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Introduction 
Coastal ecosystems such as mangroves, salt marshes, and seagrasses provide important ecosystem 

services, and thus economic value. These services include nurseries for fish, shoreline protection, and 

carbon sequestration and storage. In the U.S. alone, there are more than 6 million acres of marine and 

estuarine wetlands (Dahl 2011). The high economic value of these coastal habitats warrants attention to 

their protection from destruction and degradation (Beaudoin and Pendleton 2012). Nevertheless, these 

coastal systems are being degraded at a significant pace, with global losses of functioning coastal 

ecosystems estimated to be between 1% and 2% per year (Murray et al. 2011; Duke et al. 2007; Food 

and Agriculture Organization (FAO) 2007). 

A growing body of literature has started to quantify the carbon sequestration and storage potential of 

salt marshes, mangroves, and sea grasses (Pidgeon, Herr, and Fonseca 2011; Sifleet, Pendleton, and 

Murray 2011, McLeod et al. 2011). In these habitats, carbon is sequestered from the atmosphere and 

retained in living biomass and soils. Because of its proximity to the ocean, the carbon in these habitats 

often is referred to as “coastal blue carbon.” Herein, we refer to this ecosystem service as simply 

“coastal carbon.” Unlike forests, which typically store most of their carbon in aboveground biomass such 

as tree trunks, coastal carbon habitats store the majority of their carbon in the soil, with carbon-rich 

sediments sometimes reaching depths of many meters. When these wetland ecosystems are degraded 

or destroyed, the carbon in the plant biomass and soil can be released to the atmosphere, where it adds 

to the concentration of greenhouses gases (GHGs) that contribute to climate change (IPCC 2007). 

Many federal statutes and policies specifically require that impacts on ecosystem services be considered 

in policy implementation. Some federal policies directly include the economic value of certain 

ecosystem services in estimates of economic impact. Yet, we are unaware of a single federal statute, 

regulation, or policy that accounts directly for the carbon held in coastal habitats. Explicitly accounting 

for coastal carbon could change the outcome of federal policy actions for variety of federal statutes and 

policies, including the National Environmental Policy Act, Clean Water Act, and others. These statutes 

and policies allow for agency discretion in deciding which ecosystem services to include when 

considering alternative policies, plans, actions, and even assessments of the economic costs of damages 

to coastal ecosystems. Coastal carbon is an ecosystem service that could be included.  

The Relevance of Coastal Carbon to U.S. Federal Statutes and Policies  
Scarlett and Boyd (2011) highlight the many ways in which existing federal policies could promote the 

quantification, management, analysis, and even payments for ecosystem services. We take a different 

approach. We look at how a better accounting of one ecosystem service, coastal carbon, could affect 

the implementation and outcomes of selected federal statutes and policies. 

Most recently, the 2012 Draft National Ocean Policy (NOP) Implementation Plan contains an action item 

that directs federal agencies to pay special attention to coastal carbon in public policies regarding 

coastal management and conservation (NOC 2012). To implement this action, agencies will need to re-

examine existing policies, possibly develop additional protocols or guidelines for how to incorporate 

coastal carbon services into federal policies, and prepare for the implications of considering these 
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services in federal decision making. This paper considers the possible opportunities and potential 

implications of implementing the NOP action and increasing the attention paid to coastal carbon values 

in the implementation of specific policies. This paper does not suggest or recommend a proper path for 

action. Ultimately, agencies will decide how best to account for coastal carbon values in federal policy 

making, planning and action. 

Scope of Analysis 
Our analysis considers federal environmental statutes and policies exclusively. While state policy 

regarding coastal management and protection is obviously important, these policies vary from state to 

state and are beyond the scope of this review. Federal policy, on the other hand, is applied in a relatively 

uniform manner throughout the nation. We do acknowledge that federal policies considered in this 

paper are influenced by state action and state discretion. Therefore, the lessons learned here may also 

reveal lessons for state policies. 

This paper examines how several existing statutes and policies could be affected by a more complete 

accounting of coastal carbon values. To do this, we examined statutes and executive orders and 

conducted interviews with policy experts at federal agencies. What follows is a summary of those 

interviews and literature.  

Opportunities for Including Coastal Carbon in Existing U.S. Federal 

Statutes 
There are a number of federal statutes, policies, and authorizations for which coastal carbon ecosystem 

services could reasonably be added to environmental and ecosystem considerations already well 

implemented by the federal agencies. We look at a subset of these statutes and policies to illustrate 

how coastal carbon ecosystem services and values might affect the implementation and outcomes of 

such statutes generally. 

For each statute or policy, we provide (1) a short description of the statute, regulation, or authorization; 

(2) a description of the current status for the inclusion of coastal carbon in the implementation and 

assessment of the policy; (3) opportunities and implications for including coastal carbon; and (4) a 

summary of findings. 

National Environmental Policy Act 
The National Environmental Policy Act (NEPA) was signed in 1970 by President Richard Nixon. The Act 

requires all federal agencies to analyze the impacts of their actions on the human environment and 

encourages public involvement in the decision-making process. There are three types of documentation 

for analysis. Categorical Exclusion documents are for federal actions with no to minimal impacts. 

Environmental Assessments (EAs) are prepared to determine whether a federal Action will result in one 

or more significant effects. Environmental Impact Statements (EIS) are prepared for federal actions that 

are expected to have significant effects. The Council on Environmental Quality (CEQ) coordinates federal 

environmental efforts and works closely with federal agencies and other White House offices in the 
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development of environmental policies and initiatives. CEQ was established within the Executive Office 

of the President by Congress as part of the National Environmental Policy Act of 1969 (NEPA) and 

additional responsibilities were provided by the Environmental Quality Improvement Act of 1970. 

Much of the discretion regarding what impacts are considered and which alternative is chosen lies with 

the agencies.  

CURRENT STATUS 

Based on analysis of NEPA guidelines and interviews with agency specialists, it appears that coastal 

carbon sequestration and storage services are not considered in NEPA analysis despite the need for 

consideration of impacts on ecosystem services. We could not find any case in which the consideration 

of carbon services of coastal habitats has been included in NEPA analysis concerning federal actions in 

coastal areas. 

OPPORTUNITIES AND IMPLICATIONS 

If a federal agency would like to institutionalize carbon as an important impact for inclusion in an EA or 

EIS analysis recommended in the NEPA process, it can develop a policy or a set of guidelines for use by 

regulatory offices when considering actions that will affect the human environment. As a result, the 

inclusion of coastal carbon values in NEPA analysis and statements could occur immediately.  

The reliance on individual agency discretion also means a reliance on individual agency capacity for 

including coastal carbon in NEPA documents. Before agencies take action regarding the incorporation of 

coastal carbon into NEPA analyses, including EAs or EISs, it will likely need to possess adequate scientific 

expertise to assess the carbon sequestration, storage, and emissions that may be affected by the 

proposed action. Methods will be needed for estimating the amount of carbon that could be lost or 

gained under the range of reasonable alternatives. 

When a benefit-cost analysis is included or associated with NEPA analysis, the economic value of 

differences in coastal carbon value could be included directly in the benefit-cost analysis. 

In order to facilitate the ability of individual agencies to include coastal carbon in their EISs and EAs, the 

Council for Environmental Quality (CEQ) could provide additional guidance regarding the inclusion of 

carbon into NEPA analysis to all agencies. CEQ already provides guidelines to federal agencies regarding 

the calculation and reporting of GHG emissions in in “Federal Greenhouse Gas Accounting and Reporting 

Guidance,” but there is no mention of coastal carbon (NOAA 2011b; CEQ 2010).  

FINDINGS 

- Coastal carbon is not included now in NEPA documents and analyses, including EISs or EAs, despite 

the requirement to consider impacts on ecosystem services. 

- Coastal carbon could easily be incorporated into NEPA analysis. 
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- Current limitations include a lack of guidance and procedures for estimating and valuing coastal 

carbon, and of capacity and expertise needed to quantify impacts of projects on carbon storage and 

sequestration. 

Natural Resources Damage Assessment (CERCLA and OPA) 
The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and the Oil 

Pollution Act (OPA) authorize federal, state, and tribal trustees to assess the economic consequences of 

pollution events and to seek compensation, remediation, or mitigation for damages caused. The process 

is routinely referred to as Natural Resources Damage Assessment. Parties responsible for the 

destruction or degradation of the ecosystem must not only work toward restoring the contaminated 

site, they must also provide compensatory mitigation for the interim loss of the functionality of that site 

(DARRP 2006).  

CURRENT STATUS 

NOAA’s Damage Assessment, Remediation and Restoration Program often assists the “trustees” of 

public natural resources in the estimation of damages caused by and the required mitigation needed to 

offset the impacts of pollution events. Calculating the level of compensatory mitigation is often 

accomplished through Habitat Equivalency Analysis (HEA). This method seeks to replace an equivalent 

level of ecological services for services lost. Another concept used to account for damages is the 

“discounted service acre years” (DSAYs). DSAYs take into account the time it takes the injured area to 

recover as well as the mitigated area needed to create new ecological services that are comparable to 

those originally provided by the damaged site (DARRP 2006). Ecological services could include bird or 

fish habitat, shoreline protection, and recreation, among other types of services.  

When deciding how much habitat restoration is required to offset habitat damage, the trustees can 

implement a “scaling approach” that could include resource-to-resource or service-to-service scaling. 

The trustees may also utilize a valuation approach that attempts to identify habitat equivalence that will 

result in a value-to-value scaling or a value-to-cost approach.  

Coastal carbon values have not been included in NRDAs to date. 

OPPORTUNITIES AND IMPLICATIONS 

Coastal carbon functions and value could be included directly in the estimation of habitat equivalency 

and scaling as well as in estimates of DSAYs. 

If coastal carbon values were included in service-to-service or value-to-value scaling approaches, new 

habitat would have to achieve a level of carbon sequestration and storage equivalent to that of the 

affected habitat, prior to damage. The vast majority of carbon value in salt marshes, sea grasses, and 

mangroves is in soils that may contain 500 to 1,500 metric tons of CO2 equivalents per hectare per 

meter of depth (Sifleet, Pendleton and Murray 2011). Existing, historically long-lived coastal habitats 

may protect up to ten meters of soil beneath their living biomass. When coastal ecosystems are 

disturbed, the vast stores of carbon in these soils could be released to the atmosphere. Restored 
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habitat, however, may not protect the large carbon stores associated with carbon-rich soils because 

soils may start off being carbon-poor. Since sequestration rates are on the order of tens of metric tons 

(CO2 equivalents) per hectare, it is likely to take many decades before restored habitats sequester and 

protect equivalent amounts of soil carbon as undisturbed habitats. Therefore, the scaling needed to 

offset lost carbon storage by restored habitat could be very large (e.g., 100), even measured in DSAYs. 

The NRDA process ultimately is one of negotiation and teamwork (DARRP 2012). As a result, parties 

responsible for damages could propose innovative ways of offsetting lost carbon, including the 

protection of existing habitat elsewhere rather than the restoration or creation of new habitat. This 

could be a viable alternative because carbon gases are globally mixed and distributed. While such an 

offsite approach may be appropriate for compensating for lost carbon services, it may not be 

appropriate for compensating for other types of lost coastal habitat services in an NRDA context. 

FINDINGS 

- Coastal carbon is not now included in NRDA assessments, despite the fact that other ecosystem 

services are routinely included. 

- Coastal carbon could easily be incorporated into NRDA assessments. 

- Current limitations include a lack of precedent for valuing coastal carbon in binding damage 

assessments, agreed-upon methods for valuing coastal carbon, and capacity and expertise needed 

to quantify the counterfactual (i.e., without damage) levels of carbon storage and sequestration. 

404(b) Compensatory Mitigation Requirements (Clean Water Act) 
Section 404 of the Clean Water Act (CWA) is administered by both the U.S. Army Corps of Engineers 

(USACE) and the U.S. Environmental Protection Agency (EPA) and provides a process by which 

landowners can apply for permits for activities that would result in the discharge of dredged fill material 

into water of the United States, including wetlands. (Note: permits are sometimes denied.) The USACE 

coordinates the review of permit applications with state and federal Agencies, including NOAA and the 

U.S. Fish and Wildlife Service, who provide information on the environmental impacts of specific 

proposals and recommendations for avoiding, minimizing, and compensating for those impacts. 

CURRENT STATUS 

Compensatory mitigation options for wetlands include restoration, enhancement, establishment and 

preservation (USACE and EPA 2008). The USACE and EPA regulations governing compensatory mitigation 

emphasize a watershed approach that focuses on sustaining or improving aquatic resources, functions, 

and services at a landscape scale (USACE and EPA 2008). The USACE and EPA regulations governing 

compensatory mitigation provide examples of the contribution wetland mitigation can make to carbon 

sequestration and sea level rise, but do not incorporate carbon sequestration as a variable that should 

be considered when designing wetland mitigation projects (USACE and EPA 2008). When measuring 

wetland degradation, the USACE guidance mentions a need to look at hydrology, vegetation, and soils 
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for wetlands (White and Meager 2008). While carbon is not mentioned explicitly, it clearly is an 

important component and characteristic of both soils and vegetation. 

OPPORTUNITIES AND IMPLICATIONS 

In principle, the 2008 compensatory mitigation rule provides an opportunity to consider carbon in 

coastal wetland habitats when determining required compensatory mitigation (USACE and EPA 2008). 

The USACE and EPA recognize wetland compensatory mitigation crediting as the accrual of aquatic 

functions. Such aquatic functions represent the chemical, biological, and physical integrity of a wetland 

(USACE 2008).1 However, the guidelines also mention performance criteria based on the ecological 

performance of the site. If an individual conducting compensatory mitigation lists as an objective the 

restoration of carbon sequestration and storage in a coastal wetland, the project could certainly be held 

accountable to this objective. 

Areas within the regulation that could be influenced by a more thorough accounting of coastal carbon 

involve the compensation ratio method of determining credits and the temporal aspect of this 

calculation.2 The EPA and USACE encourage higher compensation ratios (more compensation required 

per unit lost) to compensate for temporal loss of wetland function. If restoration occurs after 

degradation, more restoration is required to meet this temporal loss. Accounting for lost carbon could 

increase this temporal loss as the carbon lost in the soils of a degraded wetland likely would take longer 

to be restored than other physical or biological processes. 

The method used for calculating restoration credits could yield different results if carbon sequestration 

and storage functions were considered (USACE 2012). If the USACE considered carbon sequestration and 

storage as an additional attribute that must be mitigated for, then restoration or preservation ratios 

would likely be higher to account for carbon losses. The change in ratios would likely be greatest for 

restoration projects given that restoration sites tend to have low soil carbon (Clewell and Lea 1989, 

Bruland et al. 2006, Taylor 2002).  

The inclusion of coastal carbon values could affect the implementation of the 404 permitting process 

even in the short term. Specifically, federal agents could require estimates of carbon sequestration and 

storage (e.g., GHG fluxes) for all assessments of project impacts and compensatory mitigation proposals, 

since carbon sequestration, storage, and emissions represent biological and chemical processes within a 

wetland. 

Mitigation bankers already face monitoring requirements to ensure that a project’s promised level of 

restoration, enhancement, establishment, or preservation occurs. If carbon sequestration and storage 

were included as biological and chemical processes for which compensation must be provided, 

monitoring would have to demonstrate how carbon sequestration and storage was being achieved by 

the restored/ enhanced/ established/ protected habitat.  

                                                           
1
 Logically, this corresponds with the Clean Water Act’s goal of restoring the chemical, biological, and physical 

integrity of the Nation’s waters. 
2
 Note, this is similar to the scaling approach mentioned above for NRDA. 
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Greater costs may accrue to those who seek coastal wetland mitigation credits if the USACE updates 

compensatory mitigation requirements to include carbon loss. This update may require substantially 

greater amounts of land restored or protected to compensate for not only carbon stored in the 

wetland’s soil, but also the temporal gap between degradation and compensatory mitigation. 

FINDINGS 

- Coastal carbon sequestration, storage, and emissions are not included in 404(b) actions and 

assessments now despite requirement to consider other biological and chemical processes. 

- Coastal carbon could be incorporated into CWA 404(b) compensatory mitigation requirements if 

there were quantitative methods for calculating the carbon function lost at project sites and gained 

at compensatory mitigation sites. 

- Inclusion of coastal carbon could redirect mitigation efforts away from de novo creation of new 

wetlands towards the preservation of “at risk” wetlands and the restoration of wetlands that still 

contain carbon-rich soils. 

- Current limitations include a lack of guidelines and protocols for estimating lost coastal carbon 

functions and those carbon functions gained through restoration, enhancement, establishment, and 

preservation. Better monitoring methods are needed to monitor the carbon function of these 

habitats. 

Coastal Zone Management Act 

 
The Coastal Zone Management Act (CZMA) was enacted in 1972 by Congress to allow states to protect 

their coastal resources while allowing for continued development. NOAA’s Office of Ocean and Coastal 

Resource Management administers the Act, but states have full sovereignty in their decision to 

participate and the extent to which they do (HSS 2011). CZMA provides the framework for a partnership 

between the federal government (through NOAA) and coastal states (NOAA 2011a). Through the Act, 

states are required to develop coastal zone management plans if they accept coastal zone management 

funds from NOAA. NOAA in turn provides implementation funding, advice, and mediation with 

stakeholders (NOAA 2007). This means that the bulk of actions under the CZMA are undertaken by 

individual states. 

CURRENT STATUS 

Currently, we are unaware of any guidance from NOAA that directly addresses coastal carbon. The 

Coastal and Estuarine Land Conservation Program previously provided funding to acquire coastal land 

that could include areas of high coastal carbon function and value, but that program has been defunded. 

There is ongoing research at NOAA and within the National Estuarine Research Reserve System to better 

understand coastal carbon functions in coastal habitats, sponsored by the NERRS Collaborative Science 

Initiative. 



10 
 

OPPORTUNITIES AND IMPLICATIONS 

Because states develop and implement coastal plans, states must decide whether coastal carbon is an 

important ecosystem service to consider in making coastal plans and assessing coastal development 

proposals. Nevertheless, NOAA provides advice to the states regarding ecosystem outcomes the agency 

deems to be most important. For example, NOAA’s climate change planning guide for coastal managers 

identifies climate adaptation as an important outcome in coastal planning (NOAA 2010).  

As coastal carbon rises in importance as a component of NOAA’s mission to promote healthy coastal 

systems, NOAA may begin to encourage a focus on coastal carbon through its funding of coastal 

restoration, research, and stewardship. While NOAA technically has the capacity to offer preferred 

funding to projects that protect coastal carbon, it currently does not prescribe such specific action for 

grant applicants.  

Funding mechanisms through the CZMA have two main channels: the National Estuarine Research 

Reserve System (NERRS) and the Coastal Zone Management Program. The NERRS program focuses 

predominately on the local research needs of the 28 coastal reserves in its system.3 In 2009, the NERRS 

program saw approximately $30 million in funding for projects and land acquisition. Already, the NERRS 

Science Collaborative currently funds coastal carbon research in the Waquoit Bay NERR (Massachusetts). 

The Collaborative currently works on research regarding local stakeholders and climate change; further 

research regarding coastal carbon would be a natural fit.4 

The Coastal Zone Management Program provides funding beyond the NERRS and supports the 

implementation of states’ coastal management plans (NOAA 2012). In 2011 the program provided $65 

million to states. Both of these funding streams could feasibly direct funds to coastal carbon research 

and protection.  

Another practical change could come from the key outcome metrics that NOAA provides through the 

CZMA, including funding and general “success” criteria. When NOAA reports its funding, it could 

specifically highlight funding for coastal carbon protection and the amount of carbon protected if 

relevant. In such a scenario, the value of this carbon could be used in its expression of the economic 

benefit provided by the work. NOAA also reports performance measures for both the Coastal Zone 

Management Program and NERRS (NOAA 2007). Future performance metrics could include metrics that 

reflect coastal carbon.  

FINDINGS 

- Coastal carbon is now included as a target of scientific research in CZMA-related, NOAA coastal 

science initiatives (e.g., NERRS Science Collaborative). More CZMA policies at NOAA and other 

federal agencies could include coastal carbon functions as a recognized ecosystem service affected 

by coastal zone management. 

                                                           
3
 For an overview of the NERRS program, see: www.nerrs.noaa.gov (Accessed 17 April 2012). 

4
 See http://nerrs.noaa.gov/ScienceCollaborative.aspx for more information (Accessed 17 April 2012). 

http://www.nerrs.noaa.gov/
http://nerrs.noaa.gov/ScienceCollaborative.aspx
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- Coastal carbon could easily be incorporated into the coastal zone management guidance provided 

by NOAA.  

- Current limitations include a lack of methods for weighing the tradeoffs between coastal carbon 

functions and other ecosystem services, and a lack of capacity and expertise needed to quantify the 

impact of current and proposed coastal zone management policies on carbon storage and 

sequestration. 

Endangered Species Act Executive Order 13563 
The economic assessments required by the Endangered Species Act, too, could be influenced by an 

accounting of the carbon value of coastal habitats. The assessment of costs and benefits of designating 

critical habitat has been required since the 1970s, but these assessments are not always completed 

concurrently. In President Obama’s Executive Order 13563 of January 18, 2011, and the Presidential 

memo of February 28, 2012, the Fish and Wildlife Service (FWS) is directed to consider the costs and 

benefits of designating critical habitats of endangered species concurrently with the development of 

designations of such habitats needed to ensure species recovery. The Order and memo urge that actions 

taken to recover an endangered species impose the least burden on society and also maximize net 

benefits (Obama 2012).5 

Earlier, a memo from the FWS Director (October 26, 2005) instructed the agency to include a broader 

array of benefits from habitat protection in the calculation of economic and policy benefits associated 

with critical habitat designation. Traditionally the economics of land use have focused on the lost 

opportunity costs of the land, but these analyses also could look at the opportunity gained by the 

protection of the habitat—for instance, the carbon sequestration and storage services provided by 

coastal habitats.  

CURRENT STATUS 

Coastal carbon has not been included in the assessment of the economic impact of any critical habitat 

designation.  

OPPORTUNITIES TO INCORPORATE COASTAL CARBON 

If “economic impact” in ESA economic assessments is interpreted to include ecosystem service values, 

as it has been in other new guidance coming from the White House, carbon values could be included as 

benefits. Such an acknowledgment of the economic value of preserving coastal carbon could reduce the 

estimated net costs of critical habitat designation in coastal areas by including coastal carbon values in 

the potential ancillary benefits of that designation.  

                                                           
5
 : http://www.whitehouse.gov/the-press-office/2012/02/28/presidential-memorandum-proposed-revised-

habitat-spotted-owl-minimizing 

http://www.whitehouse.gov/the-press-office/2012/02/28/presidential-memorandum-proposed-revised-habitat-spotted-owl-minimizing-(accessed
http://www.whitehouse.gov/the-press-office/2012/02/28/presidential-memorandum-proposed-revised-habitat-spotted-owl-minimizing-(accessed
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FIN0DINGS 

- Coastal carbon has not been included in the analysis of the economic impacts of designating critical 

habitat for species listed under the ESA. 

- The economic value of coastal carbon could be incorporated indirectly into the economic impact 

analysis of ESA critical habitat designation actions; doing so would reduce the economic costs of 

designating critical habitat that involve the protection or restoration of coastal ecosystems that 

include salt marshes, seagrasses, or mangroves. 

- Current limitations include a lack of precedent for valuing coastal carbon in ESA economic 

assessments or similar forms of litigation-quality economic analysis, agreed-upon methods for 

valuing coastal carbon, and capacity and expertise needed to quantify the impact of critical habitat 

designation on carbon values. 

Water Resources Development Act and the Proposed Revised Economic and 

Environmental Principles and Guidelines for Water and Related Land 

Resources Implementation Studies (P&G) 
The Water Resources Development Act and the Proposed Economic and Environmental Principles and 

Guidelines for Water and Related Land Resource Implementation Studies (P&G) provide guidance for 

assessing federal investments in water resource development projects in the United States. The U.S. 

Army Corps of Engineers (USACE) established the current (unrevised) P&G document in 1983. The 

purpose of the principles and guidelines is to support consistent evaluation of water-related projects 

conducted by the USACE, Bureau of Reclamation, Tennessee Value Authority (TVA), and the Soil 

Conservation Service (now Natural Resources Conservation Service or NRCS) (USACE 1983). While the 

P&G in its current form considers both economic and environmental objectives, plan selection criteria 

retain a strong focus on net economic benefit of a project primarily from market-based perspective 

(USACE 1983). This is largely due to the predominant emphasis on national economic development 

(NED) as the underlying policy objective (Brezack & Associates 2011). Focusing on market economic 

outcomes makes it more difficult for these federal agencies to prioritize ecosystem services such as 

carbon sequestration and storage in coastal habitats. 

CURRENT STATUS 

With the 2007 Water Resources Development Act, Congress requested the development of an updated 

P&G. Under the Obama Administration, the White House’s Council on Environmental Quality (CEQ) 

proposed an update to the P&G that expands this guidance to cover all federal agencies working in 

federal waters. The new draft guidance seeks to expand the current measures of net economic benefit 

(usually interpreted as market effects) that ignore environmental and certain other social goals, towards 

a more inclusive measure that places these latter factors on an equal footing (CEQ 2009). The revised 

P&G would do so through more thorough accounting of ecosystem services and ecological functions. 

Coastal carbon could conceivably be considered among these ecosystem services.  
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This update includes recognition of the economic value of ecosystem service values, but coastal carbon 

is not mentioned explicitly (CEQ 2012b). 

OPPORTUNITIES AND IMPLICATIONS 

If the revised P&G move forward, the updated guidance will change how agencies assess investments in 

federal water projects that provide ecosystem benefits, such as recreation or carbon sequestration and 

storage. Under the current (unrevised) P&G, a coastal wetland enhancement project would not be 

determined to generate large net economic benefits if it does not directly contribute to jobs or local 

business activity. Under the revised P&G, which propose the inclusion of the value of ecosystem 

services, such a project would be seen to yield higher net benefits because coastal carbon and other 

ecosystem service benefits would be included in the assessment. 

Another example of how the revised P&G can enable agency consideration of coastal carbon is through 

preemptive mitigation activities. The draft “Revised P&G” encourage federal agencies to compensate for 

the loss of ecosystem services before an activity takes place (CEQ 2009). Carbon lost from degraded 

coastal soils could take years to restore through the creation of new coastal habitat. Agencies with an 

expressed interest in coastal carbon would not just have an incentive to mitigate their impacts, but 

could choose to mitigate such impacts far ahead of the actual degradation—through protection, 

stewardship, or other forms of proactive management.  

FINDINGS 

- Coastal carbon has not been included in the analysis of the economic impacts of proposed federal 

water projects. 

- The economic value of coastal carbon could be incorporated directly into the economic impact 

analysis of federal water projects if a revised P&G were adopted; doing so would increase the 

estimated net economic value of projects that improve the protection or restoration of coastal 

habitats and increase the costs of projects that negatively impact these habitats. 

- Current limitations include a prohibition on including non-market values in the current P&G, lack of 

precedent for valuing coastal carbon in federal cost-benefit analyses, agreed-upon methods for 

valuing coastal carbon, and capacity and expertise needed to quantify the impact of critical habitat 

designation on carbon values. 

Conclusions 
The federal family of agencies that protect, steward, and monitor the coast is moving rapidly to include 

more ecosystem services “thinking” in its policies. For example, a recent report by the President’s 

Council of Advisors on Science and Technology (2011) provides clear guidance regarding steps federal 

agencies can take to improve the productivity and resilience of the nation’s ecosystem services. The 

newly formed National Ecosystem Services Partnership recently met at Resources for the Future in 
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Washington, D.C., (May 8, 2012) to help the federal agencies move forward in the incorporation of 

ecosystem services into agency policy. 

Coastal ecosystems provide a large number of ecosystem services, including the sequestration and 

storage of carbon that might otherwise enter the atmosphere. Recognition of “coastal carbon” as an 

important and valuable ecosystem service could influence the outcomes of federal statutes and policies 

that affect coastal ecosystems. 

We find that  

1. Existing regulatory and policy frameworks require and promote consideration of ecosystem 
services. 

2. Federal agencies routinely consider a range of ecosystem services in policy making and 
implementation, but in general there is little or no explicit consideration of coastal carbon 
services. 

3. The carbon sequestration and storage services of coastal habitats could easily be incorporated 
into the implementation of existing federal policies; doing so would increase the degree to 
which these policies consider the full economic and ecological impacts of policy actions.  

4. Key steps needed in order for coastal carbon to be included in federal policy implementation 
include 

o setting a precedent by including coastal carbon functions in an assessment by federal 

statute or regulation (e.g., EIA),  

o setting a precedent by including coastal carbon economic value in a formal cost-benefit 

analysis or other economic impact analysis required by federal statute or regulation 

(e.g., an NRDA or CBA), and 

o a peer-reviewed protocol for quantifying existing and lost carbon functions as well as 

rigorous methods for estimating or monitoring carbon function in restored, protected, 

or mitigated coastal ecosystems.  

If federal agencies incorporate coastal carbon functions and values into policy decisions and 

implementations, this could 

o increase the net economic benefits attributed to projects that protect or restore carbon 

habitats (and thus the likelihood that such projects will be approved or chosen), 

o influence how and where agencies decide to invest in coastal management, and 

o result in a more accurate assessment of fines or amount of habitat required for NRDA 

and wetland mitigation. 

Coastal carbon is an important, and integrated, component of a larger suite of coastal ecosystem 

services provided by salt marsh-, sea grass-, and mangrove-dominated ecosystems. As a result, coastal 

carbon will ride the coattails of the increased attention to ecosystem services generally. Unlike many 

other ecosystem services that depend mostly on the condition and quality of the living component of 

the ecosystem, the value of coastal carbon lies mostly in the soils that are held intact, and below the 

surface of the water. Healthy and resilient coastal ecosystems are essential to keeping this carbon in 

these soils and out of the atmosphere. As a result, the inclusion of coastal carbon functions and values in 
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federal policy implementation could lead to outcomes that might be significantly different from those 

that focus only on living biomass.  

The degree to which coastal carbon values ultimately influence the outcome of the implementation of 

statutes and policies will depend up the discretion of the implementing agencies or pressure from their 

constituencies, including pressures brought to bear through litigation. 

Works Cited 
Beaudoin, Yannick, and Linwood Pendleton. 2012. Why Value the Oceans. In The Economics of 

Ecosystems and Biodiversity: UNEP/GRID-Arendal. 

Brezack & Associates. 2012. Will Mandates from Federal Principles & Guidelines Tip the Balance to the 

Environment for Funding of Water Resource Projects? , 04 April 2011 [cited 20 April 2012]. 

Available from 

http://www.brezack.com/ThePathForward/20110412/PrinciplesAndGuidelines.pdf. 

Bruland, G. L., C. J. Richardson, and S. C. Whalen. 2006. Spatial variability of denitrification potential and 

related soil properties in created, restored, and paired natural wetlands. Wetlands 26:1042–56. 

CEQ. 2009. Proposed National Objectives, Principles and Standards for Water and Related Resources 

Implementation Studies. edited by Council on Environmental Quality. Washington, D.C. 

———. 2012. Guidance on Federal Greenhouse Gas Accounting and Reporting 2010 [cited 03 May 2012]. 

Available from 

http://www.whitehouse.gov/sites/default/files/microsites/ceq/ghg_guidance_document_0.pdf. 

———. 2012. National Environmental Policy Act, 05 May 2012a [cited 05 May 2012]. Available from 

http://ceq.hss.doe.gov/. 

———. 2012. Updated Principles and Guidelines for Water and Land Related Resources Implementation 

Studies 2012b [cited 02 May 2012]. Available from 

http://www.whitehouse.gov/administration/eop/ceq/initiatives/PandG. 

http://www.brezack.com/ThePathForward/20110412/PrinciplesAndGuidelines.pdf
http://www.whitehouse.gov/sites/default/files/microsites/ceq/ghg_guidance_document_0.pdf
http://ceq.hss.doe.gov/
http://www.whitehouse.gov/administration/eop/ceq/initiatives/PandG


16 
 

Clewell, A. F. and R. Lea. 1989. Creation and restoration of forested wetland vegetation in the 

Southeastern United States. p. 199–229. In J. A. Kusler and M. E. Kentula (eds.) Wetland 

Creation and Restoration: The Status of the Science, Vol. 1. Island Press, Washington, DC, USA. 

Dahl, T.E. 2011. Status and trends of wetland in the conterminuous United States 2004 to 2009. edited 

by U.S. Department of the Interior Fish and Wildlife Service. Washington, D.C. 

DARRP. 2012. The Joint Assessment Team Concept. NOAA [cited 24 April 2012]. Available from 

http://www.darrp.noaa.gov/partner/cap/pdf/jat_factsht.pdf. 

———. 2006. Habitat Equivalency Analysis: An Overview. edited by NOAA. Washington, D.C.: NOAA. 

Duke, N.C, J.-O. Meynecke, S. Dittman, A.M. Ellison, K. Anger, Berger. U., S. Cannicci, K. Diele, K.C. Ewel, 

C.D. Field, N. Koedam, S. Y. Lee, C. Marchand, I. Nordhaus, and F. Dahdough-Guebas. 2007. "A 

world without mangroves?" Science no. 317:41-42. 

EPA. 2012. Natural Resource Damage Assessment, 09 August 2011 [cited 02 May 2012]. Available from 

http://www.epa.gov/superfund/programs/nrd/nrda2.htm#pagetop. 

Food and Agriculture Organization (FAO). 2007. The World's Mangroves 1980-2005. Rome: Food and 

Agriculture Organization of the United Nations. 

Gordon, David, Brian Murray, Linwood Pendleton, and Britta Victor. 2011. Financing Options for Carbon: 

Opportunities and Lessons from the REDD+ Experience. Durham, NC: Nicholas Institute. 

HSS. 2012. Coastal Zone Management Act and Related Legislation, 19 July 2011 [cited 02 May 2012]. 

Available from http://www.hss.doe.gov/sesa/environment/policy/czma.html. 

Iadanza, Nicholas. 2001. Determining Habitat Value and Time to Sustained Function. edited by NOAA. 

Seattle, WA. 

IndustrialEconomics. 2011. Development and Implementation of the Climate Assessment and Proactive 

Response Initiative (CAPRI) for Pudget Sound: Draft Final Report. edited by DARRP. Seattle, WA: 

NOAA. 

http://www.darrp.noaa.gov/partner/cap/pdf/jat_factsht.pdf
http://www.epa.gov/superfund/programs/nrd/nrda2.htm#pagetop
http://www.hss.doe.gov/sesa/environment/policy/czma.html


17 
 

McLeod, E., Chmura, G.L., Bouillon, S., Salm, R., Bjork, M., Duarte, C.M., Lovelock, C.E., Schlesinger, W.H., 

Silliman, B.R. (2011) A blueprint for blue carbon: toward an improved understanding of the role 

of vegetated coastal habitats in sequestering CO2. Frontiers in Ecology and the Environment 9, 

552-560. 

Murray, Brian C., Linwood Pendleton, W. Aaron Jenkins, and Samantha Sifleet. 2011. Green Payments 

for Blue Carbon: Economic Incentives for Protecting Threatened Coastal Habitats. Durham: 

Nicholas Institute for Environmental Policy Solutions. 

NOAA. 2007. Coastal Zone Management Program Strategic Plan. edited by Office of Ocean and Coastal 

Resource Management. Silver Spring, MD: NOAA. 

———. 2010. Adapting to Climate Change: A Planning Guide for State Coastal Managers. NOAA Office of 

Ocean and Coastal Resource Management. edited by National Oceanic and Atmospheric 

Administration. Silver Spring, MD: NOAA. 

———. 2012. Coastal Zone Management Act of 1972, 21 March 2011a [cited 17 April 2012]. Available 

from http://coastalmanagement.noaa.gov/about/czma.html#section303. 

———. 2012. Opportunities to Use Carbon Services to Advance Coastal Habitat Conservation. NOAA, 17 

June 2011b [cited 02 May 2012]. Available from 

http://www.ecosystemcommons.org/sites/default/files/coastal_ 

_carbon_report_to_nocc_061311.pdf. 

———. 2012. National Coastal Zone Management Program Funding Summary 2011. edited by NOAA 

Office of Ocean and Coastal Resource Management. Silver Spring, MD. 

NOC. 2012. Draft National Ocean Policy Implementation Plan. edited by National Ocean Council. 

Washington, D.C. 

NRCS. 2008. Wetland Restoration, Enhancement, or Creation. edited by Natural Resources Conservation 

Service. Washington, D.C.: USDA. 

http://coastalmanagement.noaa.gov/about/czma.html#section303
http://www.ecosystemcommons.org/sites/default/files/coastal_blue_carbon_report_to_nocc_061311.pdf
http://www.ecosystemcommons.org/sites/default/files/coastal_blue_carbon_report_to_nocc_061311.pdf


18 
 

Obama, Barack. 2012. Presidential Memorandum -- Proposed Revised Habitat for the Spotted Owl: 

Minimizing Regulatory Burdens. edited by White House. Washington, D.C. 

PCAST. 2011. Sustaining Environmental Capital: Protecting Society and the Economy. Working group 

report. July 2011. www.whitehouse.gov/ostp/pcast 

Pidgeon, Emily, Dorthee Herr, and Luciano Fonseca. 2011. Minimizing Carbon Emissions and Maximizing 

Carbon Sequestration and Storage by Seagrasses, Tidal Marshes, Mangroves. Washington, D.C.: 

Conservation International. 

RAE. 2012. Proposal to Develop Wetlands Requirements for VCS Submitted by Restore America's 

Estuaries. VCS, 03 March 2011 [cited 30 April 2012]. Available from http://www.v-c-

s.org/sites/v-c-s.org/files/RAE%20VCS%20wetland%20requirements%20proposal%203-4-11.pdf. 

———. 2012. Climate Change & Greenhouse Gas Offset Protocol Development - Developing VCS 

Wetlands 2012 [cited 03 May 2012]. Available from http://www.estuaries.org/climate-

change/page-2.html. 

A Review of the Proposed Revisions to the Federal Principles and Guidelines Water Resources Planning 

Document. 2010. edited by National Research Council of the National Academies. Washington, 

D.C.: National Academies Press. 

Scarlett, L. and J, Boyd. 2011. Ecosystem Services: Quantification, Policy Applications, and Current 
Federal Capabilities 

Shaffer, P. W. and T. L. Ernst. 1999. Distribution of soil organic matter in freshwater emergent/open 
water wetlands in the Portland, Oregon metropolitan area. Wetlands 19:505–16. 

Sifleet, Samantha, Linwood Pendleton, and Brian C. Murray. 2011. State of the Science on Coastal 

carbon. Durham, NC: Nicholas Institute for Environmental Policy Solutions. 

 

Taylor, J. P., B. Wilson, M. S. Mills, and R. G. Burns. 2002. Comparison of microbial numbers and 

enzymatic activities in surface soils and subsoils using various techniques. Soil Biology & 

Biochemistry 34:387–401. 

http://www.v-c-s.org/sites/v-c-s.org/files/RAE%20VCS%20wetland%20requirements%20proposal%203-4-11.pdf
http://www.v-c-s.org/sites/v-c-s.org/files/RAE%20VCS%20wetland%20requirements%20proposal%203-4-11.pdf
http://www.estuaries.org/climate-change/page-2.html
http://www.estuaries.org/climate-change/page-2.html


19 
 

USACE. 1983. Economic and Environmental Principles and Guidelines for Water and Related Land 

Resources Implementation Studies. edited by Army Corps of Engineers. Washington, D.c. 

———. 2008. Compensatory Mitigation for Losses of Aquatic Resources. edited by Corps of Engineers 

Department of the Army and Environmental Protection Agency. Washington, D.C.: Federal 

Register. 

———. 2012. Assessment Tools for All States 2012 [cited 18 April 2012]. Available from 

https://rsgis.crrel.usace.army.mil/ribits/f?p=107:27:5849421072618669::NO:RP:P27_BUTTON_K

EY:20. 

USACE, and EPA. 2008. Compensatory Mitigation Rule: Improving, Restoring, and Protecting the Nation's 

Wetlands and Streams Questions and Answers. edited by Army Corps of Engineers. Washington, 

D.C. 

WBR. 2012. Waquoit Bay National Estuarine Research Reserve Awarded $1.3 Million Climate Change 

Research Grant. Waquoit Bay Reserve 2011 [cited 03 May 2012]. Available from 

http://www.waquoitbayreserve.org/HotLinks/ClimateChangeGrantAwardOctober2011.pdf. 

White, Michael, and John Meager. 2008. Model Compensatory Mitigation Plan Checklist for Aquatic 

Resource Impacts Under the Corps Regulatory Program Pursuant to Section 404 of the Clean 

Water Act and Section 10 of the Rivers and Harbors Act. edited by Army Corps of Engineers. 

Washington, D.C. 

http://www.waquoitbayreserve.org/HotLinks/ClimateChangeGrantAwardOctober2011.pdf

