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CHAPTER X. PRIORITY HABITAT ISSUES:  WETLAND SHORELINE PROTECTION 
AND ENHANCEMENT WITH FOCUS ON NATURE-BASED SOLUTIONS 

1.1 Issue 

Wetlands occur throughout North Carolina’s estuaries and provide critical fish habitat and other 
ecosystem services that enhance ecological and community resiliency. While protections for wetlands 
are in place, losses continue to occur and threats remain, varying by wetland type and location. 
Addressing coastal wetland loss holistically will require a comprehensive coastal wetland protection and 
enhancement approach incorporating 1) an appraisal of existing and anticipated threats to coastal 
wetlands, 2) a synthesis of knowledge gaps, 3) a plan to build partnerships with local communities and 
encourage a participatory approach to coastal resource management, and 4) a list of high-priority, 
actionable policy or practice recommendations that could be implemented to offset past and expected 
losses. 

1.2  Origination 

The CHPP Steering Committee selected Wetland Shoreline Protection and Enhancement Using Nature-
based Methods as a priority issue to pursue at their October 2019 meeting. 

1.3.  Background 

Wetlands are defined by the EPA as “those areas that are inundated or saturated by surface or 
groundwater at a frequency and duration sufficient to support, and that under normal circumstances do 
support, a prevalence of vegetation typically adapted for life in saturated soil conditions.” [40 CFR 
230.3(t)] Coastal wetlands have long been recognized for their importance in estuarine productivity, 
habitat functions for finfish and shellfish, and many other ecosystem services. These services collectively 
make wetlands one of the most critical estuarine habitats for countless species of fish and other wildlife. 
Recently the North American Coastal Plain was recognized as a global biodiversity hotspot (Myers et al. 
2000). Not coincidentally, this region of the southeastern United States which includes portions of 
coastal states from Virginia to Texas has been identified as having some of the highest densities of 
endemic species of amphibians, birds, mammals, and reptiles and the highest densities of wetlands in 
the country (Dertien et al. 2020). Salt marshes provide grazing, foraging and breeding ground for 
numerous threatened marine megafauna (e.g. sea turtles, porpoises, sharks, rays, and otters) (Sievers et 
al. 2019). In North Carolina, more than 70% of species listed as federally or state endangered, 
threatened, or of special concern are wetland-dependent (Poulter et al. 2009; Fretwell et al. 1996). 
Some of the designated North Carolina endangered species include mollusks, such as yellow lampmussel 
(Lampsilis cariosa); fish such as Atlantic and shortnose sturgeon (Acipenser spp.) and Cape Fear shiner 
(Notropis mekistocholas); reptiles like the Kemp’s ridley sea turtle (Lepidochelys kempii); amphibians, 
such as the river frog (Rana heckscheri); mammals, such as manatees (Trichechus manatus); and birds, 
such as piping plover (Charadrius melodus circumcinctus) (WRC 2017).  

While there are multiple classification systems used to differentiate classes of wetlands, for the 
purposes of this paper, we will use a simplified Cowardin System which splits coastal wetlands into two 
broad classes: palustrine and estuarine. Palustrine wetlands are freshwater wetlands that include all 
non-tidal wetlands that are dominated by trees, shrubs, or emergent vegetation, as well as any tidal 
wetlands where ocean-derived salinities are less than 0.5 parts per thousand (ppt). Wetlands with 

https://paperpile.com/c/oXnFi6/ubRo
https://paperpile.com/c/oXnFi6/UpbJ
https://paperpile.com/c/oXnFi6/UpbJ
https://paperpile.com/c/oXnFi6/aBRC+bRyy
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ocean-derived salinities greater than 0.5 ppt are categorized as estuarine wetlands, which can be further 
divided by vegetation type into forested, scrub/shrub, and emergent estuarine wetlands. 

1.3.1. Ecological Value 

Productivity 

Wetland communities are among the most productive ecosystems in the world (Teal and Teal 1969; 
Mitsch and Gosselink 1993; SAFMC 1998). Some of the high primary production (creation of organic 
compounds through photosynthesis) of wetland vegetation is transferred to adjacent aquatic habitats 
via detritus and microalgae (Wiegert and Freeman 1990). Primary production in salt/brackish marshes is 
converted into fish production in several ways. In Georgia, experiments using isotopes to trace organic 
matter flow in the salt marshes found the two major sources of organic matter used in fish production 
were from Spartina spp., detritus, and algae. The relative importance of each source is determined by 
the feeding mode, size, location, and trophic position of the marsh and consumers (Peterson and 
Howarth 1987). A 2020 study conducted in Back Sound, North Carolina, which used stable isotopes to 
analyze the diet of finfish and crustaceans within seagrass beds, found that consumers in these seagrass 
beds derived 20-23% of the basal primary production from saltmarshes, regardless of the proximity of 
the sampled seagrass bed to saltmarsh (Plumlee et al. 2020). Benthic microalgae support herbivorous 
snails, whereas detritus supports finfish such as sheepshead, mummichogs, and their prey. Algae can be 
found on marsh grass, intertidal mudflats, and shallow subtidal bottom near the marsh. Saltmarsh edge 
is estimated to have production of 2.2 to 4.2 times greater than open water estuarine habitat for 
important fishery species (i.e. penaeid shrimp and blue crabs) (Minello et al. 2008). Primary production 
in tidal freshwater marsh, bottomland hardwood, and riverine swamp forest is similarly high and 
dependent on the frequency and duration of flooding (Schafale and Weakley 1990). 
 
Fish utilization 

The high productivity of coastal wetlands is in part why they are critically important to the productivity 
of the state’s fisheries (Table X.1). More than 90% of North Carolina’s commercial fisheries landings and 
60% of its recreational harvest consist of species dependent on estuarine habitats including wetlands 
(DMF 2020). Of the wetland dependent species included in Table X.1, seven commercial species ranked 
within the top ten for pounds landed in 2019 and seven recreational species ranked within the top ten 
for number of directed trips. The plant structure, high productivity, and landscape position in estuaries 
provide ideal conditions for small prey and juvenile fishery species. Similarly, palustrine wetlands are 
important habitat for many recreationally important freshwater fishes (e.g. largemouth bass, bluegill, 
crappie, chain pickerel) throughout their life histories (NCWRC 2015). A study in Virginia found that 79% 
of the number of fish collected at tidal freshwater marsh sites were larval and juvenile fish (Yozzo and 
Smith 1997). More information on how different species guilds use the estuarine and palustrine 
wetlands can be found in the 2016 CHPP source document (DEQ 2016).  
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Table X.1. Finfish and crustaceans and their use of wetland habitats in North Carolina.  

 

Species* 
Wetland Functions 1 

Fishery 2 
Nursery Foraging Refuge Spawning Corridor 

RESIDENT FRESHWATER OR BRACKISH 
White perch  X   X   X 
Yellow perch  X X  X   X 
Catfish  X  X  X X  X  X 
ANADROMOUS AND CATADROMOUS 
American eel  X X  X X 
Sturgeon spp. X X X   X X 3 
River herring (alewife & 
blueback herring) X X X X X X 3 

Striped bass X X X   X X 
ESTUARINE AND INLET SPAWNING AND NURSERY 
Atlantic rangia clam X X X X     
Banded killifish X X X X     
Bay anchovy X X   X     
Blue crab X X X  X X 
Cobia X X    X X 
Grass shrimp X X X X     
Mummichog X X X X     
Naked goby X X X X     
Red drum X X X  X X 
Sheepshead minnow X X X X     
Silversides X X   X     
Spotted seatrout X X X  X X 
MARINE SPAWNING, LOW-HIGH SALINITY NURSERY 
Atlantic croaker X X X  X X 
Atlantic menhaden X X   X X 
Shrimp X X X  X X 
Southern flounder X X X  X X 
Spot  X X X  X X 
Striped mullet X X X  X X 
MARINE SPAWNING, HIGH SALINITY NURSERY 

Black sea bass X X X  X X 

Pinfish X X X  X X 
Summer flounder X X X   X X 
1 Sources: (Micheli and Peterson 1999; Minello 1999; Mitsch and Gosselink 1993; NOAA 2001; Odum et al. 
1984; Wharton et al. 1982; Wiegert and Freeman 1990). 
2 Existing commercial or recreational fishery. Fishery and non-fishery species are also important as prey.   
3 Fishery species under harvest moratorium. 
* Scientific names are included in Appendix D. Species in bold font are species whose relative abundances have 
been reported in the literature as being generally higher in wetlands than other habitats  Note that lack of 
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Wetland ecotones, the transitional landscapes between two adjacent habitats, are thought to be 
particularly important estuarine nursery areas. Juveniles of transient, estuarine-dependent species, 
which comprise a large portion of commercially and recreationally valuable species, often concentrate 
within the transition zones between marsh and other structured (e.g. seagrass beds, oyster reefs) or 
unstructured (soft bottom tidal creeks) habitats ( Hettler 1989; Baillie et al. 2015). These transition 
zones are thought to provide increased foraging opportunities that translate to higher growth rates 
(Boesch and Turner 1984;  Kneib 2002; Minello et al. 2003; Plumlee et al. 2020), increased survivorship 
due to reduced mortality (Minello and Zimmerman 1983; Heck and Crowder 1991; Sosa 2019), and 
favorable physical environments for the development of juvenile nekton (Baltz et al. 1998; Beck et al. 
2003; Sheaves et al. 2017). As a dominant shoreline type within temperate estuaries, salt marsh 
complexes represent important foraging grounds for large mobile finfish and crustacean species, such as 
red drum, spotted seatrout, flounders, and blue crab  (Nordlie 2003; Kenworthy et al. 2018).  

The Fisheries Reform Act of 1997 requires DMF to prepare fishery management plans (FMP) for 
adoption by the NC Marine Fisheries Commission (MFC) for all commercially and recreationally 
significant species or fisheries that comprise state marine and estuarine resources. The goal of the plans 
is to ensure long-term viability of these fisheries. Fisheries habitat and water quality considerations are 
one of several requirements of these plans and are to be consistent with the CHPP. Several state FMPs 
list restoring wetlands, acquiring land to preserve wetlands and open space, reducing runoff from land 
use activities through voluntary and regulatory measures, restoring hydrology on developed, agriculture, 
and forestry lands using Best Management Practices (BMPs), and providing more incentives for low 
impact development (LID). The FMPs that included these wetland-related habitat and water quality 
actions are: 

• Bay Scallop Amendment 2 (2015) 
• Estuarine Striped Bass Amendment 1 (2013) 
• Kingfishes (2007) 
• Red Drum Amendment 1 (2008) 
• River Herring Amendment 2 (2015) 
• Shrimp (2006) 
• Southern Flounder Amendment 1 (2013) 
• Spotted Seatrout (2014) 
• Striped Mullet Amendment 1 (2015) 
 

Ecosystem Services 

Coastal wetlands, including those abutting and those that are not directly connected with surface 
waters, provide numerous ecosystem services that benefit fish, other coastal habitats, water quality, 
and communities. Updated valuations of coastal wetland ecosystem services that include storm 
protection, erosion protection, and wastewater treatment, estimate the values for tidal 
marsh/mangrove at roughly $78,000 per acre per year (Mitsch et al. 2015). While the co-benefits of 
interconnected coastal habitats and regional-specificity make parsing out one single per-acre value of 
NC’s coastal wetlands impractical, the ecosystem services provided by coastal wetlands are clearly a 
valuable public trust asset to the citizens of North Carolina. 

https://paperpile.com/c/oXnFi6/INUY+SCE9
https://paperpile.com/c/oXnFi6/dPCq+bJXb+J8Je+UpYP
https://paperpile.com/c/oXnFi6/ehos+WGVn+P5t5
https://paperpile.com/c/oXnFi6/A9Qi+h9Ds+ZGoW
https://paperpile.com/c/oXnFi6/A9Qi+h9Ds+ZGoW
https://paperpile.com/c/oXnFi6/JFLl+Gfzh
https://paperpile.com/c/oXnFi6/nGz7
https://paperpile.com/c/oXnFi6/nGz7
https://paperpile.com/c/oXnFi6/nGz7
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Storm Protection and Flooding 

Coastal wetlands aid in storm and shoreline protection by reducing wave energy along the shoreline 
(Knutson and Inskeep 1982; Costanza et al. 2008, Morgan et al. 2009). These reductions in wave energy 
and flooding translate to considerable economic impacts. Analysis of 34 major hurricanes impacting the 
US since 1980 found that, on average, one hectare of coastal wetlands lost resulted in an additional 
$33,000 of storm-related damages (Costanza et al. 2008). The total value of coastal wetlands in the US 
was estimated at $23.2 billion/year in storm protection services (Costanza et al. 2008). Storms and 
hurricanes present major threats to coastal communities and infrastructure, the severity and cost of 
which will be further amplified by sea level rise and ocean warming attributable to climate change 
(Strauss et al.2012; Lin et al. 2012). Presence of wetland vegetation appreciably reduces property 
damage by imposing drag on water flow, which in turn reduces wave energy and inland flooding during 
storm events, ( Shepard, et al. 2011; Möller et al. 2014). Near complete dissipation of wave energy has 
been documented by marshes extending as little as 30 m from the shoreline; however, due to the non-
linearity of wave damping, marshes <10 m in width are frequently capable of reducing wave heights by 
50-80% (Shepard et al. 2011; Currin et al. 2017). Coastal wetlands were found to reduce flood heights 
and damages from Hurricane Sandy in 80% of the impacted region from Maine to NC (Narayan et al. 
2017) and recent analyses found that over a 30-year period, the storm protection value of one mi2 of 
coastal wetlands exceeds $2.5 million in eight of North Carolina’s 22 coastal counties, with the value 
approaching $25 million per mi2 in highly developed New Hanover County (Sun and Carson 2020). 

While palustrine wetlands play a lesser role in mitigating storm surge, they can dramatically slow the 
conveyance of stormwaters to receiving waterbodies and can store up to 330,000 gallons of water per 
acre  per day (https://www.extension.purdue.edu/extmedia/WQ/WQ-10.html) and recharge up to 
100,000 gallons of groundwater per acre per day (Turner 1991). In doing so, palustrine coastal wetlands 
play an important role in reducing flooding in developed lands and reducing stormwater influx to coastal 
areas. This is a particularly important service when coastal regions have been inundated by storm 
related flooding.  

Shoreline Stabilization  

As mentioned above, estuarine wetland vegetation, whether natural or restored, can dramatically 
reduce wave energy through exertion of friction between above-ground biomass and waves (Silinski et 
al. 2018). Wetland vegetation along shorelines subsequently traps suspended sediments, which can 
accrete at rates that keep pace with rising sea levels (Cahoon et al. 2006). Further, wetland vegetation’s 
below-ground biomass (e.g. roots and rhizomes) has been shown to reinforce substrate and reduce 
erodibility of sediments (Shepard et al. 2011; Francalanci et al. 2013). Cowart et al. (2010) found over a 
four-decade period that Cedar Island, NC shorelines with estuarine emergent wetlands had roughly half 
the rate of erosion of unvegetated shoreline types. Recent research synthesizing marsh retreatment 
rates over decadal time-scales (1956-2004) has shown that erosion rates of unvegetated sediment banks 
(-0.39 m/yr) are greater than double the rate for vegetated shorelines (-0.18 m/yr) in North Carolina’s 
New River Estuary (Currin et al. 2015).  

Water Quality Enhancement  

In an analogy to human physiology, wetlands have been likened to nature’s kidneys, serving as 
downstream receivers of contaminated waters, which they can help clean before the waters enter 
receiving waterbodies or are recharged to groundwater aquifers. In coastal regions, healthy wetlands 
are efficient at intercepting ground and surface water. As waters flow is slowed by wetland vegetation, 

https://paperpile.com/c/oXnFi6/SELD
https://paperpile.com/c/oXnFi6/D6Td+MPgY
https://paperpile.com/c/oXnFi6/MbLK+9IFP
https://paperpile.com/c/oXnFi6/9IFP
https://paperpile.com/c/oXnFi6/ezi5
https://paperpile.com/c/oXnFi6/ezi5
https://paperpile.com/c/oXnFi6/Ip1g
https://www.extension.purdue.edu/extmedia/WQ/WQ-10.html
https://paperpile.com/c/oXnFi6/SLP8
https://paperpile.com/c/oXnFi6/SLP8
https://paperpile.com/c/oXnFi6/ZqSF
https://paperpile.com/c/oXnFi6/9IFP+lL7z
https://paperpile.com/c/oXnFi6/zIzU
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turbidity-causing suspended solids settle out, sediment-bound pollutants (e.g. phosphorous and heavy 
metals) are sequestered, and nutrients (e.g. nitrogen and phosphorous) are assimilated by plants and 
used by wetland-associated microorganisms (Perillo et al. 2018). This allows coastal wetlands to 
appreciably ameliorate the loading of pollutants responsible for impairment of coastal water quality. 
The biofiltration services of coastal wetlands are increasingly critical to coastal water quality.  The 
growth of industrial use of artificial fertilizers and the extent of impervious surfaces in coastal regions 
continues to accelerate the global nitrogen cycle, increasing runoff of reactive nitrogen and other 
pollutants from terrestrial sources into the marine environment (Stüeken et al. 2016). 

Forested palustrine coastal wetlands in agricultural drainage areas have been found to reduce nitrogen 
by 90% and phosphorus by 80% (EPA 2006). Specific to North Carolina, studies found stormwater 
wetlands within the state’s coastal plain reduced peak flows and runoff volumes by 80% and 54%, 
respectively (Lenhart and Hunt 2011), and reduced nutrients and bacteria between 60-70% (Humphrey 
et al. 2014). Saltmarshes, which are often the terminal wetland biofilter, were able to assimilate nearly 
100% of ambient nitrate loads from coastal stormwater (Drake et al. 2009). Nutrient enrichment 
experiments found that saltmarshes assimilated or trapped an additional 50-60% of nitrate in 
experiments where levels were elevated up to 70 times ambient concentrations (Drake et al. 2009).  

Carbon Sequestration 

Coastal vegetated habitats (tidal marshes, seagrasses, mangroves, and macroalgae) are recognized for 
their ability to mitigate climate change via sequestration of disproportionately large amounts of carbon 
in both above- and below-ground plant biomass as well as within their soils (Duarte 2017). Cumulatively, 
these vegetated habitats, which comprise 0.2% of the global ocean’s surface, account for 50% of carbon 
burial in marine sediment (Duarte et al. 2013). Ranking among the densest carbon sinks globally, 
vegetated coastal habitats and their stores of carbon, dubbed “blue carbon”, play a considerable role in 
addressing global climate change (Nahlik and Fennessy 2016).   

Within tidal salt marshes, atmospheric carbon (CO2) is assimilated into plant biomass, becomes trapped 
within the vegetation’s structurally complex root system along with other sources of organic carbon, 
and is ultimately buried below the sediment at concentrations 30-50 fold those found in terrestrial 
forests (Mcleod et al. 2011). The dense network of roots and rhizomes, which frequently account for 
greater than 50% of saltmarsh biomass, stabilize low oxygen soils where decomposition occurs slowly. 
The carbon is then buried for centuries to millennia, provided the habitat remains intact (Macreadie et 
al. 2012). The accretion of carbon in the soil of tidal marshes is integral to the marsh’s ability to maintain 
an inundation regime as sea levels rise. Coastal wetlands that can keep pace with sea level rise and not 
drown in place have a near limitless capacity to sequester carbon (Howard et al. 2017). In North 
Carolina, coastal marshes store an estimated 64 million metrics tons of CO2 and continue to sequester 
an additional 200,000 metric tons of CO2 each year (Warnell and Olander 2020). Saltmarsh’s distinction 
of being the among the highest, if not the highest, per unit area sequester of carbon among vegetated 
habitats is noted in North Carolina’s Climate Risk Assessment and Resilience Plan (DEQ 2020). The plan 
notes that incentivizing conservation, protection of marsh migration corridors, and increasing active 
wetland restoration efforts are critical to coastal wetland’s continued ability to sequester greenhouse 
gases. This sequestration is negatively correlated with the magnitude of anthropogenic disturbance in 
the form of physical, chemical, and biological stressors (Nahlik and Fennessy 2016).  

Although rarely included in blue carbon accounting, both tidal wetlands in the upper reaches of 
estuaries and non-tidal freshwater wetlands in the coastal plain also have the potential to serve as 
major carbon sinks (Krauss et al. 2018). Palustrine wetlands in the U.S. store nearly ten-fold more carbon 

https://paperpile.com/c/oXnFi6/Qof6
https://paperpile.com/c/oXnFi6/U2kc
https://paperpile.com/c/oXnFi6/mmEp
https://paperpile.com/c/oXnFi6/KutB
https://paperpile.com/c/oXnFi6/KutB
https://paperpile.com/c/oXnFi6/bL5b
https://paperpile.com/c/oXnFi6/shlv
https://paperpile.com/c/oXnFi6/oo4W
https://paperpile.com/c/oXnFi6/mNnB
https://paperpile.com/c/oXnFi6/fflR
https://paperpile.com/c/oXnFi6/fflR
https://paperpile.com/c/oXnFi6/LChu
https://paperpile.com/c/oXnFi6/6m0N
https://paperpile.com/c/oXnFi6/nKcS
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(sometimes referred to as “teal carbon”) than their tidal saltwater counterparts, due in part to their 
considerably greater areal extent,   (Nahlik and Fennessy 2016). Accounting for approximately 93% of 
the areal extent of North Carolina’s coastal wetlands, palustrine wetlands are undoubtedly a major part 
of the state’s wetland carbon inventory.  

Recreation and Tourism    

Tourism and coastal recreation supports tens of thousands of jobs and contribute in excess of a billion 
dollars annually to the economies of NC’s coastal counties (Harrison et al. 2017). Four coastal counties 
(Dare, Hyde, Currituck, and Carteret) rank within the top ten counties statewide in terms of average per 
capital economic contribution derived from tourism. Dare County ranked first in the state, with tourism 
contributing an average of $27,290 per yr per resident (NC Commerce TEIM). Many tourist activities rely 
on a healthy and clean estuarine environment, whether for oystering around the marsh, fishing in a 
creek, swimming in the sound, or eating fresh seafood at a restaurant. More than a third of U.S. adults 
participate in recreational and tourism opportunities found in wetlands, including hunting, fishing, 
birdwatching, kayaking, and wildlife photography. With participation rates in these activities exceeding 
world-wide averages, it is likely that the per acre recreational value of wetlands exceeds the $451 ac-1 yr-

1 estimated in recent global meta-analysis work (Purcell et al. 2020).  As such, coastal wetlands are 
integrally important to the economic development of North Carolina’s coastal counties. Highlighting the 
importance of coastal wetlands to the tourism industry, respondents to a survey of potential visitors to 
coastal NC ranked wildlife observation, state parks, national wildlife refuges, and wetland trails as four 
of the top five potential preferred activities (Meric and Hunt 1998).  

1.3.2. Status and Trends 

Approximately 95% of North Carolina’s wetland resources are in the state’s Coastal Plain (USFWS 2020). 
NOAA Coastal Change Analysis Program (C-CAP) recently published 2011-2016 data, providing 20 years 
of NC Coastal Plain wetland change data over five-year timesteps beginning in 1996. According to that, 
NC has 4.35 million acres of palustrine (freshwater) wetlands, of which 71% are forested wetlands, 23% 
are scrub/shrub wetlands, and 6% are emergent wetlands. North Carolina also has 235,425 acres of 
estuarine wetlands, of which 97% are emergent wetlands (NOAA C-CAP data 
https://coast.noaa.gov/digitalcoast/data/ccapregional.html) (Table X.2) . 

It is estimated that nearly half of NC’s 11 million historical acres of wetlands were lost between pre-
colonial times and the 1980s (Stedman and Dahl 2008). The percent of wetlands impacted to the point 
of no longer supporting their original function exceeded 50% by the 1980s (Cashin et al. 1992). These 
alterations were not evenly distributed between wetland types, with 52.4% of coastal palustrine 
wetlands having been altered by the 1980s, in contrast with 12.2% of estuarine wetlands. Unfortunately, 
wetland loss is not a relic of North Carolina’s past. Approximately 40% of total documented coastal 
wetland losses occurred between 1950 and 2000 (Cashin et al. 1992).  

  

https://paperpile.com/c/oXnFi6/3fcj
https://coast.noaa.gov/digitalcoast/data/ccapregional.html
https://paperpile.com/c/oXnFi6/kcas
https://paperpile.com/c/oXnFi6/e4rf
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Table X.2. Acres of palustrine (freshwater) and estuarine wetlands in North Carolina’s Coastal Plain. Data 
Source: NOAA Coastal Change Analysis Program (C-CAP) 2016. 

Coastal Wetland Class Acres  
Palustrine Forested Wetland 3,069,690 
Palustrine Scrub/Shrub Wetland 1,008,552 
Palustrine Emergent Wetland 272,932 
  
Estuarine Forested Wetland 166 
Estuarine Scrub/Shrub Wetland 7,747 
Estuarine Emergent Marsh 235,425 
  
Total 4,594,513 

 

The loss of NC’s coastal wetlands has continued into the 21st century. Using the latest C-CAP data,  
wetland change was calculated over five year intervals from 1996 to 2016.  Documented within the 20 
year time period, 135,000 acres of palustrine wetland were lost in NC’s coastal plain (NOAA 2020) (Table 
X.3). Conversion to uplands was the land use change contributing most to palustrine wetland losses over 
the 20 year period, likely due to ditching and filling. Conversion to development, agriculture, and open 
water also contributed to loss though. Roughly 72% of all coastal freshwater wetland losses documented 
occurred from 1996 to 2001. Over the twenty year period, the rate of net coastal freshwater wetland 
loss decreased. There was a reported net increase from 2011 to 2016 due to 3,128 acres gained from 
open water and upland.  

Table X.3. Net loss or gain of North Carolina’s coastal palustrine wetland acreage to other land cover 
classes, by conversion type. Negative values represent a loss of coastal palustrine wetlands to the 
specified land cover class and positive values represent a gain. Net change represents net change from 
all land conversions during that time period. Data Source: NOAA C-CAP 2020.  

  Conversion Between Palustrine Wetlands and:   

Time 
Period Development Agriculture Upland Estuarine 

Wetlands 
Unconsolidated 

Shore 
Open 
Water 

Net 
Change 

2011-2016 -1,317 0 637 0 -144 3,952 3,128 
2006-2011 -3,001 127 -9,748 0 -39 -3,973 -16,633 
2001-2006 -2,172 -2,476 -13,493 0 16 -6,840 -24,965 
1996-2001 -6,450 -9,218 -77,636 0 46 -3,255 -96,513 

20-Yr Total -12,940 -11,567 -100,240 0 -121 -10,116 -134,983 
 

While the magnitude of cumulative losses to coastal palustrine wetlands are very high, the proportion of 
loss was not evenly distributed among palustrine subclasses. Palustrine forested wetlands, which 
account for 71% of all coastal palustrine wetland acreage, accounted for 99% of overall net losses 
incurred across all three classes over the 20-years of NOAA C-CAP data (Table X.4).  

https://paperpile.com/c/oXnFi6/4029
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Table X.4. Net loss or gain of North Carolina’s coastal palustrine (freshwater) wetland acreage by type 
palustrine wetland classes. Negative values represent a net loss of coastal palustrine wetlands and 
positive values represent a net gain of coastal palustrine wetlands. Data Source: NOAA C-CAP.  

Time Period 
Palustrine 
Forested Wetland 

Palustrine 
Scrub/Shrub Wetland 

Palustrine Emergent 
Wetland 

2011-2016 -42,969 40,277 5,816 
2006-2011 -115,836 99,574 -265 
2001-2006 -150,287 89,661 35,664 
1996-2001 -279,324 147,607 35,204 
20-yr Total -588,416 377,119 76,419 

 

These losses, totaling 588,523 acres of forested palustrine wetlands between 1996 and 2016, were 
offset by gains of 377,119 acres and 76,684 acres of coastal palustrine scrub/shrub and emergent 
wetlands, respectively, over the same period. Between 1996 and2016, conversion to palustrine 
scrub/shrub wetland accounted for 42% of cumulative palustrine forested wetlands losses, conversion 
to palustrine emergent wetland accounted for 37% of cumulative losses, and conversion to upland 
accounted for 16% of losses (Table X.5). Palustrine scrub/shrub wetlands were the only palustrine 
wetland class in which net gains in acreage were observed across all four five-year periods between 
1996 and 2016 (Table X.5). Of 381,426 acres of palustrine scrub/shrub wetland gained between 1996 
and 2016, conversion from palustrine forested wetland accounted for 64% of gains and palustrine 
emergent wetland accounted for 35%. Conversion of palustrine scrub/shrub to development, which 
totaled 1,592 acres over the 20-year period, accounted for the largest percentage (42%) of cumulative 
losses. Conversion from palustrine forested wetland was also the major contributor (>99%) to palustrine 
emergent wetland acreage gains between 1996 and 2016 (Table X.5). Of the 219,520 acres of palustrine 
emergent wetland gained through conversion of palustrine forested wetland, the leading contributor to 
palustrine emergent wetland losses, conversion to palustrine scrub/shrub wetland, negated 62% of 
those potential gains. Recent analysis of palustrine wetland losses in coastal counties of the 
conterminous U.S. found that 80% of palustrine wetland losses occurring between 1996 and 2010 
occurred in five states, with NC ranking fifth and accounting for 8% of all losses incurred nationally over 
the period (Gittman et al. 2019).  

In contrast to coastal palustrine wetlands, net change in estuarine wetland acreage exhibited an inverse 
temporal pattern (Table X.6). Specifically, net gains of estuarine wetlands were observed from 1996 to 
2006, while net losses were observed in the more recently from 2006 to 2016. The type of land 
conversion that accounted for the majority of loss in each five year period shifted considerably through 
time. Conversion of estuarine wetlands to agriculture and upland accounted for 48% and 42% of losses, 
respectively, between 1996 and 2001. Conversion to agriculture accounted for 80% of estuarine wetland 
losses between 2001 and 2006, while conversion to development and upland accounted for 37% of 
losses each between 2006 and 2011. Between 2011 and 2016, conversion to unconsolidated shore and 
open water were the leading sources of estuarine wetland losses, accounting for 38% and 32%, 
respectively.  
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Table X.5. Net loss or gain of North Carolina’s coastal palustrine (A) forested, (B) scrub/shrub, and (C) 
emergent wetland acreage by type of conversion to other land cover classes. Negative values represent 
a net loss of the coastal palustrine wetland class and positive values represent a net gain of the coastal 
palustrine wetland class. Data Source: NOAA Coastal Change Analysis Program (C-CAP). 

 Time Period 
 2011-2016 2006-2011 2001-2006 1996-2001 
Palustrine Forested Wetland Conversion To: 
Development -870 -1,530 -1,281 -6,027 
Agriculture 0 227 -1,783 -7,784 
Upland 367 -7,755 -10,993 -77,143 
Palustrine Scrub/Shrub Wetland -10,816 -57,626 -54,957 -122,149 
Palustrine Emergent Wetland -34,308 -45,049 -77,125 -63,038 
Estuarine 0 0 0 0 
Unconsolidated Shore -66 -2 -2 11 
Open Water 2,724 -4,206 -4,149 -3,193 
Net Over Change -42,969 -115,941 -150,290 -279,324 
Palustrine Scrub/Shrub Wetland To: 
Development -297 -280 -719 -296 
Agriculture 0 -33 -159 -704 
Upland -3 -783 -197 -37 
Palustrine Forested Wetland 10,816 57,626 54,957 122,149 
Palustrine Emergent Wetland 30,185 42,727 36,153 26,295 
Estuarine 0 0 0 0 
Unconsolidated Shore -16 7 1 4 
Open Water -407 310 -376 197 
Net Over Change 40,277 99,574 89,661 147,607 
Palustrine Emergent Wetland To: 
Development -150 -1,190 -172 -127 
Agriculture 0 -67 -534 -729 
Upland 272 -1,210 -2,303 -455 
Palustrine Forested Wetland 34,308 45,409 77,125 63,038 
Palustrine Scrub/Shrub Wetland -30,185 -42,727 -36,153 -26,295 
Estuarine 0 0 0 0 
Unconsolidated Shore -62 -44 16 31 
Open Water 1,634 -77 -2,315 -258 
Net Over Change 5,816 -265 35,664 35,204 
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Table X.6. Net loss or gain of North Carolina’s estuarine wetland acreage by type of conversion between 
estuarine wetlands and other land cover classes. Positive values represent a net gain of estuarine 
wetlands from the specified land cover class and negative values represent a loss of the estuarine 
wetlands to the specific land class cover. Data Source: NOAA C-CAP 2016. 

Time 
Period 

Estuarine to: Net 
Overall 
Change Development Agriculture Upland Palustrine Unconsolidated 

Shore 
Open 
Water 

2011-
16  -15 0 -9 0 -31 -26 -81 
2006-
11  -77 -1 -77 0 -54 146 -63 
2001-
06 -16 -62 4 0 1 75 2 
1996-
01 -6 -30 -26 0 252 400 590 

 

North Carolina has wetland standards (15A NCAC 02B.0231) that provide protection of wetland 
functions. The NC 401 and Buffer Permitting Branch enforces the 401 certification, isolated waters 
permitting, buffer authorization, and buffer variance processes. Proposed projects may be exempted, 
deemed approved, approved with written notification (with or without mitigation requirements), 
requesting more information, or denied depending on the size and type of project.  Some permitted 
projects may also require wetland, stream, and/or buffer mitigation to account for losses due to impacts 
above the mitigation thresholds (15A NCAC 02H .0506 and 15A NCAC 02H.1305). Impact thresholds for 
WL and SWL wetlands are 0.10 acres. For isolated wetlands, thresholds are less than or equal to one 
acre in the coastal region, and less than or equal to 0.5 acres in the piedmont region. The DWR tracks 
wetland, stream and buffer impacts that are permitted through the 401 Wetland Program.  

According to NCDEQ’s Basinwide Information Management System (BIMS), 17,984 acres of wetland 
impacts were permitted statewide through 12,386 issued 401 certifications and Isolated Wetlands and 
Waters permits between January 1, 1990 and December 31, 2019 (Figure X.1). The areas of the most 
impacted acres can be found in some of the coastal counties. The DWR permit data for the 20 coastal 
counties indicate that in the 1990s, most impacts were attributable to water dependent structures 
(marinas, docks, bulkheads), followed by dredging. From 2000 to 2010, there was a large increase in 
mining impacts. Since 2010, most impacts were associated with transportation (Figure X.2). Some of the 
impacts are offset by mitigation. through 

 



 

12 
 

 

Figure X.1. Total acres of statewide approved impacts over the past 30 years (Source: A. Mueller, DWR).  

 

Figure X.2. Permitted wetland impacts by primary activity type in the 20 coastal counties, over the past 
30 years (A. Mueller, DWR). 

1.3.3.  Current and Future Threats 

Dredge and fill alterations associated with development   

In NC, the US Army Corps of Engineers (USACE), DWR/ Environmental Management Commission (EMC) 
and Division of Coastal Management (DCM)/ Coastal Resources Commission (CRC) have authority to 
regulate wetlands. The CRC has authority to regulate coastal wetlands and activities within the 20 

North Carolina Wetlands:
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Maps created by Kristie Gianopulos (NC DWR)
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Coastal Counties from the Coastal Area Management Act (CAMA) and NC Dredge and Fill Law. Coastal 
development rules are included in 15A NCAC 07B and 07H. Impacts to coastal wetlands (estuarine 
species listed in rule) must be avoided and minimized. The CRC rules do not allow mitigation for coastal 
wetland impacts unless the project is deemed to have a significant public benefit. The USACE has 
authority to regulate wetlands from Section 404 of the Clean Water Act (CWA) and Section 10 of the 
Rivers and Harbors Act. If a federal 404 permit is to be issued, DWR must also review the project and 
issue a 401 certification (Section 401 of the CWA and 15A NCAC 02B and 02H). Avoidance and 
minimization must be pursued before mitigation for impacts is considered.  

The EMC has wetland standards for all classifications of wetlands (15A NCAC 2B .0230-.0231). The 
standards are used to assure existing uses of wetlands are protected. The uses include storm and flood 
water storage and retention, moderation of water level fluctuations, hydrologic function (groundwater 
discharge and recharge, filtration or storage of pollutants, shoreline protection, habitat for wetland 
dependent aquatic organisms including fish, as well as other wildlife species. The 401 Certification rules 
(15A NCAC 02H .0500) and NC Isolated Wetland and Waters rules (15A NCAC 02H .1300) allow property 
owners to apply for approval to conduct projects in wetlands. Projects exempted, deemed approved, or 
in receipt of an approval letter under these permitting rules satisfy the wetland standards in 02B .0231. 
However, thresholds exist under which wetland impacts are allowed without mitigation being required. 
As described in the previous section, the permitted impacts can be cumulatively significant over time.   

A new concern is loss of jurisdiction over wetlands, due to changes in the US Environmental Protection 
Agency (EPA) and the US Department of the Army’s joint Navigable Waters Protection Rule (NWPR, 85 
FR 22250) which redefined “Waters of the United States” (WOTUS, CWA Section 502(7)) on June 22, 
2020. The revised definition of WOTUS eliminates certain waters and wetlands due to lack of direct 
surface water connectivity; therefore, reducing the scope of waters federally regulated under the CWA 
(CWA, 33 U.S.C. §§ 1251–1387). Under the modified definition, WOTUS includes all wetlands adjacent 
to: traditional navigable waters (including territorial seas); tributaries to those waters; jurisdictional 
ditches, lakes, and ponds; and impoundments of otherwise jurisdictional waters. Under this rule, 
wetlands continue to be “those areas that are inundated or saturated by surface or ground water at a 
frequency and duration sufficient to support, and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in saturated soil conditions.  Wetlands generally 
include swamps, marshes, bogs, and similar areas.” Wetlands that do not directly abut or have a direct 
surface water hydrologic connection are not considered “adjacent” under the NWPR. 

Wetland types most at risk to be impacted by WOTUS includes floodplain pools, pine flats, pine savanna, 
non-riverine swamp forest, seeps, headwater wetlands, bottomland hardwood forest and bogs (Dorney 
2020). An analysis indicated that approximately 28% of headwater wetlands in the coastal plain would 
no longer be jurisdictional (Dorney 2020). Due to their position at the upper tributary, headwater 
wetlands are critical for filtering pollutants from the immediate watershed and storing large amounts of 
floodwaters, thereby improving downstream water quality and reducing flooding. Numerous state 
agencies provided comments in response to the proposed rule. Namely, DWR, DEQ, and Office of the 
Attorney General of the State of North Carolina (OAG) relayed concerns with the loss of wetlands that 
were previously covered under federal jurisdiction, and how the proposed rule would affect jurisdiction, 
regulation, and protection of these vital resources.  

Since the recent adoption of the NWPR, which no longer uses the term “isolated,” there is now a 
category of federally non-jurisdictional wetlands that are no longer eligible for coverage under the 401 
permitting regulations, nor are they eligible for coverage under the isolated wetlands permitting rules 
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since they do not meet the definition of “isolated.” Without a permitting mechanism, proposed impacts 
to these federally non-jurisdictional wetlands will not satisfy 02B .0231. There is also concern that 
impacts could occur. To maintain the wetland permitting mechanisms at levels like those in existence 
prior to the NWPR, DEQ is working to adopt rules to provide landowners with a mechanism for approval 
to conduct work in North Carolina’s federally non-jurisdictional and non-isolated wetlands. The DEQ is 
not proposing any modification to existing wetland protections or “exempted” features (e.g., man-made 
ponds, stormwater/wastewater measures, ditches). 

Ditching and draining for agriculture, forestry, and development 

As noted in the status and trends section, conversion of wetlands for forestry and agriculture has been a 
major source of wetland loss historically and in more recent decades. Ditching is done to drain water 
and lower the water table, allowing agricultural crops to grow and allowing heavy equipment to timber 
forested wetlands. The process of ditching and draining not only alters the hydroperiod of the wetlands 
to non-optimal conditions that may not support wetlands, it also impacts their ability to store water 
onsite. Consequently, runoff to surface waters increases and is flashier during large rain events, 
resulting in less filtration of pollutants. Nutrients from loosened organic soils and fertilizer, as well as 
pesticides are transported in the runoff to surface waters. In Carteret County, when a 6,000 acre tract of 
ditched farmland was partially restored to wetlands with natural hydrology, water drainage from the 
site went from taking hours to days (M. Burchell, NCSU, personal communication. Ditching has also been 
done to lower the water table to allow development, leading to wetland loss and increased runoff.      

At present, agriculture and forestry activities are largely excluded from development-related wetland 
rules (see Clean Water Act Section 404(f)(1).  However, in areas designated as NSW and having nutrient 
management rules (ie. Neuse, Tar-Pamlico), agricultural nutrient loading requirements are included. In 
North Carolina, the performance standards defined by 02 NCAC 60C .0100 to .0209 Forest Practices 
Guidelines Related to Water Quality must be met if a forestry operation is to remain exempt from 
submitting an erosion and sedimentation control plan, obtaining permits and meeting other 
requirements described under the state’s Sedimentation Pollution Control Act. The Forest Service relies 
on education and monitoring to ensure that operations are complying. The “Forestry Best Management 
Practices Manual to Protect Water Quality” provides a suite of BMP options to protect water quality and 
meet the criteria required in rule. The manual was updated in 2021 
(https://www.ncforestservice.gov/water_quality/bmp_manual.htm).  
 
Shoreline stabilization 

Since the 1980’s, land use along coastal North Carolina has shifted from agricultural uses to urban and 
rural development (Dahl and Johnson 1991; Dahl 2006).  These levels of development among the 20 
coastal counties of North Carolina have only continued to increase. The North Carolina Office of State 
Budget and Management reported a 9.98 percent population increase from 2010 to 2019 (NC OSBM & 
US Census Bureau) (Table X.7). Between 2019 and 2039, the populations of numerous NC counties 
within the coastal plain are predicted to increase by more than 16% and multiple counties with 
estuarine coastlines are predicted to grow by greater than 30% (Figure X.3).  

  

https://www.ncforestservice.gov/water_quality/bmp_manual.htm
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Table X.7. Estimates of the Total Population of North Carolina’s 20 Coastal Counties for April 2010 and 
July 2019, as well as absolute and percent change over the same period. Source: The North Carolina 
Office of State Budget and Management.  

 Total Population Change 
County April 2010 July 2019 Number Percent 
Beaufort 47,784 47,436 -348 -0.7 
Bertie 21,275 19,630 -1,645 -7.7 
Brunswick 107,429 143,169 35,740 33.3 
Camden 9,980 10,559 579 5.8 
Carteret 66,463 70,986 4,523 6.8 
Chowan 14,793 14,141 -652 -4.4 
Craven 103,498 102,989 -509 -0.5 
Currituck 23,547 27,677 4,130 17.5 
Dare 33,920 37,599 3,679 10.9 
Gates 12,185 11,954 -231 -1.9 
Hertford 24,677 23,857 -820 -3.3 
Hyde 5,817 5,145 -672 -11.6 
New Hanover 202,683 233,062 30,379 15.0 
Onslow 177,801 207,252 29,451 16. 6 
Pamlico 13,143 13,286 143 1.1 
Pasquotank 40,661 39,953 -708 -1.7 
Pender 52,196 63,153 10,957 21.0 
Perquimans 13,452 13,740 288 2.1 
Tyrrell 4,407 3,773 -634 -14.4 
Washington 13,193 12,113 -1,080 -8.2 

 

 

Figure X.3. Predicted 2019-2039 population growth of counties falling entirely or in part within CHPP 
regions.  
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Increasing development on the coast is expected to bring increasing demand for shoreline stabilization 
with more than 48,000 properties valued at $13 billion predicted to become chronically inundated by 
2100 under relatively conservative sea level rise estimates values that could more than double under 
more extreme sea level rise scenarios 
(https://ucsusa.maps.arcgis.com/apps/MapSeries/index.html?appid¼cf07ebe0a4c 
9439ab2e7e346656cb239. (Accessed 7 October 2019). In 2012, DCM delineated the shoreline and 
stabilization and docking structures (DCM 2015). Bulkheads were the dominant type of stabilization 
structure. Of 10,658 mi of shoreline, the study identified approximately 500 miles of bulkheaded 
shoreline adjacent to water, 75 miles with bulkheads with some amount of marsh waterward of the 
structure, and 17 mi of bulkhead with sediment bank waterward of the structure. Riprap was the next 
most common structure with 182 mi. As of 2012, there were roughly 815 miles of armored shoreline 
and only 4.9 mi of marsh sill, the term for living shorelines in rule (Figure X.4). In the time since, the 
amount of shoreline armoring in North Carolina has increased to 1,100 miles (Siders and Keenan 2020).  

 

 Figure X.4. Coastwide extent of shoreline with shoreline structures within the 20 coastal counties, based 
on 2012 aerial imagery (DCM 2015).  

In total, 8% of the shoreline had some type of shoreline stabilization structure. In the US, it is estimated 
that approximately 14% of all estuarine shoreline has been hardened (Gittman et al. 2015). Shoreline 
hardening may, effectively maintain shoreline position in the shore-term, but their exacerbation of 
erosive processes via reflection of wave energy (Figure X.5) and their reduced structural complexity 
compared to shoreline vegetation or fringing oyster reefs can lead to the loss of ecosystem services (e.g. 
fish habitat, water quality enhancement) provided by the shoreline habitats they replace (Gittman et al. 
2016, Burdick 2018).  
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Shoreline Erosion 

Wetland loss also occurs along natural shorelines due to wave energy from wind and boat wakes. In a 
study looking at wave energy along different shoreline types, unconsolidated sediment bank shorelines 
that were not bordered by wetlands were more susceptible to erosion than those that were (Currin et 
al. 2015). The shoreline erosion rate was more than double on unvegetated shorelines. Sediment banks 
with even a narrow strip of vegetation had lower erosion rates than unvegetated shorelines. The 
presence of wetland vegetation had a stronger effect on erosion rates than wave energy, suggesting the 
value of living shorelines to reduce shoreline erosion. In fact, fringing marsh 30 m wide has been shown 
to reduce wave energy by 90% or more, with wave attenuation correlated with stem density (Currin et 
al. 2017).  In another study in Carteret County that examined the effect of boat wake energy on 
shoreline erosion (Currin et al 2018), it was visually noted that in low wave energy settings, marshes that 
were subject to greater boat wake energy (closer to navigation channels or high boat dock density) were 
narrower than marshes subject to less boat-induced wave energy. Measurements confirmed that boat 
wakes can contribute more to wave energy than wind in some settings. Studies indicate that severe 
storms and hurricanes do not significantly impact marshes. Since water levels are usually higher than 
nomal, waves pass over the top of the plants, transporting sediment into the marsh, which in turn helps 
build elevation (Leonardi et al. 2015; Currin et al. 2018). Low to moderate storms that occur more 
frequently have a greater impact on salt marsh erosion, especially when they occur at low tide (Leonardi 
et al. 2015; C. Currin, NOAA, personal communication).  

“Living Shorelines” are a viable alternative to vertical shoreline hardening and solution to wetland 
erosion that include a suite of options for shoreline erosion control. The structures are designed provide 
erosion control and to maintain existing connections between upland, intertidal, estuarine, and aquatic 
areas, allowing ecosystem services such as fish habitat, water quality enhancement, and flood control to 
continue. Unlike vertical stabilization measures such as bulkheads, living shoreline techniques use native 
materials such as marsh plants, oyster shells, as well as rock or concrete-based material. While coastal 
wetland vegetation can effectively buffer shorelines in areas with low to moderate wave energy, in 
some locations or situations, other nature-based structures (e.g. oyster reef breakwaters, sills) may be 
needed to augment the coastal protection services of natural or restored vegetation on shorelines in 
areas with high wave energy. (Smith et al. 2018) (Figure X.6).  

Figure X.5. Time series of two bulkhead sites illustrating changes in marsh width from 1981 to 
2013. Source: Burdick 2018 

https://paperpile.com/c/oXnFi6/aOg4
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Figure X.6. Continuum of shoreline stabilization methods, from most natural and softest (green) to least 
natural and hardest (gray), with the greenest methods being more effective in low to moderate wave 
energy, and grayest methods being more effective for high wave energy.  Source: NOAA Living 
Shorelines. 

Marine Debris 

Worldwide, oceans and waterways are facing threats from pollution and marine debris, with plastic 
comprising 80% of coastal debris. Marine debris that often collects in wetlands, can range in size from 
microplastics or abandoned fishing gear up to large items such as derelict vessels. The Marine Debris Act 
of 2006 defines marine debris as “any persistent solid material that is manufactured or processed and 
directly or indirectly, intentionally or unintentionally, disposed of or abandoned into the marine 
environment or Great Lakes”. Wetlands collect marine debris from both ocean and land-based sources 
due to storms pushing debris in from offshore, and drainage systems or stormwater discharges that 
bring debris from nearby developed land. Marine debris poses negative effects to the physical 
properties and aesthetic value of wetlands, and changes in nutrient fluxes within the water column and 
sediments can alter biological processes (Paduani 2020).  

Removal of marine debris coastwide in NC has continued to be a challenge. In January 2020, the North 
Carolina Coastal Federation (NCCF) published the “North Carolina Marine Debris Action Plan”, providing 
a strategic plan for prevention and the removal of marine debris in North Carolina. The Action Plan sets 
goals, objectives, strategies, and actions to be carried out over the next five years. The extent to which 
impacts will be seen on wetland habitat quality from the presence of marine debris is uncertain, and 
there has been little research showing the long-term effects of pollution and marine debris to coastal 
wetlands (Paduani 2020). Previous research has predominantly focused on the role that plastics play in 
the environment. Many studies have shown an accumulation of nano- and microplastics in water, 
sediment samples, as well as the tissues of invertebrates and nekton in estuaries within proximity to 
urbanization. In Mosquito Lagoon, FL, a riverine system that has seen high increases in development in 
the last 30 years, Waite et al. (2018) found elevated concentrations of microplastics in the organic 
tissues of the eastern oyster and Atlantic mud crab. Both species, which are common in tidal marshes, 
are potentially high-risk animals for microplastic accumulation (Waite et al. 2018). More research is 
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needed to determine the impact of degrading plastics on wetlands, sediment, and the benthos in that 
habitat (Paduani 2020). 

Climate change 

The rate of sea level rise (SLR) is expected to continue increasing as the ocean warms (Sweet et al. 
2017). Coastal wetlands are highly vulnerable to SLR impacts (Borchert et al. 2017; NCDEQ 2020).  As sea 
levels rise, coastal wetlands only have two mechanisms to adapt to prolonged periods of inundation. 
The first mechanism is to adjust vertically within the water column through sediment accretion.  Recent 
analyses of long-term monitoring sites in North Carolina have shown the majority of fringing marshes 
monitored are failing to keep pace with rates of sea level rise and are essentially drowning in place 
(Currin et al. in press).  These results indicate that marshes in these areas will require the ability to 
migrate upslope rather than building in elevation of existing habitat (C. Currin et al. in press).   

The second mechanism, as mentioned in the previous study, is for coastal wetlands to migrate inland. As 
sea levels rise, marshes transgress inland through a process in which increasing inundation of upland 
ecosystems increases soil salinity, making these areas less habitable for saltwater intolerant species in 
low-lying forests, agricultural lands, etc. The intolerant plants are eventually replaced by halophytic 
marsh vegetation as the marsh-upland boundary moves landward (Figure X.7). There are many 
environmental factors that influence the ability of wetlands to transgress into adjacent areas, such as 
topography, hardened structures or drainage features, but among the most impactful is land use. The 
ability of a marsh to transgress along its natural path of migration is impeded in areas where 
hardscapes, such as roads or urban development, are present. Where this occurs, the marsh erodes at 
the waterward extent and remains stationary at the landward extent. Trapped between rising sea levels 
and impediments to inland migration, marsh width decreases, a phenomenon referred to as coastal 
squeeze. The proximity of development along the waters of North Carolina is restricted by buffer rules. 
However, as sea levels rise and affect tidally influenced shorelines, established buffers will be reduced.   

 

Figure X.7. Conceptual diagram of process of natural marsh migration with sea level rise, and coastal 
squeeze when migration is impeded.   

Rising sea levels also introduce the concern of increased saltwater intrusion along the coast. Saltwater 
intrusion (SWI) is the hydrological alteration of the interface of freshwater and saltwater caused by 
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several environmental and anthropological factors.  Natural influences of SWI may include storm surges 
from extreme weather events, droughts, periods of heavy rainfall, climatic changes, and subsidence or 
rebound.  Human-induced SWI can be caused by land drainage, aquifer draw down, reduction in 
freshwater discharge from dam operations, and land use changes (White and Kaplan, 2016).  

Shifts in salinity threaten native wetland habitats that are not salt-tolerant. Saltwater intrusion 
introduces saline water to soils and changes biochemistry which produces sulfides that are toxic to salt-
intolerant species.  Prolonged exposures and increasing frequencies of flooding tides containing higher 
salinity waters can result in permanent shifts in plant communities and conversion of tidal swamp to 
tidal marsh habitats (Hackney and Avery, 2015). Ghost forests (i.e. areas of dead trees in former 
freshwater forests, typically due to salt water intrusion) are present along the coast. Once trees in tidal 
swamps cannot tolerate salinity and biogeochemistry changes, the habitat is replaced by herbaceous 
vascular plant species with higher salinity tolerances.    

1.6.  Discussion 

In August 2020, three virtual wetland workshops were held by the CHPP Team, were convened to solicit 
input from coastal and palustrine wetland subject matter experts  regarding wetland concerns and 
potential solutions. Seventy participants from state and federal agencies, non-government 
organizations, and academia participated. Topics of the three workshops were mapping and monitoring, 
threats and conservation, and restoration and living shorelines. Information and input gathered from 
these workshops was incorporated into this issue paper, particularly the discussion. Meeting materials 
and a summary document are available at http://portal.ncdenr.org/web/mf/habitat/chpp/07-2020-
chpp.  

1.6.1.   Mapping and Monitoring  

Mapping 

Comprehensive inventories of natural resources, including wetlands, are recognized as critical 
components for informed management, policy, conservation, and restoration actions. Inventories 
informed by robust mapping efforts provide managers the information needed to assess the impacts of 
anthropogenic activities, changes over time that are attributable to natural phenomena, and the 
outcomes of management actions and restoration efforts. Consequently, shortcomings in wetland 
mapping, either in their resolution or comprehensiveness, can impede the development of 
comprehensive wetland inventories, pose a challenge to conducting robust environmental impact 
assessments, and broadly hinder data-drive natural resource management. Therefore, safeguarding 
North Carolina’s natural resources, while allowing for sustainable development, hinges on the collection 
and availability of comprehensive data on the distribution, characteristics, and function of NC’s 
wetlands, 95% of which occur within the coastal plain. 

The two primary wetland mapping sources that provide coastwide wetland distribution data include 
NCDCM’s Wetland Inventory, and the National Wetland Inventory (NWI). The NWI produces wetland 
and deepwater habitat maps throughout the United States using photo-interpretation of aerial imagery 
and is the most extensive inventory of wetlands in the United States. Imagery costs and the lengthy time 
to delineate imagery deter the ability to produce new or update existing wetland maps. Another 
shortcoming of the use of aerial imagery is the time lapse between image acquisition and production of 
wetland maps (Ramsey and Laine 1997). Further, the accuracy of imagery interpretation that informs 

https://paperpile.com/c/oXnFi6/rNWq
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NWI maps coming from multiple sources, is dependent on the quality of the imagery, availability of 
ground truthing data, and repeatability by photo-interpretation analysts.  

The DCM created a coastwide wetland inventory in the mid-1990’s using NWI data, landcover 
classification from satellite imagery (Landsat data), and county-level soils data. The resolution and 
accuracy of NCDCM’s wetland inventory, along with the older age of the imagery limits the products 
utility today (K. Richardson, DCM, personal communication). The United States Geological Survey (USGS) 
and NOAA have federal mapping efforts related to wetlands. NOAA’s C-CAP inventories coastal intertidal 
areas, wetlands, and adjacent uplands on one- to five-year intervals at a spatial resolution of 30 x 30 
meter pixels using Landsat data, aerial photography, and field observations (Burkhalter et al. 2005). 
Landsat data remains challenged by the relatively long period between revisits (16-18 days), cloud cover 
obstructing data collection, and shadows confounding interpretation (Wijedasa et al. 2012). As a result, 
the C-CAP has an accuracy target of 85% overall and 80% per habitat class (McCombs et al. 2016).  

National and state inventories for land cover and wetlands are important tools used to formulate and 
evaluate the effectiveness of wetland policies and are integral to models used to predict the aerial 
extent of wetlands under a variety of future scenarios (Mahdavi et al. 2018). Therefore, the accuracy 
and resolution of these datasets have cascading effects throughout natural resource management and 
the research by which it is informed. While the spatial and temporal resolution of current NOAA C-CAP 
data has proven valuable for detecting large-scale changes in wetlands, particularly when the conversion 
occurs between distinct land cover types, numerous studies using higher-resolution imagery have 
documented wetland conversions that were not depicted using C-CAP data (Magolan and Halls 2020; 
Bhattachan et al. 2018). Fortunately, there are efforts underway by NOAA C-CAP to generate spatially 
robust, high resolution (1m x 1m pixel) land cover inventories and map products. High resolution NOAA 
C-CAP mapping remains limited to a select few partner cost-share pilot projects around the country (N. 
Herald, NOAA, personal communication). While nationwide 1m resolution mapping is a goal of NOAA C-
CAP within the coming decade(s), acquiring this data in the near-term and deriving the competitive 
advantage will require collaboration and funding through establishing partnerships.  

The dramatically improved maps resulting from these pilot projects (Figure X.8) hold considerable 
promise to improve natural resource managers’ ability to track wetland loss, gain, and land conversions. 
Further, higher resolution mapping of land cover has appreciable potential to improve predictive models 
critical to allocating scarce conservation and restoration resources. For example, high-resolution 
mapping of impervious surfaces and other barriers to marsh transgression is imperative to the 
identification of priority marsh migration corridors (Enwright et al. 2016). During the CHPP Wetland 
Workshop, NOAA representatives indicated the possibility of including NC mapping at the one-meter 
resolution as a pilot project, however state matching funds would be required. The value of high-
resolution land cover mapping extends well beyond coastal resource management applications, 
providing information invaluable to planning and administration of transportation, agriculture, utilities, 
infrastructure, habitat management, and other purposes. As such, coastal resource management 
agencies should consider working with other state agencies to pull together the funding necessary to 
commission one-meter land cover mapping. 

https://paperpile.com/c/oXnFi6/tDYK
https://paperpile.com/c/oXnFi6/PN7l
https://paperpile.com/c/oXnFi6/Nv1s
https://paperpile.com/c/oXnFi6/lgIA
https://paperpile.com/c/oXnFi6/jw5C+hH1H
https://paperpile.com/c/oXnFi6/jw5C+hH1H
https://paperpile.com/c/oXnFi6/eIZ2
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Figure X.8. Land cover map of Seattle Tacoma, WA with 1 m baseline draft mapping (A) and 30 m 
existing C-CAP mapping (B). Source: Rosa 2018, NOAA OCM. 

There are several emerging technologies that have potential to allow more precise mapping with greater 
efficacy. Satellite data (Landsat) and aerial imagery (LIDAR) are more available but have low to moderate 
resolution. Unmanned Aircraft Systems (UAS) (ie drones), can provide rapid high resolution mapping but 
are not practical for a coastwide assessment (Ridge and Johnston 2020). A process known as data fusion, 
can use the high resolution UAS imagery, that has been field verified, to train classifications of lower 
resolution satellite imagery, such as WorldView (1.24 m resolution) or RapidEye (5.0 m resolution), 
improving accuracy of habitat classification with the satellite imagery, and is a method to generate 3D 
data (Gray et al. in press; DEQ 2020). Another technique known as deep learning neural network uses a 
time series of satellite imagery to evaluate land cover change in a way that reduces post-processing time 
and increases speed of map creation. The Duke Marine Lab evaluated change in land cover in the 
Albemarle-Pamlico region between 1989 and 2011 with Landsat imagery and this deep learning 
technique. They were able to depict where farmland had transitioned to wetland; wetlands transitioning 
particularly along ditches and canals; and wetland forests along the estuarine shoreline converting to 
ghost forests (Gray et al. in press). Once proven, this technique would allow automated habitat 
classifications and change analysis rapidly (1 day of cloud processing). The ability to assess wetland 
change rapidly and accurately is critical to focusing management and restoration actions in priority areas 
in a time-effective manner. 

 Monitoring  

North Carolina’s official wetland monitoring program was initiated by the Division of Water Quality (now 
DWR) in 2004. Since its inception, wetland monitoring conducted by DWR has been funded primarily by 
the Environmental Protection Agency’s (EPA) Wetland Program Development Grants (WPDG). While the 
first grant primarily supported efforts to monitor headwater wetlands, subsequent grants have provided 
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funding to monitor basin wetlands, riverine swamp forests, and bottomland hardwood forests located 
across multiple watersheds.  Between 2004 and 2015, projects funded largely by the EPA resulted in the 
monitoring of 248 wetland sites (Figure X.9, TableX.8). Due to the grant duration and project objectives, 
most (147 of 248, or 59%) were monitored for one year or less.  

 

 

Figure X.9. Location and sampling duration of wetland monitoring projects conducted by DWR and 
partners between 2004 and 2015.  

Since the dissolution of the Wetland Program Development Unit  in 2013, wetland monitoring efforts by 
state agencies have continued, but on short-term and more limited scale. Wetland projects have 
conducted field evaluations of restored mitigation wetlands, studied headwater wetlands, characterized 
isolated wetland hydrologic connectivity, water quality, and biota, and assessed use of natural wetlands 
for stormwater assimilation, among others (http://www.ncwetlands.org/research/wetland-project-
summaries/). The Wetland Program Plan (NC WPP) was developed in 2015 and is updated  every five 
years to guide actions to research and protect wetlands. The plan is currently being updated and will be 
finalized in 2021. The Division of Mitigation Services (DMS) compiles monitoring reports for 
compensatory mitigation projects, and the Wildlife Resource Commission (WRC) has conducted 
monitoring to assess abundances of select fauna of interest. To provide a spatially robust inventory of 
the condition of the state’s wetland resources over ecologically meaningful temporal scales, there is a 
need to move away from a dependence on external grant funding, which can be intermittent and 
variable in their research objectives, to a recurring state appropriation for standardized wetland 
monitoring that is critical to generating the data needed for science driven management.  

 

  

http://www.ncwetlands.org/research/wetland-project-summaries/
http://www.ncwetlands.org/research/wetland-project-summaries/
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Table X.8. Number of sample sites by wetland type within CHPP regions. Includes sampling by DWR and 
partners, 2004-2015.   
 

Wetland Type 
CHPP Region  Grand 

Total 1 ½ 2 3 4 
Basin 0 0 1 2 27 30 
Bottomland Hardwood Forest 0 0 4 0 2 6 
Brackish/Salt Marsh 1 1 12 3 0 17 
Estuarine Woody 0 0 4 0 0 4 
Hardwood Flat 4 0 4 0 0 8 
Headwater 1 0 11 1 6 19 
Non-Riverine Swamp Forest 0 0 0 1 0 1 
Non-tidal Freshwater Marsh 1 0 1 0 0 2 
Pine Flat 1 0 4 0 2 7 
Pocosin 1 0 2 1 4 8 
Riverine Swamp Forest 7 0 8 1 14 30 
Grand Total 16 1 51 9 55 132 

 
 
In contrast to the short-term monitoring typical of EPA-funded projects that took place between 2004 
and 2015, the North Carolina Sentinel Site Cooperative (NCSSC), one of five cooperatives established 
throughout the US with NOAA funding in 2012, has established long term monitoring of coastal habitats 
in eastern North Carolina. The cooperative consists of partners from NOAA, North Carolina Coastal 
Reserve, DCM, NC Sea Grant, Department of Defense, National Park Service, the North Carolina 
Aquarium at Pine Knoll Shores, academia, and town governments, with the goal of leveraging resources 
across organizations to provide stakeholders with information to address sea level rise and coastal 
inundation. A component of the work the NCSSC conducts is the monitoring of coastal habitats to 
address impacts of sea level rise. This has entailed leveraging existing and establishing new sites for the 
long-term monitoring of elevation change using surface elevation tables (SET), which are portable 
mechanical instruments that provide high-resolution measurements of elevation change within wetland 
sediments (Lynch et al. 2015). There are currently over 125 SETs throughout coastal North Carolina 
generating information on the degree to which coastal marshes are keeping up with sea level rise or 
whether they are being outpaced by rising seas (Figure X.10).  

https://paperpile.com/c/oXnFi6/J52j
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Figure X.10. Surface elevation table (SET) locations in NC. Source: J. Davis, NOAA NCCOS. 

Numerous  North Carolina universities and non-governmental organizations (NGOs) are conducting 
research involving coastal wetland monitoring. However, the various sampling methodologies in these 
studies have impeded efforts to combine data to generate a meaningful picture of habitat condition at 
broader spatial or temporal scales. The development of standardized protocols to monitor wetlands, 
coupled with a central repository to submit reports or standardized data would facilitate policy 
managers and natural resource managers’ ability to formulate actions based on robust, scientifically 
validated information. A repository of standardized wetland monitoring data, which would include 
information from both published and unpublished studies, could minimize redundant sampling by 
researchers unaware of similar projects and facilitate synergistic collaborations. At the CHPP Wetland 
Workshop, most participants recognized the value of standard sampling protocol but thought that 
would be difficult due to different research objectives and funding sources. There was strong support for 
a central repository that included a database of who and where monitoring was occurring and 
completed reports. Both the formulation of some minimum standardized sampling protocol and the 
development of a centralized repository will require an inclusive process of consultation between 
practitioners, managers, and other user groups.  

1.6.2.  Coastal Resilience Planning  

In North Carolina, as is the case globally, the long-term sustainability of coastal populations is 
inextricably linked to coastal ecosystem services, including fisheries production, storm protection, water 
quality enhancement, flood control, and carbon sequestration. Coastal resilience planning is a crucial 
first step to reducing vulnerability of coastal communities, including habitat loss associated with climate 
change. Climate change is expected to bring an increasing rate of sea level rise and an increasing 
intensity and frequency of hurricanes, storms, and heavy rain events. These changes will increase 
flooding, shoreline erosion, and damage to community infrastructure, and consequently impact the 
coastal economy. Impacts to fish habitats are also expected due to changing water levels, water quality, 
and chemical properties (temperature and salinity). Expected impacts were described in detail in the 
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CHPP 2021 climate change chapter, the NC Climate Science Report (https://deq.nc.gov/north-carolina-
climate-science-report) and the NC Climate Risk Assessment and Resiliency Plan (CRARP) 
(https://files.nc.gov/ncdeq/climate-change/resilience-plan/2020-Climate-Risk-Assessment-and-
Resilience-Plan.pdf).  

Vulnerability assessments are valuable tools to assess where communities are most susceptible to 
hazard risks, including climate-change related weather events, and to provide these communities with 
actions that can be taken to prepare, adapt, and lower risks. Assessments can inventory extent and 
location of natural infrastructure that provides flood, erosion, and water quality benefits. The Nature 
Conservancy (TNC) and the National Centers for Coastal Ocean Science (NCCOS), along with other 
partners developed a coastal resilience decision support tool 
(https://maps.coastalresilience.org/northcarolina/). The tools show areas at risk under different flood 
events and sea level rise scenarios, wetland distribution change under various sea level rise scenarios, 
and a living shoreline suitability tool.  

Another resilience project was developed as part of the Natural and Working Lands component of the 
CRARP plan. The project is intended to help state and local government, land conservation trusts, and 
landowners identify natural and working lands that can provide the most benefit if they are protected or 
restored. A story map provides examples of different GIS assessments. 
{https://storymaps.arcgis.com/collections/2154ab2816674f7d8c7429fe87f48830?item=4) One GIS 
project prioritizes marsh for their importance to protecting assets, such as populated areas, historic 
sites, and key natural areas. Another depicts the distribution of marsh and SAV, natural habitats that 
provide water quality value. Potential future marsh migration, if not blocked by stabilization structures 
or development, are shown for different SLR scenarios (Figure X.11). This could help communities decide 
where to strategically conserve land to allow for marsh migration (Warnell et al. 2020).  

The NC Resilient Coastal Communities Program was a recommendation of the NC CRARP. The program, 
a partnership with NC Office of Recovery and Resiliency, NC Sea Grant, TNC, and DCM, provides financial 
grants and technical assistance to support proactive local efforts to improve community resilience to 
climate change. The program aims to assist communities with risk and vulnerability assessments and 
development and implementation of prioritized projects that improve resiliency. More information can 
be found at https://deq.nc.gov/about/divisions/coastal-management/coastal-adaptation-and-
resiliency/nc-resilient-coastal and 
https://ncdenr.maps.arcgis.com/apps/MapSeries/index.html?appid=e2eb18546943471b93f0264659744
a81. Grant funding for developing watershed restoration plans is available through DWR’s 319 grant 
program (https://deq.nc.gov/about/divisions/water-resources/planning/nonpoint-source-
management/319-grant-program ). Watershed development plans often utilize nature-based solutions 
to address runoff and water quality issues.     

 

https://deq.nc.gov/north-carolina-climate-science-report
https://deq.nc.gov/north-carolina-climate-science-report
https://files.nc.gov/ncdeq/climate-change/resilience-plan/2020-Climate-Risk-Assessment-and-Resilience-Plan.pdf
https://files.nc.gov/ncdeq/climate-change/resilience-plan/2020-Climate-Risk-Assessment-and-Resilience-Plan.pdf
https://maps.coastalresilience.org/northcarolina
https://storymaps.arcgis.com/collections/2154ab2816674f7d8c7429fe87f48830?item=4
https://deq.nc.gov/about/divisions/coastal-management/coastal-adaptation-and-resiliency/nc-resilient-coastal
https://deq.nc.gov/about/divisions/coastal-management/coastal-adaptation-and-resiliency/nc-resilient-coastal
https://ncdenr.maps.arcgis.com/apps/MapSeries/index.html?appid=e2eb18546943471b93f0264659744a81
https://ncdenr.maps.arcgis.com/apps/MapSeries/index.html?appid=e2eb18546943471b93f0264659744a81
https://deq.nc.gov/about/divisions/water-resources/planning/nonpoint-source-management/319-grant-program
https://deq.nc.gov/about/divisions/water-resources/planning/nonpoint-source-management/319-grant-program
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Figure X.11.  Migration space necessary for marsh to move inland to avoid inundation under four SLF 
scenarios. The spaces shown do not identify where this is possible or not due to existing development. 
Source: K. Warnell, Duke 
https://storymaps.arcgis.com/collections/2154ab2816674f7d8c7429fe87f48830?item=4 

 

1.6.3 Nature-based Solutions 

Despite North Carolina’s support of the Federal No Net Loss of wetlands policy objective, it is 
increasingly clear that this overarching policy goal has not been realized due to many factors, including 
policy choices exempting certain impacts from regulations, non-compliance, and the lack of mechanisms 
to address losses that cannot be attributed to discrete human activities. As such, it is increasingly 
recognized that conservation alone is likely insufficient to maintain the extent and function of North 
Carolina’s invaluable coastal wetland resources and that wetland restoration will be an integral 
component of a multipronged strategy to compensate for losses.  

Nature-based solutions include a suite of strategies that use natural systems, mimic natural processes, 
or work in tandem with traditional approaches to address specific hazards. Communities across the 
country can incorporate nature-based solutions in local planning, zoning, regulations, and built projects 
to help reduce their exposure to flood and erosion impacts. Nature-based solutions, similar to green 

https://storymaps.arcgis.com/collections/2154ab2816674f7d8c7429fe87f48830?item=4
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infrastructure, is based on the understanding of the ecosystem services a habitat provides; they always 
result in more than one benefit (FEMA 2020). Nature-based solutions can range from land preservation, 
such as an open space or a park, to engineered structures like stormwater BMPs and living shorelines 
that include plants alongside nature-inspire features, such as oyster reef breakwaters. Protecting and 
restoring existing natural habitats is also a component of nature-based solutions. Conserving wetlands in 
the floodplain has been one tool used by towns to prevent development in vulnerable locations, which 
maintains flood and erosion protection provided by the wetlands, reduces infrastructure damage, 
provides community recreation (greenway trails), while protecting fish habitat and water quality.  

Wetland restoration 

Coastal wetland restoration methods can be classified as passive restoration, active restoration, or 
creation. Passive restoration methods are those that mitigate factors that induce degradation or 
destruction of coastal wetlands, allowing the wetland to “self-restore” once stressors are ameliorated 
(Wagner et al. 2008). Active restoration typically involved interventions to restore, improve, or recreate 
the processes and function of coastal wetlands through techniques such as topographic or hydrologic 
modification, adding sediment, and/or vegetation planting (Zhang et al. 2009). Creation involves the 
wholesale conversion of non-wetland land types (e.g. upland, agricultural land, subtidal flats), requiring 
hydrological modification, replication of soil physiochemical properties, and wetland plant introduction 
(Broome et al. 2019). Each of these forms of wetland restoration have been strategically used in projects 
throughout North Carolina. These include various forms of living shorelines, hydrologic restoration, 
beneficial use of dredge material, and nature-based stormwater BMPs (DEQ 2020).    

Maintaining vegetated buffers is a passive nature-based solution to protecting wetlands and water 
quality. Due to the expected loss of wetlands associated with climate change, evaluation of the existing 
development buffer rules by a technical committee would be helpful is assess the future efficacy of 
those buffers when evaluating SLR, and whether changes to those rules are needed.  

Recent work on nekton recovery following the restoration of salt marshes and other coastal wetlands 
has demonstrated that fish use recovered following wetland restoration efforts (Hollweg et al. 2020; 
Raposa and Roman 2003; Roman et al. 2002; Able et al. 2002). Further, there is mounting evidence that 
living shorelines combining salt marsh with some form of nature-inspired structural feature (e.g. oyster 
breakwater, stone sill) can not only slow or reverse the retreat of salt marsh shorelines (Currin et al. 
2008) but can also increase their value as a nursery habitat for both finfish and crustaceans (Gittman et 
al. 2016).   

While wetlands are highly effective at trapping sediment and nutrients it is important to note that 
coastal wetlands cannot assimilate an indefinite amount of nutrients. Excess nutrient enrichment 
experiments have shown that eutrophication can increase above ground biomass while reducing bank-
stabilizing below ground biomass (Deegan et al. 2012). Therefore coastal wetlands can provide water 
quality enhancement benefits only if nutrient mitigation efforts are also in place.  

Living shorelines 

Multiple studies from North Carolina support use of living shorelines as an effective method of shoreline 
stabilization that also provides substantial ecosystem benefits. Studies have shown that fringing 
marshes restored with plantings alone decrease erosion similar to natural marsh shorelines and provide 
greater shoreline protection from hurricane damage compared to bulkheads (Currin et al. 2008, Gittman 
et al. 2014) and the root structure reduces erodibility of sediments (Shepard et al. 2011; Francalanci et 

https://paperpile.com/c/oXnFi6/QxL8+x8XI+EmrY+ZdBd
https://paperpile.com/c/oXnFi6/QxL8+x8XI+EmrY+ZdBd
https://paperpile.com/c/oXnFi6/cGXl
https://paperpile.com/c/oXnFi6/cGXl
https://paperpile.com/c/oXnFi6/6Pfr
https://paperpile.com/c/oXnFi6/6Pfr
https://paperpile.com/c/oXnFi6/Bz52
https://paperpile.com/c/oXnFi6/9IFP+lL7z
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al. 2013). Living shorelines that incorporate sills have been shown to have better resistance to landward 
erosion during hurricanes than either bulkheads or natural marshes (Smith et. al. 2018). In fact, post-
hurricane shoreline surveys from North Carolina found that, in contrast to the 76% of surveyed 
bulkheads that incurred damage during Hurricane Irene, none of the estuarine marsh shorelines, either 
with or without sills, experienced damage (Gittman et al. 2014). Underscoring the consistency of 
research on the efficacy of living shorelines in North Carolina, a study comparing shoreline erosion rates 
pre- and post- installation of living shorelines with sills found dramatic average declines in erosion rates 
at across northern and southern NC. Specifically, shorelines at northern sites went from eroding an 
average of 0.45 ± 0.49 m year−1 pre-installation to accreting at a rate of 0.17 ± 0.47 m year−1, while living 
shoreline instillation decreased erosion from an average of 0.21 ± 0.52 m year−1 to 0.01 ± 0.51 m year−1 
(Polk and Eulie 2018). Of particular relevance to CHPP objectives, research has demonstrated that, in 
addition to their shore protection efficacy, they can enhance the fishery nursery function of estuarine 
habitats (Gittman et al. 2016).   

With mounting evidence of the damaging impacts of shoreline armoring, particularly wetlands, there is 
an urgent need to embrace alternative, environmentally friendly shoreline stabilization techniques. 
Underscoring the consistency of research on the efficacy of living shorelines in North Carolina, a study 
comparing shoreline erosion rates pre- and post- installation of living shorelines with sills found 
dramatic average declines in erosion rates at across northern and southern NC. Specifically, shorelines at 
northern sites went from eroding an average of 0.45 ± 0.49 m year−1 pre-installation to accreting at a 
rate of 0.17 ± 0.47 m year−1, while living shoreline instillation decreased erosion from an average of 
0.21 ± 0.52 m year−1 to 0.01 ± 0.51 m year−1 (Polk and Eulie 2018). In addition to their efficacy, living 
shorelines have also been shown to be more durable than common shoreline armoring approaches. For 
example, post-hurricane shoreline surveys from North Carolina found that, in contrast to the 76% of 
surveyed bulkheads that incurred damage during Hurricane Irene, none of the estuarine marsh 
shorelines, either with or without sills, experienced damage (Gittman et al. 2014). In contrast with grey 
infrastructure (e.g. bulkheads), which have been shown to decrease shoreline habitat suitability for fish 
and crustaceans (i.e. nekton), living shorelines, both those incorporating nature-based infrastructure 
and those with vegetation alone, maintain the natural continuity of the land-water interface while 
preserving and even enhancing ecosystem service provisioning (e.g. habitat value) of shoreline habitats 
(Gittman et al. 2016a; Davis et al. 2015) (Scyphers et al. 2011, Gittman et al. 2016b). In addition to 
providing added structure that may serve as valuable refugia and increase foraging opportunities for 
nekton, evidence from a study in the Newport River Estuary suggests that wide-scale use of living 
shorelines could also generate considerable carbon sequestration benefits (Davis et al. 2015). Further, 
research for living shorelines in Bogue Sound, NC, have shown appreciable nitrogen removal services by 
living shorelines, a service that was shown to consistently increase with living shorelines age (Onorevole 
et al. 2018).  

Due to the science documenting the effectiveness of living shorelines for erosion control and 
maintaining ecological functions, this alternative to bulkheading has been supported by the N.C. Coastal 
Resources Commission (CRC) and included as a recommendation of CHPP (DEQ 2010, 2016; DCM 2014).  

Encouraging living shorelines as the preferred shoreline stabilization method is a key nature-based 
solution that can protect and restore wetlands, as well as oysters in some areas. Since 2005, progress 
has been made in documenting, through scientific studies, the benefits and limitations of living 
shorelines. Research in North Carolina has shown that living shorelines support a higher diversity and 
abundance of fish and shellfish than bulkheaded shorelines, effectively deter erosion, and survive storm 
events well. Outreach efforts have been done to increase awareness of this technique to the public and 

https://paperpile.com/c/oXnFi6/9IFP+lL7z
https://paperpile.com/c/oXnFi6/6Ktq
https://paperpile.com/c/oXnFi6/6Ktq
https://paperpile.com/c/oXnFi6/6Pfr+q8aX
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contractors. Nonprofit organizations and DCM have constructed several demonstration projects. The 
CHPP Steering Committee requested that efforts continue to focus on encouraging living shorelines to 
protect property, restore shoreline habitat, and improve water quality (CHPP 2016). 

The Living Shoreline Steering Committee was formed during the summer of 2018 to bring together 
federal and state agencies, non-governmental organizations and universities to communicate and 
collaborate on education and outreach, research, and implementation of living shorelines as a means to 
support sustainable management of estuarine shorelines.  This Committee also acts as the Albemarle-
Pamlico National Estuary Partnership (APNEP) Living Shoreline Implementation Team and is co-led by 
APNEP and NCCF. 

Major accomplishments to date on living shorelines in NC include: 

• The Wilmington District of the U.S. Army Corps of Engineers (USACE) issued their new Regional 
General Permit for living shorelines in March 2019.  

• The Coastal Resources Commission adopted 15A NCAC 7H .2700 General Permit for 
Construction of Marsh Sills for Wetland Enhancement in Estuarine and Public Trust Waters in 
July 2019.  

 

These new federal and state permits do not require any coordination with state and federal agencies as 
long as the permit conditions are met; therefore, creating a streamlined general permit process that is 
consistent with other CAMA general permits. 

The Nature Conservancy and NOAA scientists have developed a Living Shoreline Explorer application 
tool for Carteret and Onslow Counties to assist users with determining where it is suitable to use a living 
shoreline. It can be found on TNC’s North Carolina Coastal Resilience online mapping tool: 
https://maps.coastalresilience.org/northcarolina/. The Nature Conservancy’s Restoration Explorer 
application [coastalresilience.org] (app) on the Coastal Resilience Tool helps users identify where they 
can use oyster reefs to stabilize their shoreline. Using this online this tool helps identify sites for subtidal 
shoreline oyster reef restoration within the Pamlico Sound, which could also aid in living shoreline siting. 
 
Other actions implemented through the 2016 CHPP include outreach and education by the National 
Estuarine Research Reserve’s (NERRs) staff who hosted numerous living shoreline workshops to educate 
real estate agents, homeowners associations, marine contractors, engineers, land use planners, 
landscape architects, and coastal decision-makers in the promotion of living shorelines for erosion 
control.  Construction events hosted by NC Coastal Federation and UNC-W were held up and down the 
coast hosting hundreds of volunteers who assisted in plantings and construction of living shorelines.  
 
Research and monitoring of living shorelines are ongoing with results from studies on response of 
natural and sill-stabilized fringing marshes to sea level rise, impacts of hurricane on natural and 
stabilized living shorelines, as well as research on wave attenuation by natural marshes and living 
shorelines.  Additionally, research is ongoing on ecological, and socioeconomic impacts of shoreline 
management strategies.  Alternative living shoreline construction materials such as the Sandbar Oyster 
Company Oyster CatcherTM material, oyster shell and rock gabions are being tested.  The NCCF is also 
working on the development of a degradable alternative to traditional plastic mesh bags for use for 
oyster shells. 

 

https://maps.coastalresilience.org/northcarolina/
https://urldefense.com/v3/__https:/coastalresilience.org/partnership-results-in-deep-dive-for-oyster-research/__;!!HYmSToo!L1CbKeK9_9t9EKP8Fdyrmbm0OqAw75moKsHQxpwpzGOfHB7CbaZg_VBL39Dh4ff-oNwlaQ$
https://urldefense.com/v3/__https:/coastalresilience.org/partnership-results-in-deep-dive-for-oyster-research/__;!!HYmSToo!L1CbKeK9_9t9EKP8Fdyrmbm0OqAw75moKsHQxpwpzGOfHB7CbaZg_VBL39Dh4ff-oNwlaQ$
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The use of living shorelines in North Carolina has increased in the past two decades.  Adoption of the NC 
DCM General Permit for construction of living shorelines that incorporate marsh sills had reduced 
barriers and increased the adoption of this environmentally friendly approach. While these 
advancements are encouraging, further actions are needed if living shorelines are to become the 
preferred method of shoreline stabilizations in North Carolina within the foreseeable future.  

The Living Shoreline Steering Committee meets multiple time a year to discuss ongoing research, 
outreach, and education and implementation of living shorelines in North Carolina.  Research and 
monitoring efforts look at natural marshes and living shorelines, wave attenuation and transformation 
and the use of alternative living shoreline construction materials. Outreach and education efforts have 
increased the awareness and shown the benefits of living shoreline techniques to professionals (e.g., 
real estate agents, contractors, engineers) and the public. Efforts to install living shorelines has resulted 
in the construction of nearly 2,400 feet of living shorelines along NC’s coast in 2019. While much 
progress has been made, the number of shoreline stabilization applications for bulkheads still greatly 
exceeds requests for some type of living shoreline. A recent study along the northern Gulf Coast found 
small economic incentives can alter homeowner decisions and be bolstered by an understanding of 
social influences and that a potential cost-share program could increase overall likelihood of living 
shorelines implementation among 43% of all respondents and up to 61% of more recent homeowners 
(Scyphers et al. 2020). 

At the CHPP Wetland Workshop on living shorelines and restoration, attendees discussed thoughts on 
incentives versus disincentives and strategies to encourage use of living shorelines. They agreed that 
more attention needs to be given to the science regarding post-storm success of living shorelines in 
shoreline stabilization.  Key points from the living shoreline portion of the workshop were: 

• North Carolina has many successful living shorelines throughout the coast and research has 
demonstrated their ecosystem services (e.g. fish habitat, shoreline stabilization resilience to 
storm events); however, they continue to be under-utilized compared to vertical hardened 
structures. 

• The greatest need for advancing the use of living shorelines is strong state agency support for 
their use.  Financial incentives, increased awareness and installation of living shorelines by the 
general public, marine contractors, and business programs for marine contractors. 

• The 2021 Oyster Blueprint will include recommended actions for living shorelines 
(https://ncoysters.org/blueprint/) 

 
An updated NC Oyster Blueprint is planned for completion in 2021. This document, produced by NCCF 
with support from a collaboration of agencies, universities, and NGOs, is an oyster protection and 
restoration plan that provides stakeholders direction and guidance as a united force to implement 
restoration, management and economic development strategies that benefit both the environment and 
the economy. The 2021-2025 Oyster Blueprint identifies strategies and actions needed to rebuild NC’s 
oyster resources. An additional approach in this upcoming plan is identifying living shorelines that 
include oysters as a distinct strategy to restore and protect oyster habitat. The overarching goal for the 
living shoreline strategy is to expand the use of living shorelines to become the most used stabilization 
method in estuaries that support oyster habitats.    

When living shorelines are constructed with oyster reef materials, such as recycled shells, oyster castles, 
or reef balls, they provide intertidal habitat for shellfish resources. Building living shorelines along 
eroding waterfront properties where oysters grow, is one way to expand oyster habitat, reduce 

https://ncoysters.org/blueprint/)
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shoreline erosion, and protect and improve water quality. With the inclusion of living shorelines to the 
Oyster Blueprint, strategies to expand their use in estuaries will provide additional substrate to support 
oyster habitat, while also protecting and restoring wetlands. Some of the recommendations of the 
Oyster Blueprint regarding living shorelines include:  

• Devise and implement a communication and education strategy and to publicize benefits of 
living shorelines that target property owners and contractors. 

• Develop monetary incentives (cost share, funding, tax credits, etc.) to increase the development 
of living shorelines where appropriate in place of bulkheads.   

• Expand current science-based siting tools for siting and design of living shorelines in all coastal 
counties. 

• Develop a mechanism to protect living shorelines that are constructed of with oyster substrate 
from harvest.  

 

Protection of Oyster-Based Living Shorelines from Harvest 

With the addition of living shorelines constructed with oyster reef materials as a strategy to provide in 
the Oyster Blueprint, there are concerns of allowing the harvest of oysters from living shorelines.  
Presently oyster harvesting from living shorelines is not prevalent, but as the use of living shorelines 
increases, the issue may become more widespread.   
 
Oyster harvesting is managed by DMF through a Fisheries Management Plan and is subject to 
management through gear types, area, harvest limits, and seasons. In addition, the Shellfish Sanitation 
Section of DMF is responsible for monitoring and classifying coastal waters for their suitability for 
shellfish harvesting for human consumption based on bacteriological sampling. This management 
provides some constraint to harvesting from living shorelines.   
 
The DMF has developed a living shoreline oyster protection committee to address this issue. The group 
may consider protection of these oysters through management area protection, conservation 
leasing/easement, or another management mechanism. These options will most likely require statutory 
changes in current leasing statutes to address contractual agreements, marking and enforcement.     
 
Hydrologic restoration 

Humans have directly and indirectly changed the hydrology of coastal wetlands through ditching and 
draining, installation of levees and dikes, and reducing natural infiltration of runoff due to impervious 
surfaces in developed watershed. Efforts to reverse these hydrological modifications and return 
wetlands to their pre-impact hydrology fall under the umbrella of hydrological wetland restoration. 

The history of hydrologic alteration in Hyde County in the Lake Mattamuskeet watershed was 
summarized in the Lake Mattamuskeet Watershed Restoration Plan (NC Coastal Federation 2018). This 
lake, the largest natural lake in NC, was extensively modified by a series of canals and pump stations to 
drain it. The canals allow fish movement into the lake, and blue crab and several anadromous fish 
species occur in it. The lake receives runoff from ditching and landscape changes in the surrounding area 
and is highly eutrophic. This has caused harmful algal blooms and extensive loss of SAV since the 1980s 
(Moorman et al. 2017). The lake waters were classified by DWR as impaired in 2016. Additionally, 
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shellfish harvest closures have occurred in Pamlico Sound tributaries receiving canal waters that drain 
the lake.     

While these hydrologic modifications were carried out largely to protect agricultural lands from flooding 
and flood-related damage, many communities surrounding these modifications now face increasing 
flooding impacts due to altered hydrology exasperated by climate change. For example, the design of 
tide gates allows water level management- tide gates open when head pressure from the source (i.e. 
Lake Mattamuskeet) exceeds head pressure from the destination (i.e. Pamlico Sound). However since 
water levels in Pamlico Sound are increasing due to sea level rise, higher water levels in the lake are 
required to open the gates. This results in increased flooding in the surrounding areas and altered flow 
patterns. Higher water levels in the sound also allow saltwater intrusion up the canals, which impacts 
crops. Lake Mattamuskeet is designated as an Anadromous Fish Spawning Area (AFSA), and these 
unintended consequences present challenges to spawning migrations for these anadromous species.  
 
The Mattamuskeet Association, the United State Department of Agriculture’s Natural Resource and 
Conservation Service (NRCS), and NCCF developed a watershed restoration plan for an area located 
northeast of Lake Mattamuskeet (NC Coastal Federation 2012). The Lake Mattamuskeet Watershed 
Restoration Plan (LMWRP) was developed to address the deteriorating conditions in the lake and its 
surrounding watershed. With input from agencies and stakeholders, the watershed plan with 
management actions was developed. The plan called for reducing and treating stormwater that was 
traditionally pumped through canals into Otter Creek, Pamlico Sound, and the Alligator River. Several of 
the strategies involve pumping water from the canals to low-lying areas of farmland and managing 
water levels to establish bottomland hardwood trees and other wetlands. Approximately 2,000 acres 
have been restored and more is underway.   
 
There is growing science that a better approach for flood prevention is through the use of nature-based 
methods that replicate the natural hydrology. Therefore, one component of the management plan is to 
conduct engineering studies to evaluate the feasibility of redirecting water in the current drainage 
canals to re-establish and replicate the natural movement of water from the lake to the Alligator River 
drainage area. Not only is that how the water originally drained, but it would improve water quality 
conditions in Pamlico Sound near the canal discharges. The preferred design alternative is to identify, 
design, and prioritize projects where water diverted from the lake could move via sheet flow over 
newly-created or restored wetlands, allowing nutrients and sediment to be absorbed before discharging 
into surface waters (NC Coastal Federation 2018).  
 
One successful example of large-scale hydrologic restoration is North River Preserve. The 6,000-acre 
wetland restoration project undertaken by NCCF was completed on former farmland, primarily by 
restoring the hydrology (https://www.nccoast.org/project/north-river-wetlands-preserve/). Before 
restoration, runoff from the farmlands at North River Farms, which had been smoothed, crowned and 
ditched, often left the fields and discharged into the surrounding estuaries on the order of hours to 
days. Various wetland restoration techniques used across the farm increased the surface storage and 
controlled the outflow. This increased the time it took for the runoff to leave the site - often on the 
order of weeks to months, depending on wetland restoration design and proximity to the estuary. In 
addition, because of additional evapotranspiration and infiltration that occurred in the wetland 
environment, the volume of runoff was also often reduced (M. Burchell, NCSU, personal 
communication). 

https://www.nccoast.org/project/north-river-wetlands-preserve/
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Another example of nature-based solutions in NC involved TNC and USFWS collaboration to restore 
hydrology of pocosin through installation of water control infrastructures, such as culverts, weirs, 
flashboard risers, berms, and beaver dam analogs. This work was focused at Alligator River, Pocosin 
Lakes, and Great Dismal Swamp NWRs (B. Boutin, TNC, personal communication). Atlantic white cedar 
and bald cypress were planted at Pocosin Lakes. Oyster reefs have been constructed adjacent to 
Alligator River and Cedar Island NWRs to reduce wetland shoreline erosion.  
 
It is imperative that nature-based solutions be developed and/or incorporated into management plans 
to minimize the unintended negative impacts resulting from the interaction of hydrologic alteration and 
future SLR.. Many goals and objectives included in management plans can be achieved by restoration or 
enhancement of wetlands. For example, sheet piling has been installed in many areas to prevent 
flooding of farmland. Restoration of wetlands would provide natural flood management, utilizing their 
tremendous water retention capacity.  Additionally, wetlands provide a natural buffer to storm surge, 
reducing the impact of flooding during severe weather events (i.e. hurricanes).  Restoring natural water 
flow patterns prevents excessive nutrient deposition; inclusion of wetlands in this type of restoration 
provides additional nutrient uptake, as wetland plants have been shown to significantly remove excess 
carbon and nitrogen from soils. 
 
Continued use of manmade structures such as tide gates can be beneficial hydrologically when properly 
planned and maintained but can impede fish migration. A more active approach to drainage 
management could work in conjunction with wetland water storage capacity to minimize flooding 
impacts. Plans can incorporate roadway improvements (increased elevation) and additional water 
pumps to divert water away from farmland and over created or restored wetlands. 
 
Combining adaptive hydrologic management strategies with wetland easements can provide a multi-
pronged approach to restoration.  By utilizing wetland easements or grant programs, such as those 
detailed above, communities can minimize the economic cost of wetland restoration and instead use 
those funds to implement hydrologic restoration projects.   
 

Beneficial use of dredge material for marsh creation or restoration 

Beneficial use of sediments is a term used by USACE for environmentally and economically positive uses 
of dredged material, including fish and wildlife habitat enhancement. Dredged materials have been used 
for decades in wetland creation and restoration efforts (Broome et al. 2019). Historically, this has 
consisted of dredge materials being deposited within unvegetated areas adjacent to the shoreline until a 
target elevation has been reached. However, there is increasing data that suggests given the rate of sea 
level rise, sediment supply dynamics in many areas are insufficient to sustain upward and landward 
marsh migration (Kirwan and Megonigal 2013; Schile et al. 2014; Currin et al. in press). There is growing 
interest in using dredge material as a supplement sediment supply for existing marshes to enhance their 
ability to keep pace with sea level rise. Building marsh elevations with sediment delivered from nearby 
dredging projects, referred to as thin-layer sediment placement, deposition, or dispersal, is potentially 
valuable for creating, restoring, and maintaining coastal marshes, and may slow or reverse losses of 
wetlands due to coastal development, geological or drought related subsidence, and sea-level rise 
(Woodhouse et al., 1972; Stralberg et al. 2011). Sediment is applied to the marsh surface by spraying a 
slurry of water, sand, and silt. The resulting increase in elevation reduces the marsh inundation period 
and improves soil drainage, resulting in greater marsh productivity (Stagg and Mendelssohn 2010). The 
optimum elevation varies based on local tide conditions. Sediment additions that are too thin may not 
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be sufficient to reduce flood stress to plants and limit the marsh’s ability to keep up with SLR. 
Conversely, sediment additions that are too thick may reduce plant and invertebrate recolonization 
success and make the marsh vulnerable to invasive species such as Phragmites australis (Virginia 
Institute of Marine Science 2014). While higher marsh elevation increases marsh resilience, fish access 
to the marsh increases when marshes are lower in elevation and inundated more (J. Davis, NCCOS, 
presentation, 2020). Therefore, the resulting elevation is critical to the success of this type of restoration 
for overall continuation of marsh ecosystem services (Croft et al. 2006; Stagg and Mendelssohn 2010; 
Tong et al. 2013). When done correctly, dredged sediment additions to marshes can be beneficial and 
can convert dredged materials from a waste product to a resource that benefits sediment limited 
marshes (Virginia Institute of Marine Science 2014). A primary goal of using dredge material to restore 
wetlands should be to build the marsh surface to an elevation that allows vigorous growth of desired 
plant species, so that natural processes can then maintain the marsh in future years.  

There are very few published studies on the efficacy of thin-layer placement specific to North Carolina. 
Peer reviewed research from Masonboro Island (Croft et al. 2006), grey literature from studies in 
Wysocking Bay (Wilber 1992), and unpublished data from the New River estuary (Davis et al, 
unpublished), all point to the potential value of thin-layer placement as an approach to mitigate the 
effects of sea level rise on North Carolina’s coastal wetlands. However, given the diversity of factors that 
can influence the outcome of thin layer placement, further research is needed, a point emphasized by 
participants at the CHPP Wetland Workshops.   

Stormwater BMPs  

Urbanization of coastal watersheds has led to appreciable conversion of natural land covers to 
impervious surfaces. Blocking the infiltration of stormwater, impervious surfaces in coastal watersheds 
increase the volume of stormwater containing suspended sediments and pollution that is received by 
coastal wetlands. The resulting changes to the timing, quantity, and quality of the stormwaters received 
by wetlands dramatically alter the species composition and ecological function of wetlands (Ernst and 
Brooks 2003).  

While using natural wetland features to capture runoff can improve water quality and reduce flooding, 
negative impacts can occur to the wetlands. In a DWR study, in certain circumstances, stormwater 
discharge to natural wetlands caused channelization, sedimentation, tree mortality and change in 
wetland vegetation (DWR 2004). When directing stormwater to natural wetlands, impacts can be 
minimized by proper site selection (disturbed rather than pristine wetlands) and size, diffuse entrance 
flow, and dense vegetation.        

Increasing use of stormwater best management practices (BMPs) that retain and filter more runoff on-
site is needed to address the threats that urbanization induced hydrodynamic changes pose to 
susceptible coastal wetlands. A promising approach to reduce stormwater volume received by coastal 
wetlands is the use of low-impact development (LID), which is the practice of using techniques that 
recreate the natural processes and landscapes, resulting in infiltration (e.g. permeable pavements) and 
evapotranspiration (e.g. bioretention ponds, rain gardens) of stormwater or the use of stormwater as a 
resource (e.g. vegetated rooftops), rather than a waste product. Such practices can dramatically reduce 
stormwater runoff, which is the leading source of surface water degradation across the U.S. (Potter et 
al. 2004).  
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Studies have found LID successful at reducing the concentration of nutrients, pathogens, and other 
pollutants in stormwater. One North Carolina State University (NCSU) study on bioretention cells found 
that these cells were capable of reducing phosphorous loading by 22-65%, nitrogen loading by 40-70%, 
copper and zinc loading by 56-99%, and fecal coliform by over 90% at sites throughout NC (Hunt and 
Lord 2006). A study in Raleigh, NC examining commercial development sites with conventional or low 
impact designs found runoff and nutrients were 95% lower at the sites with LID than at those with 
conventional development practices (Wilson et al. 2015). Additional studies have shown that runoff 
from developments with low impact design can be comparable to export from forested watersheds 
(Dietz 2007). Small modifications, such as replacing impervious surfaces with permeable pavers or 
disconnecting and redirecting gutter ends to vegetated areas has been shown to dramatically reduce, 
and in some cases completely eliminate, runoff otherwise destined for receiving wetlands and coastal 
waters (Booth and Leavitt 1999; Rushton 2001; Scholz and Grabowiecki 2007;  Bean et al. 2007). While 
there is a common misconception that LID is often more costly and requires greater maintenance than 
projects that use conventional design, research has shown that LID often requires considerably less 
maintenance (Houle et al. 2013) and is frequently (11 of 12 LID projects evaluated in Pender County, NC) 
less expensive than conventional design alternatives (Andrea 2011).   

The DWR updated the Stormwater Design Manual in 2017. The revised manual includes an increasing 
number of nature-based BMPs and LID that focus on mimicking natural hydrology and on-site 
infiltration. The manual now includes Runoff Volume Match and Low Impact Development as a 
component of stormwater design options, incentivizing methods that are nature-based and retain runoff 
onsite. Storm Control Measures (SCMs) that enhance or restore wetlands include infiltration systems, 
bioretention cells, wet ponds, and stormwater wetlands. Ratings of the SCMs for removal of bacteria 
and nutrients indicate that infiltration outperforms all other SCMs 
(https://files.nc.gov/ncdeq/Energy%20Mineral%20and%20Land%20Resources/Stormwater/BMP%20Ma
nual/SCM-Credit-Doc-2018-11-7.pdf ).  

In 2021, NCCF and Pew Charitable Trusts developed an action plan for nature-based stormwater 
strategies. The effort involved work groups that discussed and made recommendations on nature-based 
stormwater strategies to reduce flooding and improve water quality in four areas: 1) new development, 
2) stormwater retrofit of existing land, 3) roadways, and 4) working lands (NC Coastal Federation 2021). 
A committee was formed for each of these four areas. The report notes that new approaches are 
needed to address increasing rain associated with climate change. The foundation of the plan is that 
restoring and mimicking natural watershed hydrology is the most cost-effective approach, and therefore 
a critical first step is development of watershed restoration plans. These voluntary plans can be done by 
state agencies, local government, or NGOs. Funding is available through DWR’s 319 grant program 
(https://deq.nc.gov/about/divisions/water-resources/water-resources-grants/319-grant-program/nc-
watershed-restoration-plans). By effectively improving water quality, advancing this effort will also 
directly benefit SAV (see SAV Issue Paper). The key impediments to advancing nature-based stormwater 
strategies were lack of awareness, inflexible planning, regulations, and policy, design challenges, and 
funding. Some of the recommendations are listed below, with the first three cross-cutting all 
subcommittees, and a few examples from each of the four committees. 

• State and local government should lead by example using nature-based stormwater strategies 
when constructing or repairing facility property 

• Increase education, outreach and training for nature-based stormwater and watershed 
management strategies 

https://files.nc.gov/ncdeq/Energy%20Mineral%20and%20Land%20Resources/Stormwater/BMP%20Manual/SCM-Credit-Doc-2018-11-7.pdf
https://files.nc.gov/ncdeq/Energy%20Mineral%20and%20Land%20Resources/Stormwater/BMP%20Manual/SCM-Credit-Doc-2018-11-7.pdf
https://deq.nc.gov/about/divisions/water-resources/water-resources-grants/319-grant-program/nc-watershed-restoration-plans
https://deq.nc.gov/about/divisions/water-resources/water-resources-grants/319-grant-program/nc-watershed-restoration-plans
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• Create a nature-based stormwater steering committee to ensure continued stakeholder 
engagement to advance and sustain the effort 

• Develop detailed information maps to assist with watershed management plans (ie. Duke, TNC, 
NCCOS resiliency maps) 

• Use nature-based stormwater strategies to bring failing stormwater systems into regulatory 
compliance (supports the Compliance Issue Paper). 

• Develop additional guidance and technical resources for transportation planners on value, use, 
and design of these systems 

• Increase economic incentives from local, state, and federal sources to landowners to preserve 
wetlands within forest lands, and to preserve forested and agricultural floodplains.  

• Begin a collaborative effort to pursue additional funding from the Farm Bill and other programs 
for conservation, wetland restoration, conservation easements, and large-scale hydrologic 
restoration projects. 

• Work with the military to identify priority properties used for training and where hydrologic 
restoration is feasible 

Recognizing the damaging impacts of stormwater runoff and the value of low impact development, in 
2007, the U.S. Congress enacted Section 438 of the Energy Independence and Security Act (EISA). EISA 
Section 438 stipulates that the sponsor of any development or redevelopment project involving a 
federal facility with a footprint that exceeds 5,000 ft2 shall use strategies to design, construct, and 
maintain, to the maximum extent feasible, the predevelopment hydrology of the property. The mandate 
requires that, to the extent technically feasible, annual runoff from sites post-development must be no 
greater than the percentage before development (EPA 2009). Following the federal government’s lead 
in adopting a policy requiring that state funded construction utilize low impact design practices would 
be a major step towards protecting North Carolina’s coastal wetlands. This would benefit wetlands, SAV, 
and the overall health of the estuary. 

The NC Soil and Water Conservation Commission and Division of Soil and Water Conservation, through 
funding from NRCS, provide cost share funds for qualified BMPs under the Agricultural Cost Share 
Projects (ACSP) and Community Conservation Assistance Program (non-agricultural) (CCAP). Some of the 
BMPs allowed under the CCAP include constructing living shorelines, rain gardens, stormwater wetlands, 
and bioretention areas.  However, funding for the program has been very low. 
 
 Land Acquisition and Conservation 

One solution that has been utilized to offset the natural and anthropogenic impacts to wetlands is the 
acquisition of land for wetland conservation and restoration. The ability to preserve a privately owned 
area in its natural or restored state are goals that are most effectively achieved through land acquisition 
by governments (local, state or federal), NGOs, or government-NGO partners via a purchase or 
easement agreement with the private landowner. As a coastal resource management approach, land 
acquisition has an important role in offsetting damages via active restoration, passive restoration, 
wetland creation, and allowing for the natural migration of coastal wetlands with SLR. Land conservation 
can reduce sediment and nutrient pollution that reaches waterbodies, as wetlands produce less 
pollutants than crops, and are naturally able to remove pollutants from soil. 
 
In North Carolina, the leading NGO’s involved in land acquisition for wetland conservation and 
restoration are NCCF, TNC, Coastal Land Trust, and Conservation Trust for NC. At the local and state 
levels of government, municipalities’ stormwater management and water conservation divisions, and 
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The North Carolina Department of Cultural and Natural Resources and Wildlife Resources Commission, 
are typically partners in land acquisition for wetland management purposes.  
 
There are three state conservation trust funds in NC. The North Carolina Land and Water Fund (NCLWF), 
formerly known as the Clean Water Management Trust Fund, was created in 1996 to finance projects 
that improve water quality, including land acquisition. The N.C. Land and Water Fund is a primary source 
of grants allowing local governments, state agencies, and conservation nonprofits to address water 
pollution, protect clean water, and conserve lands that are ecologically, culturally, or historically 
significant. Through this program, landowners sell their land to the state or establish a perpetual 
easement; after completion of the project, the property is owned and protected by state or local 
government as public land or remains private land that is managed for conservation. Projects funded 
through this program involve development/restoration of riparian buffers, providing greenways, stream 
restoration and enhancement, and innovative improvements to stormwater management. 
Appropriations have declined since 2009, going from $100 million/year from 2005 to 2008, to $13 
million in 2019 (https://nclwf.nc.gov/;  http://pulse.ncpolicywatch.org/2017/06/21/bad-environmental-
news-budget-clean-water-management-trust-fund-takes-18-hit/#sthash.8czn1ReE.dpbs. The Parks and 
Recreation Trust Fund is used for land acquisition, improvements within the state’s park system, and 
beach and estuarine access. The Agricultural Development and Farmland Preservation Trust Fund funds 
programs that support working family farms through conservation easements on threatened farmland 
and agricultural development projects. Funding for all three programs has declined significantly since 
2009.  
 
Land acquisition for the establishment of National Wildlife Refuges (NWR) is also a critical component of 
the restoration and management of wetland habitat in North Carolina. The USFWS evaluates areas by 
seeking input from various individuals and/or entities (i.e. biologists, researchers, planners, etc.) in order 
to determine a proposed refuge boundary. After this team determines the area in which to establish the 
refuge, the USFWS will attempt to purchase the land from the landowner(s). In addition to the 
ecological benefits of NWRs, these sites often provide economic benefits to communities. These 
restored areas provide protection for the habitats and wildlife using those habitats; subsequently, NWRs 
often provide boosts to tourism income, serving as eco-tourism attractions for visitors from wide-
ranging backgrounds. 
 
Financial assistance for land conservation is also available through federal programs. The USDA offers a 
variety of financial assistance programs for landowners in North Carolina, with funding through the Farm 
Bill (https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/farmbill/). NRCS purchases 
eligible land through the USDA’s Wetlands Reserve Easement (WRE). Currently, NRCS has over 54,000 
acres enrolled in the Wetland Reserve Program nationally, with approximately 99% being in the Atlantic 
Coastal Plain (Bill Edwards, personal communication). Once the land has been acquired, the NRCS 
develops and implements a wetlands reserve restoration easement plan to restore and expand 
wetlands. The NRCS offers various options for enrollment in this program, including permanent 
easements, 30-year easements, term easements, and 30-year contracts. Under these options, NRCS will 
pay more than half of the easement value, and cover most of the restoration costs. This program 
provides private landowners an opportunity to maximize restoration/protection potential while 
minimizing costs to those landowners. This is critical in many agricultural areas of coastal NC where 
socioeconomics often impact the ability of landowners to conduct these activities. Between 2014 and 
2019, the NRCS’s Agricultural Conservation Easement Program (ACEP), a program that helps to conserve 
agricultural lands and wetlands and their related benefits, awarded over $28 million dollars in funding to 
NC projects, ranking eighth in the US. 

http://www.land4tomorrow.org/clean-water-management-trust-fund-cwmtf/
https://nclwf.nc.gov/
http://pulse.ncpolicywatch.org/2017/06/21/bad-environmental-news-budget-clean-water-management-trust-fund-takes-18-hit/%23sthash.8czn1ReE.dpbs
http://pulse.ncpolicywatch.org/2017/06/21/bad-environmental-news-budget-clean-water-management-trust-fund-takes-18-hit/%23sthash.8czn1ReE.dpbs
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/farmbill/
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Additionally, NRCS offers a Wetland Reserve Enhancement Partnership (WREP), which allows NRCS to 
enter into agreements with eligible partners (i.e. state/local government, tribes, and NGOs) to carry out 
restoration/enhancement projects that are a high priority for wetland protection, restoration, and 
enhancement. This program allows sharing of costs and staffing, which is beneficial to all parties by 
alleviating some of the budgetary and staffing constraints that often coincide with restoration project 
ideas. 
 
State agencies or eligible entities in coastal states may also apply for a USFWS programs including 
National Coastal Wetlands Conservation grants and North American Wetlands Conservation Act 
(NAWCA) grants. Awarded grants provide funding that can be used for acquiring property from private 
landowners and using it for long-term wetlands restoration and enhancement.  Funds provided through 
these grants may also be used to manage wetlands (as opposed to just the acquisition of the land) to 
meet an agency’s goals. Similar to the WREP, these funds can alleviate many cost restrictions faced by 
those looking to conduct wetland restoration/enhancement projects. Since 1991, $21.3 million in 
NAWCA grant funding and $69.3 in partner contributions have protected or restored a total of 116,367 
acres of wetlands in NC.   
 
The USDA also offers enrollment in the Conservation Reserve Enhancement Program (CREP), which 
provides funds to restore wetlands, improve water quality, reduce soil erosion, and reduce the amount 
of sediment, nutrients, and pollutants entering surface waters. This program allows landowners to 
convert agricultural lands in sensitive areas from land that is farmed or ranched to land that provides 
conservation benefits. Property owners can enroll in 10 or 15-year programs that involve removal of 
agricultural production and replace it with native vegetation to restore wetland habitat. Typical eligible 
practices are tree planting, establishing filter strips or riparian buffers, and wetland restoration. Eligible 
landowners may receive up to 50 percent of the cost to install the conservation practice, an annual 
rental payment, and a cost-share payment, as well as additional incentives for longer easement 
enrollments.  
 
Conservation and restoration of wetlands through land acquisition represents an increasingly valuable 
approach to safeguarding the continued existence and functioning of North Carolina’s coastal wetland 
resource. By reducing nutrients and sediment reaching nearby waterways, wetlands help to improve 
water quality conditions, also benefiting SAV. Federal grants have proven to be a reliable source of 
funding for land acquisition but, importantly, a number of available federal grant programs have a state 
match requirement. As such, availability of state funds directly influences North Carolina’s ability to 
effectively leverage these opportunties to safeguard existing, restored degraded, or create new coastal 
wetlands. Given the challenges facing North Carolina’s coastal wetlands, increasing recognition of the 
need for marsh migration space to accommodate sea level rise, and a surplus of evidence that coastal 
restoration and conservation supports the state’s continued economic development, increasing state 
funding for coastal land acquisition is likely a cost-efficient and effective approach within a multi-faceted 
strategy to conserve coastal wetlands and their services. 
 
Funding Restoration 

Wetland restoration and nature-based solutions have been embraced as a tool to address coastal 
wetland losses in North Carolina. However, a recent synthesis of federally-funded, voluntary wetland 
restoration in coastal counties of the conterminous United States found that coastal wetland restoration 
is failing to keep pace with losses and will likely need to increase dramatically in coming decades to 
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compensate for losses (Gittman et al. 2019). Over the most recently reported decade of federally 
funded coastal wetland restoration (2006-2015), North Carolina ranked 3rd out of 22 coastal states in 
cumulative acreage of coastal palustrine wetlands restored, with 15 projects restoring a total of 12,988 
acres (Table xx). While considerable, the approximately 13,000 acres of palustrine wetland restoration 
that occurred within North Carolina’s coastal counties during this decade fell well short of compensating 
for losses incurred over the previous decade (Gittman et al. 2019). North Carolina was less competitive 
in terms of the acreage of estuarine wetland restored through federally funded projects between 2006 
and 2015, ranking 7th out of 22 coastal states, with the restoration of 5067 acres of estuarine wetlands. 
However, as the proportion of estuarine wetland losses due to conversions that do not require 
compensatory mitigation increases (e.g. SLR, storms; see Status and Trends Section), the need for 
voluntary wetland restoration is likely to grow.  

While wetland restoration can be resource intensive, studies quantifying the value of ecosystem services 
of restored wetlands suggest that benefits frequently exceed costs (Russell et al. 2011, Barbier 2013, 
Scholte et al. 2016). For example, an estimated return of $46.5 billion dollars in economic benefits is 
anticipated from a $12.1 billion investment in restoration of the Florida Everglades, a return of $4.04 
dollars for every dollar invested in restoration (McCormick et al. 2010). Economic benefit analysis of 
coastal ecosystem restoration projects in San Francisco Bay and Virginia’s Seaside Bays have reported 
benefit-cost ratios as high as 18.5 and 26.5 (Conathan et al. 2014). In North Carolina, analyses found that 
a $2.4 million investment to conduct the North River Farms restoration project, the largest coastal 
restoration project in North Carolina history, increased business revenue in coastal North Carolina by 
$5.2 million and household income by $1.8 million while creating 66 full-time jobs (RTI 2015). 
Cumulatively, the preponderance of available research suggests that coastal wetland restoration can 
serve as an important component of coastal community economic development in North Carolina.  

The federal government provides the majority of wetland restoration funding in the United States 
through federal funding programs administered by multiple agencies, including the U.S. Department of 
Agriculture, the U.S. Fish and Wildlife Service, the National Oceanic and Atmospheric Administration, 
and the U.S. Army Corp of Engineers.  In addition to their federal regulatory roles, multiple federal 
agencies administer funding programs. Not all, but many of these funding opportunities require state 
matches for wetland restoration grants. As such, limited availability of state funding for wetland 
restoration that can serve as required match represents an impediment to effective leveraging of 
federal dollars that would benefit environmental quality and coastal economic development. In 2020, 
NC legislature passed HB 1087, which allows the Division of Mitigation Services (DMS) accept federal 
disaster dollars or other grant funding to enhance flood storage capacity in targeted watersheds, 
through creation or restoration of wetlands, streams and riparian areas, temporary flooding of fields or 
forests, and other nature-based projects. While this will assist somewhat, providing matching state 
funds is still problematic.  

1.7.  Recommended Actions  

1.7.1. Mapping and Monitoring 

 By 2023, obtain state matching funds for NOAA C-CAP program to map NC’s coastal plain at 1m 
resolution. 

 Incorporate emerging technologies such a data fusion or deep learning neural networks, that 
rely on a combination of satellite imagery, drone imagery, and field verification into coastal 
wetland mapping and change analyses.  

 By 2022, DEQ should form a multi-partner workgroup to collaborate on developing a coastal 
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wetland mapping plan.  
 By 2023, DEQ should create a central repository of wetland mapping and monitoring projects 

and reports to improve efficacy of future monitoring. 
 By 2022, the CHPP Team should form a multiagency workgroup should develop a set of 

minimum standardized sampling metrics for wetland monitoring projects to strengthen 
collaborative findings. 

 By 2023, DEQ should seek additional funding, preferably permanent funding, to expand coastal 
wetland monitoring conducted by DWR staff or other agencies as part of the NC DEQ Wetland 
Protection Plan.  

 By 2026, DEQ should determine status and trends of coastal wetland acreage, condition, and 
function based on the additional mapping and monitoring data obtained (DEQ WPP; DEQ CHPP 
2020 Wetland Workshop). 

 By 2022, DEQ should enhance outreach on the value coastal wetlands for fisheries and 
ecosystem services, highlighting their importance for coastal resiliency. 

 

1.7.2. Conservation 

1. By 2023, DEQ should partner with other organizations to facilitate coastwide completion or 
enhancement of coastal vulnerability assessment tools to identify priority areas to conserve for 
future marsh migration, conduct wetland enhancement or restoration projects, site and 
construct living shoreline projects, or construct nature-based stormwater projects that 
incorporate wetlands.   

2. By 2022, DEQ should discuss with NC legislators the need to increase appropriated funds in the 
three state conservation trust funds for conservation of critical wetland properties.  

3. By 2023, DEQ should seek additional funding for two dedicated compliance positions for DWR to 
be housed in the DEQ’s Wilmington and Washington Regional Offices, to prevent unauthorized 
impacts to wetlands. 

4. By 2022, DWR should seek EMC approval of permanent rules for discharges to federally non-
jurisdictional wetlands. 

 

1.7.3. Restoration and Living Shorelines 

1. By 2022, Division of Natural and Cultural Resources (DNCR) should establish an interagency 
workgroup to develop strategies to better leverage available state funding to qualify for federal 
wetland restoration funding, particularly through Farm Bill programs. 

2. By 2026, DEQ should partner with state and federal agencies and NGOs to restore X acres of 
hydrologically altered wetlands. 

3. DEQ should continue to promote use of living shorelines through outreach to property owners 
and marine contractors, demonstration sites on state and local government properties, and 
financial incentives.  

4. By 2022, the APNEP Living Shoreline Steering Committee should devise and implement a 
communication and education strategy, and by 2023, publicize the benefits of living shorelines, 
targeting property owners and contractors. 

5. By 2024, DEQ should seek monetary incentives (cost share, funding, tax credits, etc.) to increase 
the development of living shorelines in place of bulkheads where appropriate. 

6. By 2022, DMF should develop a mechanism to prevent harvesting from protect living shorelines 
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constructed with or supporting oysters.  
7. By 2025, DEMLR should increase education, outreach, and training to consultants, local 

government, and landowners for nature-based stormwater and watershed management 
strategies. (NCCF NBSS) 

8. By 2026, increase incentives for landowners wanting to preserve forested wetlands or use 
nature-based stormwater strategies that are designed to achieve “runoff volume matching” as 
specified in the state’s stormwater design manual. (NCCF NBSS) 

 

1.7.4. Research Needs 

1. Determine optimal parameters for thin layer sediment deposition to ensure wetland success. 
2.  More research is needed to determine the impact of degrading plastics on wetlands, sediment, 

and the benthos in that habitat 
 

1.8.  Authority 

NC Department of Environmental Quality 

G.S. 143B-279.8 – Fisheries Reform Act 
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