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Project Overview 

People benefit from the many services provided by nature such as clean air, clean water, and biodiverse landscapes. For 
example, trees and other landcover remove carbon dioxide from the air, prevent excess nutrients from entering our 
waterways, and increase our enjoyment of nature by providing habitat for wildlife. This study is intended to heighten 
awareness of publicly managed open space property by identifying and placing a dollar value on their biological, 
economic and social worth. This document details the value provided to Wake County residents who directly and 
indirectly benefit from these ecological services. This assessment is a first step toward increasing the capacity of decision 
makers throughout Wake County to create a more effective way of protecting our natural resources. As analytical 
capabilities increase and our understanding of ecosystem services develop, robust valuation methods can form a 
framework for future policy- and decision-making.  

Major Findings  

The public's investment in open space property has provided Wake County with measurable value (Figure 1).  While the 
environmental and recreational benefits of open space preservation may be apparent, economic benefits such as water 
purification, flood control, and climate regulation are sometimes less evident.   In this study, ecosystem service benefits 
were estimated for nitrogen and phosphorus retention, carbon sequestration and storage, habitat protection and its 
direct influence on wildlife-associated recreation.  As indicated in Figure 1, substantial value can be realized through the 
conservation of terrestrial and aquatic ecosystems, especially for carbon storage, wildlife habitat protection, and its 
associated recreational opportunities. 
 
   Figure 1. Ecosystem service values provided by publicly managed open space in Wake County. 

  

 Carbon dioxide is sequestered (captured) by trees and shrubs and is stored as carbon in landcover where it remains 
until released through fire, harvest, or soil disturbance. The storage of carbon regulates the effects of climate change, 
reduces health problems caused by heart and lung disease, and reduces catastrophic damage caused by erratic weather 
conditions. These benefits would not exist if trees and shrubs were removed. Landcover sequestered an estimated 145 
tons of carbon dioxide annually and two million tons of carbon was stored in the trees, shrubs, and soil in the study area. 
Annual sequestration was valued at $8.6 million and the benefit of accumulated carbon over a 50-year period was 
valued at $130 million in terms of the damage avoided. 
 
Protecting wildlife habitat in Wake County's publicly managed open space increases biodiversity, provides residents with 
a variety of activities including wildlife viewing and educational opportunities, as well as the occasion to engage in 
scientific discovery, with an estimated daily value of $55. An increase in biodiversity realized through habitat protection 
was valued at $45.4 million and the recreational opportunities afforded by this protection were valued at $39.3 million 
annually. The loss of biodiverse habitat would result in the loss of the aforementioned values as well as the waste 
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management, flood protection services, and ecosystem health, which deliver tangible benefits to the citizens of Wake 
County.   
 
Nutrient retention reduces water pollution when trees, shrubs, and soil remove nitrogen and phosphorus from 
stormwater runoff, thus reducing the cost of removing these nutrients artificially from water supply reservoirs —a 
benefit that would not exist if this open space had not been designated.  Landcover retained an estimated 30 tons of 
nitrogen and phosphorus annually, which was valued at $2.5 million. 
 
We often think of conservation in terms of its cost rather than its value.1   Conversely, we often measure residential and 
commercial land development in terms of its value rather than its cost.  When we incorporate the services of ecosystems 
into the equation we may realize that the benefits of maintaining the integrity of ecosystems are high when compared 
with the costs of not having them. Calculating the economic cost of artificial water treatment or the social cost of carbon 
emissions may seem like an artificial way to value our connection to nature; yet appreciating nature from an economic 
perspective helps put environmental concerns on the table in a way that governments and institutions can understand.   

Ecosystem Service Values 

The following sections of this report detail how the ecosystem service values presented here were calculated.  This more 
technical discussion is intended to shed light on the complex process of how ecosystem services were valued for the 
properties analyzed in Wake County. 
 
The ecosystem service values for carbon sequestration and storage, and nutrient retention are presented as per hectare 
averages to illustrate landcover variability across properties included in the study. The annual benefit of biodiversity 
protection through habitat conservation was measured for the study area as a whole but averages $3,204 per hectare. 
The associated recreational opportunities averaged $2,774 per hectare. The following discussion details the valuation 
process. 

Air Quality (Climate Regulation)  

The mix of landcover and plant age on each property influences the amount of carbon dioxide that can be captured on 
the landscape. Sequestration rates are greatest in fast growing plants and immature trees, and landcover data indicate 
the greatest density of rapidly growing species per hectare in the Falls Lake Recreation Area, Wake County Open Space, 
Crabtree Creek/Oak Park Greenway, and the Tobacco Trail adjacent to Lake Jordan (Table 1).   
 
Carbon storage is greatest in mature urban landscapes, forests, and wetlands where trees have stored a tremendous 
amount of carbon and sequestration has slowed. Large properties like the Falls Lake Recreation Area include a mix of 
fast growing and mature species, which explains its top rank in both sequestration and storage volume (smaller 
properties are  more likely to have relatively similar species and at a uniform growth stage). A difference in the size of 
each property makes it difficult to see the influence that landcover type has on carbon sequestration rates and 
accumulated storage. Comparing properties based on a single hectare allows us to see the influence of landcover 
differences. Sequestration and storage benefits are based on the social cost of carbon, which was valued at $60 per ton2. 
Multiplying sequestration rates and storage volume by the social cost of carbon emission (SCC) is the basis for valuing 
these services. On a per hectare basis, the benefits of carbon dioxide capture averaged $612 per hectare annually. The 
lifetime benefit of carbon storage averaged $9,186 per hectare. 
 
 
 
 
 
 



Calculating the Value of Nature on Publicly Managed Open Space in Wake County, North Carolina 2012 

 

3  
 

   Table 1. Carbon sequestration and storage values across study area properties. 

Property 
(ranked by sequestration value) 

Annual  
Sequestration Benefit/ha 

(SCC @ $60/ton) 

Cumulative 
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 
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 
Dutchman's Creek Mitigation     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     478  5,738 Lake Benson Open Space 
Lake Benson Open Space    350  4,599 Randleigh Field Lab 

Totals               $ 33,562                 $ 477,436 Totals 

Water Quality (Nutrient Retention)  

Benefits were measured by looking at stormwater nutrient flow the county's watersheds. Nutrient retention rates differ 
among landcover type, soil type and landscape slope. The annual retention of nitrogen amounts to 22,064 kilograms and 
phosphorus is retained at 5,012 kilograms 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 differences in cost to artificially remove these pollutants from the 
Jordan and Falls Lake reservoirs to meet water quality standards. The cost of alternative wastewater treatment is $41 
per kilogram for nitrogen and $313 per kilogram for phosphorus, the equivalent of 5 cents per ton for nitrogen and 35 
cents per ton for phosphorus3.  Benefits were based on offset rates established by the Ecosystem Enhancement 
Program, which represent the cost of artificial nutrient removal. Multiplying retention rates by the cost of replacing 
biological filtration with artificial water treatment is the basis for valuing this service.   
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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 of nutrient flowing from upstream land 
contributes significantly to the amount of nutrient retained downstream. Differences in property size make it difficult to 
see the influence landcover type has on nutrient retention rates. Comparing properties based on a single hectare allows 
us to understand the influence of landcover differences (Table 3). The annual benefits of nutrient retention averaged 
$63 per hectare for nitrogen and $111 per hectare for phosphorus. The retention value for each nutrient is listed 
separately because the same landcover often retains both nutrients and adding them together would distort the overall 
retention service by overestimating the benefit of biological nutrient retention.    

 
   Table 2. Economic benefits of nutrient retention in Wake County watersheds. 

 
Sub-watershed(s) 

 
Property 

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 Area 4   $ 236 $ 348 

City of Raleigh Greenways #1 and 2 66 102 
Horseshoe Farm Park 113 170 
Umstead Park 71 99 
Crabtree Creek./Oak Park Greenway 88 104 
Schenck Forest 94 124 
NCSU Ag Research Land 120 178 
Anderson Point Park 348 434 
Alvis Farm 105 170 
Crabtree Creek Mitigation Site 61 91 
Milburnie Park 48 67 
Drewry Hills Park 31 41 

 
Middle Creek 

Southeast Regional Park 110 209 

Hemlock Bluffs 58 79 
Triangle Greenway Council Land 51 72 

Swift Creek 

Yates Mill Park 157 308 
Underhill Mitigation Site 76 112 
Phillips Mitigation Site 2 2 
Lake Benson Open Space 103 270 
Lake Johnson Open Space 63 95 
Lake Raleigh Woods 51 70 
City of Raleigh Greenway #3 75 115 
Neuse River Greenway 118 352 
Marks Creek Open Space 97 158 
Lake Myra Open Space 287 615 
Randleigh Field Lab 138 183 

Jordan Lake-New Hope River 

Jordan Lake Open Space 78 117 

Tobacco Trail Open Space 0.2 0.2 

Barnham Farm 164 336 

 
Upper Little River 

Little River Open Space 162 375 

Mitchell Mill Park 108 312 

Cedar Fork Open Space 58 76 

Totals (per hectare)     $ 3,563 $ 6,346  

 

Wildlife Habitat Protection and Biodiversity Conservation 

We cannot purchase biodiversity at the market but its value can be estimated through non-market valuation techniques. 
A person's willingness to pay can estimate the existence value of an ecologically diverse landscape. I did not survey local 
residents; instead, I measured the value of biodiversity by using estimates from other study sites of similar habitat size, 
characteristics, and demographics. Willingness to pay information is the monetary measure of the enjoyment received 
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from a good or service, representing the amount someone would be willing to spend for continued access to biodiversity 
or simply knowing that a species exists. The specific benefits used for this study were associated with the preservation of 
biodiversity were a willingness to pay to keep or gain protection for habitat, the services wetland ecosystems provide, 
and a 10% increase in a representative bird species. The direct market costs of artificial flood prevention and water 
purification supplemented these values.  
Aquatic habitat protection provides a $64.43 benefit to each Wake County household for an annual total value of 
$22,327,620 countywide (Table 3). Terrestrial habitat represented a benefit of $48 per hectare protected for an annual 
total value of $603,285 across the study area. Every 10% increase in a bird species represented a benefit of $50.82 per 
household for an annual total benefit of $17,610,138 countywide. Wetlands supply several ecosystem services including 
flood prevention, water purification, bird watching opportunities, amenity value, and habitat (Table 4). Wetlands are 
most valuable in their ability to purify water and provide bird watching opportunities. Taken together, these services 
benefit Wake County residents by providing biodiversity in publicly accessible open space and were valued at 
$45,414,039 annually. This $45 million represents the money households would collectively pay if they had to keep or 
gain protection for wildlife or habitat in the study area. 

 
     Table 3. Benefits derived from species' habitat protection. 

Habitat Protected Household 
Benefit 

Annual Benefit 
(across properties) 

Aquatic  $  64.43 $  22,327,620 

Terrestrial      48.00 603,285 

10% increase in bird 

species 
    50.82 17,610,138 

Total Protection Value $  40,541,043 

Table 4.  Ecosystem service values of wetlands.            

Ecosystem 

Service 

Value/ha Annual  
Value 

Share of 
Total Value 

Bird watching                    $  1,937 $  2,351,518 48% 

Water purification              1,386 1,682,604 34% 

Habitat                                    353 428,542 10% 

Flood prevention                     250 303,500   6% 

Amenity                                     88 106,832   2% 

Total Service Value $  4,872,996 100% 

 
Wildlife-associated Recreational Opportunities 

The value of recreational benefits was measured by willingness to pay for continued access to biodiversity or simply 
knowing that a species exists. Wildlife-viewing days represent the rate at which residents might visit the study area. A 
daily viewing value was calculated as a willingness to pay per visit and the economic impact of expenditures for these 
visits. The number of wildlife-viewing days and the daily viewing value measured the annual recreational benefit that 
biodiversity could provide. The median income of Wake County residents and the 14,175 hectares of open space 
generate 715,037 wildlife-viewing days. When multiplied by a daily viewing value of $55, the annual benefit of wildlife-
associated recreation is close to $40 million (Table 5). A comparison of estimated values for habitat improvement and 
for recreational benefits shows a close association between the willingness to pay for habitat protection and visitor 
enjoyment of the recreational opportunities offered by that protection.  
 
 Table 5. Value of recreational opportunities provided by wildlife habitat protection. 

 

 

Study Sites Used for This Research 

The study area for this project encompassed 39 properties spread across ten watersheds covering 14,175 hectares. The 
sites included 52.8% of all publicly managed open space in Wake County, as well as 94% of the county's Significant 
Natural Heritage Areas and existing (extant) Element Occurrences. Element Occurrences refer to rare plant and animal 
species and habitat suitable for the conservation of endangered species. Occurrences are generally found within 
Significant Natural Heritage Areas, which are core areas needed to meet a species' biological needs. Species' habitat 

Ecosystem Service Annual Viewing Days Value per Visitor Day Annual Benefit 

Wildlife-associated Recreation 715,037 $55 $ 39,327,035 
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included forestland (52%), fresh open water (20%), forested wetland (9%), agricultural land (5%), successional grassland 
(12%), and urban development (2%).  The dominant forest types were Southern Piedmont Dry Oak-Pine (25%) and 
Evergreen Plantations (22%). Wetland habitats were dominated by Southern Piedmont Large Floodplain Forest (21%) 
and Southern Piedmont Small Floodplain Riparian Forest (78%). 
Element Occurrences receive state protection status, assigned jointly by the Natural Heritage Program (NHP), Wildlife 
Resources Commission (WRC) and Plant Conservation Program (PCP). The Department of Transportation (DOT) 
designates as High Quality Resources invertebrate and vascular plant species that state and federal agencies have 
deemed significantly rare or imperiled.5 As of August 2011, NHP had identified 165 extant Element Occurrences in Wake 
County. The study area contains suitable habitat for 31, or 18%, of these protected species (Table 6).  

      
      Table 6. Extant Element Occurrences found within the study area. 

Protection Status Designee 
Element Occurrences  

 in the Study Area  

Significantly rare species WRC (animals);NHP and PCP (plants) 11 
Threatened species WRC (animals);NHP and PCP (plants)   6 
Significantly rare or imperiled invertebrate species and 
vascular plants deemed High Quality  Resources  

DOT   5 

Endangered species WRC (animals);NHP and PCP (plants)   5 
Species of special concern WRC (animals);NHP and PCP (plants)   4 

 
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 supply6  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 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 within them may 
encourage local governments and other key decision makers to understand the valuable services these resources 
provide to society. This research project is intended 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 planners must understand how to incorporate the 
value of natural capital onto the balance sheet if they are to account fully for the social and ecological benefits these 
resources provide. 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.7  
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Appendix 

Data and Software Tools 

Ecosystem services associated with climate regulation and water purification were measured using an ecosystem service 
mapping and modeling tool titled Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST).  InVEST was 
developed by the Natural Capital Project in partnership with The Nature Conservancy and World Wildlife Fund8 to plan 
development zones that avoid areas of high ecosystem service provision and conservation importance. To quantify the 
benefits of carbon sequestration and storage, the social cost of carbon was used to express this value. The benefits of 
nutrient retention were expressed as the cost of replacing biological filtration with artificial stormwater treatment.   
     
Services derived from the ability of landcover to supply species' habitat were estimated using the Wildlife Habitat 
Benefits Estimation Toolkit (Toolkit). 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 Program9. The models measure a wide range of habitat provisioning that enhances biodiversity 
and provides wildlife-associated recreational opportunities. Benefits of biodiversity and wildlife-associated recreation 
measured a willingness to pay to observe wildlife or simply know that a species exists. The Benefit Transfer Method was 
used to assign value by transferring willingness to pay estimates from other study sites of similar habitat size, 
characteristics and demographics. Findings reflect benefits based on data available in 2011.  
     
Geospatial data provided the spatially explicit biogeochemical information needed to identify and assess specific 
ecosystem services present in the study area (Table 7). Landcover data were used in all models to identify biophysical 
profiles to assess climate regulation, water purification and biodiversity. Evapotranspiration, precipitation, soil depth, 
plant available water, hydrologic units and digital elevation data were used to determine the expected rates of nitrogen 
and phosphorus retention in the nutrient simulation model. Wetland and deepwater habitat data were used to 
supplement landcover data to identify aquatic species' habitat. ArcGIS 9.3.1 and Soil Data Viewer 5.2, an extension to 
ArcMap, were used in the geospatial map analysis10. All geospatial 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 
were 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. 
 

     Table 7. Geospatial data used in this study. 

Geospatial Data  Date Agency 

Potential evapotranspiration for Wake County's landcover 2011 Food and Agriculture Organization of the U.N. 
Publicly managed open space in Wake County 10/2010 Geographic Information Systems Department   
Soil survey data indicating soil depth and plant available water 
capacity for Wake County soils 

2006 Natural Resources Conservation Service 

Landcover data that use the Multi-Resolution Land 
Characteristics Consortium landcover classification system11 ;  
10-digit HUC watershed data for North Carolina 

2001 North Carolina GAP Analysis Project 

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

8/2011 North Carolina Natural Heritage Program 

Estimated precipitation in North Carolina  
1997-
2001 

Prism Climate Group at Oregon State University 

Wetlands and deepwater habitats in Wake County 2010 United States Fish and Wildlife Service 
Digital Elevation (Hydrology) Model for North Carolina 4/2011 United States Geological Survey 

 
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 



Calculating the Value of Nature on Publicly Managed Open Space in Wake County, North Carolina 2012 

 

8  
 

compile the value tables12. In contrast to InVEST where monetary values were supplied to quantify the biophysical 
benefits of climate regulation and water purification, the Toolkit applied benefit transfer methods to relate a willingness 
to pay for wildlife recreation to an improvement in the habitat of threatened, endangered and rare species.  Benefit 
transfer methods were used to apply contingent valuation and replacement cost data to estimate the existence and 
service values of wetlands, aquatic resources and terrestrial habitats. 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. 

Analytical Formulas 

Ecosystem Benefit Valuation Procedure 

Carbon 
sequestration 

The amount of carbon captured in aboveground biomass within each landcover class multiplied by landcover class area on 
each property and the social cost of carbon @ $60/ton-C. 

Carbon storage The amount of carbon stored in each of 4 carbon pools multiplied by landcover class area on each property and the social 
cost of carbon @ $60/ton-C. 

Nitrogen retention Net retention was measured by subtracting nutrient filtration from nutrient export in a simulated flow of nutrients down the 
hydrologic pathway to surface water outlets in each sub-watershed, multiplied by the cost of replacing the natural filtration 
process with artificial water treatment @ the EEP rate of $40.76/kg-N. 

Phosphorus 
retention 

Net retention was measured by subtracting nutrient filtration from nutrient export in a simulated flow of nutrients down the 
hydrologic pathway to surface water outlets in each sub-watershed, multiplied by the cost of replacing the natural filtration 
process with artificial water treatment @ the EEP rate of $313.10/kg-P. 

Habitat and 
species protection 

Exponential functions relating demographics, site characteristics and changes in the quality of species' habitat to the rate at 
which benefits increase or decline in value. The benefit of species' preservation was measured by applying willingness to pay 
data to the defined area and a positive change in the population of a threatened bird species. Wetland benefits were based 
on a willingness to pay for services and the cost of alternative means of flood protection and water purification.  

Wildlife-associated 
Recreation 

The estimated number of wildlife-viewing days relates the 14,175ha of open space and $66,474 in median household 
income in Wake's 346,536 households to the rate at which residents might visit the study area. A daily viewing value is the 
willingness to pay per visit and the economic impact of visitor expenditures. The product of 715, 037 wildlife-viewing days 
and the $55 daily viewing value expressed the annual recreational benefit that biodiversity provides to Wake County 
residents. 

Endnotes 

                                                             
1   Further discussion of research by Edward Barbier on the economics of natural resources is available in the March 6, 2010 TIME  
    Magazine article written by Judith D. Schwartz (http://ti.me/bMyFRy). 
2  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 (See R.S.J. Tol, 2008. Social Cost of Carbon). 
3  North Carolina Department of Environment and Resources. (2011). Ecosystem Enhancement Program In-Lieu Fee Programs.     
4
  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. 
5  Finnegan, J. (2008). Element Occurrence Source Features, page 12. North Carolina Natural Heritage Program, NC Department of 
 Environment and Natural Resources. Raleigh, NC. 
6
   Wake County Parks, Recreation and Open Space 2006 Consolidated Open Space Plan, Appendix B: The Benefits of Open Space 

7   Moll, G. Repairing Ecosystems at Home. American Forests Magazine (Summer 2005).  
8
   This software is available from http://www.naturalcapitalproject.org. 

9
   This software is available from http://www.defenders.org. 

10
  ArcGIS, version 9.3.1 is distributed by the Environmental Systems Research Institute [ESRI] in Redlands, CA. The Soil Data View 

     was developed by the Natural Resources Conservation Service, NRCS National Soil Survey Center, Lincoln, NE. 
11

  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). 
12  Kroeger, T., Loomis, J. and Casey, F. Introduction to the Wildlife Habitat Benefits Estimation Toolkit. National Council for 
   Science and the Environment 2008 Wildlife Habitat Policy Research Program Project Topic 1H: Development of an Operational 
  Benefits Estimation Tool for the U.S. 

http://invest.ecoinformatics.org/
http://www.defenders.org/programs_and_policy/science_and_economics/conservation_economics/valuation/benefits_toolkit.php

