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ABSTRACT 

Climate change threatens the ecological and socioeconomic sustainability of Dare, Hyde, 

and Tyrrell counties as they are the three lowest-lying counties in all of North Carolina, making 

them particularly vulnerable to sea level rise (SLR) and changes in storm intensity and 

frequency.  The objectives of this study are to : (1) summarize the socioeconomic importance of 

these three counties, including an evaluation of ecosystem services provided by coastal and 

marine environments; (2) project the potential biophysical impacts climate change may have in 

the future; and  (3) conclude with an evaluation of the current climate adaptation policies and 

strategies, including land-use plans and shoreline stabilization, that the North Carolina state 

government, local county governments, and nonprofits are implementing. 

The research demonstrates that the local economies in these counties are driven by 

agriculture, commercial fisheries, and tourism, with ecosystem services providing valuable 

resources to both local and state populations.  The consequences of climate change in the region 

are vast and unpredictable meaning effective climate adaptation strategies must be developed 

now before the implications of climate change become a reality.  Current climate adaptation 

policies provide only short-term solutions to a long-term problem.  It is recommended that 

communities weigh the economic, social, and cultural costs of armoring the shoreline versus 

retreating further inland.  Conservation organizations should focus their efforts inland in order to 

acquire conservation easements anticipating where the coastline will be in 100 years. 

 

 

 

 

 

 

 

 

 

 



 

 

TABLE OF CONTENTS 
 

 

FIGURES, TABLES, & APPENDICES      i                                                                                                                               

ACRONYMS          ii 

ACKNOWLEDGEMENTS        iii 

 

 

 

I. INTRODUCTION         1                                                                   

II.  OBJECTIVES         2                                                                                                                                             

III.  METHODS          2                                                                                                                                                          

IV.  SOCIOECONOMIC IMPORTANCE  

OF DARE, HYDE, & TYRRELL COUNTIES    2-25                       

Agriculture        3-4                                                                                                                                        

Commercial Fisheries       4-10                                                                                                                       

Recreation: Fishing, Hunting, & Wildlife Watching   10-13                                                                              

Tourism        14-15                                                                                                                                                      

Property Values & Business Statistics    15-17                                                                                           

Ecosystem Services       17-25 

V.  BIOPHYSICAL IMPACTS OF CLIMATE CHANGE    26-49         

Sea Level Rise       26-30                                                                                                                                            

Hurricanes        30                                                                                                                                                   

Ocean Circulation       31                                                                                                                      

Hydrologic Cycle       31                                                                                                                                        

Fisheries        31-44 

Coastal Wetlands       44                                                                                                                                       

Estuaries        44-46                                                                                                                                        

Barrier Islands        46-49                                                                                                                                        

VI.  CLIMATE ADAPTATION: POLICIES & STRATEGIES   49-67                                                               

North Carolina Policies      51-54                                                                                                                         

County Land Use Plans for Dare, Hyde, & Tyrrell Counties  55-57                                                                

Future of Climate Change Policies in North Carolina  57-58                                                                              

Evaluating State & Local Policies Relevant to Climate Change 58-61                                                

Hard Stabilization of Shorelines     61-64                                                                                                           

Soft Stabilization of Shorelines:  

Oyster Reefs & Submerged Aquatic Vegetation  65                                                                                                                             

Building Resiliency: Wetland & Hydrologic Restoration  65-66                                                                                                                                                      

VII.  RECOMMENDATIONS:  

SUGGESTIONS FOR FUTURE RESEARCH & MANAGEMENT 66-69                                                                                         

VIII.  CONCLUSIONS         69                                                                                                                                            

IX.  WORKS CITED         70-73 

 

 

                                                                                                                                                     

APPENDICES         A-HH 

 



i 

 

FIGURES, TABLES, & APPENDICES 
 

Figure 1: Map of Dare, Hyde, & Tyrrell Counties     1 

Figure 2: Ecosystem Services: Relationship of Intermediate Services to Benefits  18  

Figure 3: Framework of Ecosystem Functions, Goods, & Services   19 

Figure 4: Millennium Ecosystem Assessment Classification Scheme   20 

Figure 5: What Causes the Sea Level to Change?     28 

Figure 6: Projected SLR for North Carolina      29 

Figure 7: Effects of Climate Change on Oceanographic Processes & Production  34 

Figure 8: Worldwide Change in Maximum Catch Potential    40 

Figure 9: Projected Changes in Maximum Catch Potential in 20 EEZ Regions  43 

Figure 10: Map of Mid-Atlantic Barrier Island Landform Types    47 

Figure 11: Map of Mid-Atlantic Barrier Island Responses to SLR   49 

Figure 12: NC Regulatory Program       52 

 

 

 

Table 1: County Farm Profiles (2007)       3  

Table 2: Top Five Species Caught in Commercial & Recreational NC Fisheries (2010) 4 

Table 3: Top Five Species by Waterbody (2009)      5 

Table 4a: Commercial Seafood Landings by County (2009)    6  

Table 4b: Overall Landings by County (1994-2001)     6-7 

Table 5: Commercial Seafood Landings by Dealer City (2009)    7-8 

Table 6: Combined Current & Deflated Value by Major Species (1994-2001)  8-9 

Table 7: Combined Current & Deflated Value by Major Gear Type (1994-2001)  9-10 

Table 8: Average Trip Expenditures by NC Saltwater Anglers    11   

Table 9: Economic Impact of NC Recreational Saltwater Angling   11 

Table 10: Recreational Fishing Activity Expenditures in NC (2006)   12 

Table 11: Hunting Activity Expenditures in NC (2006)     12 

Table 12: Economic Impact of Hunting in NC (2001)     13 

Table 13: Wildlife Watching Activity Expenditures in NC (2006)   13 

Table 14: Economic Importance of Tourism (2010)     15 

Table 15: Population, Business, & Property Statistics (2010)    16 

Table 16: Shellfish Ecosystem Services       21 

Table 17: Seagrass Ecosystem Services       22-23 

Table 18: Wetland Ecosystem Services & Valuation     23-24 

Table 19: Sand Beach & Dune Ecosystem Services     24-25 

Table 20: Impacts of Climate Change on Fish Stocks in World Regions   33  

Table 21: Impacts of Climate Change on Fish Stocks & Fisheries Operations  37-38 

 

 

 

Appendix 1: Agricultural Crops (2010)       A-B 

Appendix 2: Valuations of Coastal & Marine Ecosystem Services   C-Y 

Appendix 3: SLR Scenarios for Dare, Hyde, & Tyrrell Counties    Z-HH 

 

 

 



ii 

 

ACRONYMS 

 

AEC: Areas of Environmental Concern 

CAMA: Coastal Area Management Act 

CMP: Coastal Management Program 

CRC: Coastal Resources Commission 

CS: Consumer Surplus 

DCM: Division of Coastal Management 

DENR: Department of Environment and Natural Resources 

DOT: Department of Transportation 

EEZ: Exclusive Economic Zone 

IPCC: Intergovernmental Panel on Climate Change 

NAO: North Atlantic Oscillation  

NGO: Non-Governmental Organization 

NPS: National Park Service 

NPV: Net Present Value 

SAV: Submerged Aquatic Vegetation 

SLR: Sea Level Rise 

SST: Sea Surface Temperatures 

TNC: The Nature Conservancy 

WTP: Willingness-to-Pay 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 

 

ACKNOWLEDGEMENTS 

This research project would not have been possible without the support of many people.  I wish 

to express my gratitude to my adviser, Dr. Mike Orbach, who offered invaluable support and 

guidance.  Deepest gratitude is also due to the staff at The Nature Conservancy in Kill Devil 

Hills, NC- with a particular thanks to my supervisor, Dr. Brian Boutin- and Dr. Andy Keeler 

from the University of North Carolina Coastal Studies Institute; without all their knowledge and 

support this study would not have been successful. 

  

Special thanks to the Nicholas School of the Environment faculty and staff for graciously 

offering advice and guidance throughout my time at Duke University.  In addition, thank you to 

Mr. & Mrs. Stanback for the financial support that made my internship at TNC and my Master’s 

Project possible. 

 

I also wish to express love and gratitude to my family and friends; for their understanding and 

endless love throughout the duration of my studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 

 

I. INTRODUCTION 

Dare, Hyde, and Tyrrell counties are the three lowest lying counties in North Carolina, 

making them particularly vulnerable to the impacts of climate change, including sea level rise 

(SLR) and changes in storm intensity and frequency (Figure 1).   

 

Figure 1: Location of Dare, Hyde, and Tyrrell counties, in relation to Albemarle and Pamlico 

sounds (2005). 

 

In addition to  the threats posed to this region by climate change, these three counties are among  

the state’s and the nation’s poorest counties (Poulter et al. 2009).  Poverty makes it more difficult 

for citizens of these communities to mitigate future concerns when they are faced with serious 

economic constraints which affect their day to day ability to survive.  Due to their biophysical 

and socioeconomic vulnerability, it is important for these counties to prepare for future climate 

change outcomes before projected consequences begin to become a reality.  By understanding 

their local economies and the potential future implications of climate change, the state and 

county governments can begin to develop more effective climate adaptation strategies. 
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II.  OBJECTIVES 

This study has three primary objectives: (1) summarize the socioeconomic importance of 

the primary industries in Dare, Hyde, and Tyrrell counties, including an evaluation of ecosystem 

services provided by coastal and marine environments; (2) project the potential biophysical 

impacts climate change may have in the future; and  (3) conclude with an evaluation of the 

current climate adaptation policies and strategies, including land-use plans and shoreline 

stabilization, that the North Carolina state government, local county governments, and nonprofits 

are implementing. 

III. METHODS 

The primary methods used in this study involved reading through scientific papers, 

websites, and government and NGO reports to develop a broad understanding of the local 

ecosystems and economy, climate change, and adaptation strategies.  The research also involved 

informal talks with researchers involved in climate adaptation research on the North Carolina 

coast from The Nature Conservancy, Duke University Marine Lab, and the University of North 

Carolina Coastal Studies Institute. 

IV. SOCIOECONOMIC IMPORTANCE OF DARE, HYDE & TYRRELL COUNTIES 

The economies of Dare, Hyde, and Tyrrell counties are characterized by involvement in  

industries such as agriculture, commercial fisheries, recreation (e.g. fishing, hunting, wildlife 

viewing), and tourism.  In order to understand each county’s socioeconomic importance within 

the broader North Carolina economy it is essential to recognize their involvement in these 

industries, as this region’s population is characterized by the prevalence of these culturally 

important businesses.  In addition, as one evaluates how the state will be economically impacted 

by climate change it is important to understand the value associated with local properties and 
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businesses within these counties because sea level rise and more frequent coastal storms threaten 

their very existence.  Final areas of socioeconomic importance are the ecosystem services coastal 

and marine habitats provide local populations, keeping in mind the larger implications that the 

loss of ecosystems such as beaches and coastal wetlands may have for the well-being of the state 

as a whole. 

Agriculture  

Agriculture plays a central role in the economies of all three counties, with the products 

produced and commercial value of the agricultural lands being important to North Carolina as a 

whole.  Dare County has only 4,921 acres devoted to farmland (2% of total land), compared to 

Tyrrell County having 53,870 farm acres (22% of total land) and Hyde leading with 82,680 farm 

acres (21% of total land) (Table 1) (2007d, 2007e, 2007b, 2007c, 2007a). 

Table 1: County Farm Profiles (2007) 

 
Dare County Hyde County Tyrrell County 

Total Acres in County                245,424                    392,146                248,980  

Land in Farms (Acres)                     4,921                      82,680                  53,870  

Land in Farms (Percentage of County) 2% 21% 22% 

Harvested Cropland (Acres) -----  59,016 50,610 

Harvested Cropland (Percentage of County) -----  15% 20% 

Average Size of Farm (Acres) 703 470 792 

Number of Farms 7 176 68 

Market Value of Products Sold -----  $          68,173,000  $      36,160,000  

Average Per Farm -----  $                387,347  $            531,765  

Average Value of Farm & Buildings  $            1,584,429  $            1,105,505  $        1,805,736  

Average Market Value of Machinery & Equipment $               132,369  $               171,764  $            269,674  

Average Total Farm Production Expense $               199,905  $               314,565  $            441,734  

Government Payments  -----  $            2,578,000  $        1,026,000  

Average Per Farm Receiving Payments -----  $                  18,153  $              17,999  

Land in Farms by Use 

Cropland -----  81.65% 95.95% 

Woodland -----  6.68% -----  

Other Use -----  11.67% 4.05% 

Table 1: Farm profiles for Dare, Hyde, and Tyrrell counties (2007d, 2007e, 2007b, 2007c, 

2007a). 
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The acreage dedicated to agriculture in Hyde and Tyrrell counties prove these counties to 

be major agricultural powerhouses in North Carolina, being primary growers of corn for grain, 

cotton, soybeans, and wheat  (2007d, 2007b, 2010a, 2010b, 2010e, 2010g).  Hyde and Tyrrell are 

within the top 5 North Carolina county producers of corn for grain, while Hyde is the 7
th

 highest 

county producer of  cotton and Tyrrell is the 5
th

 highest county producer of soybeans (Appendix 

1) (2010a, 2010b, 2010e). The market value of all products sold by Hyde County equals 

$68,173,000, while the market value of products sold by Tyrrell County equals $36,160,000 

(2007b, 2007c, 2007d, 2007e) .  Clearly the agricultural land in Hyde and Tyrrell counties is 

central to the state’s agricultural business, making these counties valuable not only within the 

industry but to the state.   

Commercial Fisheries 

Maintaining the health of the fisheries in Dare, Hyde, and Tyrrell counties is important to 

maintaining the health of the state’s economy.  In all of North Carolina, over 72 million pounds 

of fish were commercially harvested in 2010 (April 2011).  The top five species that are 

commercially harvested in North Carolina include Blue Crabs, Croaker, Shrimp, Summer 

Flounder, and Bluefish (Table 2) (April 2011).  

Table 2: Top Five Species Caught in Commercial & Recreational NC Fisheries (2010) 

Commercial 
 

Recreational 

Species Pounds 
 

Species Pounds 

Blue Crabs 30,684,249   Dolphinfish 3,297,120 

Croaker 7,312,159   Yellowfin Tuna 1,189,366 

Shrimp 5,955,457   Bluefish 1,179,551 

Summer Flounder 3,318,417   Striped Bass 711,184 

Bluefish 3,216,019   Spanish Mackerel 579,638 

Table 2: Summarizes the most commonly commercially and recreationally harvested species in 

all of NC (April 2011). 

 

The waterbodies that are central to Dare, Hyde, and Tyrrell counties are Albemarle Sound, 

Alligator River, Croatan Sound, Pamlico River and Sound, and Roanoke Sound.  The most 
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common commercial catch within each of these individual waterbodies during 2009 was Blue 

Crabs (Hard); with other primary species including Atlantic Menhaden, Blue Crabs (Peeler), 

Blue Crabs (Soft), Bluefish, Brown Shrimp, Catfish, Southern Flounder, Spanish Mackerel, 

Spotted Seatrout, Striped Mullet, White Perch, and White Shrimp (Table 3) (2010c). 

Table 3: Top Five Species by Waterbody (2009) 

  Species Pounds 

Albemarle Sound 

Blue Crabs, Hard 14,882,186 

Southern Flounder 642,811 

White Perch 227,517 

Catfishes 202,572 

Striped Mullet 114,347 

Alligator River 

Blue Crabs, Hard 1,632,504 

Blue Crabs, Peeler 13,115 

Catfishes 8,023 

White Perch 4,726 

Southern Flounder 2,707 

Croatan Sound 

Blue Crabs, Hard 1,345,758 

Southern Flounder 195,838 

Atlantic Menhaden 82,616 

Striped Mullet 68,818 

Bluefish 34,984 

Pamlico River 

Blue Crabs, Hard 1,059,885 

Southern Flounder 97,789 

Striped Mullet 92,800 

Spotted Seatrout 62,568 

Blue Crabs, Peeler 22,977 

Pamlico Sound 

Blue Crabs, Hard 3,286,969 

Brown Shrimp 2,999,794 

Southern Flounder 696,963 

White Shrimp 556,062 

Spanish Mackerel 452,863 

Roanoke Sound 

Blue Crabs, Hard 775,171 

Blue Crabs, Soft 54,056 

Striped Mullet 49,206 

Southern Flounder 44,759 

Bluefish 40,941 

Table 3: Summarizes the top five commercial species in the waterbodies that are important to 

Dare, Hyde, and Tyrrell counties (2010c). 
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In 2009, the commercial seafood landings for Dare County were over 25.4 million 

pounds worth approximately $21.9 million, with Hyde County landing 7 million pounds worth 

approximately $8.1 million, and Tyrrell County landing 4.5 million pounds worth a little over 

$3.7 million (Tables 4a & 4b) (2010c).   

Table 4a: Commercial Seafood Landings by County (2009) 

  Pounds Value 

Dare County        25,446,484  $             21,930,359  

Hyde County          7,008,594  $                8,119,852  

Tyrrell County          4,526,443  $                3,709,536  

 

Table 4b: Overall Landings by County (1994-2001) 

Dare County 

Year Landings (Pounds) Current Value Deflated Value 

1994 38,759,391 $     21,797,090  $        6,148,959  

1995 39,729,754 $     27,798,405  $        7,625,102  

1996 43,781,184 $     23,893,117  $        6,365,126  

1997 38,608,954 $     24,653,021  $        6,419,647  

1998 37,029,553 $     23,840,498  $        6,112,704  

1999 34,073,538 $     22,954,141  $        5,759,194  

2000 33,518,071 $     26,538,214  $        6,440,824  

2001 31,646,791 $     24,975,642  $        5,896,749  

Hyde County 

Year Landings (Pounds) Current Value Deflated Value 

1994 12,992,409 $     10,184,957  $        2,873,176  

1995 10,334,382 $       9,234,070  $        2,532,905  

1996 14,371,620 $       9,380,189  $        2,498,882  

1997 14,289,840 $     11,105,084  $        2,891,764  

1998 15,799,661 $     10,649,470  $        2,730,524  

1999 15,414,096 $     12,439,977  $        3,121,190  

2000 11,914,417 $     12,645,321  $        3,069,019  

2001 9,063,900 $       8,181,350  $        1,931,617  
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…cont. Table 4b: Overall Landings by County (1994-2001) 

Tyrell County 

Year Landings (Pounds) Current Value Deflated Value 

1994 4,402,877 $       2,515,137  $           709,520  

1995 4,496,071 $       3,399,263  $           932,418  

1996 7,164,766 $       4,086,454  $        1,088,631  

1997 4,024,259 $       2,533,440  $           659,708  

1998 4,745,544 $       3,313,845  $           849,670  

1999 4,422,542 $       2,866,805  $           719,281  

2000 3,753,983 $       3,060,180  $           742,706  

2001 2,944,281 $       2,464,712  $           581,918  

Table 4: (a) The most recent estimates for the number of pounds landed and the value of the 

landings in Dare, Hyde, and Tyrrell counties (2010c). (b) A historical estimate of the landings 

(pounds), and their current and deflated value from 1994 through 2001 (Bianchi 2003). 

 

The dealer location with the highest landings in Dare County worth over $14 million is 

Wanchese, with the two other primary dealer cities in the county including Hatteras Island and 

Bodie Island (2010c).  With landings worth more than $5 million in 2009, Engelhard is the 

primary dealer city in Hyde County, followed by Swan Quarter with landings topping $2 million 

(2010c).  Finally, Tyrrell’s only dealer city with commercial seafood landings is Columbia, with 

landings worth $3 million in 2009 (Table 5) (2010c). 

Table 5: Commercial Seafood Landings by Dealer City (2009) 

Dare County 

Dealer City Pounds Value 

Bodie Island 3,210,469 $                    3,126,009  

Dare Other                           4,612  $                            3,292  

Hatteras Island 3,569,190 $                    3,221,655  

Mainland Dare 303,107 $                        353,012  

Manteo 142,673 $                        259,407  

Wanchese 18,216,433 $                  14,966,985  

Hyde County 

Dealer City Pounds Value 

Engelhard 4,866,454 $                    5,357,673  

Hyde Other 99 $                               142 

Ocracoke 377,894 $                        468,092  

Swan Quarter 1,764,147 $                    2,293,946  
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…cont. Table 5: Commercial Seafood Landings by Dealer City (2009) 

Tyrrell County 

Dealer City Pounds Value 

Columbia 4,526,443 $                    3,709,536  

Table 5: The amount of fish and commercial value of the landings in the primary dealer cities in 

Dare, Hyde, and Tyrrell counties (2010c). 

 

The commercial fisheries within Dare, Hyde, and Tyrrell counties rely heavily upon the 

health of the Blue Crab, as it is the number one species caught in each individual county with a 

combined deflated worth over $25 million (Bianchi 2003).  With other specific species providing 

economic importance to the local fishing industry including the Atlantic Croaker (deflated value 

of $4 million) in Dare County and Shrimp (deflated value of $6 million) in Hyde County (Table 

6) (Bianchi 2003).   

Table 6: Combined Current & Deflated Value by Major Species (1994-2001) 

Dare County 

Species Current Value Deflated Value 

Hard Blue Crabs  $                      41,735,561  $                         10,792,566  

Other  $                      38,887,738  $                            9,991,822  

Atlantic Croaker $                      16,719,346  $                            4,285,628  

Soft Blue Crabs  $                      16,418,674  $                            4,201,790  

Tunas $                      15,090,070  $                            3,916,879  

Summer Flounder  $                      14,922,282  $                            3,880,848  

Southern Flounder  $                      14,909,481  $                            3,887,448  

Shrimp $                         8,977,563  $                            2,310,948  

Weakfish  $                         8,391,106  $                            2,201,682  

King Mackerel  $                         7,611,350  $                            1,959,379  

Bluefish $                         6,420,751  $                            1,647,744  

Dogfish, sharks  $                        6,366,207  $                            1,691,571  

Hyde County 

Species Current Value Deflated Value 

Hard Blue Crabs $                      35,532,746  $                            9,200,238  

Shrimp $                      24,205,171 $                            6,246,717  

Other $                         7,656,271  $                            1,970,870  

Southern Flounder $                         6,510,129  $                            1,692,133  

Summer Flounder $                         4,049,544  $                            1,041,985  

Atlantic Croaker $                         3,224,723  $                               825,928  

Peeler Blue Crabs $                         2,641,832  $                               671,207  
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…cont. Table 6: Combined Current & Deflated Value by Major Species (1994-2001) 

Tyrrell County 

Species Current Value Deflated Value 

Hard Blue Crabs $                      19,844,875  $                            5,137,706  

Southern Flounder $                         1,728,466  $                               459,431  

Other $                         1,552,043  $                               404,824  

Peeler Blue Crabs $                         1,114,451  $                               281,891  

Table 6: Summary of the most economically important species in each individual county 

(Bianchi 2003). 

 

One final economic characterization of the fishery that is important to note are the gear 

types that provide the most economic value to the local fishing industry.  The three most 

economically important gear types in Dare County include pots (deflated value of $15 million), 

gill nets (deflated value of $12 million), and trawls (deflated value of $10 million) (Bianchi 

2003).  In Hyde County, the primary gears of importance are pots (deflated value of $9 million), 

trawls (deflated value of $8 million), and gill nets (deflated value of $2 million); with pots 

(deflated value of $5 million) being the primary gear type in Tyrrell County (Table 7) (Bianchi 

2003). 

Table 7: Combined Current & Deflated Value by Major Gear Type (1994-2001) 

Dare County 

Gear Current Value Deflated Value 

Pots $                             62,037,801  $                      15,972,587  

Gill nets $                             49,271,117  $                      12,790,151 

Trawls  $                             40,681,121  $                      10,510,612  

Longlines $                             16,547,907  $                         4,290,819 

Trolling $                             13,345,929  $                         3,449,868  

Other $                               7,492,140 $                         1,896,256  

Pound net $                               7,074,112  $                         1,858,013  

Hyde County 

Gear Current Value Deflated Value 

Pots $                             36,028,664  $                         9,313,192  

Trawls $                            33,619,287  $                         8,685,702  

Gill net $                              9,592,540  $                         2,459,671  

Pound net $                              3,315,152  $                            869,404  

Other $                               1,264,774  $                            321,109  
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…cont. Table 7: Combined Current & Deflated Value by Major Gear Type (1994-2001) 

Tyrrell County 

Gear Current Value Deflated Value 

Pots $                             21,447,243  $                         5,547,328  

Gill nets $                               1,962,941  $                            515,337  

Other $                                  829,651  $                            221,187  

Table 7: Summary of the most economically important gear types in each individual 

county (Bianchi 2003). 

 

Overall, the economic value of Dare County commercial fisheries is much higher than Hyde and 

Tyrrell, with Hyde having the second most economically valuable fishery. 

Recreation: Fishing, Hunting, & Wildlife Watching  

Recreational activities are also important to the economies of Dare, Hyde, and Tyrrell 

counties, as local residents and tourists partake in recreational fishing, hunting, and wildlife 

watching activities.  Finding specific county statistics for this sector is difficult, but economic 

statistics compiled for the state of North Carolina are helpful in developing an understanding of 

the economic importance of these activities in the region.  We will begin by valuing the 

economic impacts of recreational fishing.  In 2010, over 14 million pounds of fish were 

harvested in the recreational fisheries of North Carolina, with the top five recreationally 

harvested species including Dolphinfish, Yellowfin Tuna, Bluefish, Striped Bass, and Spanish 

Mackerel (Table 2)  (April 2011).  Every trip taken to the shore by recreational fishermen is 

valuable to the local economy as the fishermen input money into the local economy by 

purchasing boat fuel and oil, ice, groceries, bait, fuel for cars, and lodging (Crosson July 2010).  

The estimated annual spending per saltwater angler averages $3,727 for inshore recreational 

fishermen (median of $870) while averaging $971 for offshore fishermen (median of $84) (Table 

8) (Crosson July 2010).   
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Table 8: Average Trip Expenditures by NC Saltwater Anglers 

Trip Expenses Inshore Average Median Offshore Average Median 

Boat Fuel and Oil $                       26  $       15  $                          86  $       40  

Ice $                         5  $         3  $                            8  $         4  

Groceries $                       20  $       10  $                          20  $       10  

Bait $                       12  $       10  $                          16  $       10  

Car/Truck Fuel $                       35  $       20  $                          37  $       20  

Lodging $                       38    ----- $                          40   ----- 

Other Expenses $                         4     ----- $                            3    ----- 

Total/ Trip $                     139  $       58  $                        211  $       84  

Trips/Year 26.8 15  4.6 1 

Estimated Annual Spending/ Angler $                 3,727  $     870  $                        971  $       84  

Table 8: Average estimated inshore and offshore trip expenditures of saltwater anglers in NC 

(Crosson July 2010). 

 

The economic sectors most influenced by trip expenditures from recreational fishing are 

diverse, including economic sectors such as, “…food stores, wholesale trade, oil and gas sales, 

domestic trade, ice manufacture, hotels, charter fees, realty, home work and repair, business 

management, food services, and medical services (Crosson July 2010).” These economic sectors 

then create indirect economic effects
1
 and induced effects

2
 which reverberate throughout the 

state economy (Crosson July 2010).  With all of these factors included the total economic effects 

from recreational saltwater angling in North Carolina are estimated to be over $1.6 billion 

providing employment to over 17,000 North Carolina residents (Table 9) (Crosson July 2010). 

Table 9: Economic Impact of NC Recreational Saltwater Angling 

Impact Type Output Employment Labor Income Total Value Added 

Direct Effect  $      943,929,472  12,424  $   295,284,352   $               548,552,704  

Indirect Effect  $      319,250,048  2,434  $   105,912,752   $               176,979,968  

Induced Effect  $      339,542,720  2,900  $   106,812,664   $               196,819,456  

Total Effect $   1,602,722,304  17,758  $   508,009,760   $               922,353,664  

Table 9: Estimated economic impact of recreational saltwater angling in NC (Crosson July 

2010). 

 

                                                 
1
 Indirect effects: “…defined as changes in inter-industry transactions as supplying industries respond to increased 

demands from the directly affected industries” (Crosson July 2010). 
2
 Induced effects: “…reflect changes in local spending that result from income changes in the directly and indirectly 

affected industry sectors” (Crosson July 2010). 



12 

 

A national survey conducted by U.S. Fish & Wildlife in 2006 also economically 

evaluated the economic value of fishing activities (both fresh and saltwater) throughout the state 

concluding that the total expenditures by NC residents and nonresidents total $1.1 billion; with 

trip-related expenditures totaling $692 million and equipment expenditures totaling $431 million 

(2006).  The survey also concluded the average expenditure per angler was $849, with the 

average trip costing $40 per day (Table 10) (2006). 

Table 10: Recreational Fishing Activity Expenditures in NC (2006) 

  
Residents Nonresidents 

Residents & 
Nonresidents 

Total Expenditures  $      729,310,000   $      394,964,000   $       1,124,274,000  

Trip-Related  $      395,296,000   $      297,681,000   $           692,977,000  

Equipment and Other  $      334,014,000   $        97,283,000   $           431,297,000  

Average per Angler  $                      840   $                      999   $                           849  

Average Trip Expenditure per Day  $                         26   $                      135   $                              40  

Table 10: Summarizes expenditures by recreationists in NC for fishing activities (2006). 

 

 The same U.S. Fish & Wildlife National Survey also evaluated the economic importance 

of hunting in North Carolina.  The survey concluded that the expenditures of residents and 

nonresidents for hunting in North Carolina total $430 million, with trip-related expenditures 

equaling $89 million and equipment expenditures totaling $340 million (2006).  The average 

expenditures per hunter in North Carolina totaled over $1,000 dollars, with the average trip 

costing $18 per day (Table 11) (2006).   

Table 11: Hunting Activity Expenditures in NC (2006) 

  
Residents Nonresidents 

Residents & 
Nonresidents 

Total Expenditures $         405,523,000  $             25,039,000  $               430,526,000  

Trip-Related $           78,266,000  $             11,713,000  $                 89,979,000  

Equipment and Other $         327,257,000  $             13,326,000  $               340,583,000  

Average per Angler $                     1,462  $                          929  $                           1,315  

Average Trip Expenditure per Day $                          17  $                             51  $                                 18  

Table 11: Summarizes expenditures by recreationists in NC for hunting activities (2006). 
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Other research has estimated the retail sales associated with all hunting throughout North 

Carolina to be approximately $458 million, with a total multiplier effect of $896 million (2002). 

Hunting in North Carolina provides over 9,000 jobs with salaries and wages topping $223 

million (Table 12) (2002).  

Table 12: Economic Impact of Hunting in NC (2001) 

Retail Sales 
Total Multiplier 

Effect 
Salaries and 

Wages 
Jobs 

Sales and Motor 
Fuel Taxes 

State Income 
Taxes 

Federal Income 
Taxes 

All Hunting Activities 

$  458,008,129 $      896,002,783 $    223,508,461 9485 $          22,228,780 $  10,666,001 $        34,669,885 

Deer Hunting 

$  311,419,807 $      607,062,577 $    149,951,934 6316 $          14,989,948 $    7,180,490 $        23,392,764 

Migratory Bird Hunting  

$     46,247,037 $        90,933,254 $      23,673,334 1020 $            2,104,663 $    1,121,446 $          3,627,660 

Upland Bird Hunting 

$     10,412,012 $        20,263,052 $        4,925,925 223 $                638,382 $        227,841 $              725,198 

Economic Contributions from Non-Resident Hunters in NC 

$     12,085,442 $        23,788,105 $        6,111,032 263 $                589,496 $        295,920 $              961,889 

Table 12: Summarizes the economic impact of hunting activities throughout NC (2002). 

 

Wildlife watching activities also provide an economic boost to the North Carolina 

economy, with the total expenditures for residents and nonresidents totaling $916 million, 

including $246 million for trip-related costs and $670 million for equipment (2006).  The 

average participant in recreational wildlife watching spends $336, with the average trip costing 

$51 per day (Table 13) (2006). 

Table 13:  Wildlife Watching Activity Expenditures in NC (2006) 

  
Residents Nonresidents 

Residents & 
Nonresidents 

Total Expenditures $        735,825,000  $       1,818,082,000  $             916,907,000  

Trip-Related $           84,245,000 $          162,661,000  $             246,906,000  

Equipment and Other $         651,580,000        $            18,420,000  $             670,000,000  

Average per Angler $                        326  $                         429  $                             336  

Average Trip Expenditure per Day $                          33  $                            70  $                               51  

Table 13: Summarizes expenditures by recreationists in NC for wildlife watching activities 

(2006). 
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Tourism 

Dare County is a large economic asset to the state of North Carolina as tourism within 

this county generated an economic impact of $834 million in 2010 (2011c).  Dare ranks 4
th

 out of 

North Carolina’s 100 counties in terms of providing travel impact as it contains three of North 

Carolina’s most popular tourist attractions: Cape Hatteras National Seashore, Wright Brothers 

National Memorial, and Fort Raleigh National Park (2011c).  Dare County’s tourism industry 

employs over 11,000 residents, generating a payroll worth $172 million (2011c).  The state and 

local tax revenues from travel in Dare County equal $84 million, saving each Dare County 

resident approximately $2,500 annually (Table 14) (2011c).   

In comparison, Hyde County ranks 68
th

 out of North Carolina’s 100 counties in terms of 

providing travel impact, containing popular tourist attractions such as Ocracoke Island and Swan 

Quarter National Wildlife Refuge (2011d).  In total Hyde County generates an economic impact 

of $30.9 million from domestic tourism, providing state and local tax revenues equaling $3.35 

million (2011d).  The tax revenue from tourism saved each Hyde County resident $576 in 2010, 

while supporting 390 jobs with a payroll worth $5.92 million (Table 14) (2011d). 

Tyrrell County ranks 99
th

 out of North Carolina’s 100 counties in terms of travel impact, 

only generating $3 million in economic impact (2011e).  Tourism in Tyrrell does not carry the 

same economic weight as in Dare County or even Hyde County but tourism in the county does 

generate almost $500,000 in state and local tax revenues saving each of the county residents 

$106 in 2010 (2011e).  It is important to remember that Tyrrell County may not have a huge 

local tourism economy but it does provide passage to the popular tourist sites in Dare County, 

including Roanoke Island and the Outer Banks.  If Tyrrell County did not exist then Dare County 

would be cut off from the mainland, damaging their thriving tourism business (Table 14). 
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Table 14:  Economic Importance of Tourism (2010) 

 
Dare County Hyde County Tyrrell County 

Domestic tourism  generated economic impact ($ millions) $              834.29 $                    30.9 $               3.12 

Rank in travel impact among NC's 100 counties 4 68 99 

Jobs directly attributable to travel and tourism 11260 390 10 

Travel generated payroll ($ millions) $                    172 $                    5.92 $                 0.3 

State & local tax revenues from travel ($ millions) $                 84.33 $                    3.35 $               0.47 

State tax receipts ($ millions) $                 44.55 $                    1.62 $               0.16 

Local tax receipts ($ millions) $                 39.78 $                    1.73 $               0.31 

Represents a tax saving to each county resident $             2488.64 $                576.29 $           106.75 

Table 14: Economic importance of tourism in Dare, Hyde, and Tyrrell counties (2011c, 2011d, 

2011e). 

 

Property Values & Business Statistics  

Dare County contains over 383 square miles of land with a population of 33,920.  The 

County has the highest property values when compared to Hyde and Tyrrell counties, containing 

33,492 housing units with the average median value of owner-occupied housing units being 

$342,100 (2012a).  In addition, Dare County has numerous businesses spread throughout the 

county with a total of 1,893 private nonfarm establishments
3
, 4,715 nonemployer 

establishments
4
, and 6,997 total firms

5
 (2012a).  In 2007, the county had over $869 million in 

retail sales and $248 accommodation and food service sales (Table 15) (2012a).  

Hyde County has the largest area of all three counties with 612 square miles of land with 

a population of 5,810 (2012c).  There are 3,347 housing units with the median value of owner-

occupied housing units being $95,600 (2012c).  There are hundreds of businesses that are 

established throughout the county including 159 private nonfarm establishments, 504 

nonemployer establishments, and 986 firms (2012c).  Overall, the retail sales are dismal when 

                                                 
3
 Establishment “…a single physical location at which business is conducted or where services or industrial 

operations are performed (2012b).”  
4
 Nonemployer establishments: “…provides the number of establishments without paid employees, mostly self-

employed individuals (2012e).” 
5
 Firm: “…a business organization consisting of one or more domestic establishments in the same state and industry 

that were specified under common ownership or control (2012b).” 
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compared to Dare County with $26 million in retail sales and $16 million in accommodation and 

food services sales (Table 15) (2012c). 

The property and business statistics for Tyrrell County resemble Hyde County much 

more closely than Dare County.  Tyrrell County has an area of 389 square miles with the 

smallest population out of all three counties containing 4,407 people (2012f).  The county 

contains 2,068 housing units with a median value of a owner-occupied housing unit being 

$112,000 (2012f).  Tyrrell has 66 private nonfarm establishments and 296 nonemployer 

establishments, with $30 million in 2007 retail sales (Table 15) (2012f).   

Table 15:  Population, Business, & Property Statistics (2010) 

 
Dare County Hyde County Tyrrell County 

Land area in square miles (2010) 383.42 612.7 389.04 

Population 33,920 5,810 4,407 

Households (2006-2010) 15,465 1,921 1,663 

Persons per household (2006-2010) 2.15 2.23 2.12 

Housing units  33,492 3,347 2,068 

Median value of owner-occupied housing units (2006-2010) $       342,100  $          95,600  $         112,000  

Private nonfarm establishments (2009) 1,893 159 66 

Nonemployer establishments (2009) 4,715 504 296 

Total number of firms (2007) 6,997 986 -----  

Retail sales (2007) $869,102,000  $  26,685,000  $    30,744,000  

Retail sales per capita (2007) $         25,548  $             5,138  $              7,392  

Accommodation and food services sales (2007) $248,321,000  $  16,867,000  -----  

Table 15: Business statistics, property values, and population statistics for Dare, Hyde, and 

Tyrrell counties (2012a, 2012c, 2012f). 

 

The property and business value of Hyde and Tyrrell counties clearly is derived from 

their agricultural land not the private property values and nonfarm businesses. In Hyde County, 

there are 176 farms with an average of 470 acres (2007b, 2007c).  The average market value of 

products sold from each individual farm is over $387,000 (2007b, 2007c) . In addition, the 

average value of farm and buildings in Hyde County is $1.1 million with the average market 

value of machinery and equipment equaling over $171,000 (2007b, 2007c).  In comparison, 
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Tyrrell County has 68 farms with an average of 792 acres and an average value of products sold 

from each farm equaling $531,000 (2007d, 2007e). For Tyrrell farms, the average value of farm 

buildings is $1.8 million with an average approximate market value of machinery and equipment 

equaling $269,000 (Table 1) (2007d, 2007e).  

Ecosystem Services 

 Research concerning ecosystem services is in its infancy with international scientists still 

trying to agree upon how to define the term.  Three definitions that are frequently cited are as 

follows: (1) “The conditions and processes through which natural ecosystems, and the species 

that make them up, sustain and fulfill human life”, (2) “The benefits human populations derive, 

directly or indirectly, from ecosystem functions”, and (3) “The benefits people obtain from 

ecosystems” (Fisher et al. 2009).  Essentially ecosystem services include all portions of an 

ecosystem that are either passively or actively utilized by humanity (Fisher et al. 2008).  It is 

helpful to think of ecosystems providing intermediate services that lead to final services which 

produce societal benefits (Fisher et al. 2008).  For instance, pollination is an intermediate service 

that leads to the final service of food production which leads to  the benefit of fruit for human 

society (Figure 2)  (Fisher et al. 2008). Overall, ecosystem services are ecological phenomena 

that lead to specific benefits that have an impact on human welfare (Fisher et al. 2008).  
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Figure 2: Relationships between intermediate services, final services, and benefits (Fisher et al. 

2008) 

 

Another way to conceptualize ecosystem services is to characterize specific ecosystem 

functions including: 

1. Regulation: “…capacity of natural and semi-natural ecosystems to regulate 

essential ecological processes and life support systems through  

biogeochemical cycles and other biospheric processes”;  

2. Habitat: “…provide refuge and reproduction habitat to wild plants and animals 

and thereby contribute to the (in situ) conservation of biological and genetic 

diversity and evolutionary processes”;  

3.  Production: “photosynthesis and nutrient uptake by autotrophs converts 

energy, carbon dioxide, water and nutrients into a wide variety of carbohydrate 

structures which are then used by secondary producers to create an even larger 

variety of living biomass”; and  
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4. Information: “…contribute to the maintenance of human health by providing 

opportunities for reflection, spiritual enrichment, cognitive development, 

recreation and aesthetic experience” (de Groot et al. 2002).  

These ecosystem functions then lead to ecosystem goods and services that are translated 

into (1) ecological (i.e. “based on ecological sustainability”), (2) socio-cultural (i.e. 

“based on equity and cultural perceptions”), and (3) economic values (i.e. “based on 

efficiency and cost-effectiveness”) (de Groot et al. 2002).  These three types of values 

together reflect an ecosystems total value to society, helping decision makers determine 

policy options and management measures that will be taken to conserve a specific 

ecosystem (Figure 3) (de Groot et al. 2002).   

 

Figure 3: Framework for valuation of ecosystem functions, goods, and services (de Groot et al. 

2002). 

 

The Millennium Ecosystem Assessment classifies ecosystem services within a different 

framework, where ecosystem services are divided into four categories: (1) Supporting (e.g. 
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nutrient cycling), (2)Provisioning (e.g. food, water), (3) Regulating (e.g. climate regulation), and 

(4) Cultural (e.g. spiritual, aesthetic) (Brauman et al. 2007).  Within this classification scheme 

the supporting services create the ecological conditions necessary for the provisioning, 

regulating, and cultural services (Brauman et al. 2007).  These services then lead to five different 

constituents of well-being: (1) Security (e.g. personal safety), (2) Material (e.g. livelihoods, 

shelter), (3) Health (e.g. clean air and water), (4) Social Relations (e.g. social cohesion), and (5) 

Freedom of Choice and Action (e.g. opportunity to achieve what an individual values doing) 

(Figure 4) (Brauman et al. 2007).  Each definition and classification scheme provides insight into 

the intricacies of ecosystem services while maintaining the foundation of connecting natural 

ecosystem processes to societal values and well-being. 

 

 

Figure 4: Millennium Ecosystem Assessment classification scheme for ecosystem services and 

the benefits they create for society (Brauman et al. 2007). 
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 There are numerous coastal ecosystems throughout Dare, Hyde, and Tyrrell counties that 

provide invaluable services not only to coastal populations but the larger North Carolina 

population.  The ecosystems of concern include, oyster reefs, submerged aquatic vegetation (i.e. 

SAV, such as seagrass), wetlands, and beaches and dunes.  Firstly, oyster reefs and shellfish in 

general are recognized for many valuable ecosystem services that can be categorized within the 

above classification scheme including regulating, provisioning, cultural, and supporting services 

(Brumbaugh and Toropova May 2008).  When an oyster reef restoration project is undertaken it 

is important to remember that the economic benefit of the project may go well beyond the 

intended goal as numerous ecosystem services are restored (Table 16). 

Table 16:  Shellfish Ecosystem Services 
Category of Service Ecosystem Services 

Regulating 

protection of coastlines from storm surges and waves 

water quality maintenance 

reduction of marsh shoreline erosion 

stabilization of submerged land by trapping sediments 

Provisioning 

subsistence and commercial fisheries 

aquaculture 

fertilizer and building materials (lime) 

jewelry and other decoration (shells) 

Cultural 
tourism and recreation 

symbolic of coastal heritage 

Supporting 
cycling of nutrients 

nursery habitats 

Table 16: Summarizes the ecosystem services associated with shellfish such as oyster reefs 

(Brumbaugh and Toropova May 2008). 

 

 SAVs also provide North Carolina with numerous ecosystem services including raw 

materials and food, coastal protection, erosion control, water purification, maintenance of 

fisheries, carbon sequestration, and tourism/recreation (Table 17) (Barbier et al. 2010). 
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Table 17:  Seagrass Ecosystem Services 
Ecosystem Services Ecosystem Processes & Functions Important Controlling Components 

Raw Materials and Food 

generates biological productivity 
and diversity 

vegetation type and density 

 
habitat quality 

Coastal Protection 

attenuates and/or dissipates 
waves 

wave height and length 

 
water depth above canopy 

 
seagrass bed size and distance from 
shore 

 
wind climate 

 
beach slope 

 
seagrass species and density 

 
reproductive stage 

Erosion Control 

provides sediment stabilization 
and soil retention in vegetation 
root structure 

sea level rise 

 
subsidence 

 
tidal stage 

 
wave climate 

 
coastal geomorphology 

 
seagrass species and density 

Water Purification 

provides nutrient and pollution 
uptake, as well as retention 

seagrass species and density 

particle deposition nutrient load 

 
water residence time 

 
hydrodynamic conditions 

 
light availability 

Maintenance of 
Fisheries 

provides suitable reproductive 
habitat and nursery grounds 

seagrass species and density 

sheltered living space habitat quality 

 
food sources 

 
hydrodynamic conditions 

Carbon Sequestration 

generates biogeochemical activity seagrass species and density 

sedimentation water depth 

biological productivity light availability 

 
burial rates 

 
biomass export 
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…cont. Table 17:  Seagrass Ecosystem Services 
Ecosystem Services Ecosystem Processes & Functions Important Controlling Components 

Tourism, Recreation, 
Education, and 

Research 

provides unique and aesthetic 
submerged vegetated landscape 

biological productivity 

suitable habitat for diverse flora 
and fauna 

storm events 

 
habitat quality 

 
seagrass species and density 

 
diversity 

Table 17: Summarizes ecosystem services associated with seagrass, along with the ecosystem 

processes and functions that support the ecosystem services and the important controlling 

components of the ecosystem (Barbier et al. 2010). 

 

 Wetlands are another ecosystem that provide invaluable ecosystem services, including: 

 

“…the purification of air and water; regulation of rainwater runoff and drought; waste 

assimilation and detoxification; soil formation and maintenance; control of pests and 

disease; plant pollination; seed dispersal and nutrient cycling; maintaining biodiversity 

for agriculture, pharmaceutical research and development, and other industrial processes; 

protection from harmful UV radiation; climate stabilization (for example, through C 

sequestration); and moderating extremes of temperature, wind, and waves” (Zedler and 

Kercher 2005).  

 

There has been extensive research conducted on the value of wetland ecosystem service 

valuations, the chart below summarizes one estimation of the services provided by wetlands 

(Table 18). 

Table 18:  Wetland Ecosystem Services & Valuation 

Hydrologic Services 

Wetland Service Dollars/ha/year Billion dollars/year 

Water Regulation $                15-30  ----- 

Water Supply $     3,800-7,600   ----- 

Gas Regulation $              38-265   ----- 

Water Quality Services 

Wetland Service Dollars/ha/year Billion dollars/year 

Nutrient Cycling $   3,677-21,100   ----- 

Waste Treatment $           58-6,696   ----- 
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…cont. Table 18:  Wetland Ecosystem Services & Valuation 

Biodiversity Services 

Wetland Service Dollars/ha/year Billion dollars/year 

Biological Control $                  5-78   ----- 

Habitat/ Refugia $                8-439   ----- 

Food Production $              47-521   ----- 

Raw Materials $                2-162   ----- 

Recreation $             2-3,008   ----- 

Cultural $             1-1,761   ----- 

Disturbance Regulation $        567-7,240   ----- 

Global Totals 

Wetland Service Dollars/ha/year Billion dollars/year 

Coastal Wetlands   ----- $                      8,286 

Inland Wetlands   ----- $                       4,879 

 

Table 18: Value of annually renewable wetland ecosystem services (US dollar, 1994) (Zedler 

and Kercher 2005). 

 

  A final marine ecosystem that is valuable to North Carolina are sand beaches and dunes 

which provide services such as raw materials, coastal protection, erosion control, water 

catchment and purification, maintenance of wildlife, carbon sequestration, and tourism/recreation 

(Table 19) (Barbier et al. 2010). 

Table 19:  Sand Beach & Dune Ecosystem Services 
Ecosystem Services Ecosystem Processes & Functions Important Controlling Components 

Raw Materials 

provides sand of particular grain size dune and beach area sand supply 

proportion of minerals grain size 

 
proportion of desired minerals (e.g. silica)  

Coastal Protection 

attenuates and/or dissipates waves wave height and length 

reduces flooding and spray from sea beach slope 

 
tidal height 

 
dune height 

 
vegetation type and density 

 
sand supply 

Erosion Control 

provides sediment stabilization sea level rise 

soil retention in vegetation root structure subsidence 

 
tidal stage 

 
wave climate 

 
coastal geomorphology 

 
beach grass species and density 
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…cont. Table 19:  Sand Beach & Dune Ecosystem Services 

Ecosystem Services Ecosystem Processes & Functions Important Controlling Components 

Water Catchment and 
Purification 

stores and filters water through sand dune area 

raises water table dune height 

 
sand and water supply 

Maintenance of Wildlife 

biological productivity and diversity dune and beach area 

habitat for wild and cultivated animal 
and plant species 

water and nutrient supply 

 
vegetation and prey biomass and density 

Carbon Sequestration 

generates biological productivity vegetative type and density 

biogeochemical activity fluvial sediment deposition 

 
subsidence 

 
coastal geomorphology 

Tourism, Recreation, 
Education, and Research 

provides unique and aesthetic 
landscapes 

dune and beach area 

suitable habitat for diverse fauna and 
flora 

sand supply 

 
wave height 

 
grain size 

 
habitat quality 

 
wildlife species 

 
density and diversity 

 
desirable shells and rocks 

Table 19: Summarizes ecosystem services associated with sand beaches and dunes, along with 

the ecosystem processes and functions that support the ecosystem services and the important 

controlling components of the ecosystem (Barbier et al. 2010). 

 

What ecosystem services are provided by various ecosystems is fairly well agreed upon, what is 

not agreed upon is the quantity of the services provided and how the services should be 

economically valued.  There is great spatial and temporal variability between ecosystems in 

addition to the fact that the scientific community has not been able to agree upon a systematic 

way to value these services.  By compiling various valuations taken up and down the eastern 

seaboard for different coastal and marine ecosystems the variation among valuations is 

staggering, with the most widely valued ecosystem being beaches due to tourism. (Appendix 2)  
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V. BIOPHYSICAL IMPACTS OF CLIMATE CHANGE 

Climate change will have innumerable and varied effects on coastal communities as SLR 

occurs, hurricane frequency and strength is altered, ocean circulation patterns change, and 

changes in the hydrologic cycle effect freshwater inputs into the marine environment.  Also of 

concern are the impacts climate change will have on the commercially important fisheries; in 

addition to the impacts on coastal wetlands, estuaries, and barrier islands. The biophysical 

alterations climate change may induce will have important economic impacts on the state of 

North Carolina.  Tourism is expected to be drastically impacted by SLR beginning in 2030, as 

spending by out-of-state tourists will fall 16% per year eventually dropping by 48% through 

2080 (2009a).  It is estimated that the lost recreational value of climate change-induced SLR in 

North Carolina to beach goers will be $93 million by 2030 and $223 million by 2080 (Bin et al. 

2007). SLR also poses a major threat to basic infrastructure, with roughly 12,800 homes and 

businesses, approximately $4 billion in property value estimated to be at risk by 2080 throughout 

North Carolina (2009a).  We will explore climate change more in depth in order to better 

understand the vast biophysical and socioeconomic impacts climate change may have on North 

Carolina’s coastal and marine ecosystems. 

Sea Level Rise  

As North Carolina’s climate changes in the face of global warming, one of the primary 

impacts for coastal communities and habitats will be sea level rise. Coastal North Carolina has 

over 5900 km
2
 of land below 1m in elevation, making it the third largest low-lying region in the 

United States and extremely vulnerable to SLR (Poulter et al. 2009).  In particular, Dare, Hyde, 

and Tyrrell counties have more than 95% of their land below the 5ft contour line, making them 

the lowest counties in North Carolina (Clark et al. 2010).  Research has shown that in the face of 
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SLR 87% of Dare County, 75% of Tyrrell County, and more than 66% of Hyde County will be 

submerged (Clark et al. 2010).  Throughout history, human and ecological systems have adapted 

to SLR but, “…the size and permanence of today’s coastal societies and infrastructure have 

lowered their resilience to external change, including the capacity for adaptation” (Poulter et al. 

2009).  In many instances, SLR may completely erase numerous coastal towns from existence 

over the next 100 years but most coastal communities will begin to feel the impacts of SLR long 

before the full consequences in the later part of the century become apparent.   

Over the next century, sea levels
6
 will rise quicker than in recent history due to increased 

atmospheric temperatures caused by higher carbon dioxide concentrations within the atmosphere 

from various anthropogenic sources (e.g. burning of fossil fuels).  This increase in worldwide 

temperatures leads to SLR as higher ocean temperatures will accelerate the melting of polar 

glaciers and ice sheets, and thermal expansion of the seas themselves (Figure 5) (2010d).  The 

mean temperature of the upper 300m of the oceans has increased by 0.31°C over the past 45 

years, with warming detected as deep as 3000m (Scavia et al. 2002).  This is leading to a decline 

of the extent of arctic ice by as much as 7% per decade over the last 20 years and a thinning of as 

much as 15% per decade (Scavia et al. 2002).  (Appendix 3) 

                                                 
6
 Sea level refers to the average level of tidal waters, generally measured over a 19-year period.  The 19-year 

average is necessary to smooth out variations in water levels caused by seasonal weather fluctuations and the 18.6-

year cycle in the moon’s orbit (Clark et al. 2010).  
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Figure 5:  Demonstrates the various global causes behind SLR (2011a).  

 

Current projections estimate that within the mid-Atlantic region seas will rise between 3-

5mm/ yr. (Scavia et al. 2002).  More specifically for North Carolina the projections through 2100 

AD suggest sea level will rise anywhere from 0.38m (15in) to 1.4m (55in) (Figure 6) (2010d). 

The rates of SLR within North Carolina increase from south to north due to isostatic variability 

and geologic subsidence (Poulter et al. 2009). 
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Figure 6:  The above graph illustrates the magnitude of projected SLR for North Carolina, 

ranging from 0.38m (15in) to 1.4m (55in) through 2100AD (2010d). 

 

SLR has numerous consequences, including shoreline erosion, drowning wetlands, 

submerging low-lying lands, exacerbating coastal flooding, and saltwater intrusion into 

freshwater aquifers (Clark et al. 2010).  In addition, the salinity of estuaries, coastal wetlands, 

and tidal rivers will increase throughout the coastal zone, displacing coastal ecosystems farther 

inland (2009b).  As SLR becomes a reality, current wetlands and barrier islands will become 

submerged while current upland habitats are converted into new wetlands.  The faster SLR 

occurs the more serious the consequences will be as habitats will die before they have time to 

undergo healthy ecological transitions.  Dying coastal forests have been observed with current 
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inland coastal tree-line migration rates averaging anywhere from 1-12m/ yr depending on the 

rate of adjacent shoreline erosion (Poulter et al. 2009).   

Hurricanes 

In addition to SLR there is the concern surrounding the effects climate change may have 

on hurricane frequency and strength.  Research has suggested that future sea surface 

temperatures (SST) in the tropical Pacific may resemble present-day El Niño  conditions (Scavia 

et al. 2002).  Since fewer hurricanes occur in the Atlantic during El Niño it has been 

hypothesized that the number of hurricanes hitting the east coast will decrease in the face of 

climate change (Scavia et al. 2002).  However, it is important to note that there is a strong inter-

decadal mode in the North Atlantic, meaning there is variability concerning the number of 

hurricanes observed each year making it difficult to identify the exact effect climate change will 

have on hurricane frequency (Scavia et al. 2002). 

Unfortunately, even though the frequency of hurricanes may decrease the intensity of the 

storms may increase as elevated SST lead to increased wind strength (Scavia et al. 2002).  

Researchers have demonstrated the possibility of an increase in hurricane wind strength ranging 

from 5%-10% in the event of a 2.2°C  warmer sea surface (Scavia et al. 2002).  Even in a 

moderate hurricane such an increase in wind strength could translate into a 25% increase in the 

destructive power of the storm’s winds, in addition to increased wave height and storm surge 

(Scavia et al. 2002).  Independent of changes in frequency and intensity of coastal storms the 

resulting storm surges will ride on a higher sea level, increasing the vulnerability of shorelines 

(Scavia et al. 2002). 
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Ocean Circulation 

 Ocean currents, fronts, upwelling zones, and downwelling zones help determine the 

distribution and productivity of marine ecosystems (Scavia et al. 2002). As climate change alters 

temperatures, precipitation rates, runoff loads, salinity, and wind, ocean circulation will be 

impacted affecting distribution and productivity worldwide (Scavia et al. 2002).  For example, 

areas where an increased freshwater flux is experienced stratification will increase, potentially 

increasing currents and decreasing vertical nutrient mixing; this may lead to enhanced biological 

productivity enabling organisms to remain longer in the photic zone (Scavia et al. 2002).  

Unfortunately, in regards to ocean circulation it is impossible to predict the effects such 

alterations in current patterns will have regionally due to large spatial and temporal circulation 

variations. 

Hydrologic Cycle 

Climate change may affect the strength, timing, and volume of freshwater being delivered 

to coastal ecosystems, which will alter the chemical and sediment load to coastal environments 

(Scavia et al. 2002).  Regional precipitation predictions vary widely, with The Hadley model 

predicting a 34% increase in total runoff along US Atlantic and Gulf coasts by the last decade of 

the century in contrast to the Canadian model projecting a decrease of 32% (Scavia et al. 2002). 

In spite of the uncertainty surrounding future rainfall and runoff patterns, both models agree that 

there will be an increase in extreme rainfall events, increasing the chemical and sediment load 

released into coastal waters (Scavia et al. 2002). 

Fisheries 

Climate change has the potential to drastically affect fisheries  as the distribution or 

productivity of fish stocks are impacted through processes such as ocean acidification, habitat 
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damage, changes in oceanographic currents, and disruption of precipitation and freshwater 

availability (Daw et al. 2009).  Alterations in fish communities will modify the sustainability of 

North Carolina’s fishing industry.  Scientists have already observed the beginning impacts of 

climate change across the globe including increased oxygen consumption rates in fishes, changes 

in foraging and migration patterns in polar seas, and fish community changes in bleached 

tropical coral reefs (Perry et al. 2005).  Climate change has both direct and indirect effects on 

fisheries, altering the physical and chemical (e.g. temperature, winds, vertical mixing, salinity, 

oxygen, pH) environment on which fishes rely (Brander 2010).  Direct effects of climate shifts 

on fish populations include effects on the physiology, behavior, growth, development, 

reproductive capacity, mortality, and distribution (Brander 2007).  In addition, indirect effects 

may alter the productivity, structure, and composition of the ecosystems that provide fish with 

food and shelter, altering the abundance of competitors, predators, and pathogens (Brander 

2007).   

Understanding the effects climate change may have on fish in the temperate region 

(ranging from subtropical to subpolar) is particularly complicated due to the diversity of life 

history patterns, trophic relationships, and variations in local habitats (Table 20)  (Roessig et al. 

2004).  
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Table 20:  Impacts of Climate Change on Fish Stocks in Polar, Temperate, & Tropical Regions 

Region Species Prediction 

Polar 

North Sea Cod, Haddock, 
Herring, Sardines 

possible shift in spawning 
times; alteration of 
bioenergetics; changes in 
transport of larvae 

Barents Sea Cod, Haddock 
changes in early life stages, 
growth rates, and recruitment 
levels 

Cod, Haddock, Plaice 

recruitment decreases off 
West Greenland with 
increasing temperature; 
changes in growth rates 

Temperate 

Pacific Salmon (Oncorhynchus 
spp.) 

distribution shifts northward; 
changes in size; decreased 
population 

Sockeye Salmon (O. nerka) 
distribution shifts towards the 
sub-Arctic 

Skipjack Tuna spatial shifts with temperature 

Atlantic Salmon 
distribution and survival 
changes 

Horse Mackerel (Trachurus 
trachurus L.) 

distribution changes in 
accordance to food shifts 

Tropical 

Atlantic Tropical Reef spp.:  
Porgies, Snappers, Sea Bass 

species shift into new areas 
and change in abundance 

Pacific Reef spp. 

decreases in corallivore and 
coral nester abundance; 
increases in invertebrate 
feeders 

Table 20: Predicted changes in  various fish populations associated with warmed habitats by 

geographical region  (Roessig et al. 2004). 

 

Research has shown that commercially important fish species  along the Northeast coast such as 

Cod, American Plaice, Haddock, Atlantic Halibut, Redfish, and Yellowtail Flounder may move 

northward, with mid-Atlantic species such as Butterfish and Menhaden extending their ranges 

through the Gulf of Maine (Scavia et al. 2002).  A primary concern for the east coast of the 
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United States are the effects that climate change may have on the Gulf Stream, affecting the 

velocity and position of the current which is central to population dynamics driven by larval 

transport and recruitment (Scavia et al. 2002, Harley et al. 2006). It is important to understand 

that climate change will have numerous positive and negative effects on oceanic processes and 

biological production (Figure 7). 

 

Figure 7: The effects of climate on oceanographic processes and production.  Positive and 

negative signs indicate the correlation between any two variables (Roessig et al. 2004). 

 

The exact effects of climate change on fisheries are not predictable, but there have been 

historically similar events that provide scientists with some insight into the long-term effects 

climate change will have on the fishing industry and society as a whole.  Many scientists refer to 
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the prolonged warming period that affected many parts of the North Atlantic from the mid-1920s 

until the 1960s (Brander 2007).  This historical event provides evidence of how fish populations 

will be altered as the earth warms, as many of the changes in fish distribution that took place 

during that period (i.e. specifically from 1925 to 1935) in Greenland are currently being observed 

again (Brander 2007).  During this historical event, species that were only present in restricted 

coastal fjords (e.g. Atlantic Cod) or entirely absent (e.g. Haddock (Melanogrammus aeglefinus), 

Herring (Clupea)) were caught by local fishermen (Brander 2007).  On the West Greenland 

shelf, Cod rapidly increased their range extending northward by 1,000km during a 20-year 

period (Brander 2007).  This shift in Cod population gave rise to an international fishery of 

400,000 tons/ year (Brander 2007).  The subsequent cooling period and overfishing accelerated 

the regional decline in Cod stock resulting in another ecosystem switch which led to an increase 

in a fishery for shrimp (Brander 2007).  The shrimp fishery ultimately replaced the revenue 

gained and lost by the climate shift which had given rise to a Cod fishery (Brander 2007).  This 

historical event demonstrates the ability of climate change to not only affect fish distribution 

quite rapidly but demonstrates the impacts that these distributional effects may have on fishing 

markets (Brander 2007).   

Current research has suggested that climate shifts are already occurring, as increasing 

temperatures are leading to rapid poleward shifts in distribution of fish and plankton in areas of 

the North East Atlantic (Brander 2007).  A more specific example is the North Sea, where 

researchers have observed the distributions of both exploited and non-exploited fishes shift in 

response to increased temperatures (Perry et al. 2005).  Close to two-thirds of species have 

demonstrated distribution shifts in mean latitude, depth, or both over the last 25 years (Perry et 

al. 2005).  Those species with northerly or southerly range margins in the North Sea are 



36 

 

particularly vulnerable to climate change, with half of the documented species showing boundary 

shifts with warming and all but one species shifting northward (Perry et al. 2005).  Species 

demonstrating distribution shifts have been observed to have faster life cycles and smaller body 

sizes than non-shifting species, having long-term implications for the health of the population 

(Perry et al. 2005).   

The primary predicted effects of climate change on fish stocks will be caused by higher 

water temperatures (e.g. changes in physiology and sex ratios of fished species; altered timing of 

spawning, migrations, and/or peak abundance; increased invasive species, diseases and algal 

blooms) and changes in ocean currents (e.g. effects on fish recruitment) (Allison et al. 2009). Of 

particular concern are the species with slower life histories, as not only are these species most 

vulnerable to overexploitation by the fishing industry but also may be less able to compensate for 

warming (Perry et al. 2005).  Another concern scientists have expressed is that differential rates 

of habitat shifts could result in altered spatial overlap, disrupting interactions and, “compounding 

the decoupling effects of climate-driven changes in phenology” (Perry et al. 2005). Researchers 

have shown that fishes off the eastern United States with the most temperature sensitive 

distributions are often key prey species of non-shifting predators, having the potential to 

permanently alter entire food chains (Perry et al. 2005).  Climatic impacts on a small number of 

leverage species may potentially lead to sweeping community-level changes (Harley et al. 2006).  

Such climatic effects will have numerous implications for commercial and recreational fisheries, 

including changes in timing and levels of productivity; reduced production of target species; and 

changes in abundance of juvenile fish (Table 21) (Allison et al. 2009).  
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Table 21:  Impacts of Climate Change on Fish Stocks & Fisheries Operations 

Type of 
Changes 

Climatic Variable Impacts 
Potential Outcomes for 

Fisheries 

Physical 
Environment 

Ocean 
Acidification 

negative effects on 
calciferous animals, 
including slowed rates of 
coral growth 

declines in production 

Warming of  
Upper Ocean 

Layers 

poleward shifts in plankton 
and fished species 

changes in production and 
availability of fished species 

changes in timing of 
phytoplankton blooms 

potential mismatch between 
prey (plankton) and predator 
(fished species) and declines 
in production changing zooplankton 

composition 

Sea Level Rise 

loss of coastal habitats reduced production of 
coastal marine and 
freshwater systems and 
related fisheries 

saline intrusion into 
freshwater habitats 

Fish Stocks 

Higher Water 
Temperatures 

changes in physiology and 
sex ratios of fished species 

changes in timing and levels 
of productivity across 
marine and freshwater 
systems 

altered timing of spawning, 
migrations, and/or peak 
abundance 

reduced production of target 
species in marine and 
freshwater  systems 

increased invasive species, 
diseases and algal blooms  

Changes in Ocean 
Currents 

effects on fish recruitment 

changes in abundance of 
juvenile fish and therefore 
production in marine and 
freshwater 

Ecosystems 
Reduced Water 

Flows & Increased 
Droughts 

changes in lake water levels reduced lake productivity 

changes in dry water flows in 
rivers 

reduced river productivity 
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…cont. Table 21:  Impacts of Climate Change on Fish Stocks & Fisheries Operations 

Type of 
Changes 

Climatic Variable Impacts 
Potential Outcomes for 

Fisheries 

…cont. 
Ecosystems 

Increased 
Frequency of 
ENSO Events 

changes in timing and 
latitude of upwelling 

changes in pelagic fisheries 
distribution 

Higher Water 
Temperatures 

increased frequency and 
severity of coral bleaching 
events 

reduced coral reef fisheries 
productivity 

changes in stratification, 
mixing, and nutrients in 
lakes and marine upwellings 

changes in productivity 

Coastal 
Infrastructure 

and Fishing 
Operations 

Sea Level Rise 

coastal profile changes, loss 
of harbors and homes 

costs of adaptation make 
fishing less profitable, 
increased costs of 
insurance and/or rebuilding, 
increased vulnerability of 
coastal households 

increased exposure of 
coastal areas to storm 
damage 

Increased 
Frequency of 

Storms 

fewer days at sea, increased 
risk of accidents 

reduced viability of fishing 
and fish-farming as 
livelihood options for the 
poor; reduced profitability of 
larger-scale enterprises, 
increased costs of insurance 

aquaculture installations 
(coastal ponds, sea cages) at 
greater risk of damage 

Inland Fishing 
Operations and 

Livelihoods 

Changing Levels of 
Precipitation 

where rainfall decreases, 
reduced opportunities for 
farming, fishing, and 
aquaculture as part of rural 
livelihood systems 

reduced diversity of rural 
livelihoods; increased risks in 
agriculture; greater reliance 
on non-farm income 

More Droughts or 
Floods 

damage to productive assets 
(fish ponds, weirs, rice fields, 
etc.) and homes 

increased vulnerability of 
riparian and floodplain 
households and 
communities 

Less Predictable 
Wet/Dry 
Seasons 

decreased ability to plan 
seasonal livelihood activities  

Table 21: Provides a summary of the potential impacts through which climate change may affect 

the distribution and production of fish stocks, and the risk and viability of fishing operations and 

livelihood (Allison et al. 2009). 
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Overall, climate change scenarios produce three possible responses by fish: “(1) areas with 

favorable conditions will increase in size, allowing a species to expand ranges and/or proliferate; 

(2) areas with favorable conditions may move causing populations to decline in some regions 

and increase in others, shifting the population’s range; and (3) favorable conditions for some 

species may disappear, leading to a population crash and possible extinction” (Roessig et al. 

2004). 

The redistribution of fish species is not the only implication for fisheries as the 

distributional shift in potential pathogens may also alter the fishing industry  For example, 

researchers have documented the northward spread of two protozoan parasites (i.e. Perkinsus 

marinus and Haplosporidium nelsoni) from the Gulf of Mexico to Delaware Bay (Brander 2007).  

These parasites have led to wide spread mortalities among the Eastern oysters (Crassostrea 

virginica) (Brander 2007).  Historically winter temperatures hovering around 3°C have limited 

the development of the MSX disease caused by the Perkinsus parasite in northern waters; 

however, with rising temperatures making such cold winter temperatures rarer researcher’s 

expect that these parasites will continue to spread poleward as climate change takes hold 

(Brander 2007).  This research demonstrates that changes in the range of not just fish populations 

but certain pathogens may impact the viability of commercially important fish stocks. 

 The majority of research concerning fisheries and climate change has focused on the 

relationship between temperature and individual performance, potential shifts in distribution, and 

abundance but recent research has revealed that abiotic changes and biological responses in the 

ocean will be more complex than initially predicted (Harley et al. 2006).  For instance, changes 

in ocean chemistry may be more central to changes in the biology of marine life than rising 

temperatures (Harley et al. 2006).  Alterations to the ocean’s physical environment will affect 
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fish populations through climatic variables such as ocean acidification (e.g. negatively affecting 

calciferous animals slowing rates of coral growth) , warming of upper ocean layers (e.g. causing 

poleward shifts in plankton/ fished species, changes in timing of phytoplankton blooms, and 

changing in zooplankton composition), and sea level rise (e.g. loss of coastal habitats, saline 

intrusion into freshwater habitats (Figure 8) (Allison et al. 2009). 

 

Figure 8: Change in maximum catch potential (10-year average) from 2005 to 2055 under 

climate change scenarios (a) CO2 concentration at 720ppm in 2100, and (b) CO2 concentration 

stabilization at year 2000 level of 365ppm (Cheung et al. 2010). 
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 Climate change also affects local weather parameters (e.g. temperature, wind, rain, snow, 

and ocean currents) that influence ecological processes upon which the fishing industry is built 

upon (Stenseth et al. 2002).  Local weather variations drive temporally and spatially averaged 

exchanges of heat, momentum, and water vapor that determine the growth, recruitment, and 

migration patterns of marine species (Stenseth et al. 2002).  Scientists have been concerned about 

the potential wide spread impact climate change may have on natural climate phenomena such as 

the North Atlantic Oscillation (NAO) and the El Niño-Southern Oscillation, which affect 

ecological patterns and processes throughout the world’s oceans (Stenseth et al. 2002).  

Unfortunately, the models that try to predict the exact effects climate change will have on 

weather parameters are very complex and provide a wide range of results, leaving scientists to 

conclude that changes in weather will affect fish populations but unable to predict the exact 

outcome. 

 Science has also indicated that global warming will affect freshwater ecosystems which 

will indirectly affect the marine fishing industry.  Climate change will lead to reduced 

precipitation and greater evaporation, while more freshwater will be diverted for irrigation to 

offset reduced regional precipitation (Brander 2007).  With reduced water flows and increased 

droughts climate change will impact lake water levels and create changes in dry water flows in 

rivers, both affecting productivity in freshwater systems (Allison et al. 2009) (Appendix, Figure 

3).  Changes in the volume of freshwater that enter coastal estuaries will alter the salinity of 

marine environments, potentially impacting important habitat and nursery sites for commercially 

important fish species.   

 The aforementioned biophysical effects climate change will have on fish populations 

impacts the commercial and recreational fishing industry.  Through SLR and increased strength 
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of storms coastal infrastructure and fishing operations will be impacted (Allison et al. 2009).  Sea 

level rise will lead to coastal profile changes leading to the loss of harbors and homes, and will 

lead to increased exposure of coastal areas to storm damage (Allison et al. 2009).  These 

consequences will make fishing less profitable due to higher day-to-day operating costs, 

including increased costs of insurance and rebuilding (Allison et al. 2009).  Secondly, increased 

frequency of storms will lead to fewer days at sea and increased risk of accidents, while 

aquaculture installations will be at greater risk of damage (Allison et al. 2009).  These impacts 

will lead to reduced viability of fishing and fish-farming as a livelihood for the poor and will 

reduce the profitability of larger-scale enterprises (Table 21) (Allison et al. 2009).   

 Coastal fishing operations will not be the only fisheries to be affected by climate change, 

as inland fishing operations and livelihoods will be impacted through changing levels of 

precipitation, an increase in the number of droughts or floods, and less predictable wet or dry 

seasons (Allison et al. 2009).   Where rainfall decreases, local economies will be impacted as 

there will be reduced opportunity for farming, fishing, and aquaculture as part of rural livelihood 

systems, ultimately leading to reduced diversity of rural livelihoods. (Allison et al. 2009).  As 

droughts and flooding events become more common damage to productive assets (e.g. fish 

ponds, weirs…) will become more frequent (Allison et al. 2009). These predictions suggest that 

inland commercial and recreational fisheries are just as vulnerable to climate change as marine 

fisheries (Table 21).  

Climate change scenario projections indicate the potential for changes in global catch 

potential for 1066 species of marine fish and invertebrates from 2005 to 2055 that are important 

to the fishing industry (Cheung et al. 2010).  It has been shown that climate change may lead to 

large-scale redistribution of global catch potential, with an average increase in high-latitude 
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regions of 30%-70% and an average decline in the tropics of 40% (Cheung et al. 2010).  

Exclusive Economic Zones (EEZ) with the highest increase in catch potential include Norway, 

Greenland, the United States (Alaska) and Russia (Asia); the EEZ regions with the highest 

declines include Indonesia, the United States (excluding Alaska and Hawaii), Chile, and China 

(Cheung et al. 2010). With rising sea temperatures, the redistribution of fishes and alterations in 

community interactions will have far reaching impacts on commercial and recreational fisheries 

(Figure 9) (Perry et al. 2005).    

 

 Figure 9: “Projected changes in 10-year averaged maximum catch potential from 2005 to 

2055 by the 20 Exclusive Economic Zone regions with the highest catch in the 2000s.  The 

numbers in parentheses represent the numbers of exploited species included in the analyses” 

(Cheung et al. 2010). 

 

Climate change will affect not only the biological viability of fish populations through 

chemical and physical alterations to the oceanic environment but will impact the socioeconomic 

stability of coastal communities.  For instance, negative recreational fishing impacts from SLR 

within North Carolina are valued at $430 million between 2005 and 2080 due to loss of present 
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fishing locations (Poulter et al. 2009).  Scientific research presents evidence that the outcomes of 

climate change will be highly variable, with the potential for both positive and negative impacts 

on the fishing industry depending upon regional environmental differences.  Research also shows 

that the effects of climate change are unpredictable, with science only providing limited insight 

into the possible outcomes that will have to be considered in the future.  It is important to 

understand the potential synergistic effects between climate change and the anthropogenic 

pressures from the fishing industry, exacerbating climate-induced alterations in fish populations 

(Harley et al. 2006).   

Coastal Wetlands 

 SLR threatens coastal wetlands with inundation, erosion, and saltwater intrusion (Scavia 

et al. 2002).  Historically, as low lying areas were submerged coastal wetlands expanded inland 

but with many landward margins being armored in modern society this inland migration is 

prevented, meaning wetlands could be lost if they are unable to accumulate substrate at a rate 

that keeps pace with SLR (Scavia et al. 2002).  In addition to SLR, other effects climate change 

may have on coastal wetlands includes altered precipitation patterns, changes in watershed land 

use which will alter the timing and delivery of water and sediment, and increases in atmospheric 

CO2 and temperatures (Scavia et al. 2002). 

Estuaries 

Dare, Hyde, and Tyrrell counties are surrounded by the Albemarle-Pamlico Sound the 

second largest estuary in the U.S., with a watershed of approximately 30,000 mi
2
 (2010f).  The 

Sound provides nursery habitat for 90% of the fish and shellfish caught by commercial fishermen 

in the region (2010f). Currently the implications climate change will have in the estuarine system 

and the effects these changes will have on species populations are uncertain.  The changes that 
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the estuaries undergo will be determined by processes such as the fate of large stores of 

disintegrating terrestrial peats which will influence estuarine biogeochemistry, and the collapse 

of a portion of the barrier islands converting estuarine to pelagic conditions (Poulter et al. 2009).  

The impact climate change will have on estuaries will also be manifested through the 

exacerbation of current stresses such as nitrate-driven eutrophication (Scavia et al. 2002).  

Climate change will alter an estuary’s ability to resist eutrophication through changes in mixing 

characteristics caused by variations in freshwater runoff, changes in temperatures, SLR, and 

altered exchange with coastal ocean waters (Scavia et al. 2002).  “Changes in freshwater inflow, 

air temperatures, and precipitation patterns can also influence water residence time, nutrient 

delivery, dilution, vertical stratification, and control of phytoplankton growth rates” (Scavia et al. 

2002).  

Estuarine temperature ranges will narrow as winter temperatures increase while 

evaporative cooling and increased cloudiness will lead to more moderate high summer 

temperatures (Scavia et al. 2002).  There is also the possibility of increased salinity and modified 

stratification and mixing patterns in estuaries as a result of earlier freshwater inflow from 

snowmelt and greater evapotranspiration, leading to altered biotic distributions, life histories, and 

biogeochemistry (Scavia et al. 2002).  If this effect were to strengthen increased winter flows and 

decreased spring flows would lead to decreased salinities in the wet season and increased 

salinities in the dry season, stressing the ecosystem as a whole (Scavia et al. 2002). 

 Changes in the hydrologic cycle will directly impact estuaries, as regions with decreases 

in freshwater runoff will increase estuarine water residence time while other areas experiencing 

increases in runoff will observe decreases in residence time (Scavia et al. 2002).  The effects on 

estuaries in regions that experience decreased precipitation will be exacerbated as more 
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freshwater is stored in the watershed in response to drought (Scavia et al. 2002).  Changes in 

water residence times will alter the amount of time phytoplankton reside within an estuary, if 

residence times increase then the estuary becomes more susceptible to eutrophication (Scavia et 

al. 2002). 

 Precipitation patterns will also affect the flux of nutrients into the estuarine system.  

Nitrate tends to build up in soils during dry years as a result of reduced uptake by crops, leading 

to higher levels of nutrients entering estuaries in subsequent wet years (Scavia et al. 2002).  This 

is why wet years that directly follow dry years tend to produce the largest fluxes of nitrate from 

regional catchments (Scavia et al. 2002).  If future precipitation regimes are more variable then 

coastal areas may be more frequently impacted by nutrient over-enrichment and eutrophication 

(Scavia et al. 2002). 

Barrier Islands 

North Carolina’s system of barrier islands will also be biophysically altered in the face of 

SLR.  An undeveloped barrier island would naturally migrate landward in response to two 

processes (Poulter et al. 2009).  The first process involves inlets being opened by storms in weak 

barrier segments allowing the island width to expand through the deposition of vast flood-tide 

deltas (Poulter et al. 2009).  The second natural process that would alter undeveloped barrier 

islands is overwash which buries the flood-tide deltas and builds barrier island elevations 

(Poulter et al. 2009).  However, since most of North Carolina’s barrier islands are well-

developed these two processes are prevented by the construction of dune ridges and roads 

(Poulter et al. 2009).  The unnatural inhibition of these processes leads to erosion along both 

ocean and estuarine shorelines causing islands to narrow, increasing their vulnerability to storms 

and SLR (Poulter et al. 2009).  As climate change occurs,  only one major storm could lead to a 
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collapse of sediment-poor barrier segments, causing major biophysical changes to the estuarine 

systems (Poulter et al. 2009). 

The barrier islands spanning the North Carolina coast are classified as wave-dominated 

barriers, which are present in regions where wave energy is large relative to tidal energy 

(Gutierrez et al. 2009).  Wave-dominated barrier island are relatively long, thin stretches of sand 

protecting shallow estuaries, lagoons, or embayments that are bisected by tidal inlets (Figure 10) 

(Gutierrez et al. 2009). 

 

Figure 10: Map of the mid-Atlantic coast showing where four different coastal landform 

types occur, including the wave-dominated barriers of NC (Gutierrez et al. 2009). 

 

 

 

 



48 

 

There are three potential responses barrier islands will have in response  to SLR, including 

(1) bluff and upland erosion, (2) overwash, inlet processes, & barrier island morphologic 

changes, and (3) threshold behavior (Gutierrez et al. 2009).  The first possible response involves 

bluff and upland areas eroding, with the coast retreating landward as sea levels increase 

(Gutierrez et al. 2009).  The second possible response  involves accelerating natural barrier 

island processes with more frequent storm overwash, and tidal inlet formation and migration 

(Gutierrez et al. 2009).  The third possible response is a worst case scenario where a barrier 

island becomes unstable and crosses a geomorphic threshold in which the barrier island becomes 

unstable with rapid landward migration, decreased barrier width and height caused by severe 

sand erosion, increased frequency of barrier breaching and inlet formation, and segmentation of 

the barrier island (Gutierrez et al. 2009).  Research has shown that historically the Outer Banks 

has had two periods in the past several thousand years where fully open ocean conditions have 

occurred in Albemarle and Pamlico sounds (Gutierrez et al. 2009).  This data indicates that 

portions of the North Carolina barrier island system were segmented for periods of a few 

hundred years, later reforming to their modern continuous state (Gutierrez et al. 2009).  As SLR 

occurs the barrier islands will become very vulnerable once again, likely reaching their threshold 

which will lead to pervasive segmentation (Figure 11) (Gutierrez et al. 2009). 
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Figure 11: Shoreline response to SLR, demonstrating a high likelihood that North Carolina’s 

Outer Banks will reach their geomorphic threshold leading to degradation of the islands 

(Gutierrez et al. 2009). 

 

 

VI. CLIMATE ADAPTATION: POLICIES & STRATEGIES  

In dealing with the impacts that climate change will have on the coastal biophysical 

environment and the human ecology of the communities residing in these ecosystems the 

concept of “Climate Adaptation” has been coined within policy circles.  Climate adaptation is 

defined by the Intergovernmental Panel on Climate Change (IPCC) as, “initiatives and measures 

designed to reduce the vulnerability of natural and human systems against actual or expected 

climate change effects” (Kane 2011).  In general, adaptation refers to alterations in ecological, 

social, or economic systems responding to current or future impacts from climate change  (Smit 
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et al.).  Adaptation requires a change in processes, practices, and structures in mitigating the 

effects of climate change and more specifically SLR (Smit et al.).  There are three strategies that 

are generally incorporated into adaptation strategies, including mounting resistance, increasing 

resilience, and facilitating transitions (Kane 2011).  Mounting resistance refers to protecting high 

value or unique assets, increasing resilience refers to helping communities better accommodate 

shifts and new perturbations, and facilitating transitions refers to developing a smooth 

transformation for ecological and social systems as the impacts of climate change begin to occur 

(Kane 2011).   

There are three general SLR adaptation strategies that have been implemented within North 

Carolina.  First, non-structural alternatives include land use controls, retreat programs, or the 

removal or relocation of structures (Greene 2002).  As communities retreat, wetlands and 

beaches are allowed to take over currently dry land (Clark et al. 2010).  This approach’s positive 

impact is that it allows wetlands and beaches to take dry land but the down side is current 

infrastructure and uses of these lands are forever lost to the sea (Clark et al. 2010).  Many homes 

in Dare County (e.g. the towns of Kitty Hawk and Nags Head) have been lost to retreating ocean 

shores and after Hurricane Floyd destroyed homes in eastern Pamlico County local officials 

discouraged the rebuilding of homes in vulnerable locations (Clark et al. 2010).  

The second approach involves hard stabilization which armors the shore with man-made 

structures (e.g. seawalls, dikes, revetments, bulkheads…) (Clark et al. 2010).  The upside to this 

approach is that existing land is preserved but the wetlands and beaches become squeezed 

between development and the rising sea (Clark et al. 2010).  Shoreline hardening has taken place 

in Tyrrell County to protect low-lying farms, and dikes have been placed around Gum Neck 

(Tyrrell County) and Swan Quarter (Hyde County) (Clark et al. 2010).   
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Finally, towns can use soft structural stabilization techniques including beach nourishment, 

beach bulldozing, dune creation, restoration, and reshaping (Greene 2002). For example, towns 

can elevate land preserving both the natural shores and existing land uses but often the economic 

costs far outweigh the costs of shoreline armoring (Clark et al. 2010).  This strategy was 

employed in the aftermath of Hurricane Floyd as several homes in Carteret County were elevated 

(Clark et al. 2010).  This upcoming section will detail climate adaptation policies and strategies 

being used in North Carolina to mitigate the impacts of SLR, since sea level rise is of the utmost 

concern in Dare, Hyde, and Tyrrell counties. 

North Carolina Policies  

North Carolina does not have any specific climate adaptation policies, but there are 

several policies that directly impact how the state will respond to climate change, including SLR 

and increased storm intensity.  First, it is important to recognize that in North Carolina the state 

owns coastal lands up to the mean high tide line, which is the boundary between private and 

state-owned public trust lands (Clark et al. 2010).  This boundary is ambulatory and will move 

further inshore as seas rise, leaving less land available for private ownership reducing the amount 

of income the state will acquire through privately taxed lands (Clark et al. 2010). 

 The primary piece of legislation that will directly affect how the state deals with SLR is 

North Carolina’s Coastal Management Program (CMP), which  was created in 1974 with the 

passage of the Coastal Area Management Act (CAMA) (Clark et al. 2010).  CAMA maintains 

jurisdiction over 20 of North Carolina’s coastal counties, the estuarine waters within these 

counties, and the Atlantic Ocean seaward to the end of state jurisdiction (Clark et al. 2010).  

Within CAMA there are two state programs, regulatory and planning, which create a state and 

local partnership to manage coastal lands (Clark et al. 2010).   
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 The regulatory program is primarily concerned with designating areas of environmental 

concern (AECs), which are managed by the Coastal Resources Commission (CRC) (Clark et al. 

2010).  AECs are specific areas within North Carolina’s coastal counties that are recognized as 

needing special protection because of, “…ecological resources dependent upon the habitat, 

recreational value, or overall sensitivity” (Clark et al. 2010).  The specific AECs that will most 

directly be affected by SLR are the ocean hazard AECs which are directly adjacent to the 

Atlantic Ocean and the coastal shoreline AECs which are adjacent to coastal rivers, estuaries, 

and sounds (Clark et al. 2010).  Development within AECs is regulated by the North Carolina 

Division of Coastal Management (DCM) in the Department of Environment and Natural 

Resources (DENR), which administers a permit program to ensure that development activity 

meets AEC standards (Figure 12) (Clark et al. 2010). 

 

Figure 12: A summary of the state’s regulatory program that is currently in place to deal with 

SLR (Clark et al. 2010). 

 

Unfortunately, SLR is only a foundational concern for ocean hazard AEC standards being 

only indirectly addressed in the coastal shoreline standards (Clark et al. 2010). For ocean hazard 
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AECs the CRC recognizes the threats that come from long-term erosion associated with SLR 

(Clark et al. 2010).  In order to help limit the development within these threatened regions of the 

shoreline the commission has established development standards that require setbacks for new 

construction and prohibit hardening of the ocean shorelines (Clark et al. 2010).  The DCM 

requires that setback lines be established a minimum distance from the first line of stable, natural 

vegetation 
7
 (Clark et al. 2010).  As SLR occurs, the first line of stable natural vegetation will 

move landward, resulting in inland migration of property lines and setbacks (Clark et al. 2010).  

It is important to note that North Carolina does not allow hard erosion control structures on 

shorelines adjacent to the ocean, but does consider beach nourishment an allowed form of 

erosion control (Clark et al. 2010). 

 Up until recently, policy-makers thought of SLR solely when ocean shorelines were 

involved but over the past couple years many have begun to realize the important consequences 

that SLR will have for coastal watersheds and estuaries.  Fears about future wetland loss have 

caused an examination of the methods used to stabilize sound-side shorelines (Clark et al. 2010).  

In addition devastating storm surges, such as the one from Hurricane Floyd brought attention to 

the potential impacts that SLR may have on riverine development (Clark et al. 2010).  Due to 

increasing fears surrounding coastal shores that are not directly adjacent to the open ocean, the 

CRC adopted new standards to manage development within coastal shoreline AECs in August 

2000 (Clark et al. 2010).  The most important new rule is the requirement that a 30-foot buffer 

along coastal shoreline AECs be established (Clark et al. 2010). Unfortunately, these new 

regulations still allow the usage of controversial hard erosion control structures along non-ocean 

                                                 
7
 For single family residences and other structures that have 5,000 square feet of total floor area or less, the setback 

is determined by multiplying the annual erosion rate by 30. At a minimum, this line must be 60 feet from the first 

line of stable, natural vegetation. The setback is doubled to 120 feet for structures larger than 5,000 square feet 

(Clark et al. 2010). 
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shorelines (Clark et al. 2010).  Overall, these new rules are a move in a positive direction by the 

state in preventing future development along shorelines which will most likely be lost or severely 

damaged as SLR continues. 

 Researchers and policy-makers recognize that land management is central to mitigating 

the effects of SLR.  Land management activities that should consider SLR, “…include forest 

clearing and planting, management of drainage canals (which can transport saltwater into 

freshwater areas), dredging, shoreline hardening (installing groins, seawalls, bulkheads, etc.), 

and shoreline development” (Poulter et al. 2009). In recognizing the importance of land 

management the aforementioned regulatory program of North Carolina has a planning program 

within CAMA.  A directive within CAMA requires local governments within the 20-county 

coastal area to develop their own independent land use plans which are developed within general 

guidelines provided by the CRC (Clark et al. 2010).  These county plans are intended to give 

local governments a chance to develop land use guidelines that address specific SLR issues that 

their individual county may encounter.   

The CRC’s guidelines ask counties to identify constraints to development and formulate 

policies to respond to SLR conditions; listing areas that would bring about undesirable 

consequences if developed (Clark et al. 2010). Yet even though the CRC  requires that local 

governments address SLR, an analysis of the 20-county land use plans shows that most local 

governments have chosen to not address SLR in spite of the CRC’s guidelines (Clark et al. 

2010).  In fact, many county plans actually defer to the state to take action after further study is 

conducted (Clark et al. 2010).  The only time that CAMA requires local policies to align with 

state policies is when a local ordinance will affect an AEC (Clark et al. 2010). 
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County Land Use Plans for Dare, Hyde, & Tyrrell Counties  

As mentioned above, each county is required to develop a land use policy that should 

address SLR.  Dare County’s land use policy addresses SLR,  “…by stating that there is 

insufficient reliable data to quantify the rate of sea level rise and that the phenomenon needs 

additional study (Clark et al. 2010).”  Dare County’s plan states that until more conclusive 

projections regarding SLR are collected it will continue to rely solely on AEC standards for 

development limitations (Clark et al. 2010).  Some towns within Dare County have adapted their 

own citywide ordinances regarding SLR
8
 but even these town ordinances seem to simply be 

waiting for state or federal agencies to take action. 

 Unfortunately Hyde County’s land use plan does not even address SLR and Tyrrell’s 

CAMA- mandated land use plan indicates that the issue of SLR is not “solid” enough to propose 

a realistic policy statement, since SLR is still being debated in scientific circles (Clark et al. 

2010).  Both counties completely ignore the dangers that SLR poses to their counties.  In 

Tyrrell’s case the Department of Environment and Natural Resources has stated that they are 

uncertain as to whether Tyrrell’s viewpoint resulted from full consideration of the available 

information on SLR or is more closely related to the fact that the county does not have the 

resources to consider long-term issues as it struggles to fund even the most basic services (Clark 

et al. 2010). 

 In spite of the fact that none of the three counties have used their land use plans to 

develop a serious mitigation approach to SLR policy, analysts and local government officials 

have identified primary concerns that are likely to be protected by the counties in the future.  The 

                                                 
8
 In 1997, Southern Shores updated its CAMA land use plan, stating that it would rely on CAMA regulations, 

FEMA floodplain regulations, and other state and federal agencies to address the issue of SLR (Clark et al. 2010).  

Both Kitty Hawk’s and Kill Devil Hills’ land use plans state that they support the restriction of development within 

areas up to 5 feet above mean high water which are susceptible to SLR  and wetland loss (Clark et al. 2010).   
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EPA funded research to evaluate potential future mitigation efforts to SLR in order to promote 

consideration of policy responses by creating a dialogue among county planners (Poulter et al. 

2009).  According to this EPA research, future local ordinances and state regulations will most 

likely address the protection of highly developed areas, areas of high agricultural value, and the 

county seats
9
 (Clark et al. 2010).  In addition the other primary concerns for these counties are 

pollution from landfills, sites of historical significance, and maintaining transportation routes.  

For example, local government officials and citizens have identified three main concerns for 

Dare County, including the closed landfill along highway U.S. 264 , the historical Cape Hatteras 

Lighthouse, and Highway 12 (Clark et al. 2010).  The landfill is  currently used for disposing of 

construction debris, but is of concern in the face of SLR due to the polluted seepage and runoff 

that would result if submerged in ocean waters (Clark et al. 2010).  Another concern for many is 

the preservation of historical sites such as the Cape Hatteras Lighthouse, which was moved in 

1999 further inland to prevent the sea from claiming the historical monument.  However, the 

impetus for the movement of the lighthouse came from the National Park Service (NPS) on the 

federal level and was opposed by local government officials and citizens (Clark et al. 2010).   

 Maintaining transportation routes is also of primary concern as government officials try 

to protect evacuation routes, commercially important transport routes, and routes commonly 

traveled by tourists (Clark et al. 2010). Highway 12 is of concern on the state level and will 

likely be protected and maintained but will most likely be moved further inland as SLR occurs 

(Clark et al. 2010).  This road will be protected as seas rise due to the fact that Highway 12  is 

the main commercial and evacuation route for the Outer Banks, making its protection a high 

priority within the local and state governments (Clark et al. 2010).  The North Carolina 

Department of Transportation (DOT) and other state divisions are currently assessing ways to 

                                                 
9
 Dare’s county seat is Manteo, Hyde’s county seat is Swan Quarter, and Tyrrell’s county seat is Columbia. 
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protect the highway as climate change occurs, future alternatives that have been discussed are 

elevating the road or sand nourishment to vulnerable areas (Clark et al. 2010).  Another 

transportation route that will most likely be protected on the state and local level is Highway 

U.S. 64 in Tyrrell and Dare counties. In fact, this highway is likely to be expanded to a divided 

highway within the next few years to improve local connection to the state capital, Raleigh 

(Clark et al. 2010).  As SLR occurs the counties will need to decide if they want to continue to 

elevate the roadway with fill from adjacent drainage canals, convert the highway to the bridge-

style causeway often found in Louisiana, or build a dike around the road (Clark et al. 2010). 

Future of Climate Change Policies in North Carolina  

North Carolina is slowly beginning to recognize that SLR is a serious danger to the well-

being of its citizens.  In 2005, North Carolina established a Legislative Commission on Global 

Climate Change to discuss the impacts of global warming and possible mitigation strategies 

(Poulter et al. 2009).  Within the Commission there have been discussions around the potential 

formation of a Coastal Adaptation Program, “… that could purchase conservation easements in 

high risk areas, require hazards associated with coastal properties be disclosed to prospective 

buyers, and conduct public education and outreach about climate change” (Poulter et al. 2009).  

Dialogue of this nature among state officials does provide a promising sign that North Carolina 

is beginning to take SLR seriously. 

In fact, over the past few years the CRC has begun the process of developing a policy that 

directly addresses SLR.  The CRC has developed a six part framework in which North Carolina’s 

SLR policy will be developed.   The first step involved a scoping survey which was conducted in 

the summer and fall of 2009 (2011a).  The second step involved the preparation of a SLR 

Assessment Report by the CRC which was completed in March 2010 (2011a).  The four 
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remaining steps that the CRC will complete over the next few years are as follows: “(1) policy 

development, (2) recommendations to the Executive Branch for adaptation and building 

resilience, (3) amendments to Coastal Management Program regulations and land use planning 

guidelines, and (4) coordination with state agencies and local government planning” (2011a).   

As of February 2011 the state released a draft of their SLR policy and opened it to public 

comment.   The draft currently defines “planned adaptation” as, “… taking a proactive and 

deliberate approach to promoting resiliency of communities, economies and ecosystems, by 

identifying hazards and vulnerabilities and designing and implementing measures to adjust to, or 

relocate from, rising seas before a foreseeable hazard forces a response” (2011b).  The two-and-a 

half page long policy states that it will help provide public education and scientific data to local 

counties,  and “encourages” county governments to incorporate SLR into their land use plans 

(2011b). 

Evaluating State & Local Policies Relevant to Climate Change  

Currently North Carolina’s policies concerning climate change are very limited, only 

directly addressing SLR within ocean hazard AECs, with setbacks being the primary tool the 

state is using in mitigating the impacts of climate change.   Setbacks may encourage retreat from 

shorelines but the state’s policies do not take into account changes in long-term erosion rates, 

buildings that last more than 30-60 years, existing development, or major shoreline changes due 

to storms (Poulter et al. 2009). In addition, since AECs constitute only about 1 percent of the 

total land area of coastal counties, this format limits the state’s ability to effectively mitigate the 

potential consequences of SLR (Clark et al. 2010).  As long as the state only addresses SLR 

within AECs, “…CAMA’s planning program will be largely advisory and will not contain the 

types of enforceable policies necessary to influence major land use decisions in a way to mitigate 
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future hazards- including sea level rise” (Clark et al. 2010).  In a sense, the state is saying that 

SLR is recognized as a concern but leaves 99% of the responsibility of planning for SLR up to 

the individual coastal counties. 

The state placing counties in charge of developing local SLR policies within their land 

use plans has been tremendously ineffective.  Dare, Hyde, and Tyrrell counties either do not 

address SLR at all or when they do they claim that there is not enough scientific data for a policy 

to be formed.  In a sense the counties are sending the message that they are not going to do 

anything unless the state of North Carolina takes a harder policy stance.  There needs to be a 

facilitated conversation between the counties and the state because as of right now the state is 

choosing to leave SLR mitigation up to the counties while the counties are choosing to leave it 

up to the state.  

In spite of the overall ineffectiveness of current state and county policies many hoped that 

the CRC’s newly drafted SLR policy would begin a more open conversation concerning the 

state’s response to coastal climate change but the current draft suggests that the policy will be 

more rhetoric than an effective climate adaptation strategy.  The current policy draft is only a 

couple pages that does nothing more than says that SLR is a problem.  The policy simply 

“encourages” local counties to address SLR within their land use plans.  In the most recent draft 

one can actually see where the state has deleted the following:  

“…local land‐use plan updates undertaken pursuant to the Coastal Area Management Act 

should include consideration of sea‐level rise impacts on natural systems, public and 

private property, local economic development, public and private infrastructure, hazard 

management and mitigation plans, development practices, water resources, historic and 

cultural resources, public health, and projected population changes. Adaptive strategies 

for addressing sea‐level rise impacts and promoting resilience should [be]  identified for 

each of these areas” (2011b).  
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The above statement was the only slightly promising aspect of the policy, only to be deleted 

following public comment.  More immediate socioeconomic issues, a general political climate 

opposed to regulation, and a general lack of education concerning SLR among policy-makers has 

impeded policy change and diverted attention from this very serious problem  (Poulter et al. 

2009).  The state needs to develop a more detailed policy which does more than “encourage” 

local counties to be prepared for the inevitability of SLR. 

Most local strategies within North Carolina are focusing only on the first aspect of 

climate adaptation, “mounting resistance” (e.g. hardening shorelines and beach nourishment); 

ignoring the other two components of a well-rounded adaptation strategy including “increasing 

resilience” and “facilitating transitions”.  Shore protection may be less socially disruptive in the 

short term but in the long term retreat may become less socially disruptive as shores become 

unsustainable (Titus et al. 2009). The state needs to ask itself if the long-term economic and 

social cost of fortifying coastal lands is the best option. It is important that the state move beyond 

traditional strategies of simply hardening the shoreline and create a multifaceted policy that 

addresses the eventuality of retreat in certain locations.  Planning, regulatory, and legal 

mechanisms play a more important role in developing relocation strategies than shoreline 

protection because most shoreline protection projects can be planned and implemented in a 

matter of months or years, whereas retreat requires extensive previous planning in order to 

facilitate a smooth and safe retreat for threatened populations (Titus et al. 2009) 

Within a retreat policy the state must address three issues: 1) where to relocate the 

displaced populations to, 2) the development and implementation of an effective strategy of 

retreat overtime, and 3) once land is claimed by the sea how will the pollution left behind (i.e. 

the waste materials and substances that make up societal infrastructure), be mitigated.  Several 
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policy alternatives are available to the state in developing an effective retreat strategy, including 

buyout programs
10

, conservation easements
11

, acquisition programs
12

, setbacks
13

, flood hazard 

regulations
14

, rolling easements
15

, density restrictions
16

, and size limitations
17

.  A SLR strategy 

that implemented a combination of these strategies on both the county and state level would help 

provide a dynamic framework from within which North Carolina can move past the denial that 

SLR is occurring and begin accepting the fact that populations will need to be relocated within 

the coming decades.  The pre-planning of retreat offers citizens the opportunity to be pro-active 

as seas rise and not just reactionary.   The state can save money and lives in designing a policy 

that outlines exactly what strategies will be implemented over the next century as SLR occurs.  

Hard Stabilization of Shorelines 

One of the most commonly used and contentious strategies used by regional governments 

is shoreline hardening, which helps to preserve existing uses of the land.  Unfortunately, this 

strategy is a short-term solution to a long-term problem, as there are many side-effects associated 

with unnaturally hardened shorelines (e.g. groins
18

, seawalls
19

, revetments
20

, breakwaters
21

, 

                                                 
10

 Buyout programs compensate landowners for losses from coastal hazards by purchasing vulnerable property 

(Titus et al. 2009).  
11

 Conservation easements allow the owner of an easement to prevent the owner of the land from developing it, 

leaving room for landward migration of wetlands and beaches (Titus et al. 2009). 
12

 Acquisition programs include efforts by government or a conservation entity to obtain title to the land adjacent to 

the ocean.  Titles may be obtained by voluntary transactions, eminent domain, or dedication of flood-prone lands as 

part of a permitting process (Titus et al. 2009). 
13

 Erosion based setback are currently used within North Carolina but are only enforced in AECs. 
14

 Flood hazard regulations can be helpful in prohibiting development based on elevation and not just proximity to 

shore, in a sense they are elevation-based setbacks (Titus et al. 2009). 
15

 Rolling easements are regulatory mechanisms that prohibit shore protections, allowing wetlands or beaches to 

migrate inland as SLR occurs (Titus et al. 2009). 
16

 Density restrictions allow some development but limits the overall density of development along the shoreline 

(Titus et al. 2009). 
17

 Size limitations allow development but limit the size of the structures that are at risk (Titus et al. 2009). 
18

 Groins run perpendicular to the shore, trapping sand at specified locations.  Groins are arranged in a series that 

runs from the beachface out to the sea (Greene 2002). 
19

 Seawalls are constructed parallel to the shoreline, supporting the base of the coastal property and deflecting 

incoming waves (Greene 2002). 
20

 Revetments are constructed of large boulders to absorb some of the incoming wave energy (Greene 2002). 
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jetties
22

…).  Researchers characterize the effects of hard shoreline stabilization structures on 

beaches under three degradation mechanisms: (1) placement loss, (2) passive erosion, and (3) 

active erosion (Hall and Pilkey 1991).  Placement loss is a result of a  seawall being placed 

below the high tide line on a beach, leaving a narrower beach and preventing the exchange of 

sand between dunes and beaches (Hall and Pilkey 1991). A second consequence of shoreline 

hardening is passive erosion which occurs when the dune line is armored or replaced by a fixed 

engineered structure (Hall and Pilkey 1991).  In this scenario, erosion leads to a retreating 

shoreline and the high water line moves inland towards the structure until the structure 

eventually extends into the surf zone (Hall and Pilkey 1991).  Finally, there is active erosion 

which is when beach erosion accelerates due to the presence of stabilizing structures, leading to 

the redistribution of sediment supply and/or modification of shore zone processes (Hall and 

Pilkey 1991).  For example, groins are successful in retaining or increasing beach width on the 

updrift side, while simultaneously causing active erosion and narrowing of the beach downdrift 

(Hall and Pilkey 1991). 

There are nine widely recognized consequences of artificially hardening a shoreline:   

1. First, construction of seawalls at the base of eroding bluffs immediately cuts off a 

source of sand for the beach, exacerbating erosion (Pilkey and Iii 1988).   

2.  Then there is what is known as the groin effect in which an isolated wall built on a 

retreating shoreline eventually extends into the longshore transport system, reducing 

downstream sand supply (Pilkey and Iii 1988).   

                                                                                                                                                             
21

 Offshore breakwaters are constructed parallel to the shore reducing incoming wave energy and longshore sand 

transport (Greene 2002). 
22

 Jetties run perpendicular to the shorefront, trapping sand at specified locations.  Jetties are placed in pairs at the 

entrances to inlets and channels in order to reduce shoaling the channel (Greene 2002). 
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3.  Third, sand transportation gradients are such that the sand profile requirements in 

front of a wall usually require outside sand in order to resist erosion. When a wall is 

constructed that sand is derived from adjacent beaches causing adjacent beaches to 

become more eroded than if no shoreline hardening had occurred (Pilkey and Iii 

1988).   

4. In addition, the flanking effect is a common consequence of constructed shorelines as 

erosion rates at one or both ends of an isolated wall occur (Pilkey and Iii 1988).  The 

flanking effect forces neighboring property owners to stabilize in self-defense, 

leading to the proliferation of walls (Pilkey and Iii 1988).  

5. Another implication of shoreline hardening is the inhibition of two-way sand 

exchange between a beach and the upland, as overwash and sand dune formation are 

two natural processes which remove sand from beaches (Pilkey and Iii 1988).  This 

effect is particularly important when thinking about coastal storms and climate 

change as the inhibition of this exchange depletes the sand reservoir for storm 

response (Pilkey and Iii 1988).  Seawalls prohibit landward transport of wind-blown 

sand increasing sand retention on the beach while also prohibiting seaward transport 

of sand by wind decreasing the coastal sand supply (Pilkey and Iii 1988).   

6. The sixth side effect of shoreline hardening is lowering the shores ability to respond 

to storms, as beaches naturally respond to storms by moving sand about to flatten the 

surf zone profile and/or by forming offshore bars (Pilkey and Iii 1988).  Flattening 

helps dissipate wave energy over a broadened zone while sand bars have the effect of 

“tripping” waves in the outer surf zone (Pilkey and Iii 1988).  Sea walls inhibit the 
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beaches ability to respond to storms by preventing sand from moving and narrowing 

the beach (Pilkey and Iii 1988).   

7. Another problem is the shores inability to recover from storms, as beaches in front of 

walls usually recover from storms slower than natural systems (Pilkey and Iii 1988). 

8. There is also the not well understood consequence of shoreface steepening (Pilkey 

and Iii 1988). 

9.  A final consequence of artificially hardening a shoreline is the “telescoping” of the 

surf zone.  During a storm a portion of the surf zone widens due to the landward 

translation of the surf zone boundary, when a sea wall is constructed this movement is 

prevented leading to a narrower surf zone (Pilkey and Iii 1988). This results in storm 

energy impacting a smaller area and surf zone processes being intensified, including 

longshore currents, wave reflection, storm rip-currents, and pressure gradient related 

currents (Pilkey and Iii 1988). 

These consequences have led many states and counties to reevaluate whether constructed 

shorelines are actually hurting more than they are helping.  There are numerous regulations that 

restrict the usage of hardened shorelines for fear of solving one problem only to create more.  

Maintaining hard stabilization structures can be ecologically and economically costly to the state 

as many construction projects lead to an ongoing demand for continuous beach nourishment 

programs.  In many areas along the east coast sand transfer plants pump sand that accretes on the 

north side of a jetty to the south side of the jetty, keeping sand recycled in the longshore system 

and preventing the sand from building up in inlets (Greene 2002).  Projects of this nature can 

lead to long-term costs for both counties and states. 
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Soft Stabilization of Shorelines: Oyster Reefs & Submerged Aquatic Vegetation 

 North Carolina policies favor soft shore stabilization particularly beach nourishment as 

many of the consequences of hard stabilization have come to light along the eastern seaboard  

(Greene 2002).  However, over the past few years as climate adaptation becomes a central 

concern for coastal states there have been several new advances in soft shore stabilization 

strategies.  The Nature Conservancy (TNC) in Kill Devil Hills, NC has been working on a 

climate adaptation program that uses more natural techniques to help communities mitigate the 

impacts of climate change using living shorelines, including oyster reefs and submerged aquatic 

vegetation (i.e. SAV).  By restoring living shorelines, TNC hopes to reduce shoreline erosion 

caused by SLR and stronger hurricanes while also gaining ecosystem services, such as the added 

benefit of nursery habitats for commercially and ecologically important fish.  These types of soft 

stabilization help reduce shoreline erosion like hard stabilization structures but without the 

ecological consequences of hard stabilization.  In addition, they have a reduced economic 

commitment, as most hard stabilization structures require long-term costly maintenance such as 

beach nourishment.  The primary benefits of restoring living shorelines are the numerous 

ecosystem services that are provided in addition to lessening erosion (Tables 16 & 17).  

Building Resiliency: Wetland & Hydrologic Restoration 

TNC is also increasing the ability of coastal wetlands to adapt to climate change by 

removing nonnative invasive plants and restoring native marsh grasses to build back the 

shoreline’s natural resilience, and is planting flood tolerant trees (e.g. black gum, bald cypress) to 

help make the shoreline more stable as water moves inland.  Restoration of this nature is not so 

much geared towards stabilization but helping natural communities to transition as SLR occurs, 
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ensuring that large swaths of wetland are able to accommodate salinity and water level 

fluctuations without diminishing valuable ecosystem services (Table 18).   

Another approach being used by TNC within Dare, Hyde, and Tyrrell counties is 

hydrologic restoration.  Drainage ditches have been cut into the landscape across these counties, 

as SLR occurs these ditches will allow saltwater to move deeper inland leading to more 

expansive contamination of freshwater.  By plugging these ditches and installing water control 

structures local authorities will be able to manage water levels and reduce saltwater intrusion.  

This type of restoration will ensure that ecological landscapes that require freshwater are not 

inundated with salinity levels that they cannot naturally recover from.  Just like with wetland 

restoration, this effort is focused on increasing ecological resiliency as SLR occurs.   

VII. Recommendations: Suggestions for Future Research & Management 

There are many possibilities for future research in evaluating the ecological and 

socioeconomic impact of climate change and the effectiveness of climate adaptation strategies in 

Dare, Hyde and Tyrrell counties.  I recommend the following research and management 

strategies be used to help North Carolina prepare for the effects of climate change, and SLR in 

particular.   

1. In order to better understand the socioeconomic importance of this region it is 

recommended that local governments and NGOs partner with local citizens to 

conduct interviews and surveys in order to gain more regionally accurate 

socioeconomic data.  Surveys and interviews were originally anticipated to be part of 

this research but due to high illiteracy rates, an aversion to speaking with outsiders, 

and local attitudes towards climate change these methods became impossible to 

implement within a reasonable timeframe.  By partnering with local citizens to 
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conduct interviews, organizations would gain a more accurate idea of what the local 

community values and what climate adaptation strategies would be most effective in 

light of social and cultural concerns. 

2. Due to large variations in ecosystem service valuations, it is also recommended that 

regional ecosystem service research be conducted.  Local governments and NGOs 

should decide on a standard valuation method, possibly partnering with a local 

university, in order to determine the regional value of important ecosystem services.  

Since ecosystem services are valued differently around the world it is important for 

regional researchers to agree on what guidelines will be used in each valuation study.  

By conducting local research in this area, spatial and temporal variability will be 

minimized as specific ecosystems are valued. 

3. The research conducted in this study is a very broad summarization of the concerns 

facing these counties.  In order to provide environmental managers with more specific 

insight into the impacts of climate change in this region I recommend that future 

research focus on one specific regional industry, climate change impact, or adaptation 

strategy to study.  This paper is meant to guide future research by highlighting the 

regional characteristics that are important while developing climate adaptation 

strategies but environmental managers should decide what aspects of this study are 

most important to their management goals and research those areas in greater detail. 

4. State and local governments should immediately begin outlining more effective 

adaptation strategies that will be undertaken given various ecological and economic 

climate change scenarios.  Climate adaptation strategies should include both short-

term (i.e. hard and soft stabilization) and long-term (i.e. retreat, conservation 
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easements) mitigation approaches, taking into account regional ecological and 

socioeconomic variations. Being prepared for climate change is the best way to avoid 

devastating economic consequences, felt at both the local, state, and national level. 

5. Living shorelines are a viable short-term solution to erosion caused by SLR and 

increased storm intensity; however, their primary benefits come from the natural 

ecosystem services (i.e. nursery grounds, nutrient cycling) they provide not their 

ability to provide a long-term solution to the effects of climate change.  By slowing 

erosion rates, living shorelines will help provide communities more time to develop 

extensive adaptation strategies that involve more long-term solutions.  Although, it is 

important to note that as climate change occurs living shorelines may become more 

valuable (i.e. oyster reefs proliferate providing a commercially harvestable good to 

local communities) or less valuable (i.e. a disease instigated by climate change wipes 

out all oyster reefs or SAVs).  Yet, living shorelines are a much better natural 

alternative than hard shoreline stabilization that may slow erosion but lead to vast 

ecological and economic consequences for local communities.  It is recommended 

that communities use living shorelines as one tool in a larger toolbox in order to 

combat SLR. 

6. It is also recommended that conservation and restoration efforts be moved inland by 

purchasing conservation easements along where the coastline is projected to be in 100 

years.  By investing limited resources in short-term solutions (i.e. hard and soft 

stabilization strategies) that will be underwater in 100 years, conservation 

organizations are overlooking the opportunity to gain future valuable ocean front 

property.  Inland conservation easements will become more economically valuable 



69 

 

and viable in the future whereas as current coastline projects will decrease in value 

and usefulness. 

VIII. Conclusions 

 Dare, Hyde, and Tyrrell counties are economically important to North Carolina, playing a 

central role in the agriculture, commercial fisheries, and tourism industries.   Of particular 

importance, are the coastal and marine ecosystem services provided by these coastal 

environments but due to varying valuation methods and regional ecosystem differences it is 

difficult to quantify their value to society.  In addition, climate change impacts within the region 

are not well-understood  making it difficult to outline the exact ecological and socioeconomic 

impacts coastal communities will experience; however, uncertainty in climate change science 

should not be used as an excuse for North Carolina and local counties to ignore the potential 

impacts of climate change and SLR.  North Carolina through partnership with local counties and 

NGOs should develop effective climate adaption strategies that outline more long-term strategies 

such as retreat.  By prescribing to the “precautionary principle” the state will be able to buffer 

communities from the devastating economic and ecological consequences of climate change. 
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Appendix 1:  Agricultural Crops (2010) 

  Hyde (Central Coastal) Tyrrell (Northern Coastal) North Carolina 

Acres, 
Yield, & 

Production 

Percentage 
of State 
Totals 

Value of 
Production 

Percentage 
of State 
Value 

Acres, 
Yield, & 

Production 

Percentage 
of State 
Totals 

Value of 
Production 

Percentage 
of State 
Value 

Acres, 
Yield, & 

Production 

Value of 
Production 

Price 

Leading 
Counties 

in the 
State 

Corn for Grain 

Planted All 
Purposes- 

Acres 

30,500 3.35% 

$22,242,850 5.65% 

27,800 3.05% 

$20,852,350 5.30% 

910,000 

$393,666,000 
$5.15/ 
Bushel 

Hyde is 
#3, 

Tyrrell is 
#4 

Harvested 
for Grain- 

Acres 

29,700 3.54% 27,700 3.30% 840,000 

Yield per 
Harvested 

Acre- 
Bushels 

145 ------------ 146 ------------ 91 

Production- 
Bushels  

4,319,000 5.65% 4,049,000 5.30% 76,440,000 

Cotton 

Planted All 
Purposes- 

Acres 

15,800 2.87% 

$13,278,720 3.92% 

------------ ------------ 

------------ ------------ 

550,000 

$338,957,000 
$0.728/ 
Pound 

Hyde is 
#7 

Acres 
Harvested- 

Acres 

15,600 2.86% ------------ ------------ 545,000 

Yield per 
Harvested 

Acre- 
Pounds 

1,169 ------------ ------------ ------------ 838 

Production- 
480-lb 
Bales 

38,000 4.00% ------------ ------------ 951,000 
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Appendix 1:  Agricultural Crops (2010) 

  Hyde (Central Coastal) Tyrrell (Northern Coastal) North Carolina 

Acres, 
Yield, & 

Production 

Percentage 
of State 
Totals 

Value of 
Production 

Percentage 
of State 
Value 

Acres, 
Yield, & 

Production 

Percentage 
of State 
Totals 

Value of 
Production 

Percentage 
of State 
Value 

Acres, 
Yield, & 

Production 

Value of 
Production 

Price 

Leading 
Counties 

in the 
State 

Soybeans 

Planted All 
Purposes- 

Acres 

26,500 1.68% 

$12,865,800 2.60% 

31,500 1.99% 

$17,072,400 3.44% 

1,580,000 

$495,690,000 
$12.30/ 
Bushel 

Tyrrell is 
#5 

Harvested 
for Grain- 

Acres 

25,900 1.67% 31,200 2.01% 1,550,000 

Yield per 
Harvested 

Acre- 
Bushels 

40.4 ------------ 44.5 ------------ 26 

Production- 
Bushels  

1,046,000 2.60% 1,388,000 3.44% 40,300,000 

Wheat 

Planted All 
Purposes- 

Acres 

6,500 1.30% 

$     729,300 1.02% 

9,000 1.80% 

$  1,213,800 1.69% 

500,000 

$  71,706,000 
$5.10/ 
Bushel  

Harvested 
for Grain- 

Acres 

3,900 1.03% 7,800 2.05% 380,000 

Yield per 
Harvested 

Acre- 
Bushels 

36.7 ------------ 30.5 ------------ 37 

Production- 
Bushels  

143,000 1.02% 238,000 1.69% 14,060,000 

Appendix 1: Agricultural summary of primary crops in Hyde and Tyrrell counties (2007d, 2007b, 2010a, 2010b, 2010e, 2010g).  
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

1 Beach 

Degradation/ 

loss in 

ecosystem 

services 

(multiple) 

GA 
 

$9,269/property 

loss in property 

value in Tybee 

Island, near 

Savannah due to 

presence in high-

erosion zone 

Landry, C.E., A.G. Keeler 

and W. Kriesel (2003). An 

economic evaluation of 

beach erosion 

management alternatives. 

Marine Resource 

Economics. 18(2): 105-

128 

Marine Ecosystem 

Services Partnership 

2 Beach 

Degradation/ 

loss in 

ecosystem 

services 

(multiple) 

GA 
 

$91/meter 

loss in property 

value in Tybee 

Island, near 

Savannah due to 

each meter of 

additional distance 

Landry, C.E., A.G. Keeler 

and W. Kriesel (2003). An 

economic evaluation of 

beach erosion 

management alternatives. 

Marine Resource 

Economics. 18(2): 105-

129 

Marine Ecosystem 

Services Partnership 

3 Beach 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

GA 
 

$233/property 

increase in property 

value from a one-

meter increase in 

beach width in 

Tybee Island, near 

Savannah 

Landry, C.E., A.G. Keeler 

and W. Kriesel (2003). An 

economic evaluation of 

beach erosion 

management alternatives. 

Marine Resource 

Economics. 18(2): 105-

130 

Marine Ecosystem 

Services Partnership 

4 Beach 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

GA 
 

$34,068/property 

increase in property 

value from 

oceanfront s 

tatus 

Landry, C.E., A.G. Keeler 

and W. Kriesel (2003). An 

economic evaluation of 

beach erosion 

management alternatives. 

Marine Resource 

Economics. 18(2): 105-

131 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

5 Beach 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

GA 
 

$87,620/property 

increase in property 

value from inlet-

front status 

Landry, C.E., A.G. Keeler 

and W. Kriesel (2003). An 

economic evaluation of 

beach erosion 

management alternatives. 

Marine Resource 

Economics. 18(2): 105-

132 

Marine Ecosystem 

Services Partnership 

6 Beach 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

ME, NH 
 

$4.45/household 

for an erosion 

control program to 

preserve 8 km of 

beach 

Huang, J. C., P. J. Poor, 

and M. Q. Zhao (2007). 

Economic valuation of 

beach erosion control. 

Marine Resource 

Economics. 32: 221–238. 

Barbier, E. B., S. D. 

Hacker, C. Kennedy, E. 

W. Koch, A. C. Stier, 

and B. R. Silliman 

(2010). The value of 

estuarine and coastal 

ecosystem services. 

Ecological 

Monographs. 81:169-

193. 

7 Beach 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

ME, NH 
 

$56/person 

WTP (single 

payment) for beach 

protection 

measures 

Lindsay, B., J.M. 

Halstead, H. Tupper, and 

J. Vaske (1992). Factors 

influencing the 

willingness to pay for 

coastal beach protection. 

Coastal Management 20: 

291-302. 

Marine Ecosystem 

Services Partnership 

8 Beach Multiple NJ 
 

$36,000-

$83,000/acre/year 

bundled flow of 

goods and services 

per acre per year of 

beaches 

Constanza, R. M. W., et al 

(2006). The value of New 

Jersey's ecosystem 

services and natural 

capital. New Jersey 

Department of 

Environmental Protection. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

9 Beach Non-use value NJ 
 

$19/non-visitor WTP 

Silberman J., D. A. 

Gerlowski, and N. A. 

Williams (1992). 

Estimating existence value 

for users and nonusers of 

New Jersey Beaches. Land 

Economics. 68: 225-236. 

Marine Ecosystem 

Services Partnership 

10 Beach Non-use value NJ 
 

$9.26/person 
existence values of 

users and non-users 

Silberman J., D. A. 

Gerlowski, and N. A. 

Williams (1992). 

Estimating existence value 

for users and nonusers of 

New Jersey Beaches. Land 

Economics. 68: 225-236. 

Marine Ecosystem 

Services Partnership 

11 Beach 
Recreation/ 

tourism 

DE, MD, 

NJ  
$0.07-$12.70/trip 

loss in CS from 

beach closure 

Parsons et al (1999). 

Familiar and favorite sites 

in a random utility model 

of beach recreation. 

Marine Resource 

Economics. 14(4): 299-

315. 

Marine Ecosystem 

Services Partnership 

12 Beach 
Recreation/ 

tourism 
FL 

Atlantic 

coast 
$34/person/day 

tourist CS per 

person per day for 

saltwater beach use 

without the 

opportunity cost of 

time 

Bell, F.W. and V.R. 

Leeworthy (1990) 

Recreational demand by 

tourists for saltwater 

beach days.  Journal of 

Environmental Economics 

and Management 18(3): 

189-205 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

13 Beach 
Recreation/ 

tourism 
FL 

Atlantic 

coast 
$23.74 billion 

asset value of 

saltwater beaches, 

with 10% discount 

rate 

Bell, F.W. and V.R. 

Leeworthy (1990). 

Recreational demand by 

tourists for saltwater 

beach days. Journal of 

Environmental Economics 

and Management. 18(3): 

189-205 

Marine Ecosystem 

Services Partnership 

14 Beach 
Recreation/ 

tourism 
GA 

 
$2.00/person/trip 

 

Kriesel, W., A. Keeler and 

C. Landry (2004). 

Financing beach 

improvements: comparing 

two approaches on the 

Georgia coast. Coastal 

Management. 32(4): 433-

447. 

Marine Ecosystem 

Services Partnership 

15 Beach 
Recreation/ 

tourism 
GA 

 
$9.43/household/trip 

welfare estimate 

for access to the 

beach area in 

Tybee Island, near 

Savannah 

Landry, C. E., A. G. 

Keeler, and W. Kriesel 

(2003). An economic 

evaluation of beach 

erosion management 

alternatives. Marine 

Resource Economics. 

18(2): 105-128 

Marine Ecosystem 

Services Partnership 

16 Beach 
Recreation/ 

tourism 
MA 

 
$1.05-$1.70/day CS 

McConnell, K.E (1992). 

On-site time in the 

demand for recreation. 

American Journal of 

Agricultural Economics. 

74(4): 918-925. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

17 Beach 
Recreation/ 

tourism 
ME 

 
$3.61/household/day 

loss in CS from 

beach closure 

Huang, J. and P. Poor 

(2004). Welfare 

measurement with 

individual heterogeneity: 

economics valuation of 

beach erosion control 

programs. Working paper, 

Department of Economics, 

University of New 

Hampshire. 

Marine Ecosystem 

Services Partnership 

18 Beach 
Recreation/ 

tourism 
NC 

 
$11-$80/person 

CS per day at a 

beach 

Bin, O. et al (2005). Some 

consumer surplus 

estimates for North 

Carolina beaches. Marine 

Resource Economics. 

20(2): 145-161. 

Marine Ecosystem 

Services Partnership 

19 Beach 
Recreation/ 

tourism 
NC 

 
$13-$94/user day CS 

Bin, O., C.E. Landry, C.L. 

Ellis, and H. Vogelsong 

(2004). Some consumer 

surplus estimates for 

North Carolina beaches. 

Department of Economics, 

East Carolina University. 

Marine Ecosystem 

Services Partnership 

20 Beach 
Recreation/ 

tourism 
NC 

 
$166/trip/year 

 

Landry, C. E., and H. Liu 

(2009). A semi-parametric 

estimator for revealed and 

stated preference 

application to recreational 

beach visitation. Journal 

of Environmental 

Economics and 

Management. 57: 205–

218. 

Barbier, E. B., S. D. 

Hacker, C. Kennedy, E. 

W. Koch, A. C. Stier, 

and B. R. Silliman 

(2010). The value of 

estuarine and coastal 

ecosystem services. 

Ecological 

Monographs. 81:169-

193. 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

21 Beach 
Recreation/ 

tourism 
NC 

 

$1,574/visiting 

household/year  

Landry, C. E., and H. Liu 

(2009). A semi-parametric 

estimator for revealed and 

stated preference 

application to recreational 

beach visitation. Journal 

of Environmental 

Economics and 

Management. 57: 205–

218. 

Barbier, E. B., S. D. 

Hacker, C. Kennedy, E. 

W. Koch, A. C. Stier, 

and B. R. Silliman 

(2010). The value of 

estuarine and coastal 

ecosystem services. 

Ecological 

Monographs. 81:169-

193. 

22 Beach 
Recreation/ 

tourism 
NC 

 
$90/trip 

 

Whitehead, J.C., C.F. 

Dumas, J. Herstine, J. 

Hill, and B. Buerger 

(2008). Valuing beach 

access and width with 

revealed and stated 

preference data. Marine 

Resource Economics. 23: 

119-135. 

Marine Ecosystem 

Services Partnership 

23 Beach 
Recreation/ 

tourism 
NJ 

 
$31.45/day CS 

Leeworthy V. R. and P. C. 

Wiley (1991). 

Recreational use value for 

island beach state park. 

Technical report. National 

Oceanic and Atmospheric 

Administration, Strategic 

Environmental 

Assessments Division, 

Office of Ocean 

Resources and 

Conservation. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

24 Beach 
Recreation/ 

tourism 
RI 

 
$1,229/person/year 

recreational values 

for beaches by 

residents 

Edwards, S.F. and F.J. 

Gable (1991). Estimating 

the value of beach 

recreation from property 

values: an exploration 

with comparisons to 

nourishment costs. Ocean 

and Shoreline 

Management. 15: 37-55. 

Marine Ecosystem 

Services Partnership 

25 
Coastal 

Wetland 

Aesthetic/ 

cultural/ 

spiritual 

NJ 
 

$180/acre/year 

cultural and 

spiritual value of 

disturbance 

regulation by 

saltwater regulation 

Costanza, R., M. A. 

Wilson, A. Troy, A. 

Voinov, S. Liu and J. 

d'Agostino (2006). The 

value of New Jersey's 

ecosystem services and 

natural capital. New 

Jersey Department of 

Environmental Protection. 

1-167. 

Marine Ecosystem 

Services Partnership 

26 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

CT 
 

$28,503.50/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. 

Martinez,  P. Sutton,  

S.J. Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

235 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

27 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

DE 
 

$255.80/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. 

Martinez,  P. Sutton,  

S.J. Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

236 

28 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

FL 

Includes 

Atlantic & 

Gulf Coasts 

$7,879.50/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. 

Martinez,  P. Sutton,  

S.J. Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

237 

29 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

GA 
 

$996.20/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. 

Martinez,  P. Sutton,  

S.J. Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

238 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

30 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

MA 
 

$13,035.30/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. 

Martinez,  P. Sutton,  

S.J. Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

239 

31 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

MD 
 

$510.40/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. 

Martinez,  P. Sutton,  

S.J. Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

240 

32 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

ME 
 

$770.10/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. 

Martinez,  P. Sutton,  

S.J. Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

241 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

33 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

NC 
 

9519.6/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. Martinez,  

P. Sutton,  S.J. 

Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

242 

34 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

NH 
 

$1,451.20/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. Martinez,  

P. Sutton,  S.J. 

Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

243 

35 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

NJ 
 

$1/acre/year 

value of 

disturbance 

regulation of 

saltwater wetlands 

Costanza, R., M.A. 

Wilson, A. Troy, A. 

Voinov, S. Liu, and J. 

d'Agostino (2006). The 

value of New Jersey's 

ecosystem services and 

natural capital. New 

Jersey Department of 

Environmental 

Protection, 1-167. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

36 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

NJ 
 

$1,083.50/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. Martinez,  

P. Sutton,  S.J. 

Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

244 

37 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

NY 
 

$51,106.9/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. Martinez,  

P. Sutton,  S.J. 

Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

245 

38 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

RI 
 

$7,239.10/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. Martinez,  

P. Sutton,  S.J. 

Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

246 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

39 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

SC 
 

$4,615.30/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. Martinez,  

P. Sutton,  S.J. 

Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

247 

40 
Coastal 

Wetland 

Coastal 

protection/ 

disturbance 

regulation/ 

flood control 

VA 
 

$3,227.60/hectare/year 
hurricane 

protection  

Costanza, R., O. Perez-

Maqueo, M.L. Martinez,  

P. Sutton,  S.J. 

Anderson, and K. 

Mulder, (2008). The 

value of coastal 

wetlands for hurricane 

protection. AMBIO: A 

Journal of the Human 

Environment. 37: 241-

248 

41 
Coastal 

Wetland 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

RI 
 

$0.64/household/acre 

household WTP of 

residents of New 

England (single 

payment) to 

preserve or restore 

the salt marshes 

Bauer, D.M., N.E. Cyr 

and S.K. Swallow 

(2004). Public 

preferences for 

compensatory mitigation 

of salt marsh losses: a 

contingent choice of 

alternatives. 

Conservation Biology. 

18: 401-411. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

42 
Coastal 

Wetland 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

RI 
 

$263,000/acre 
aggregate WTP per 

acre of salt marsh 

Bauer, D.M., N.E. Cyr and 

S.K. Swallow (2004). 

Public preferences for 

compensatory mitigation of 

salt marsh losses: a 

contingent choice of 

alternatives. Conservation 

Biology. 18: 401-411. 

Marine Ecosystem 

Services Partnership 

43 
Coastal 

Wetland 
Fisheries FL Atlantic coast $6,471/acre 

capitalized values 

of an acre of 

saltwater to the 

recreational finfish 

fishery (salt 

marshes) 

Bell, F.W (1997). The 

economic valuation of 

saltwater marsh supporting 

marine recreational fishing 

in the southeastern United 

States. Ecological 

Economics. 21(3): 243-

254. 

Marine Ecosystem 

Services Partnership 

44 
Coastal 

Wetland 
Fisheries FL Atlantic coast $100.64/day 

capitalized values 

of an acre of 

saltwater to the 

recreational finfish 

fishery- CS per trip 

(salt marshes) 

Bell, F.W (1997). The 

economic valuation of 

saltwater marsh supporting 

marine recreational fishing 

in the southeastern United 

States. Ecological 

Economics. 21(3): 243-

254. 

Marine Ecosystem 

Services Partnership 

45 
Coastal 

Wetland 

Habitat/ 

biodiversity 

support 

FL 

Includes 

Atlantic & 

Gulf Coasts 

$185,891,457.57/year 

value of habitat 

function of 

wetlands 

Milon, J. W., and D. 

Scrogin (2006). Latent 

preferences and valuation 

of wetland ecosystem 

restoration. Ecological 

Economics 56(2): 162-175. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

46 
Coastal 

Wetland 

Habitat/ 

biodiversity 

support 

New 

England  
$88.42/person/year 

WTP for habitat 

function 

Stevens, T.H., S. Benin, 

and J. S. Larson (1995). 

Public attitudes and 

economic values for 

wetland preservation in 

New England. Wetlands. 

15(3): 226-231. 

Marine Ecosystem 

Services Partnership 

47 
Coastal 

Wetland 

Habitat/ 

biodiversity 

support 

NJ 
 

$230/acre/year 

value of habitat 

function of 

saltwater wetlands 

Costanza, R., M.A. 

Wilson, A.  Troy, A. 

Voinov, S. Liu, and J.  

d'Agostino (2006). The 

value of New Jersey's 

ecosystem services and 

natural capital. New 

Jersey Department of 

Environmental Protection. 

1-167. 

Marine Ecosystem 

Services Partnership 

48 
Coastal 

Wetland 
Multiple 

New 

England  
$77.40/person/year 

WTP for coastal 

protection, water 

supply, and waste 

regulation 

Stevens, T.H., S. Benin, 

and J. S. Larson (1995). 

Public attitudes and 

economic values for 

wetland preservation in 

New England. Wetlands. 

15(3): 226-231. 

Marine Ecosystem 

Services Partnership 

49 
Coastal 

Wetland 

Recreation/ 

tourism 
NJ 

 
$26/acre/year 

value of recreation 

of saltwater 

wetlands 

Costanza, R., M.A. 

Wilson, A.  Troy, A. 

Voinov, S. Liu, and J.  

d'Agostino (2006). The 

value of New Jersey's 

ecosystem services and 

natural capital. New 

Jersey Department of 

Environmental Protection. 

1-167. 

Marine Ecosystem 

Services Partnership 
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Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

50 
Coastal 

Wetland 

Waste 

regulation/ 

treatment 

NJ 
 

$6,090/acre/year 

value of waste 

regulation of 

saltwater wetlands 

Costanza, R., M.A. 

Wilson, A.  Troy, A. 

Voinov, S. Liu, and J.  

d'Agostino (2006). The 

value of New Jersey's 

ecosystem services and 

natural capital. New 

Jersey Department of 

Environmental Protection. 

1-167. 

Marine Ecosystem 

Services Partnership 

51 
Coastal 

Wetland 

Water quality/ 

supply 
FL 

Includes 

Atlantic & 

Gulf Coasts 

$375,585,672.54/year 

value of water 

supply from 

wetlands 

Milon, J. W., and D. 

Scrogin (2006). Latent 

preferences and valuation 

of wetland ecosystem 

restoration. Ecological 

Economics. 56(2): 162-

175. 

Marine Ecosystem 

Services Partnership 

52 Estuary 

Enhanced 

ecosystem 

service (water 

quality) 

NY 

Peconic 

Estuary 

System 

$1.3 million/year 

annual benefits 

resulting from 

increased 

swimming trips 

due to hypothetical 

10% improvement 

of all quality 

measures 

Johnston, R. J., T. A. 

Grigalunas, J. J. Opaluch, 

M. Mazzota and J. 

Diamantedes (2002). 

Valuing estuarine 

resource services using 

economic and ecological 

models: the Peconic 

Estuary System study. 

Coastal Management 

Journal. 30: 47-65. 

Marine Ecosystem 

Services Partnership 
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Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

53 Estuary 

Enhanced 

ecosystem 

service (water 

quality/supply) 

NC, VA 
 

$49.46/household/year 

non-users WTP for 

water quality 

improvements and 

wildlife habitat 

Whitehead, J.C. et al 

(1995). Assessing the 

validity and reliability of 

contingent values: A 

comparison of on-site 

users, off-site users, and 

non-users. Journal of 

Environmental 

Economics and 

Management. 29: 238-

251. 

Marine Ecosystem 

Services Partnership 

54 Estuary Fisheries NC 
 

$22-$38/party/trip 

value of 

recreational fishing 

in Albemarle and 

Pamlico Sounds 

Kaoru, Y., V. K. Smith 

and J.L. Liu (1995). 

Using random utility 

models to estimate the 

recreational value of 

estuarine resources. 

American Journal of 

Agricultural Economics. 

77: 141-151. 

Marine Ecosystem 

Services Partnership 

55 Estuary 

Habitat/ 

biodiversity 

support 

NY 

Peconic 

Estuary 

System 

$1,470/acre/year habitat value 

Johnston, R.J., T. A. 

Grigalunas, J. J. Opaluch, 

M. Mazzota and J. 

Diamantedes (2002). 

Valuing estuarine 

resource services using 

economic and ecological 

models: the Peconic 

Estuary System study. 

Coastal Management 

Journal. 30: 47-65. 

Marine Ecosystem 

Services Partnership 
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Ecosystem Service Location 

Description 

of Location 
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56 Estuary Multiple NJ 
 

$817/acre/year 

annual value of 

water supply, 

habitat, and 

recreation values 

for estuaries 

Costanza, R., M.A. 

Wilson, A.  Troy, A. 

Voinov, S. Liu, and J.  

d'Agostino (2006). The 

value of New Jersey's 

ecosystem services and 

natural capital. New 

Jersey Department of 

Environmental Protection. 

1-167. 

Marine Ecosystem 

Services Partnership 

57 Estuary 
Recreation/ 

Tourism 
NY 

 
$16.1 million 

value of onsite 

recreational 

wildlife uses 

attributable to 

purchases of 221 

acres of vacant 

land (given 7% 

discount rate) 

Grigalunas, T., J. 

Opaluch, and S. Trandafir 

(2004). Non-market 

benefits and costs of 

preserving estuarine 

watershed open space: A 

case study of Riverhead, 

Long Island, New York. 

Economic Analysis, Inc. 

Marine Ecosystem 

Services Partnership 

58 Estuary 
Recreation/ 

Tourism 
NY 

 
$46.2 million 

given 3% discount 

rate 

Grigalunas, T., Opaluch, 

J., Trandafir, S (2004). 

Non-market Benefits and 

Costs of Preserving 

Estuarine Watershed 

Open Space: A Case 

Study of Riverhead, Long 

Island, New York. 

Economic Analysis, Inc. 

Marine Ecosystem 

Services Partnership 
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Ecosystem Service Location 
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of Location 
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Value 
Report Source 

59 Estuary 
Recreation/ 

Tourism 
NY 

Peconic 

Estuary 

System 

$12,113,216/year CS for swimming 

Johnston, R.J., T. A. 

Grigalunas, J. J. Opaluch, 

M. Mazzota and J. 

Diamantedes (2002). 

Valuing estuarine 

resource services using 

economic and ecological 

models: the Peconic 

Estuary System study. 

Coastal Management 

Journal. 30: 47-65. 

Marine Ecosystem 

Services Partnership 

60 Estuary 
Recreation/ 

Tourism 
NY 

Peconic 

Estuary 

System 

$18,025,952/year CS for boating 

Johnston, R.J., T. A. 

Grigalunas, J. J. Opaluch, 

M. Mazzota and J. 

Diamantedes (2002). 

Valuing estuarine 

resource services using 

economic and ecological 

models: the Peconic 

Estuary System study. 

Coastal Management 

Journal. 30: 47-65. 

Marine Ecosystem 

Services Partnership 

61 Estuary 
Recreation/ 

Tourism 
NY 

Peconic 

Estuary 

System 

$23,685,985/year 
CS for recreational 

fishing 

Johnston, R.J., T. A. 

Grigalunas, J. J. Opaluch, 

M. Mazzota and J. 

Diamantedes (2002). 

Valuing estuarine 

resource services using 

economic and ecological 

models: the Peconic 

Estuary System study. 

Coastal Management 

Journal. 30: 47-65. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

62 Estuary 
Recreation/ 

Tourism 
NY 

Peconic 

Estuary 

System 

$27,272,806/year 
CS for bird/wildlife 

viewing 

Johnston, R.J., T. A. 

Grigalunas, J. J. Opaluch, 

M. Mazzota and J. 

Diamantedes (2002). 

Valuing estuarine 

resource services using 

economic and ecological 

models: the Peconic 

Estuary System study. 

Coastal Management 

Journal. 30: 47-65. 

Marine Ecosystem 

Services Partnership 

63 Estuary 
Recreation/ 

Tourism 
NY 

Peconic 

Estuary 

System 

$22,343.31/acre/year recreational value 

Johnston, R.J., T. A. 

Grigalunas, J. J. Opaluch, 

M. Mazzota and J. 

Diamantedes (2002). 

Valuing estuarine 

resource services using 

economic and ecological 

models: the Peconic 

Estuary System study. 

Coastal Management 

Journal. 30: 47-65. 

Marine Ecosystem 

Services Partnership 

64 Estuary 

Recreation/ 

tourism (water 

quality) 

MD 
Chesapeake 

Bay 
$93.26/person 

WTP of sailboat 

owners for 

improved water 

quality 

Lipton, D (2004). The 

value of improved water 

quality to Chesapeake 

Bay boaters. Marine 

Resource Economics. 19: 

265-270. 

Marine Ecosystem 

Services Partnership 

65 Estuary 

Recreation/ 

tourism (water 

quality) 

MD 
Chesapeake 

Bay 
$30.25/person 

WTP of trailered 

powerboat owners 

for improved water 

quality 

Lipton, D (2004). The 

value of improved water 

quality to Chesapeake 

Bay boaters. Marine 

Resource Economics. 19: 

265-270. 

Marine Ecosystem 

Services Partnership 
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Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

66 Estuary 

Recreation/ 

tourism (water 

quality) 

MD 
Chesapeake 

Bay 
$77.98/person 

WTP of trailered 

in-water powerboat 

owners for 

improved water 

quality 

Lipton, D (2004). The 

value of improved water 

quality to Chesapeake 

Bay boaters. Marine 

Resource Economics. 19: 

265-270. 

Marine Ecosystem 

Services Partnership 

67 Estuary 

Recreation/ 

tourism (water 

quality) 

MD 
Chesapeake 

Bay 
$54.68/person 

WTP of all boat 

owners for 

improved water 

quality 

Lipton, D (2004). The 

value of improved water 

quality to Chesapeake 

Bay boaters. Marine 

Resource Economics. 19: 

265-270. 

Marine Ecosystem 

Services Partnership 

68 Open Water 

Recreation/ 

Tourism 

(fisheries) 

FL Atlantic coast $3.18/day 

WTP of saltwater 

anglers for their 

recreational 

experience 

Bell, F.W (1992). Actual 

and potential tourist 

reaction to adverse 

changes in recreational 

coastal beaches and 

fisheries in Florida. 

Florida Sea Grant Report 

TP-64. Gainesville, 

University of Florida. 

Marine Ecosystem 

Services Partnership 

69 Oyster Reef 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

DE, MD, 

NJ, NC, 

VA 
 

$14.91/household/year 

WTP for a 10,000 

acre oyster 

sanctuary with 

1000 acres of 

constructed oyster 

reef 

Hicks, R., T. Haab, and 

D. Lipton (2004). The 

economic benefits of 

oyster reef restoration in 

Chesapeake Bay- Final 

Report prepared for the 

Chesapeake Bay 

Foundation. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

70 Oyster Reef 

Enhanced 

ecosystem 

service 

(conservation/ 

restoration/ 

management) 

DE, MD, 

NJ, NC, 

VA 
 

$114.95 million 

WTP for a 10,000 

acre oyster 

sanctuary with 1000 

acres of constructed 

oyster 

reef/household/year 

aggregated to 

general population 

Hicks, R., T. Haab, and 

D. Lipton (2004). The 

economic benefits of 

oyster reef restoration in 

Chesapeake Bay- Final 

Report prepared for the 

Chesapeake Bay 

Foundation. 

Marine Ecosystem 

Services Partnership 

71 Oyster Reef Fisheries MD 
Chesapeake 

Bay 
$640/year 

net benefit to 

recreational fishing 

per year given 

oyster reef 

restoration 

Hicks, R., T. Haab, and 

D. Lipton (2004). The 

economic benefits of 

oyster reef restoration in 

Chesapeake Bay- Final 

Report prepared for the 

Chesapeake Bay 

Foundation. 

Marine Ecosystem 

Services Partnership 

72 Oyster Reef 
Nutrient 

Cycling 
MD 

Chesapeake 

Bay 
$181.36/hectare/year 

 

Newell, R. I. E., T. R. 

Fisher, R. R. Holyoke, 

and J. C. Cornwell 

(2005). Influence of 

eastern oysters on 

nitrogen and phosphorus 

regeneration in 

Chesapeake Bay, USA. 

The comparative roles of 

suspension-feeders in 

ecosystems, 93-120. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

73 Oyster Reef Recreation MD 
Chesapeake 

Bay 
$142,283.50/acre/year 

 

Hicks, R., T. Haab, and D. 

Lipton (2002). Estimating 

the economic benefits of 

oyster reef restoration and 

marine preserve 

establishment in the lower 

Chesapeake Bay. 1-19. 

Marine Ecosystem 

Services Partnership 

74 Oyster Reef Recreation MD 
Chesapeake 

Bay 
$0.32/acre/person 

 

Hicks, R., T. Haab, and D. 

Lipton (2002). Estimating 

the economic benefits of 

oyster reef restoration and 

marine preserve 

establishment in the lower 

Chesapeake Bay. 1-19. 

Marine Ecosystem 

Services Partnership 

75 Oyster Reef Recreation MD 
Chesapeake 

Bay 
$278.67/hectare/year 

 

Hicks, R., T. Haab, and D. 

Lipton (2002). Estimating 

the economic benefits of 

oyster reef restoration and 

marine preserve 

establishment in the lower 

Chesapeake Bay. 1-19. 

Marine Ecosystem 

Services Partnership 

76 Oyster Reef Recreation MD, VA 
 

$843.33/hectare/year 
 

Hicks, R., T. Haab, and D. 

Lipton (2004). The 

economic benefits of 

oyster reef restoration in 

Chesapeake Bay- Final 

Report prepared for the 

Chesapeake Bay 

Foundation. 

Marine Ecosystem 

Services Partnership 
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Appendix 2:  Valuations of Coastal & Marine Ecosystem  Services 

 
Ecosystem Service Location 

Description 

of Location 
Value 

Description of 

Value 
Report Source 

77 Seagrass Fisheries VA 
 

$1.8 million/year 

estimated net annual 

economic benefit to  

hard-shell blue crab 

fishermen of full 

seagrass restoration 

Anderson, E (1989). 

Economic benefits of 

habitat restoration: 

seagrass and the Virginia 

hard-shell blue crab 

fishery. North American 

Journal of Fisheries 

Management. 9: 140-149. 

Marine Ecosystem 

Services Partnership 

78 Seagrass Fisheries VA 
 

$2.4 million/year 
annual benefits to 

blue crab consumers 

Anderson, E (1989). 

Economic benefits of 

habitat restoration: 

seagrass and the Virginia 

hard-shell blue crab 

fishery. North American 

Journal of Fisheries 

Management. 9: 140-149. 

Marine Ecosystem 

Services Partnership 

Acronyms: CS = Consumer Surplus, NPV = Net Present Value, WTP = Willingness-to-Pay 

 

Appendix 2: Available ecosystem valuations for various marine and coastal environments along the Atlantic coast from 1989-2012 

(Costanza et al. 2008, Barbier et al. 2010, 2012d). 
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Appendix 3: SLR scenarios ranging from 0.5m to 2.0m using a TNC geospatial tool to predict 

the outcome of SLR within Northeast North Carolina (Barnett 2012).  


