 

other factors can influence the effectiveness of buffer systems, including slope and stream order into 

which the nutrient is flowing (Chesapeake Bay Forest Program, 2003).  Buffer system effectiveness can 

also be affected by the heterogeneity of loading events — whether nitrogen input comes frequently 

with smaller loads or less frequently with larger loads (Mander and Lõhmus, 2006). 

 The total nitrogen exported from each landcover class was used as the value for nitrogen export 

coefficients in this study.  This value does not distinguish among the various forms of nitrogen, which 

may have different removal rates in the riparian buffer zone.  This study also does not consider the 

complexities of nitrogen transport from the source.  Both of these factors can affect the amount of 

nitrogen that reaches the stream network.  For example, nitrogen exported in its ammonia form can 

volatilize and travel longer distances before adding to the freshwater systems in the form of 

precipitation.  These types of processes are difficult to quantify and predict, particularly in the simplified 

InVEST model. 

  Although the NCGAP landcover classification breaks down vegetation into a finer scale than 

many other landcover data such as the National Landcover Dataset, the categories are still coarse 

representations of what vegetation exists at a given location.  Each category is described by dominant 

genotype but there is no indication of tree density or species variability included in the vegetative 

structure.  Using coarse vegetative data cannot allow fine-scale estimates to be made for each region.  

7.7 Improvements to the study 

 As with the carbon storage analysis, the estimations of phosphorus and nitrogen delivered to 

the stream network from the landscape would benefit from increased data collection in North Carolina.  

These estimates should also include other parameters, such as the age of forest stands and the type of 

soil, which could affect nitrogen and phosphorus additions to freshwater ecosystems. The study could 

evaluate the removal of nitrogen and phosphorus from additional landcover through which runoff flows. 
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8. Biodiversity: Habitat Improvement 

 WakeNature Preserves are at their highest and best use when serving the public interest to 

provide habitat for the survival of rare species or natural communities, or other significant biological 

features (WakeNature, 2009b). In an effort to identify species and habitat that are priorities for 

management, WakeNature works within the Wildlife Action Plan developed by the North Carolina 

Wildlife Resources Commission. To supplement that body of work, this study provides an assessment of 

the economic and social benefits of improving the terrestrial and aquatic habitats of threatened and 

endangered species, and the existence value of wetlands located in the open space properties within 

the study area. 

8.1 Species' habitat within the study area  

  Wake County's publicly managed open spaces provide high quality natural areas that preserve 

the biodiversity of the region by contributing to the long-term viability of plant and animal populations, 

natural communities, landscapes, and ecosystems designated by the Natural Heritage Program as 

ecologically valuable, exemplary or unique natural communities, and important animal assemblages for 

species of conservation concern.  

  Element Occurrence data prepared by North Carolina Natural Heritage Program includes the 

state protection status of these species and ecological communities (Finnegan, 2008). Status is assigned 

jointly by the NC Wildlife Resources Commission (WRC), Natural Heritage Program (NHP), and the NC 

Department of Agriculture's Plant Conservation Program (PCP). The NC Department of Transportation 

(DOT), which is responsible for the restoration of mitigation sites, designates as high quality resources 

invertebrate and vascular plant species that state and federal agencies have deemed significantly rare or 

imperiled.  August 2011 NHP data identified 165 extant Element Occurrences within a 1.61km buffer 

zone extended around Wake County and data indicate that property within the study area provides 

suitable habitat for 31, or 18%, of these protected species (Table 11).  
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   Table 11. Protected Element Occurrences found within the study area. 

Protection Status Designee 
Element Occurrences  

 in the Study Area (No.) 

Species of special concern WRC (animals);NHP and PCP (plants) 4 

Significantly rare species WRC (animals);NHP and PCP (plants) 11 

Invertebrate species and vascular plants 
deemed "high quality  resources" due to 
their significantly rare and/or imperiled 
status 

DOT 5 

Endangered species WRC (animals);NHP and PCP (plants) 5 

Threatened species WRC (animals);NHP and PCP (plants) 6 

   Source: Natural Heritage Element Occurrence data (2011) 

 
 Element Occurrences are distributed in Significant Natural Heritage Areas throughout Wake 

County. Most Element Occurrences overlap Significant Natural Heritage Areas, the latter representing 

the required core area; however, some were defined absent this area (Figure 10). Open space at Marks 

Creek, Lake Johnson and Mitchell Mill Park provide suitable habitat for eleven of these protected 

species, nine of which have been seen in Mitchell Mill Park alone. The amount of protected species' 

habitat underscores the importance of restoring the four mitigation sites located in Wake County. The 

Underhill and Phillips mitigation sites contain four of the high quality resources. Endangered, 

threatened, special concern and significantly rare habitats are found within the Underhill, Phillips, and 

Crabtree Creek mitigation sites.  Colonial Wading Bird Colony animal assemblages are found within 

Dutchman's Creek mitigation site and City of Raleigh open space (see Appendix E for full listing of 

species and property locations). 
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             Figure 10. Significant Natural Heritage Areas and generalized location of Element Occurrences.  

             Source: Natural Heritage Program data (2011)
21. 

 

  

                                                             

21
 The exact location of the species and habitat of concern is generalized on geospatial maps (Scott Anderson, 

personal communication, September 15, 2010). 
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 Habitat provisioning is an ecosystem service that contributes directly to the survival of a species. 

This section estimates the benefits derived from an increase in biodiversity gained through habitat 

protection, measured by a willingness to pay for improvements in species' habitat as a way to enhance 

biodiversity. The benefit transfer approach was used to apply contingent valuation estimates from a 

synthesis of studies that examined the economic value of species and natural lands to determine a 

willingness to pay for continued access to natural resources (Rosenberger and Loomis, 2001). 

8.2 Assessment models 

  A suite of four (4) valuation models within The Wildlife Habitat Benefit Estimation Toolkit 

(Toolkit) provides a comprehensive assessment of habitat provisioning in terms of social benefits 

derived from: 

1) Enhanced biodiversity through improvements in aquatic habitat, 

2) enhanced biodiversity through improvements in terrestrial habitat, 

3) an increase in the population of threatened and endangered and/or rare species, and  

4) services provided by Palustrine and Estuarine wetland ecosystems. 

 

These services represent free inputs into human production because they do not have any associated 

input costs; therefore, these ecosystem services constitute net benefits (consumer surplus) to society 

(Loomis and Richardson, 2008). The models provide a foundation to assess the value of the ecosystem 

services provided by a terrestrial, aquatic or wetland ecosystem, and how these values vary due to 

changes in the types or quality of services provided, or a reduction or increase in size of a species' 

population (Kroeger et al., 2008).   

 The Toolkit provides benefit transfer values and estimated meta-analysis equations for benefit 

function transfer based on available literature and data. Meta-analyses for benefit function transfer 

calculate total economic values of habitats and species. The calculations in these models are based on 

meta-analyses regression equations developed by various academic researchers including Dr. Randall 

Rosenberger at Oregon State University and Dr. John Loomis at Colorado State University (Rosenberger 

and Loomis, 2001). All of the meta-analysis regression equations are programmed into the Toolkit's 

models where the methodology variables were set to the means of the raw data that went into the 

meta-analyses. 

 For some rarer species or rare habitats (e.g., old growth forests, wetlands or free flowing rivers), 

people who do not actually view these species or visit their habitat still may receive benefits from their 
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preservation. Non-use value, also referred to as passive use, was developed to address the importance 

people place on things that do not have a direct use, or even the option to use a good or service (Laverty 

and Sterling, 2004). The two principle values included in non-use valuation are existence value and 

bequest value.   

 Existence value is the worth people place on simply knowing that something exists, even if they 

will never see or use it (King and Mazzotta, 2006).  For example, a person might be willing to pay to 

protect the Alaskan wilderness area even though he or she never expects — even wants— to go there 

but simply because he or she values the fact that it exists. Bequest value represents the importance of 

leaving something behind for the next generation (Moran and Pearce, 1994).  

 Passive use value, as it is used in these models, is based on what a person claims s/he would pay 

for a change in rare species abundance or protection of a given area of habitat. The units of value are 

the willingness to pay per household for the benefits of biodiversity (Loomis and Richardson, 2008). As 

publicly available resources, no one can be denied access to open space habitat and the enjoyment of 

knowing a particular species or habitat is protected but for purposes of this study, I chose to limit the 

pool of potential beneficiaries to Wake County residents. While visitors living outside the county could 

also benefit, including them would have required a separate set of willingness to pay and travel cost 

data. The Toolkit model was not designed to synthesize both resident and visitor data. 

 Research regarding the willingness-to-pay (WTP) supports the Toolkit's Aquatic Habitat 

Improvement model (Johnston et al., 2005), which quantifies the benefits of biodiversity through 

measureable improvements in water quality and fish populations. Median household income (MHI), 

aquatic surface area (Area), measured change (Δ) in water quality (WQ) and fish population (FishPop), 

and the number of households benefiting from this improvement qualifies the passive use value of 

lakes, rivers, freshwater streams and ponds. The non-use benefit derived from aquatic habitat 

improvement is a function of median household income (MHI), habitat type (Type) and number of rivers 

(Rvrs), baseline water quality (Baseline WQ) and the change in quality for multiple species (MSchange) 

for uses other than fishing (NOfish) with less than a 50% change in fish population, evaluated as follows:  

 

Aquatic Habitat Improvement Benefit = 𝑒
 MHI  +Type  +Rvrs + 

Baseline  WQ
MSchange

 + NOfish +Δ FishPop   
 

 Present Value of Aquatic Habitat Improvement Countywide = Benefit per Household ∗ Hslds ∗   
1

(1 + r)t

T−1

t=0
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 The present value of habitat improvement in the study area is calculated at a social discount rate (r) of 

2% annually over 30 years (T). 

 The Toolkit's Terrestrial Habitat Value model quantifies the benefits of biodiversity through the 

improvement in habitat for terrestrial species including the wolf, turkey, bald eagle, and woodpecker. 

Meta-analytical estimates of contingent valuation placed on environmental services (Borisova-Kidder, 

2006) estimate the net willingness to pay for an improvement in open space where habitat for multiple 

species is available. The meta-analysis included 23 observations from 11 U.S studies of benefits provided 

by terrestrial habitat in relation to agricultural conservation programs. In the meta-model, the benefits 

are grouped as the ones providing wildlife viewing opportunities, open space, open space and habitat 

for single species; and open space and habitat for multiple species. Habitats included old growth forests, 

agricultural land as well as wilderness.   

 This measure of benefits is appropriate for evaluating the net gain to society from an investment 

to improve multiple species' habitat in an open space (OS) setting (Loomis and Richardson, 2008). The 

non-use benefit from an improvement in terrestrial habitat is derived from the log of its area (Area), 

contingent valuation format used (CV), and whether the study area provides open space (OS), offers 

wildlife viewing22 and/or  habitat for multiple species (MShabitat), evaluated as follows:  

 

Terrestrial Habitat Improvement Benefit per Hectare =  𝑒 Ln  Area +0.01  + CV  OS + MShabitat    

Present Value of Terrestrial Habitat Improvement Countywide = 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 per Hectare ∗ Area ∗   
1

(1 + r)t

T−1

t =0

 

The present value of habitat improvement in the study area is calculated at a social discount rate (r) of 

2% annually over 30 years (T). 

  Willingness-to-pay research supports the Toolkit's Value of Threatened and Endangered Species 

model (Loomis and Richardson, 2008). The value of preserving a species is an estimate of the willingness 

to pay for an increase in population (or for the prevention of a decrease in population). Threatened, 

endangered or rare species are those listed under the U.S. Endangered Species Act, State Endangered 

Species Act or identified in the states’ comprehensive wildlife conservation strategies or wildlife action 

plans.  

                                                             

22
 The model was run without the wildlife-viewing variable to avoid double counting since this offering was 

included in the Wildlife-associated Recreation model run in Section 9. 
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 Non-use benefits are expressed in how much a household claims it would pay for continued 

access to a given natural resource, or for an improvement in the natural resource. Willingness to pay for 

a particular species is a function of the percentage change in the species population proposed in the 

survey (Changesize), payment frequency, (Payfreq), contingent valuation format (CVform), and whether 

the survey respondents were visitors or households (Hslds). The benefit derived from a change in 

species' population is evaluated as follows:  

 

Species Preservation Benefit per Household =  ±Changesize(spp. ) +  Payfreq+  CV(spp. ) +  Hslds      

 Present value of Species Preservation Benefit Countywide = Benefit per Household ∗ Hslds ∗   
1

(1 + r)t

T−1

t=0

 

 The present value of species preservation throughout the study area is calculated at a social discount 

rate (r) of 2% annually over 30 years (T).  

 The Wetland Value Meta Function model quantifies the benefits of flood prevention, water 

quality, birdwatching, amenity value, and habitat provision. Service values are based on the Borrisova-

Kidder (2006) meta-analytical estimates of values of environmental services, prepared under the 

guidance of Dr. Alan Randall. The Borrisova-Kidder meta-model includes parameters for geographic 

location within the United States that allowed me to tailor the transferred wetland values to my 

geographic region. 

  In particular, the monetary value of ecosystem services in this geographic region is in the $250 

to $1,500 per hectare range, which the Toolkit authors believe is more conservative than several other 

studies. For example, the Brander and Florax (2007) study provides values in the tens of thousands of 

dollars per hectare, which Loomis and Richardson dismissed as being too high and inconsistent with 

much of the underlying literature (Loomis and Richardson, 2008). The biophysical provisioning of 

wetlands and the ecosystem service benefits they deliver are a function of median household income 

(MHI), wetland area (Area), and the contingent valuation (CV) of the service to assess a willingness to 

pay, evaluated as follows:   

    Wetland Service Benefits = Service ∗ 𝑒[ MHI +Area +CV ,TCM (service )]   

 Present Value of Wetland Service Benefits = Service benefits ∗  
1

 1 + r t

T−1

t=0

 

 

 The present value of wetland services throughout the study area is calculated at a social discount rate 

(r) of 2% annually over 30 years (T).  
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8.3 Input to habitat assessment 

 The Toolkit models do not interface directly with geospatial data. Instead, the 2001 NCGAP 

landcover mapping was used to identify the landcover classes and land area required for this portion of 

the analysis. All properties within the study area was used to quantify the hectares of interest but unlike 

InVEST's models that provide findings for individual properties, the Toolkit models only measure service 

benefits for the study area as a whole.  

 For purposes of this analysis, beneficiaries were limited to households in Wake County, although 

it could be argued that residents who live outside the county may benefit from improvements in wildlife 

habitat. This choice was tempered by the study's scope. The number of households in Wake County and 

median household income were taken from 2010 census data (Census, 2011). 

  The Aquatic Habitat Improvement model  measures the change in the net willingness to pay for 

water quality, moving from the current baseline in water quality of lakes, rivers and freshwater bodies 

to a higher level of quality as measured by a numeric score on the widely used Resources for the Future 

(RFF) Water Quality Ladder (Carson and Mitchell, 1993). The Water Quality Ladder is a use-based 

measure describing open water quality on an ascending 10 point scale from (0) having no use to (10) 

being suitable for boating, fishing, swimming and drinking (Vaughan, 1986). While providing excellent 

service through the years, the categories used in the RFF ladder's scale are somewhat limited regarding 

the extent to which they convey the ecological changes (and associated use and non-use benefits) 

implicit in movement up or down the ladder (Hime et al., 2001). Although embedded in this model, 

some judgment is required when setting the change in water quality to be valued because the levels on 

the RFF ladder cannot be objectively mapped to water quality measurements such as dissolved oxygen 

and pH level (Loomis and Richardson, 2008). 

 An initial water quality ranking of 'suitable for aquatic life propagation and boating' was chosen 

with a two-rank improvement goal of 'safe for swimming.' This initial ranking is the most common 

classification within North Carolina, which protects waters for the propagation of aquatic life and 

secondary recreation (NCDWQ, 2007b). This improvement is moderated by a percent change in fish 

population, which was set to less than 50%. The benefit value is based on a median income of $66,424 

earned in the 346,536 households in Wake County (Census, 2011)23 . 

                                                             

23
 The number of households is based on the estimate of 2.6 persons per household reported in the most recent 

census data for Wake County. 



 

 

 

62 

 

  The Terrestrial Habitat Improvement model measures willingness to pay based on contingent 

valuation studies and was limited to the 12,655ha of terrestrial open space24 in the study area where 

open space is provided for multiple species. Wildlife viewing was not accounted for in this model 

because that benefit forms the basis for the estimate in the Wildlife Viewing Visitor Use Estimation 

model (discussed in Section 9). Benefits are expressed on a per hectare basis rather than per household 

because household income and population were not considered in this model. 

 The Value of Threatened and Endangered Species model quantifies improvement based on a 

change in the population of a threatened or endangered bird species and the 346,536 households in 

Wake County willing to pay for an increase (or the prevention of a decrease) in the population of the 

bird species. A 10% increase in population was chosen because it is a realistic goal for conservation 

management, especially in wetlands where bird populations are especially resilient (NABCI, 2009). 

 The Wetland Value Meta Function quantifies wetland value based on a median household 

income of $66,424, a total surface area of 1,214ha, and 'freshwater marsh' as the type of wetland to be 

valued. The ecosystem services selected for valuation included bird watching, water purification, wildlife 

habitat, flood prevention, and amenity value. The willingness to pay for each service is based on meta-

analyses of 72 observations from 34 unique studies (Borisova-Kidder, 2006). The model used eight 

different valuation methods although the final (Borisova-Kidder (2006) model combined some 

observations and methods to generate the most plausible value estimates. 

8.4 Findings 

  Aquatic habitat improvement represents a $64.43 benefit to each Wake County household for 

an annual value of $22,327,620 countywide. Terrestrial habitat improvement represents a $48/ha 

benefit for an annual value of $603,285 across the study area. Every 10% increase in bird species 

population represents a benefit of $50.82 per household for an annual benefit of $17,610,138 

countywide. Taken together, there are annual countywide benefits of $40,541,043 for habitat 

improvement and a positive change in species' population (Table 12). Expressed as a present value, 

countywide benefits are $ 926,135,181 over 30 years at a 2% social discount rate.  

                                                             

24
 This includes all of the property in the study area minus 1,520ha of open water and wetland since habitat in 

these ecosystems was treated in the other models. 
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 Table 12.  Benefits of species' habitat improvement in the study area. 

 
Habitat Improvement 

Unit 
Benefit 

 

Annual Benefit 
(across the Study Area) 

Present Value 
(across the Study Area) 

 

Aquatic habitat improvement $ 64.43  $ 22,327,620  $ 510,060,740 

Terrestrial habitat improvement      48.00    603,285 13,781,675 

10% increase in bird species population  50.82 17,610,138 402,292,766 

Habitat and Species Improvement Value  $ 40,541,043 $ 926,135,181 

 Sources: Aquatic-Terrestrial Habitat, and Threatened & Endangered Species Value Meta Function Toolkit models. 

 The fourth model in this suite estimated the benefits of the aforementioned services provided 

by the 1,214 hectares of forested wetland ecosystems present in the study area. The dominant wetland 

types in the study area are Southern Piedmont Large Floodplain Forest, and Southern Piedmont Small 

Floodplain and Riparian Forest (Table 13).  

   Table 13.  Forested wetlands located throughout the study area and density of each wetland class. 

Wetland Classification Open Space Property  
Area   
(ha) 

Share 
(%) 

Southern Piedmont Large 
Floodplain Forest - Forest 
Modifier  

Alvis Farm, Anderson Point Park, Neuse River Greenway, 
Horseshoe Farm Park 

258 21.3 

Southern Piedmont Small 
Floodplain and Riparian 
Forest  

Centennial Campus Open Space (Lake Raleigh Woods), Crabtree 
Creek / Oak Park Greenway, Crabtree mitigation, Drewry  Hills 
Park, Dutchman's Creek mitigation, Falls Lake Open Space, 
Hemlock Bluffs, Swift Creek, Horseshoe Farm Park,  Jordan Lake,  
Lake Benson, Lake Johnson, Lake Myra Park, Little River Open 
Space, Marks Creek Open Space, Middle Crabtree Creek Trail, 
NCSU Ag Research land, Neuse River Greenway, Phillips 
mitigation, City of Raleigh Greenway, Schenck Forest, Southeast 
Regional Park, TGC Land, Umstead Park, Underhill mitigation, 
and Yates Mill Park 

952 78.4 

Atlantic Coastal Plain Small 
Brownwater River 
Floodplain Forest  

Underhill mitigation  2 0.18 

Atlantic Coastal Plain 
Peatland Pocosin  

Underhill mitigation, Wake County Open Space (Blalock tract) 2 0.13 

Atlantic Coastal Plain 
Northern Wet Longleaf Pine 
Savanna and Flatwoods  

Southeast Regional Park, Underhill mitigation, Wake County 
Open Space (Blalock parcel) 

0.4 0.03 

Atlantic Coastal Plain 
Blackwater Stream 
Floodplain Forest- Forest 
Modifier 

Underhill mitigation  0.1 0.008 

Total Area 1,214 100% 

   Source: NCGAP Analysis Project data (2001). 
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 These natural communities provide the highest nesting bird concentrations in the state and are 

arguably the most important habitats for birds, including the threatened bald eagle (Daley, 2011). 

Riparian forests can filter 90% of sediment and nitrate concentrations in water flowing through riparian 

areas and these wetlands are considered the most important in the protection of surface water quality 

(Gilliam et al., 1997).   

 Increasingly, stormwater wetlands are being integrated into urban landscapes to provide 

recreational and aesthetic amenities to the surrounding community. For instance, walking trails, 

boardwalks, and wildlife viewing areas can be maintained around and through stormwater wetlands to 

provide hiking and bird watching opportunities (Moore and Hunt, 2011). Communicating the value of 

stormwater wetlands as recreational and aesthetic amenities can help improve the overall public 

perception of these water treatment systems (Adams et al., 1984).  

 Wetlands are found across the study area in the four mitigation sites, Horseshoe Farm Park, and 

open space surrounding the lakes, Little River and Marks Creek (Figure 11).  Wetlands in the study area 

provide habitat for 12 species of conservation concern, contain four high quality natural communities, 

and an assemblage of colonial wading birds, based on my analysis of NCGAP-generated landcover and 

Natural Heritage Program Element Occurrences data (Table 14).  
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                  Figure 11. Location of Forested wetlands across the study area. 
   Source: NC GAP Analysis Project data (2001). 
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  Table 14. Species of conservation concern found in wetlands throughout the study area. 

Group Open Space Wetland Scientific Name Common Name 

Animal Assemblage 
Dutchman's Creek mitigation, 

Raleigh Open Space 
 

Colonial Wading Bird 
Colony 

Invertebrate Animal 
Lake Benson Open Space, Little 
River, Neuse River Greenway, 

Underhill mitigation  
Alasmidonta heterodon Dwarf Wedgemussel 

Invertebrate Animal 
Falls Lake Open Space, Phillips 
mitigation, Shinleaf Recreation 

Area 
Cambarus davidi Carolina Ladle Crayfish 

Invertebrate Animal 
Underhill mitigation, Wake 
County Open Space (Blalock 

tract) 
Fusconaia masoni Atlantic Pigtoe 

Invertebrate Animal 
Umstead Park, Underhill 

mitigation  
Strophitus undulatus Creeper 

Invertebrate Animal Swift Creek (Lake Benson) Lampsilis radiatia Eastern Lamp Mussel 

Invertebrate Animal Underhill mitigation Elliptio lanceolata Yellow Lance Mollusk 

Natural Community Horseshoe Farm Park  
Piedmont/ Mountain 

Levee Forest 

Natural Community 
Little River Open Space, Mitchell 

Mill Park 
  Granitic Flatrocks 

Natural Community 
Triangle Greenways Council 

Land 
 

Piedmont/Low 
Mountain Alluvial 

Forest 

Natural Community Falls Lake Open Space  
Mesic Mixed 

Hardwood Forest 

Vascular Plant Marks Creek Open Space Rhus michauxii Michaux's Sumac 

Vascular Plant Mitchell Mill Park Cyperus granitophilus Granite Flatsedge 

Vascular Plant Little River Reservoir Portulaca smallii Small's Portulaca 

Vertebrate Animal  Holly Springs Open Space Ambystoma tigrinum 
Eastern Tiger 
Salamander 

Vertebrate Animal 
Crabtree Creek mitigation, Lake 

Benson Open Space 
Haliaeetus 

leucocephalus 
Bald Eagle 

Vertebrate Animal Mitchell Park, Raleigh Greenway Necturus lewisi Neuse River Waterdog 

  Sources: Natural Heritage Program Element Occurrences (2011), NCGAP Analysis Project (2001). 

 

 Wetlands supply several ecosystem services including flood prevention, water purification, bird 

watching opportunities, amenity value, and habitat. Wetlands are most valuable to water purification 

and bird watching opportunities, 34% and 48%, respectively, representing 82% of total value per hectare 

(Table 15). Together these services have an estimated annual value of $4,872,996. When expressed in 

terms of a present value over 30 years using a 2% discount rate, the benefit of wetland service across 

the study area is $111,318,721. 
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 Estimated values are based on a meta-analysis of contingent valuation research for each service, 

including a study conducted by Dillman, et al. (1993) in South Carolina where freshwater wetland was 

valued as part of a  preservation program. Wetland functions provided on that site included water 

quality; water supply; recreational opportunities; waterfowl and other wildlife habitat; open space and 

aesthetic value; and rare and endangered species. The median willingness to pay for wetland services in 

Dillman, et al. (1993) was $676/ha (2011 dollars).  

 The water purification services measured in this model include waste treatment, erosion control 

via sediment and stormwater retention, in addition to nutrient cycling. The InVEST model only measured 

nutrient cycling (retention) and the service value was based on direct replacement cost rather than the 

willingness to pay method used by the Toolkit. The nutrient cycling benefit as measure by the Toolkit is 

$1,386/ha and the estimated value in the InVEST model is roughly $2,116/ha. 

 

          Table 15.  Ecosystem service values of wetlands in the study area. 

Ecosystem 

Service 
Value/ha 

Annual Value 

(1,214 ha)  
Present Value  

of Benefits 
Share of  

Total Value  

Bird watching                    $ 1,937 $ 2,351,518 $ 53,718,077 48% 

Water purification              1,386 1,682,604 38,437,406 34% 

Habitat                                    353 428,542 9,789,613 10% 

Flood prevention                     250 303,500 6,933,154   6% 

Amenity                                     88 106,832 2,440,470   2% 

Total Value $ 4,872,996  $ 111,318,721 100% 

            Source: Wetland Value Meta Function Toolkit model. 

9. Biodiversity: Wildlife-associated Recreational Opportunities 

  The Toolkit includes a meta-analysis for estimating the value of areas managed primarily for 

wildlife viewing, and a model for estimating the number of recreational activity days on lands managed 

for a variety of uses other than the provision of wildlife viewing.  The purpose of these models is to 

relate wildlife-associated recreation to areas dedicated to habitat conservation and its natural features 

(e.g., lakes, rivers and streams), as well as to population and income in the surrounding area25.  

 

 

                                                             

25 Formulas for these models can be found in Appendix E-4. 
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9.1 Assessment model 

 The Wildlife Viewing Visitor Use Estimation model applies the benefits transfer approach to 

estimate economic values for changes in environmental goods and services. Applied here, its intended 

purpose was to estimate changes in the number of annual visits to state and privately run forests based 

on management policies and comparative changes in size of the wildlife management area. This model 

was instead used to calculate the number of visits to the study area for wildlife viewing and other non-

consumptive use, given a constant area of open space over time.  

 The wildlife viewing values were taken from a meta-analysis of studies conducted in North 

Carolina by the U.S Fish & Wildlife Service (Hay, 1988; Aiken and la Rouche, 2001) and the University of 

Georgia's analysis of demand for and value of wildlife recreation in Georgia (Ziemer and Musser, 1978). 

These studies estimate the net economic value (consumer surplus) of wildlife-related recreation and the 

findings were used to calculate the average consumer surplus of visitors to parks and wildlife refuges.  

 The studies look at direct expenditure (wildlife-watching equipment, travel, membership dues 

and contributions), change (Δ) in site quality, and consumer surplus (CS) per visit along with its economic 

impact in the local economy to assess willingness to pay for non-consumptive wildlife recreation:  

 

Daily Wildlife Viewing Value =
 (expenditure +  CS) ±  Δsite quality 

visit
  +  Economic Impact                    

        

 The Wildlife Viewing Visitor Use Estimation model calculates the number of wildlife viewing days 

a site is expected to attract, expressed as wildlife viewing days per year. The number of viewing days is a 

function of site size (area), population (pop.), and median household income (MHI) as follows:  

 

 Wildlife Viewing Days = ℯ(Ln(Area/1000)+0.01) * MHI * pop.) ∗ 1000 

  

 Underlying research indicate that these three parameters have a positive effect on wildlife 

viewing activity days (significant at the 1% alpha level).  A 1% change in publicly managed forestland 

causes a 0.2% change in wildlife-watching activity days. As the amount of forestland increases, wildlife-

watching activity days increase at a decreasing rate, a diminishing marginal effect (Loomis and 

Richardson, 2008). 

 The number of visits was multiplied by the mean value of the model's wildlife viewing values to 
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estimate the value of wildlife-associated recreational resources in this area, expressed as both an annual 

value and a present value over 30-years using a 2% social discount rate: 

 

Wildlife-associated Recreation Benefits = Daily Wildlife Viewing Value  * Wildlife Viewing Days  

 Present Value of Wildlife-Associated Recreation Benefits = wildlife-a𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑒𝑑 𝑟𝑒𝑐𝑟𝑒𝑎𝑡𝑖𝑜𝑛 benefits ∗   
1

(1 + r)t

T−1

t=0

 

  

The present value of habitat improvement in the study area is calculated at a social discount rate (r) of 

2% annually over 30 years (T). 

9.2 Input to wildlife-associated recreation assessment 

 Parameter values used in the Wildlife Viewing Visitor Use Estimation model include all 14,175ha 

of publicly managed open space in the study area, and a median household income of $66,424 among 

the 900,993 residents in Wake County. The estimated number of annual visitor wildlife viewing days was 

multiplied by $55, the inflation-adjusted mean of wildlife viewing values taken from North Carolina-

based meta-analysis cited in the Toolkit. 

9.3 Findings 

 The model estimated that Wake County residents might spend 715,037 days annually involved 

in wildlife-associated recreation, based on land area, resident population and median household 

income. Multiplied by a $55/day viewing value, the annual benefit to Wake County residents is 

$39,327,035 (Table 16). The present value of wildlife viewing in the study area over 30 years, using a 2% 

social discount rate is $898,401,915. The discount rate represents same time preference used 

throughout this study and the 30-year timeframe was chosen as a conservative estimate of the time this 

service will be available on the landscape.  

 

   Table 16.  Value of recreational opportunities provided by wildlife diversity in the study area. 

 
Ecosystem Service 

Annual 
Viewing Days 

Value per Visitor Day Annual Benefit Present Value 

Wildlife diversity 715,037 $55 $ 39,327,035 $898,401,915 

   Source: Wildlife Benefit Estimation Toolkit model and Wildlife Viewing Value data. 
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  The $55 value per visitor day is in line with the findings of a 2006 study conducted by U.S. Fish 

and Wildlife Service that measured the direct economic impact of wildlife viewing. Findings show an 

average trip expenditure of $33 per day (USFWS, 2007). An earlier economic analysis of birding across 

the U.S. estimated the net economic value (consumer surplus) of birdwatching in 2003 to be $35 per day 

(LaRouche, 2003).  Taken together, direct expenditures and consumer surplus measured in these studies 

amount to $68 per day. 

9.4 The Mecklenburg County (Kirschman) Study Comparison 

 Michael Kirschman, Director of the Nature Preserves and Natural Resource Division of the 

Mecklenburg County Park and Recreation Department, in partnership with American Forests and The 

Trust for Public Land, assessed the economic benefits of open space systems in Mecklenburg County, 

North Carolina26. Completed in 2010, Kirschman's work was the impetus for my study albeit differences 

in scope, methodology27, geospatial data, and benefit transfer literature limit a direct comparison 

between the two studies. However, it illustrates how choice of valuation approach influences the 

estimates of ecosystem service benefits.  There are many parameters instrumental to the calculation of 

ecosystem service values that a difference in methods used to derive these values can result in a 

significant difference in findings. 

 The value of wildlife-associated recreational benefits provided by the biodiversity in 

Mecklenburg County was based on direct costs and market revenue rather than the willingness to pay 

approach taken in my analysis (Table 17). The $15 spending per day figure in the Mecklenburg study was 

derived by dividing the division's annual operating budget to manage and maintain all the natural areas, 

and visitor-generated revenue, by the resident visitor count (462,000). The $55 figure in the Wake study 

was derived by dividing the willingness to pay data from studies in North Carolina by an estimated 

resident visitor count (452,638)28.  

 The $2,500 difference in recreation values between the two studies can be explained by looking 

at the differences in underlying valuation methods. The direct use valuation method used by Kirschman 

                                                             

26
 The Charlotte/Mecklenburg Park Value Report is available from The Trust for Public Land.  

27
 CITYgreen, developed by American Forests, was not available for purchase when my study began and UFORE 

was not suitable for the scale of my research. 
28 The number of resident visitors in Mecklenburg is a conservative estimate used to track trends in visitation 
(Michael Kirschman, personal conversation, October 17, 2011). An estimate of resident visitors in Wake was taken 
by applying the population-to-resident visitor ratio for Mecklenburg (.50238) to the population in Wake County.  

http://cloud.tpl.org/pubs/ccpe_MecklenburgNC_econben.pdf
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is unable to capture the total socio-economic value of a natural resource. Methods that rely solely on 

observed behavior such as market transactions will not be able to capture the non-use portion of a 

resource because existence, stewardship and bequest values rarely result in market transactions; 

therefore, they do not fully capture consumer surplus. When demographic and daily viewing values for 

each county are run through the other county's model, the findings support my premise that valuation 

methods matter. (A comparison can be found in Appendix Table F-1.)  

 

    Table 17. Comparison of wildlife-associated recreation benefits in Mecklenburg and Wake Counties. 

Component Wake County Mecklenburg County 

Size of study area (ha) 14,175 27,49029 

Population (2010) 900,993 919,628 

Median income (2009 est.) $ 66,424 $ 56,218 

Canopy cover in the study area 39% 50% 

Wildlife Viewing/Activity Days 715,037 462,000 

Wildlife-associated recreation value per Ha
30

 
(spending/day) 

$ 2,774 ($55) $ 252 ($15) 

   Sources: Census data (2010); Urban Ecosystem Analysis Mecklenburg County (April 2010);  
   The Trust for Public Land (November 2010) 

9.5 Limitations of the Toolkit models 31 

 Benefit transfer analysis that uses a constant value per visitor day or per hectare is reasonably 

accurate for evaluating small changes in visitor days or acres due to a project. The constant per unit 

values will be accurate to value small losses in habitat or recreation visitor days, but understate the 

value of large losses. Thus, conversion of 100,000 hectares of open space into a new housing 

development and business center, will result in a larger loss to society than would be estimated 

assuming a constant per unit value. This occurs because with large losses, there is growing scarcity of 

the resource, thereby raising its value. 

                                                             

29
 The amount of open space contained in the 142,190Ha study area. 

30
 Values are presented per hectare to account for study area variance. 

31
  This information was taken from the Technical Documentation of Benefit Transfer and Visitor Use Estimating 

Models of Wildlife Recreation, Species and Habitats (Loomis & Richardson, 2008). 
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 The concern that using average consumer surplus yields a constant marginal value has been 

recognized by Morey (1994). Attempting to value a site quality change that shifts the recreation demand 

curve (e.g., a change in species habitat) by using the average consumer surplus times a change in visitor 

days resulting from the change in quality may not always result in an accurate estimate of the economic 

value of this quality change.  

9.6 Assumptions and limitations in methodology 

 An important premise underlying the use of benefit transfer is that the site characteristics of the 

area being valued are similar to those in the site where the studies were conducted. Similarities include 

the type of site (e.g., lake, park, open space), site characteristics (e.g., water quality, amenities), and 

availability of substitutes (e.g., the number of other lakes nearby), and demographics (e.g., population 

size and median household income). The Toolkit models allow some flexibility in the input of area-

specific values; however, some of the data underlying coefficient values were either unknown or 

marginally comparable to site characteristics in the study area. For example, the wildlife viewing studies 

do not value endangered and threatened species endemic to the study area, which could cause a 

significant undervaluation in the findings. 

 Transfer studies are the bedrock of practical policy analysis because analysts are rarely afforded 

the luxury of designing and implementing original studies. In general then, analysts must fall back on the 

information that can be gleaned from past studies. This is likely to be no less true in the case of 

borrowing or transferring willingness to pay values to policy questions involving environmental or 

related impacts. Almost inevitably, benefits transfer introduces subjectivity and greater uncertainty into 

appraisals requiring analysts must make a number of additional assumptions and judgments to those 

contained in original studies. The key question is whether the added subjectivity and uncertainty 

surrounding the transfer is acceptable and whether the transfer is, on balance, informative (OECD, 

2006). 

 The information I used to estimate the market and non-market values used in the Toolkit 

models were taken from a meta-analysis of studies conducted in North Carolina (Hay, 1988; Aiken and la 

Rouche, 2001) and adjoining states in the southeast. I made every attempt to choose study sites with 

similar characteristics to my study area. While ground-truthing geo-spatial data and academic research 

increases the validity of the findings, budget constraints often require a reliance on others' work. I used 

the highest resolution of geo-spatial imagery to determine landcover characteristics, and census data to 
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supply demographic information but I relied on academic studies to estimate the value of biodiversity 

and wildlife-associated recreational opportunities in terms of a willingness to pay for habitat protection 

and species preservation. Benefit transfer is not ideal but it serves as a useful tool in our understanding 

the value of ecosystem services. 

9.7 Improvements to the study 

 Studies of the willingness to pay for the preservation of North Carolina's native species could 

significantly affect the validity of the ecosystem service values for conservation of wildlife habitat and 

species in Wake County. These values could be incorporated into the coefficients used in the Toolkit 

models to enhance the geographic accuracy of the findings. 

10. Open Space Conservation Value  

 Benefits associated with the six ecosystem services quantified in this study have been presented 

in terms of annual and present values, except for carbon storage for which annual and present value 

calculations are both inappropriate since carbon is measured over a lifetime of storage in plants and soil 

(active carbon storage is measured as an annual sequestration rate). One should be cognizant of this 

distinction when comparing these service values in the short term (Figure 12).  

    

        Figure 12. Annual ecosystem service benefits in the study area. 
             Sources: InVEST and Toolkit benefit estimation models 
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 Benefits associated with the preservation and enjoyment of biodiversity appear to provide a 

significantly higher value than the benefits gained from carbon sequestration and nutrient retention in 

the initial year of valuation32. Care must be taken when comparing the relative value of ecosystem 

service benefits across the study area because the units of measure and valuation methods used to 

estimate them differ across the six services.  Carbon storage and sequestration benefits are measured in 

terms of avoided damage, and nutrient retention is measured in its relation to the cost of a replacement 

method. The estimation of these costs is driven by the scientific assessment of biophysical damage as 

well as the market price of mitigation in terms of healthcare and water treatment. The two million tons 

of carbon stored is five orders of magnitude greater than the 30 tons of nutrients retained.  

 The unit costs that quantify these services differ as well. The Social Cost of Carbon is $60/ton 

while the cost of artificial water treatment averages 18 cents/ton.  Biodiversity and wildlife-associated 

recreation benefits were quantified using vastly different methods to assign value. The revealed 

willingness to pay methods used to estimate the consumer surplus associated with species preservation 

and recreational activities rely on objective expenditure data (travel cost method) and subjective value 

(contingent valuation) to quantify these benefits. If recreational benefits offered by biodiversity had 

been based solely on a market value, they would have been worth $550/ha rather than the WTP value 

of $2,700/ha — a five-fold difference. 

 The cost of substitutes and complements to ecosystem services attempts to quantify benefits in 

terms of the social and economic value of Nature. We should not separate economics from social value 

since doing so would underestimate our innate desire to bond with Nature. However, the selection of 

valuation method matters because no single technique can capture the true value of a natural resource. 

Valuation methods such as direct market value that rely solely on observed behavior cannot capture the 

non-market transactions we conduct with Nature because existence, stewardship and bequest values 

rarely result in market transactions (Kroeger et al., 2008). A comprehensive analysis of benefits requires 

the integration of both techniques.  

 It can be argued that the methods used to quantify the benefits of carbon storage and nutrient 

retention reflect  a willingness to pay, as expressed through our payment of taxes that fund 

environmental protection agencies and utility rates that pay for clean water; however, in the absence of 

perceived consumer surplus, these values are based solely on regulatory compliance. The benefits of 

                                                             

32 Present value diminishes over time at a rate of 2% annually. 
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avoiding the damage caused by excessive carbon dioxide emissions and water pollution as valued by the 

InVEST models fail to capture the economic value of consumer surplus, thereby underestimating the 

true value of these services. The absence of a surplus component in regulatory compliance33 penalties is 

what renders ecosystem markets so appealing because they would financially reward polluters to 

reduce emissions.  

11. Benefit Stacking 

  Ecosystem service benefits are not summed to an aggregate value because I believe it is 

economically inefficient. This strategy, referred to as stacking, is used in some compensation programs 

that pay landowners for ecosystem services. Stacking allows landowners to sell different types of credits 

from a single location or receive multiple revenue streams from the same resource (Defenders of 

Wildlife, 2011). For example, if a landowner restores an acre of riparian forest, it could produce water 

quality credits, carbon credits, riparian habitat credits, and conservation banking credits, all of which the 

landowner could sell into the respective markets.  

 Stacking multiple environmental services can be an important mechanism for driving new, 

additional environmental benefits that would not otherwise occur, and stacking will likely play an 

important role in the future management of ecosystem services; however, stacking can also seriously 

undermine the environmental goals and outcomes of policies designed to manage ecosystems. The total 

value of each ecosystem service will always exceed our ability to compensate project developers for the 

full financial value of those services (Bianco, 2009). For payments to have any measurable 

environmental impact, compensation must be directed towards services that would not be provided (or 

would be terminated) if not for the payment (Stanton, 2010). Entities facing regulation can easily 

achieve compliance by simply taking credit for existing projects. This scenario recently occurred in North 

Carolina, where a restoration project generated both wetland and water quality credits. 

 Stanton (2010) recommends an alternate payment program known as a multiple credit scheme 

that creates distinct revenue streams for various ecosystem benefits. For example, some water quality 

projects may provide additional benefits such as improved wetland conditions or clean air, and project 

developers should be compensated for this added environmental value. The difference between credit 

                                                             

33 Demand created by regulation. 
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stacking and multiple crediting is that the latter approach does not authorize the generation of multiple 

credits types from the same plot of land. Once a plot of land sells one credit type, it cannot collect 

additional revenues. The potential benefits of this system include a lower risk for landowners, an 

increased number of buyers and sellers, and better environmental restoration. 

12. Modeling Uncertainty 

 A limitation of all the analytical models used in my research is that they do not account for the 

level of uncertainty surrounding the estimates.  Understanding the amount of uncertainty would aid 

land managers in decision analyses regarding the use of the property, or even in choosing additional 

property for conservation that perform certain ecosystem services.  Future work on quantifying 

ecosystem services on conservation land might include collaboration with a statistician to estimate the 

amount of uncertainty in each component of the model. 

 Although the models used in this study have limitations and make numerous assumptions, they 

provide an important foundation for quantifying ecosystem services available in a conserved landscape.  

As more data are collected to characterize the services of specific ecosystems in North Carolina, the 

reliability of these models will improve significantly.  In the interim, this study demonstrates how these 

models can be useful to policy makers and land managers with relatively few data required.   

 The second important function of this research is to highlight additional data needed to assess 

ecosystem services effectively. The difficulty and complexity of ground-truthing carbon sequestration 

rates, nutrient retention efficiencies, and the relative value of biodiversity make it difficult to develop 

accurate modeling methods. Field studies are needed to update the biophysical potential of landcover in 

Wake County's open space to sequester carbon and filter nutrients. Engaging experts in field of 

contingent valuation and other methods of assessing our willingness to pay for nature's services in Wake 

County can build upon these findings to increase the level of confidence decision makers will demand 

before increasing the budgets needed to manage our natural resources to ensure their continued 

existence for future generations to enjoy. 

13. Sensitivity Analysis 

 It is generally accepted in natural resource and environmental economics that the use of private 

market interest rates to determine the present value of benefits is inappropriate in public policy analysis 
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(Arrow et al., 1996; Kroeger et al., 2008). Alternatively, the present value is determined by applying a 

social rate of time preference. This section discusses the impact of applying different social benefit rates 

on the present value of ecological conservation efforts. 

 This social rate of time preference, or social discount rate, is the rate at which society is willing 

to trade (at the margin) current consumption for future consumption and should be used in the 

evaluation of public projects (Arrow et al., 1996). Though not directly observable, this rate is reflected in 

private market interest rates, together with perceived investment risk, uncertainty, tax rates, and 

inflation expectations, all of which increase market rates. 

 Another important concept discussed in Arrow, et al. (1996) involves the relative weight of the 

economic welfare of different households or generations over time. This is sometimes called the pure 

rate of social time preference and is expressed in percent per unit of time, like an interest rate, but 

refers to the discount of future welfare, not future goods or dollars. A zero time discount rate means 

that future generations into the indefinite future are treated symmetrically with present generations; a 

positive time discount rate means that the welfare of future generations is reduced or “discounted” 

compared to nearer generations.  

 The rate applied in my research to calculate the present value of ecosystem service benefits is 

based on my review of position papers that review rate choices and discuss policy ramifications of those 

choices.  For projects involving intra-generational timeframes, the EPA suggests discount rates between 

2-3% (EPA, 2000). Absent the rate prescribed by The Office of Management and Budget (OMB), the 

suggested rates vary from 1% to 4% (Table 18). Given differences among individuals in their rate of time 

preference, the chosen discount rate should decrease over time (Weitzman, 2001). 
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   Table 18. Selected discount rates for assessing the present value of benefits of natural resources.         

Resource Social discount rate (r) 

                      Weitzman (1994) ~ 2% 34 

                      Weitzman (2001):  

                                     1-5 years 4% 

                                   6-25 years 3% 

                                 26-75 years 2% 

                               76-300 years 1% 

                      EPA (2000) 1-3% 

                      OMB (1992)   7% 
35

 

    Source: Loomis and Richardson (2008). 
 

 Given the variability of suggested rates and differences among individuals in the social rate of 

time preference discussed by Loomis and Richardson (2008), the present value of the ecosystem 

services was calculated using various discount rates to illustrate how different rates influence estimated 

values (Table 19). In general, if society exhibits a higher rate of time preference by discounting future 

benefits at an increased rate, benefits are deemed less valuable today. 

 

  Table 19. Present value of ecosystem services at different discount rates. 

Discount 
Rate 

Climate Regulation: 
Carbon  Sequestration36 

Wildlife Habitat 
Improvement 

Wildlife-associated 
Recreation 

Water Purification: 
Nutrient Retention 

  Nitrogen             Phosphorus 

2% $ 198,221,091 $ 1,037,456,473 $ 898,401,915 $ 20,665,232 $ 35,839,479 

3% $ 175,175,543 $ 916,839,264 $ 793,952,060 $ 15,421,574 $ 26,745,461 

4% $ 156,044,980 $ 816,713,118 $ 707,246,175 $ 11,541,048 $ 20,015,510 

 
  In the case of carbon sequestration, there are numerous estimates of the social cost of carbon 

(SCC) used to value a reduction in CO2 emissions (Table 20). Annual values and the corresponding 

present value discounted at 2% over 30 years are presented here to gauge the long-term effects of 

uncertainty of the social value of CO2 mitigation of the 144,617 tons sequestered in the study area. 

                                                             

34 Based on a rough analysis of environmental cleanup costs and reversibility of environmental damages in the U.S. 
in the 1990s, Weitzman (1994) estimated the social discount rate to be about 0.9 times the private real interest 
rate. Using the average rate of return on certificates of deposit of 5.1% during 1987-2006, corrected for an average 
of 2.9% inflation per year and multiplying the result by Weitzman’s factor of 0.9, one obtains a real social discount 
rate of 2%.  
35

  Not suitable for use as a social discount rate. 
36 The base value used in these calculations is $60 per ton. 
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                       Table 20. SCC estimates reflecting a range of uncertainty. 

SCC per Ton-C Annual Value PV @ 2% 

$ 60
37

 $ 8,677,020 $ 198,221,091 

$ 2138 $ 3,036,957 $ 92,503,219 

$11939 $ 17,209,423 $ 393,138,679 

  

 As with all ecosystem service estimates, the choice of models, scenarios and uncertainties, and 

discount rate that underpin the valuation are in continual flux due in part to the subjective nature of 

value.  The actual dollar figure is far less important than coming away with an understanding that there 

is value in the benefit being provided. 

14. Recommendations for Further Research and Valuation 

 Further research into the benefits of ecosystem services in Wake County's nature preserves 

should include the market value of properties adjacent to these lands and the property tax revenue 

attributable them; health benefits to citizens stemming from cleaner air and water; community cohesion 

value (social capital); and, air purification beyond carbon storage. These measures are important 

indicators of ecological health, building a bridge between the natural, social, and health sciences to 

provide a powerful framework with which to address the methodological challenges in evaluating 

collaborative management outcomes (Muñoz-Erickson, et al., 2007). 

 Updating the species inventory with the help of Dr. Gary Perlmutter and Dr. Heather Cheshire, 

coupled with a locally-validated estimation of wildlife watching expenditures and willingness to pay 

data, could provide the opportunity to revisit the socio-economic benefits of species diversity and 

related functions that enhance ecosystem services. The recent initiative by WakeNature to form 

inventory and promotion committees to identify and promote high quality natural areas in Wake County 

could help reevaluate these findings with more current data. 

  Emerging markets for ecosystem services provide offset payments for wetland mitigation 

banking, biodiversity, carbon sequestration, and watershed services and may present opportunities to 

                                                             

37
 The social cost of carbon estimate used in this study. 

38
 The U.S. Government’s Interagency Working Group on Social Cost of Carbon estimated the SCC of CO2 emissions 

in 2010 (IWG, 2010). 
39

 An alternative SCC value model that incorporates damage functions for high and low temperature scenarios 
offered by Michael Hanemann and Martin Weitzman (Ackerman and Stanton, 2010). 
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fund the ongoing costs of property acquisition and maintenance of nature preserve habitat. While most 

of these markets are immature and disjointed, data collected by Forest Trends in the past 10 years 

reveals an expansion of ecosystem markets due to a growing awareness of the need for community-

based natural resource management and a commitment to preserve our natural heritage. However, the 

evidence also shows that well-designed conservation enterprises can improve the conservation of some 

types of land areas and key, high value species but are less effective at conserving biodiversity with a 

lower market value (Elliott and Sumba, 2011). 

15. Interpretation and Conclusion  

 Open space has value in Wake County’s economy. Protecting water recharge areas, wetlands, 

and buffering streams helps to preserve water quality and, in turn, the county's drinking water supply 

(WCPROS, 2006). Buffers along streams slow storm runoff and decrease the chance of flooding. Allowing 

adjacent wetlands and floodplains to store water without obstruction during storm events keep homes 

and businesses safe from flooding. Open space and greenways increase the value of nearby land, and 

recreational opportunities encourage corporations to bring their headquarters to this area.  

 It is important to make a deliberate connection between the forest, water, and climate 

regulation by connecting forests, climate change and water protection markets with the ecosystem 

services they support. Highlighting important biological ecosystems and quantifying the social and 

biological benefits derived from natural resources (natural capital) within them may encourage local 

governments and other stakeholders to accord Nature Preserve status to select public properties. This 

master’s project will provide WakeNature with a tool to support this effort. The intention of this study 

was to heighten awareness of open space property values through an assessment of these natural areas, 

expressed in terms of their biological, ecological, geological and social worth, using both market- and 

non-market based approaches to value the natural capital within Wake County's open space 

ecosystems. 

 To counteract sprawl and protect urban biodiversity, local land use decision-makers must 

incorporate natural capital into the budget sheet if they are to balance their budgets in the future. The 

challenge is to look at this capital, not as a budget expense but as a budget benefit, that helps produce 

cleaner air and water; fulfill cultural, spiritual and intellectual needs; and provide options for the future 

though the maintenance of biodiversity (Moll, 2005).  
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 This assessment is the first step toward increasing the capacity of planners throughout Wake 

County to create a more effective way of protecting biological resources. It turns out to be very difficult 

to give objective monetary values, even in principle. As analytical capabilities and understanding of 

ecosystem services increase, developing useful valuation methods can form the foundation of future 

policy- and decision-making. The purpose of valuing the natural world is to elicit measures of human 

preferences for or against environmental change (Pearce, 1993). As a procedure, valuation faces the 

limitation that economic values are not the same as intrinsic values — values in things rather than of 

things. The intrinsic value of nature itself is often ignored; however, in support of ecosystem service 

valuation, Pearce (1993) argues that environmental economics does not seek to price ‘intrinsic’ value 

but the human perception of intrinsic value (Jones and Matthews, 2010). These actions complement 

traditional biodiversity conservation by conserving land for people and not simply for nature’s sake. 
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APPENDICES 

A: General Biophysical and Economic Valuation Data 
 
Table A- 1. Geospatial and biophysical data used in this study. 

Data   Date Resource Model(s) 

Precipitation 
1997-
2001 

Prism Climate Group. (2010). Oregon State University. 
Retrieved October 2010 from 
http://www.prism.oregonstate.edu/products/matrix.phtml?v
artype=ppt&view=data.  

Nutrient 
Retention 

Evapotranspiration 2004 
Food and Agriculture Organization of the United Nations.  
Retrieved October 2010 from 
http://www.fao.org/geonetwork/. 

Nutrient 
Retention 

NC SEGAP  
Landcover 

2001 

Biodiversity and Spatial Information Center, USGS North 
Carolina Cooperative Fish and Wildlife Research Unit, NC 
State University. 2001 SEGAP regional landcover data for NC. 
Retrieved September 16, 2010 from 
http://www.basic.ncsu.edu/segap/ 

Open space site 
selection, 
Nutrient 
Retention, 
Carbon Storage, 
Wildlife Habitat 
and Recreation  

Wetlands and 
deepwater habitats 

2010 

U.S. Fish and Wildlife Service, Division of Habitat and 
Resource Conservation. Retrieved April 16, 2011 from   
http://www.fws.gov/wetlands 
 

Wildlife Habitat 

Major Stream 
Basins 

2002-
2003 

Wake County Geographic Information Services Raleigh, North 
Carolina. Retrieved May 2, 2011 from 
ftp://wakeftp.co.wake.nc.us/gis/Webdownloads/SHAPEFILES/
Wake_Corridors_2002_03.zip 

 Nutrient 
Retention 
  

10-Digit Hydrologic 
Unit Watersheds 

6/08 

Biodiversity and Spatial Information Center, USGS North 
Carolina Cooperative Fish and Wildlife Research Unit, NC 
State University. Retrieved September 16, 2010 from 
http://www.basic.ncsu.edu/segap/ 

Nutrient 
Retention 

Wake County 
Public Open Space 

10/10 

Public owned Parks, Greenways, Open Space, Gameland, 
Research land and Schools in Wake County. Data are gathered 
by checking municipal websites for new parks, or querying 
the property description field in the digital cadastral database 
for keywords such as "greenway" or "open space". Wake 
County Parks and Recs. dept. also provides information. 
Retrieved November 2010 from wakegov.com/gis 

Open space site 
selection 

Wake County NHP 
EO, SHNA and 
Open Space 

2008 
Datasets compiled by Heather Cheshire's GIS class during the 
Spring 2008 semester to identify potential management areas 
for WakeNature. Retrieved 7/29/10 from WakeNature wiki 

Open space site 
selection 

Significant Natural 
Heritage Areas 

8/11 
Significant Natural Heritage Areas. NC DENR, Div. of Parks and 
Recreation, Natural Heritage Program, Raleigh, North 
Carolina. Retrieved 11/2/11 from ftp://ftp.nconemap.com 

Open space site 
selection 

Natural Heritage 8/11 NC DENR, Div. of Parks and Recreation, Natural Heritage Open space site 

http://www.prism.oregonstate.edu/products/matrix.phtml?vartype=ppt&view=data
http://www.prism.oregonstate.edu/products/matrix.phtml?vartype=ppt&view=data
http://www.fao.org/geonetwork/
http://www.basic.ncsu.edu/segap/datazip/state/nc/lc_segap_nc.zip
http://www.fws.gov/wetlands/
ftp://wakeftp.co.wake.nc.us/gis/Webdownloads/SHAPEFILES/Wake_Corridors_2002_03.zip
ftp://wakeftp.co.wake.nc.us/gis/Webdownloads/SHAPEFILES/Wake_Corridors_2002_03.zip
http://www.basic.ncsu.edu/segap/datazip/state/nc/lc_segap_nc.zip
ftp://wakeftp.co.wake.nc.us/gis/Webdownloads/SHAPEFILES/Wake_PublicOpenSpace_2010_12.zip
http://wakenature.wikispaces.com/Marks+Creek+Assessment
ftp://ftp.nconemap.com/outgoing/vector/snha.zip
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Element 
Occurrences 

Program, Raleigh, North Carolina. Retrieved 11/2/11 from 
ftp://ftp.nconemap.com 

selection; 
species 
identification 

Digital Elevation 
Model (DEM) 

4/11 
United States Geological Survey 1/3 arc-second (10-meter) 
National Elevation Dataset. Retrieved 4/30/11 from 
http://seamless.usgs.gov 

Nutrient 
Retention  

Soil Depth 2006 

Soil Survey Staff, Natural Resources Conservation Service, 
United States Department of Agriculture.   Soil survey 
geographic (SSURGO) database for North Carolina.   Retrieved  
10/9/10 from: 
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=NC 

Nutrient 
Retention 

Plant Available 
Water Content 

2006 

Soil Survey Staff, Natural Resources Conservation Service, 
United States Department of Agriculture.   Soil survey 
geographic (SSURGO) database for North Carolina.   Retrieved  
10/9/10 from: 
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=NC 

Nutrient 
Retention 

Evapotranspiration 
coefficients 

2011 

The Nature Conservancy (2011). InVEST 2.0 Beta User’s Guide: 
Integrated Valuation of Ecosystem Services and Tradeoffs. 
Retrieved November 2010 from 
http://www.naturalcapitalproject.org/ConEX/InVEST_2.0beta
_Users_Guide.pdf, p. 200 

Nutrient 
Retention 

Maximum 
Allowable Nutrient 
Loading (Neuse 
and Cape Fear 
Rivers)  

2011 
North Carolina Department of Environment and Natural 
Resources & Division of Water Quality. 
http://portal.ncdenr.org/web/wq/ps/csu/rules 

Nutrient 
Retention  

Water Treatment 
Cost 

2011 

North Carolina Department of Environment and Natural 
Resources. Fiscal Analysis for Proposed Nutrient Strategy for 
Falls of Neuse Reservoir. Retrieved 3/23/11 from 
http://portal.ncdenr.org/c/document_library/get_file?uuid=2
a29f5a4-3db1-4c63-bd63-cad51a5ac385&groupId=38364. 

Nutrient 
Retention  

Nitrogen Loading 
(load_n) 

2007 

North Carolina Department of Environment and Natural 
Resources & Division of Water Quality. (5/1/07). Redbook of 
Surface Water Standards. Retrieved 3/23/11 from 
http://portal.ncdenr.org/web/wq/ps/csu/rules 

 Nutrient 
Retention  

Nitrogen Removal 
Efficiency 
(eff_N) 

2004 

Lin, J.P. (2004). Review of Published Export Coefficient and 
Event Mean Concentration (EMC) Data. Retrieved from 
http://el.erdc.usace.army.mil/elpubs/pdf/tnwrap04-3.pdf. 
 

Nutrient 
Retention   

Root_depth var. 

Mayaki, W.C. Teare, I.D., and Stone, L.R. (1976) Top and Root 
Growth of Irrigated and Non-irrigated Soybeans.Crop Science, 
Vol 16. January- February 1976. 
 
Mou, P. Jones, R.H., Mitchell, R.J. (1995) Spatial Distribution 
of Aboveground Biomass and Soil Nutrients. Functional 
Ecology, Vol. 9, No. 4, pp. 689-699. 
 
Evans, R., Cassel, D.K., and Sneed, R.E. Soil, Water, and Crop 
Characteristics Important to Irrigation Scheduling. (1996) 

Nutrient 
Retention  

ftp://ftp.nconemap.com/outgoing/vector/nheo.zip
http://seamless.usgs.gov/
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=NC
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=NC
http://invest.ecoinformatics.org/tool-documentation/InVEST_2.0beta_Users_Guide.pdf/
http://invest.ecoinformatics.org/tool-documentation/InVEST_2.0beta_Users_Guide.pdf/
http://portal.ncdenr.org/c/document_library/get_file?uuid=2a29f5a4-3db1-4c63-bd63-cad51a5ac385&groupId=38364
http://portal.ncdenr.org/c/document_library/get_file?uuid=2a29f5a4-3db1-4c63-bd63-cad51a5ac385&groupId=38364
http://el.erdc.usace.army.mil/elpubs/pdf/tnwrap04-3.pdf
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North Carolina Cooperative Extension Service. Publication 
Number: AG 452-1. November, 6, 2010, Retrieved from 
http://www.bae.ncsu.edu/programs/extension/evans/ag452-
1.html 
 
Food and Agriculture Organization of the United Nations 
(2010). November 2010, Retrieved from 
http://www.fao.org/nr/water/cropinfo_tobacco.html.  
 
Palta, J.A., Mingtan, L.T., and Fillery, R.P. (2004). Rooting 
patterns in wheat differing in vigor are related to the early 
uptake of nitrogen in deep sandy soils. Crop science. 
November 8, 2010, Retrieved from 
http://www.cropscience.org.au/icsc2004/poster/2/4/1/473_
paltaja.htm.  
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B: Property Selection 

B- 1. Open Space Datasets 

1) C:\Workspace\Landcover\WakePublicOpenSpace_100110 
2) C:\Workspace\Landcover\WakeCountyNHPandOpenSpace(2008 HMC dataset): OS_with_EOs_area 
(all open space in Wake County in which there are one or more element occurrences), 
OS_with_SNHAs_area (all open space in Wake County in which there are one or more significant natural 
heritage areas) 
2a) NC DENR, Div. of Parks and Recreation, Natura, 5/28/09, Natural Heritage Element Occurrences: NC 
DENR, Div. of Parks and Recreation, Natural Heritage Program, Raleigh, North Carolina.  
2b) NC DENR, Div. of Parks and Recreation, Natura, 5/28/09, Significant Natural Heritage Areas: NC 
DENR, Div. of Parks and Recreation, Natural Heritage Program, Raleigh, North Carolina. 
 
Open Space Data Manipulation: 
1) Using ArcMap Analysis Tool "Extract by Select," study area (OS) based was on area  and property type 
but all Marks Creek area  was selected by treating individual properties as a single contiguous property 
per WakeNature's request. 
(a) Created 1010OSarea.shp by attribute selection: 
select * from WakePublicOpenSpace_1010 where "ACRES" > 39.999999 OR "NAME" LIKE '%OSMC%' OR 
"NAME" LIKE 'Marks Creek%' AND "TYPE" NOT 'SCHOOL'  
 
2) Selected OS was further refined by using ArcMap Analysis Tool "Extract by Select" to select SHNA and 
EOs from OS_with_SNHAs_area.shp and OS_with_EOs_area.shp, respectively based on area, property 
type and date EOs were last observed. I kept all Marks Creek area by treating individual properties as a 
single contiguous property: 
(a) Created OSxEOarea.shp by attribute selection: 
 select * from OS_EOs_area where "ACRES" > 39.99999999 OR "NAME" = 'Marks Creek OS' and 
"LAST_OBS" >= '1985' and "TYPE" <> 'SCHOOL'  
 
NOTE: The ESTI_ACCR field for some of the selected records is empty but I did not discount them since 
lack of a metadata file did not afford an explanation (for every selected record, the value in the EO_STAT 
field is 'extant') 
 
b) Created OSxSNHAarea.shp by attribute selection: 
 select * from OS_SNHA_area where "ACRES" > 39.99999999 OR "NAME" = 'Marks Creek OS' and "TYPE" 
<> 'SCHOOL' 
 
NOTE: Since all selected EOs are within selected SNHA or are standalone EO [889ac], clipping 
OSxEOarea.shp further by OSxSNHA.shp would have incorrectly removed OS that had previously been 
selected in OS_EOs_area.shp, so I chose not to execute this final clip, which would have taken away the 
Crabtree mitigation site [1175ac] and a 45ac greenway in Holly Springs. 
 
c) Combined the selected OS property containing EOs and/or SNHA using ArcMap's Data Management-> 
General-> Append (No Test option) tool then aggregated duplicate rows using  Data Management-> 
Generalization->Dissolve to create OSxEOxSNHA_spm (re-projected linear unit from feet to meters). 
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B- 2. Landcover Datasets 

1) C:\Workspace\2001SEGAP_LC\lc_segap_nc (raster) 
2) C:\Workspace\Landcover\1010WakeCtyOS\WakePublicOS_2010_10.shp 
3) C:\Workspace\Landcover\NewDataManipulation\Selected1010OSbyEO.shp (changed projected 
coordinate system from NAD_1983_StatePlane_NC_FIPS_3200_Feet to 
NAD_1983_StatePlane_NC_FIPS_3200 to match the linear units (meters) of lc_segap_nc) 
 
Landcover Data Manipulation:  
1)  Using ArcMap Spatial Analyst Extraction Tool "Extract by Mask," I selected landcover (lc_segap_nc) 
within Wake County (WakeCountyBoundry.shp) buffered by 1 mile to create 
Buffered01GAP 
2) Using ArcMap Spatial Analyst Extraction Tool "Extract by Mask," I limited the landcover to the study 
area (OSxEOxSNHA_spm.shp) to create EOxSNHA_LC 
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C: Carbon Storage and Sequestration 

Table C- 1.  Estimated storage (Mg
-ha

) in the four fundamental carbon pools. 
(input values to InVEST's Biophysical Carbon model). 

Above Below Soil Dead Landcover Class Sources 

n/a n/a n/a n/a Open Water N/A 

n/a 3.0 78.0 n/a Developed OS Pouyat, 2006 (park soil) 

n/a n/a 144.0 n/a Low Intensity Developed 
Pouyat, 2006 (residential 
soil) 

n/a n/a 33.0 n/a Medium Intensity Developed 
Pouyat, 2006 (residential 
soil) 

n/a 6.6 82.0 n/a High Intensity Developed Pouyat, 2002 (urban soil) 

n/a n/a 14.3 n/a Bare Soil Han, 2007 

n/a n/a n/a n/a Quarry/Strip Mine/Gravel Pit N/A 

n/a n/a n/a n/a So. Appalachian Granitic Dome N/A 

n/a n/a n/a n/a Southern Piedmont Cliff N/A 

95.8 20.1 41.1 16.5 
Atlantic Coastal Plain Dry-Mesic Oak 
Forest 

JE Smith, 2006 Oak-pine (all 
pools) 

89.0 18.7 143.5 16.9 
Atlantic Coastal Plain Mesic 
Hardwood-Mixed Forest 

JE Smith, 2006 Oak-hickory 
(all pools) 

88.9 18.7 55.8 19.5 
So. Piedmont Dry Oak-(Pine) Forest 
- Hardwood 

JE Smith, 2006 LLP (all pools) 

95.8 20.1 41.1 16.5 So. Piedmont Mesic Forest JE Smith, 2006 LLP (all pools) 

85.0 17.9 66.2 23.1 Evergreen Plantations JE Smith, 2006 LLP (all pools) 

86.0 18.1 66.2 23.1 
So. Piedmont Dry Oak-(Pine) Forest 
- LLP Modifier 

JE Smith, 2006 Oak-pine (all 
pools) 

87.0 18.3 66.2 23.1 
Atlantic Coastal Plain Upland LLP 
Woodland 

JE Smith, 2006 (above); 
Saugier, 2001 (below);  
Lorenz and Lal, 2009 (soil) 

88.9 18.7 55.8 19.5 
So. Piedmont Dry Oak-(Pine) Forest 
- Mixed 

JE Smith, 2006 (above); 
Saugier, 2001 (below);  
Lorenz and Lal, 2009 (soil) 

3.1 0.2 117.0 n/a 
Successional Shrub/Scrub (Clear 
Cut) 

JE Smith, 2006 (above); 
Saugier, 2001 (below);  
Lorenz and Lal, 2009 (soil) 

2.6 0.2 117.0 n/a Successional Shrub/Scrub (Other) 
JE Smith, 2006 (above); 
Saugier, 2001 (below);  
Lorenz and Lal, 2009 (soil) 

2.6 0.2 117.0 n/a Successional Grassland/Herbaceous 
Paul, 1999 (above and 21% 
below); USDA-ARS 
(conventional till soil) 

2.6 0.2 117.0 n/a 
Successional Grassland/Herbaceous 
(Other) 

USDA-ARS (conventional 
till); Paul (conventional till); 
Han, 2005 (above and 21% 
below) 



 

 

 

xxv 

 

Above Below Soil Dead Landcover Class Sources 

2.6 0.2 117.0 n/a 
Successional Grassland/Herbaceous 
(Utility Swath) 

JE Smith Oak-gum-cypress 
(all pools) 

10.9 2.3 38.9 n/a Pasture/Hay 
JE Smith Oak-gum-cypress 
(all pools) 

1.0 0.2 23.0 n/a Row Crops 
JE Smith Oak-gum-cypress 
(all pools) 

89.0 18.7 143.5 16.9 
Atlantic Coastal Plain Blackwater 
Stream Floodplain Forest - Forest 
Modifier 

Geise, 2003 (above, soil); 
Saugier, 2001(below) 

89.0 18.7 143.5 16.9 
Atlantic Coastal Plain Brownwater 
Stream Floodplain Forest 

Geise, 2003 (above, soil); 
Saugier, 2001 (below) 

 
Table C- 2. Estimated annual sequestration rates (Mg-ha) in the aboveground biomass carbon pool. 
(input values to InVEST's Biophysical Carbon model). 

Above Below Soil Dead Landcover Class Sources 

0 0 0 0 Open Water N/A 

7.98 0 0 0 Developed OS Nowak, 2002 

7.98 0 0 0 Low Intensity Developed Nowak, 2002 

5 0 0 0 Medium Intensity Developed Nowak, 2002 

1 0 0 0 High Intensity Developed Nowak, 2002 

0 0 0 0 Bare Soil N/A 

0 0 0 0 Quarry/Strip Mine/Gravel Pit N/A 

0 0 0 0 So. Appalachian Granitic Dome N/A 

0 0 0 0 Southern Piedmont Cliff N/A 

13.57 0 0 0 
Atlantic Coastal Plain Dry-Mesic Oak 
Forest 

Hu and Wang, 2008 

14.63 0 0 0 
Atlantic Coastal Plain Mesic Hardwood-
Mixed Forest 

Hu and Wang, 2008 

12.98 0 0 0 
So. Piedmont Dry Oak-(Pine) Forest - 
Hardwood 

Hu and Wang, 2008 

13.13 0 0 0 So. Piedmont Mesic Forest Hu and Wang, 2008 

13.28 0 0 0 Evergreen Plantations Hu and Wang, 2008 

13.57 0 0 0 
So. Piedmont Dry Oak-(Pine) Forest - LLP 
Modifier 

Hu and Wang, 2008 

3.61 0 0 0 
Atlantic Coastal Plain Upland LLP 
Woodland 

Hu and Wang, 2008 

3.61 0 0 0 
So. Piedmont Dry Oak-(Pine) Forest - 
Mixed 

Hu and Wang, 2008 

3.61 0 0 0 Successional Shrub/Scrub (Clear Cut) FX Han et al., 2007 
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Above Below Soil Dead Landcover Class Sources 

3.61 0 0 0 Successional Shrub/Scrub (Other) FX Han et al., 2007 

3.61 0 0 0 Successional Grassland/Herbaceous FX Han et al., 2007 

3.61 0 0 0 
Successional Grassland/Herbaceous 
(Other) 

FX Han et al., 2007 

2 0 0 0 
Successional Grassland/Herbaceous 
(Utility Swath) 

FX Han et al., 2007 

10.4 0 0 0 Pasture/Hay FX Han et al., 2007 

10.4 0 0 0 Row Crops FX Han et al., 2007 

13.59 0 0 0 
Atlantic Coastal Plain Blackwater Stream 
Floodplain Forest - Forest Modifier 

Giese et al., 2003 

13.59 0 0 0 
Atlantic Coastal Plain Brownwater River 
Floodplain Forest 

Giese et al., 2003 

13.59 0 0 0 
Southern Piedmont Large Floodplain 
Forest - Forest 

Giese et al., 2003 

13.59 0 0 0 
Southern Piedmont Small Floodplain & 
Riparian Forest 

Giese et al., 2003 

15.6 0 0 0 Atlantic Coastal Plain Peatland Pocosin Giese et al., 2003 

15.6 0 0 0 
Atlantic Coastal Plain Northern Wet 
Loblolly Pine Savanna & Flatwoods 

Giese et al., 2003 
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D: Water Purification: Nutrient Retention 

Table D- 1.  Geospatial and biophysical data used in Nutrient Retention modules. 

Data Type 
(Date) 

Unit of 
Measure 

Resource Module(s) 

NC SEGAP  
Landcover 
(2001) 

meter 

Biodiversity and Spatial Information Center, USGS 
North Carolina Cooperative Fish and Wildlife Research 
Unit, NC State University. 2001 SEGAP regional 
landcover data for NC. Retrieved September 16, 2010 
from http://www.basic.ncsu.edu/segap/ 

 Water Yield, 
Nutrient 

Retention 

Estimated 
Precipitation 
(1971-2000) 

mm 

Oregon State University Prism Climate Group. 
Retrieved October 17, 2010 from 
http://www.prism.oregonstate.edu/products/matrix.p
html?vartype=ppt&view=data.  

Water Yield  

Potential 
Evapotranspiration 
(2004) 

mm 
Food and Agriculture Organization of the United 
Nations Retrieved October 17, 2010 from 
http://www.fao.org/geonetwork/. 

Water Yield  

10-Digit Hydrologic 
Unit Watersheds 
(06/2008) 

meter 

Biodiversity and Spatial Information Center, USGS 
North Carolina Cooperative Fish and Wildlife Research 
Unit, NC State University. 2001 SEGAP regional 
landcover data for NC. Retrieved September 16, 2010 
from http://www.basic.ncsu.edu/segap/ 

Water Yield, 
Nutrient 

Retention, 
Valuation 

Digital Elevation 
Model (DEM) 
(04/2011) 

meter 
United States Geological Survey 1/3 arc-second (10-
meter) National Elevation Dataset. Retrieved 4/30/11 
from http://seamless.usgs.gov 

Nutrient 
Retention, 
Valuation  

Soil Depth 
(2006) 

mm 

Soil Survey Staff, Natural Resources Conservation 
Service, United States Department of Agriculture.  Soil 
survey geographic (SSURGO) database for North 
Carolina.  Retrieved  10/9/10 from: 
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=
NC 

Water Yield   

Plant Available 
Water Content 
(2006) 

% 

Soil Survey Staff, Natural Resources Conservation 
Service, United States Department of Agriculture.  Soil 
survey geographic (SSURGO) database for North 
Carolina.  Retrieved  10/9/10 from: 
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=
NC 

 
Water Yield  

 

Evapotranspiration 
coefficients 

mm 

 InVEST 2.0 Beta User’s Guide: Integrated Valuation of 
Ecosystem Services and Tradeoffs. Retrieved from 
http://www.naturalcapitalproject.org/pubs/InVEST_2.
0beta_Users_Guide.pdf,p. 219  

Water yield, 
Nutrient 
retention 

http://www.basic.ncsu.edu/segap/datazip/state/nc/lc_segap_nc.zip
http://www.prism.oregonstate.edu/products/matrix.phtml?vartype=ppt&view=data
http://www.prism.oregonstate.edu/products/matrix.phtml?vartype=ppt&view=data
http://www.fao.org/geonetwork/
http://www.basic.ncsu.edu/segap/datazip/state/nc/lc_segap_nc.zip
http://seamless.usgs.gov/
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=NC
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=NC
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=NC
http://soildatamart.nrcs.usda.gov/Survey.aspx?State=NC
http://www.naturalcapitalproject.org/pubs/InVEST_2.0beta_Users_Guide.pdf
http://www.naturalcapitalproject.org/pubs/InVEST_2.0beta_Users_Guide.pdf
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Data Type 
(Date) 

Unit of 
Measure 

Resource Module(s) 

Root Depth mm 

Mayaki, W.C. Teare, I.D., and Stone, L.R. (1976) Top   
and Root Growth of Irrigated and Non-irrigated 
Soybeans. Crop Science, Vol 16. January- February 
1976. 
 
Mou, P. Jones, R.H., Mitchell, R.J. (1995) Spatial 
Distribution of Aboveground Biomass and Soil 
Nutrients. Functional Ecology, Vol. 9, No. 4, pp. 689-
699. 
 
Evans, R., Cassel, D.K., and Sneed, R.E. Soil, Water, and 
Crop Characteristics Important to Irrigation 
Scheduling. (1996) North Carolina Cooperative 
Extension Service. Publication Number: AG 452-1. 
November, 6, 2010, Retrieved from 
http://www.bae.ncsu.edu/programs/extension/evans
/ag452-1.html 
 
InVEST 2.0 Beta User’s Guide: Integrated Valuation of 
Ecosystem Services and Tradeoffs. Retrieved from 
http://www.naturalcapitalproject.org/pubs/InVEST_2.
0beta_Users_Guide.pdf 
 
Palta, J.A., Mingtan, L.T., and Fillery, R.P. (2004). 
Rooting patterns in wheat differing in vigour are 
related to the early uptake of nitrogen in deep sandy 
soils. Crop science. November 8, 2010, Retrieved from 
http://www.cropscience.org.au/icsc2004/poster/2/4/
1/473_paltaja.htm.  

Water Yield, 
Nutrient 

Retention   

Nitrogen Removal 
Efficiency 
 

Percent of 
nutrient 
flowing 

into a cell 
from 

upslope 

Lin, J.P. (2004). Review of Published Export Coefficient 
and Event Mean Concentration (EMC) Data. Retrieved 
from 
http://el.erdc.usace.army.mil/elpubs/pdf/tnwrap04-
3.pdf. 
 

Water Yield, 
Nutrient 

Retention  

Phosphorus 
Removal Efficiency 
 

Percent of 
nutrient 
flowing 

into a cell 
from 

upslope 

Lin, J.P. (2004). Review of Published Export Coefficient 
and Event Mean Concentration (EMC) Data. Retrieved 
from 
http://el.erdc.usace.army.mil/elpubs/pdf/tnwrap04-
3.pdf. 
 
Johnes, PJ. (1996). Evaluation and management of the 
impact of land use change on nitrogen and 
phosphorus load delivered to surface waters: the 
export coefficient modeling approach. Journal of 
Hydrology 183(3-4):323-349. 

Water Yield, 
Nutrient 

Retention  

http://www.bae.ncsu.edu/programs/extension/evans/ag452-1.html
http://www.bae.ncsu.edu/programs/extension/evans/ag452-1.html
http://www.naturalcapitalproject.org/pubs/InVEST_2.0beta_Users_Guide.pdf
http://www.naturalcapitalproject.org/pubs/InVEST_2.0beta_Users_Guide.pdf
http://www.cropscience.org.au/icsc2004/poster/2/4/1/473_paltaja.htm
http://www.cropscience.org.au/icsc2004/poster/2/4/1/473_paltaja.htm
http://el.erdc.usace.army.mil/elpubs/pdf/tnwrap04-3.pdf
http://el.erdc.usace.army.mil/elpubs/pdf/tnwrap04-3.pdf
http://el.erdc.usace.army.mil/elpubs/pdf/tnwrap04-3.pdf
http://el.erdc.usace.army.mil/elpubs/pdf/tnwrap04-3.pdf
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Data Type 
(Date) 

Unit of 
Measure 

Resource Module(s) 

Water Treatment 
Cost 

$40.76/ 
kg/yr (N); 
$113.10/ 
kg/yr (P); 

 

North Carolina Department of Environment and 
Natural Resources. 2010 Fiscal Analysis for Proposed 
Nutrient Strategy for Falls of Neuse Reservoir. 
Retrieved 3/23/11 from 
http://portal.ncdenr.org/c/document_library/get_file?
uuid=2a29f5a4-3db1-4c63-bd63-
cad51a5ac385&groupId=38364. 

Valuation 

 

 

Formulas used in the Nutrient Retention modules 

 

 The model estimates the quantity and value of nutrients retained for water purification from a 

landscape in three components. The first step calculates annual average runoff from each property. In 

the second step, the quantity of nutrient retained by each property on the landscape is determined. 

 First, the nutrient amount exported from each property is estimated, based on export 

coefficients the user inputs. Export coefficients, developed by Reckhow et al. 1980, are annual averages 

of pollutant fluxes derived from various field studies that measure export from property within the 

United States. Since these coefficients are average fluxes, a hydrological sensitivity score is included to 

account for differences in condition between the fields where the measures were developed and the 

conditions where the model is applied. This is done with the following equation: 

ALVX = HSSX ∙ polX 

where ALVX is the Adjusted Loading Value at pixel X, polXis the export coefficient at pixel X, and 

HSSX is the Hydrologic Sensitivity Score at pixel X, which is calculated as: 

      HSSX = λX/λW    

     

where λx is the runoff index at pixel X, calculated using the following equation, and λW is the mean 

runoff index in the watershed: 

λX = Log    ∑YU 

                

where ∑YU is the sum of the water yield of pixels along the flow path above pixel x (it also includes the 

water yield of pixel X). 

u

          

u 

http://portal.ncdenr.org/c/document_library/get_file?uuid=2a29f5a4-3db1-4c63-bd63-cad51a5ac385&groupId=38364
http://portal.ncdenr.org/c/document_library/get_file?uuid=2a29f5a4-3db1-4c63-bd63-cad51a5ac385&groupId=38364
http://portal.ncdenr.org/c/document_library/get_file?uuid=2a29f5a4-3db1-4c63-bd63-cad51a5ac385&groupId=38364
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 Once the quantity of pollutant leaving each property is calculated, the amount retained by each 

downstream property is determined, as surface runoff moves the pollutant towards the stream. The 

model routes water down flow paths (determined by slope) and allow each property downstream of a 

polluting property to retain nutrients based on its landcover class and its ability to retain the modeled 

nutrient; however, the model does not account for saturation of uptake. By following the pollutant load 

of each property all the way downstream to a water body, the model also tracks how much pollutant 

reaches the stream.   

 The model then aggregates the loading that reaches the stream from each pixel to the sub-

watersheds, then to the watershed level. Once the total load is determined, the value of the retention 

service provided by natural vegetation and soil is calculated, based on the avoided treatment costs as 

follows: 

netX = retained – exported    

   contribution 

where netX is the calculated retention in area x and contribution is the surface area (landcover) 

contributing to the retention. The area values (netx) are summed and averaged to the subwatershed 

scale to give retention service outputs in biophysical terms. 

  Table D- 2. Values used in coefficient tables 

Landcover Classification Etk 
Root 

Depth 
Load_N Eff_N Load_P Eff_P 

Open Water (Fresh) 1 1 0.0 80 0.0 50 

Developed Open Space 1 1 4000.0 40 684 25 

Low Intensity Developed 1 1 3000 0 673 0 

Medium Intensity Developed 1 1 12000 0 2029 0 

High Intensity Developed 1 1 17000 0 2768 0 

Bare Soil 1 1 51000 0 33536 0 

Quarry/Strip Mine/Gravel Pit (Bare Rock/sand) 1 1 51000 0 33536 0 

Southern Appalachian Granitic Dome 1 1 51000 0 33536 0 

Southern Piedmont Cliff (Rock outcrops) 1 1 51000 0 33536 0 

Atlantic Coastal Plain Dry and Dry-Mesic Oak Forest 1000 7000 2000 80 370 60 

Atlantic Coastal Plain Mesic Hardwood and Mixed 
Forest 1000 7000 2000 80 370 60 

Southern Piedmont Dry Oak-(Pine) Forest - 
Hardwood Modifier 1000 7000 2000 80 370 60 

Southern Piedmont Mesic Forest 1000 7000 2000 80 370 60 

Evergreen Plantations 1000 7000 2000 80 370 60 

Southern Piedmont Dry Oak-(Pine) Forest - Loblolly 1000 7000 2000 80 370 60 
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Landcover Classification Etk 
Root 

Depth 
Load_N Eff_N Load_P Eff_P 

Pine Modifier 

Atlantic Coastal Plain Upland Longleaf Pine 
Woodland 1000 7000 2000 80 370 60 

Southern Piedmont Dry Oak-(Pine) Forest - Mixed 
Modifier 1000 7000 2000 80 370 60 

Successional Shrub/Scrub (Clear Cut) 1000 7000 2000 80 370 60 

Successional Shrub/Scrub (Other) 395 5100 6000 40 1211 25 

Successional Grassland/Herbaceous 395 5100 6000 40 1211 25 

Successional Grassland/Herbaceous (Other) 650 2600 6000 40 1211 25 

Successional Grassland/Herbaceous (Utility Swath) 650 2600 6000 40 1211 25 

Pasture/Hay 650 2600 6000 40 1211 25 

Row Crop 850 2100 6000 10 1211 5 

Atlantic Coastal Plain Blackwater Stream Floodplain 
Forest - Forest Modifier 650 2100 15000 10 6000 5 

Atlantic Coastal Plain Brownwater Stream 
Floodplain Forest 1000 7000 2000 80 448 50 

Atlantic Coastal Plain Small Blackwater River 
Floodplain Forest 1000 7000 2000 80 448 50 

Atlantic Coastal Plain Small Brownwater River 
Floodplain Forest 1000 7000 2000 80 448 50 

Southern Piedmont Large Floodplain Forest - Forest 
Modifier 1000 7000 2000 80 448 50 

Southern Piedmont Small Floodplain and Riparian 
Forest 1000 7000 2000 80 448 50 

Atlantic Coastal Plain Peatland Pocosin 1000 7000 2000 80 448 50 

Atlantic Coastal Plain Northern Wet Longleaf Pine 
Savanna and Flatwoods 1000 7000 2000 80 448 50 

 
 Table D- 3. Watersheds and sub-watersheds 

Watershed 
ID 

Sub-watershed 
ID 

Sub-watershed Name 
Basin 
Name 

Sub-Basin 
Name 

0 1  Upper Falls Lake  Neuse Upper Neuse 

0 1  Middle Falls Lake  Neuse Upper Neuse 

0 1  Lower Falls Lake  Neuse Upper Neuse 

0 1  Milburnie Lake-Neuse River  Neuse Upper Neuse 

0 1  Crabtree Creek  Neuse Upper Neuse 

1 2  Middle Creek  Neuse Upper Neuse 

2 3  Swift Creek  Neuse Upper Neuse 

3 4  Walnut Creek-Neuse River  Neuse Upper Neuse 

4 5  Jordan Lake-New Hope River  Cape Fear Haw River 

5 6  Upper Little River  Neuse Upper Neuse 
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  Table D- 4. Water Purification Valuation: Nitrogen 

Sub-watershed Name (ID) Calibration Cost/kg 
Time span 

(Yrs) 
Discount 

Falls Lake, Milburnie Lake/Neuse 
River, Crabtree Creek (1) 

1 40.76 30 2 

 Middle Creek (2) 1 40.76 30 2 

 Swift Creek (3) 1 40.76 30 2 

 Walnut Creek-Neuse River (4) 1 40.76 30 2 

 Jordan Lake-New Hope River (5) 1 40.76 30 2 

 Upper Little River (6) 1 40.76 30 2 

 

 Table D- 5. Water Purification Valuation: Phosphorus 

Sub-watershed Name (ID) Calibration Cost/kg 
Time span 

(Yrs) 
Discount 

Falls Lake, Milburnie Lake/Neuse 
River, Crabtree Creek (1) 

1 313.10 30 3 

 Middle Creek (2) 1 313.10 30 3 

 Swift Creek (3) 1 313.10 30 3 

 Walnut Creek-Neuse River (4) 1 313.10 30 3 

 Jordan Lake-New Hope River (5) 1 313.10 30 3 

 Upper Little River (6) 1 313.10 30 3 
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E: Habitat Improvement and Wildlife-associated Recreation Value 

 Table E- 1. Data resources for habitat improvement and wildlife-associated recreation models. 

Data Release 
Date 

Data Resource Model(s) 

2001 NC GAP Landcover  

1. Wetland Value Meta Function, 
2. Aquatic Habitat Nonuse & Improvement Value, 
3. Threatened/Endangered Species  Meta Function 
4. Terrestrial Habitat Value per Acre Meta Function, 
5. State Level Wildlife Viewing Visitor Use Estimating Model 

10/2010 
Publically Managed 
Open Space  

1. Aquatic Habitat Nonuse & Improvement Value, 
2. Threatened/Endangered Species  Meta Function, 
3. Terrestrial Habitat Value per Acre Meta Function, 
4. State Level Wildlife Viewing Visitor Use Estimating Model 

2009, 2010 

2010 County Census 
figures for number of 
households and 
median household 
income  

1. Wetland Value Meta Function, 
2. Aquatic Habitat Nonuse & Improvement Value, 
3. Threatened And Endangered Species Value 
4. Terrestrial Habitat Value per Acre Meta Function, 
5. State Level Wildlife Viewing Visitor Use Estimating Model 

8/2011 
 
Significant Natural 
Heritage Areas 

Significant Natural Heritage Areas. NC DENR, Div. of Parks 
and Recreation, Natural Heritage Program, Raleigh, North 
Carolina. Retrieved 11/2/11 from ftp://ftp.nconemap.com 

8/2011 
Natural Heritage 
Element Occurrences 

NC DENR, Div. of Parks and Recreation, Natural Heritage 
Program, Raleigh, North Carolina. Retrieved 11/2/11 from 
ftp://ftp.nconemap.com 

  
 Table E- 2. Species of conservation concern found throughout the study area. 

 
Open Space 

 
Scientific Name 

 
Common Name 

State 
Protection 

Status40 

High Quality 
Resource?41 

Invertebrate Animals 

Crabtree / Oak Park Greenway; 
Triangle Greenways Council Land; 
Wake County Open Space; 
Southeast Regional Park 

Alasmidonta undulata Triangle Floater T Y 

Lake Benson; Triangle Greenways 
Council Land; Liles Open space in 
Garner 

Lampsilis radiata 
radiata 

Eastern Lamp 
mussel 

T Y 

                                                             

40
 This status is designated by the Wildlife Resources Commission and the Natural Heritage Program. T=threatened, 

SR=significantly rare, SC=special concern, E=Endangered (Finnegan, 2008).  
41 High-quality resources, defined by the North Carolina Department of Transportation, include fish with a global 
rank of G1, G2 or G3 and a state rank of S1 or S2; state or federally endangered or threatened mussels; and, 
aquatic and wetland vascular plants with a global rank of G1 or G2 and a State Rank of S1 or S2 (Finnegan, 2008).  

ftp://ftp.nconemap.com/outgoing/vector/snha.zip
ftp://ftp.nconemap.com/outgoing/vector/nheo.zip
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Open Space 

 
Scientific Name 

 
Common Name 

State 
Protection 

Status40 

High Quality 
Resource?

41
 

Triangle Greenways Council Land; 
Underhill mitigation site; Wake 
County Open Space; Crabtree / 
Oak Park Greenway; ; Southeast 
Regional Park; Umstead Park; 
NCSU Agricultural Research Land 

Strophitus undulatus Creeper T Y 

Lake Benson; Little River 
Reservoir; Underhill mitigation 

Alasmidonta heterodon 
Dwarf Wedge 
mussel 

E Y 

Underhill mitigation site; Wake 
County Open Space; Southeast 
Regional Park; Umstead Park; 
Mitchell Mill Park 

Fusconaia masoni Atlantic Pigtoe E Y 

Barham Farm; Mitchell Mill Park Lasmigona subviridis Green Floater E Y 

Underhill mitigation site Elliptio lanceolata Yellow Lance E Y 

Falls Lake; Phillips mitigation site; 
BW Wells State Recreation Area; 
Shinleaf State Recreation Area 

Cambarus davidi 
Carolina Ladle 
Crayfish 

SR N 

Triangle Greenways Council Land; 
Umstead Park 

Villosa constricta 
Notched 
Rainbow 

SC N 

Nonvascular Plants 

Mitchell Mill Park 
Cleistocarpidium 
palustre 

A Moss SR-T N 

Vascular Plants 

Barham Farm; Cedar Fork Creek; 
Little River Reservoir 

Portulaca smallii 
Small's 
Portulaca 

T N 

Mitchell Mill Park Cyperus granitophilus 
Granite 
Flatsedge 

SR-T N 

Umstead Park Trifolium reflexum Buffalo Clover SR-T N 

Falls Lake Cardamine douglassii 
Douglass's 
Bittercress 

SR-P N 

Umstead Park Matelea decipiens Glade Milkvine SR-P N 

Umstead Park 
Pseudognaphalium 
helleri 

Heller's Rabbit-
Tobacco 

SR-P N 

Lake Johnson Metro Park Magnolia macrophylla 
Bigleaf 
Magnolia 

SR-P N 

Umstead Park Liatris squarrulosa 
Earle's Blazing-
star 

SR-P N 

Umstead Park 
Pycnanthemum 
virginianum 

Virginia 
Mountain-mint 

SR-P N 

Umstead Park Ruellia purshiana 
Pursh's Wild-
petunia 

SR-O N 

Marks Creek OS; Schenck Forest; 
Umstead Park 

Rhus michauxii 
Michaux's 
Sumac 

E-SC N 

Yates Mill Pond Park 
Trillium pusillum var. 
virginianum 

Virginia Least 
Trillium 

E N 
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Open Space 

 
Scientific Name 

 
Common Name 

State 
Protection 

Status40 

High Quality 
Resource?

41
 

 
Vertebrate Animals 

Holly Springs open space Ambystoma tigrinum 
Eastern Tiger 
Salamander 

T N 

Lake Benson; Yates Mill; Crabtree 
Creek mitigation site 

Haliaeetus 
leucocephalus 

Bald Eagle T N 

Falls Lake; Umstead Park 
Hemidactylium 
scutatum 

Four-toed 
Salamander 

SC N 

Mitchell Mill Park Necturus lewisi 
Neuse River 
Waterdog 

SC N 

Animal Assemblages 

Dutchman's Creek mitigation site;  
City of Raleigh open space 

 
Colonial 
Wading Bird 
Colony 

 N 

Natural Communities 

Umstead Park;  Falls Lake  

Basic Mesic 
forest 
(piedmont 
subtype) 

 N 

Falls Lake  
Ultramafic 
outcrop barren 

 N 

Jordan Lake  

Piedmont / 
mountain 
bottomland 
forest 

 N 

Jordan Lake; Horseshoe Farm Park  Floodplain pool  N 

Mitchell Mill Park (Little River 
Corridor) 

 Granitic flatrock  N 

Horseshoe Farm Park  
Piedmont/mou
ntain levee 
forest 

 N 

Triangle Greenways Council Land; 
Umstead Park;  

 
Piedmont/low 
mountain 
alluvial forest 

 N 

Falls Lake; Centennial Campus OS 
(Lake Raleighwoods) 

 

Mesic mixed 
hardwood 
forest 
(piedmont 
subtype) 

 N 

  Sources: Natural Heritage Program Element Occurrences (2011), NCGAP Analysis Project (2001).  
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Wetland Species Habitat in the Study Area 

To find the species that live in wetland habitat, NHEO_pt.shp was clipped to Wake County and all extant 
species with medium or greater accuracy were selected with the following SQL statement: 
Select * where "EO_STAT" = 'Extant' AND "ESTI_ACCR" NOT LIKE '%Low'. Selected EO_pt data was used 
to select from USFWS_wetlands.shp the wetlands that contain extant species. The resulting map was 
joined to Dr. Cheshire's OS_with_EOs_Area to include the scientific and common species names with the 
species family name. There are 13 unique species (habitat) found in wetlands > 16.2 ha within the study 
area: 
 
  Table E- 3. Species habitat found in wetlands within study area. 

Family Open Space Scientific Name Common Name 

Invertebrate Animal Underhill mitigation site Alasmidonta heterodon Dwarf Wedgemussel 

Vertebrate Animal   Ambystoma tigrinum 
Eastern Tiger 
Salamander 

Invertebrate Animal 
Shinleaf State Recreation 
Area 

Cambarus davidi Carolina Ladle Crayfish 

Animal Assemblage 
Dutchman's Creek 
mitigation site 

Colonial Wading Bird 
Colony 

  

Animal Assemblage Raleigh Open Space 
Colonial Wading Bird 
Colony 

  

Vascular Plant Mitchell Mill Park Cyperus granitophilus Granite Flatsedge 

Natural Community Horseshoe Farm Park Floodplain pool   

Natural Community Jordan Lake Open Space Floodplain pool   

Invertebrate Animal Underhill mitigation site Fusconaia masoni Atlantic Pigtoe 

Invertebrate Animal Wake County Open Space Fusconaia masoni Atlantic Pigtoe 

Natural Community Little River Reservoir Granitic flatrock   

Natural Community Mitchell Mill Park Granitic flatrock   

Vertebrate Animal 
Crabtree Creek mitigation 
project 

Haliaeetus leucocephalus Bald Eagle 

Vertebrate Animal Mitchell Mill Park Necturus lewisi Neuse River Waterdog 

Natural Community 
Triangle Greenways Council 
Land 

Piedmont/low mountain 
alluvial forest 

  

Vascular Plant Little River Reservoir Portulaca smallii Small's Portulaca 

Invertebrate Animal Umstead Park Strophitus undulatus Creeper 

Invertebrate Animal Underhill mitigation site Strophitus undulatus Creeper 

 Source: 2006 NHP Element Occurrences, 2010 US Fish & Wildlife Service. 
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Formulas used in the Wildlife Habitat Benefits Estimation Toolkit to calculate economic values 

 
Aquatic Habitat Non-use and Improvement Meta-analysis 

 Johnston et al. (2005) provide a meta-analysis of per household willingness to pay for improvements in 

water quality, aquatic habitat and recreational fishing conditions in the United States, reflecting the total economic 

value comprising both use and non-use. The studies include lakes, rivers, and estuaries as well as salt ponds/salt 

marshes. Since total economic values are estimated, the contingent valuation method is the primary methodology. 

 The model yields the change in willingness to pay, moving from the current baseline water quality as 

measured by a numeric score on the Resources for the Future (RFF) water quality ladder, taken from Mitchell and 

Carson [1989: 345]. Some judgment is obviously required as the levels on the RFF water quality ladder cannot be 

objectively mapped to water quality measurements such as dissolved oxygen and pH level. 

 

Threatened and Endangered Species Meta-analysis Estimation Model 

Dependent Variable: WTP2006 
Method: Least Squares 
Included observations: 67 
 
Variable      Coefficient     Std. Error    t-Statistic   Probability 

Constant     -23.0109          16.426       -1.400        0.1665 

Change size       0.1928            0.058        3.324        0.0015 

Payment Frequency     35.4734          16.765       2.115         0.0386 

CV Format      32.7929          14.447       2.269         0.0269 

Visitor       77.4726          18.146       4.269         0.0001 

Marine       45.3756          18.999       2.388         0.0201 

Bird       33.1836          15.126       2.193         0.0322 

Choice Experiment    221.7361          26.161       8.475         0.0000 

______________________________________________________________________________ 

R-squared    0.6382   Mean dependent variable  78.6082 

Adjusted R-squared   0.5952   S.D. dependent variable  78.9802 

S.E. of regression                50.2473   F-statistic   14.8661 

Log likelihood             -353.2453  Probability (F-statistic)     0.0000 

_________________________________________________________________________ 

 

 Based on the adjusted R-squared, 60% of the variation in willingness to pay for threatened and 

endangered species is explained by the independent variables. Based on the F statistic, the independent variables 
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as a group are statistically different from zero at the 1% level. Since this is a linear model, there is a constant 

relationship between the independent variables and willingness to pay. Therefore, if the size of the species 

population increased by 1%, annual household willingness to pay increased by $0.19.  

 If payment took the form of a one-time payment or the purchase of a lifetime membership, willingness to 

pay increased by $35.47 compared to annual payments. However, since the meta benefit transfer function has 

been standardized to predict annual household willingness to pay, this onetime payment variable is set to zero. If 

the contingent valuation survey is dichotomous choice, willingness to pay increases by $32.79. If a visitor is valuing 

a species, willingness to pay increases by $77.47. If a bird is being valued, willingness to pay increased by $33.18. If 

the study is a choice experiment, willingness to pay increases $221.74. The influence of this choice experiment 

variable is moderated by the fact that only 7.5% of the value estimates come from choice experiments. Thus, in the 

meta-benefit transfer function, the net effect of this variable is just $16.63 on the overall annual household 

willingness to pay. 

 

Meta-Analysis of Terrestrial Habitat Value 

____________________________________________________________________________ 

Variable       Mean  Coefficient  Std. Error 

Dependent Variable is Natural Log of benefits per acre 

____________________________________________ 

Constant           1    -10.3666  6.238 

YEAR OF STUDY (1982=1, …)         9.26         0.465  0.185 

LNACRE (Natural Log of Acres)       10.27         0.344  0.369 

CVM (1 if CVM study)          0.91         1.514  2.262 

PUBLISH (1= published in journal article)        0.83         -0.272  2.09 

VIEWING (1 if habitat provided viewing)        0.61          6.669  2.059 

OS (open space)           0.26         5.331  2.073 

OSHABMULT            0.39          2.014  1.555 
(open space + habitat multiple species' habitat) 
_____________________________________________________________________________ 

 

 The overall equation had an adjusted R-squared of 0.388, and the F statistic was 2.99, statistically 

significant at the 0.05 level. Based on comparison of coefficient to the standard errors, the year of the study, 

Viewing and Open Space were statistically significant variables. A meta-analysis of habitat values was conducted by 

Borisova-Kidder (2006) as part of his dissertation at Ohio State University under the direction of Alan Randall, 

Timothy Haab and Brent Shongen. The meta-analysis included eleven U.S. studies that produced 23 observations. 
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Species and habitats included spotted owls in old growth forests, piping plovers and nesting beaches, agricultural 

land as well as wilderness. 

 

Wildlife-associated Recreational Activity Days 

___________________________________________ 

Dependent Variable: Ln(Wildlife-Watching Activity Days) 

Method: Least Squares 

Observations: 48 

Variable      Coefficient    Std. Error     t-Statistic      Probability 

Constant      3.7016          0.8926     4.1472          0.0002 

Ln(Forest Land)     0.2021           0.0640     3.1583          0.0029 

Population      5.67E-08       1.26E-08    4.4995          0.0001 

Median Income      4.09E-05       1.12E-05         3.6592          0.0007 

_______________________________________________________________________________ 

R-squared   0.7465   Mean dependent variable  8.6082 

Adjusted R-squared  0.7229   S.D. dependent variable  0.8684 

S.E. of regression  0.4571   F-statistic                 31.6553 

Log likelihood               -27.8934   Probability (F-statistic)        0.0000 

_____________________________________________________________________________ 

 

 Based on the adjusted R-squared, 72% of the variation in nonresidential wildlife-watching activity days is 

explained by the independent variables. Based on the F statistic, the independent variables as a group are 

statistically different from zero at the 1% level. 

 State forestland has a positive effect on wildlife-watching activity days and is significant at the 1% level. 

Due to the double log functional form, the state forestland coefficient can also be interpreted as the percentage 

change in wildlife-watching activity days. A 1% change in state forestland causes a 0.2% change in wildlife-watching 

activity days. As state forestland increases, wildlife-watching activity days increase at a decreasing rate 

(diminishing marginal effect). Population and median income also have positive effects on wildlife-watching 

activity days, which are significant at the 1% level.  
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F. Mecklenburg County (Kirschman) Study Comparison 

 
The four modeling scenarios from left to right are:  
 
W-W: The Toolkit model using Wake demographics and WTP values  

W-M:  The Toolkit model using Mecklenburg demographics and direct market values 

M-M:   The Kirschman model using Mecklenburg demographics and direct market values 

M-W:  The Kirschman model using Wake demographics and WTP values  

 

The viewing values are highest in the W-W and M-W modeling scenarios, irrespective of  demographic differences, 
because the values tied to the number of viewing days reflect the visitors' willingness to pay above what they 
actually spend to participate, which is consumer surplus. The operating budget and visitor spending revenues used 
in the Mecklenburg study do not capture consumer surplus. 
 

        
 Figure F-2.  Comparison of wildlife-associated recreation values in Wake and Mecklenburg studies. 
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