


























operations. It also provides fishermen with stewardship incentives, as the value of their asset
(fishing quota) depends on the ecological health of the system.

Typically, IFQs have been allocated by species-area combinations, and rules are often put in
place to prohibit trades within the same species but across these species-area combinations, which
makes sense in a relatively stable environment. With climate change, however, the rules that
prohibit trading across species-area combinations might need to be revisited, especially as species
ranges change. Other rules in these systems include the allocation of shares of the TAC to different
fleets (e.g., trawler allocation for species Y) and a prohibition on converting a quota in one species
to a quota in another species.32 Each of these restrictions needs to be rethought in a changing
climate.

Figure 15. Share of Commercial Landings between 0 and 3 Miles and between
3 and 200 Miles Offshore

Note: The numbers represent the ratio of catch or value from the area 3-200 miles to the catch or value from
the area within 3 miles of the coast for 2007. Source: NMFS. 2007

32 An exception to the intraspecies trading rule is the cod equivalence system in place in Iceland. For more details, see
Sanchirico et al. (2006).
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The task of transforming existing fishery management into EBFM presents a number of
challenges. First, the appropriate role of federal versus state regulators in setting policies varies
across the United States because of the distribution of species and topography. For a subset of the
coastal states, Figure 15 illustrates the ratio of commercial landings of finfish (e.g., salmon, halibut,
Pacific cod, menhaden, and flounder) and non-finfish (e.g., crabs, urchins, lobsters, kelp, and squid)
caught within the 0- to 3-mile range, which is under state jurisdiction, and between 3 and 200
miles, which falls under the management of regional fishery management councils.33 A ratio above
one implies that a larger share is caught 3-200 miles offshore. We also illustrate the share of the
total revenue from each of these regions, which can differ from landings based on the differences in
the price of the catch.

In California, where the continental shelf is relatively close to shore and where there is a strong
coastal upwelling, the majority of finfish and non-finfish catches are within the zero- to three-mile
range. Massachusetts and New Jersey are noticeable for the skewed distribution of their catches
from federal waters. Florida’s East and West Coasts vary with respect to finfish, but non-finfish are
mainly caught within the zero to three miles; this is not surprising given the distribution of coral
reefs and the species that make up the majority of the inshore catch (blue crabs, spiny lobsters, and
shrimp). The location of the fishing activity implies that in California, for example, the California
Department of Fish and Game has a larger role to play in setting EBFM policies than the Pacific
Fisheries Management Council.34 The location also highlights the potential vulnerability of a
particular region to climate change.

Second, the jurisdiction over marine resources is often shared by state and federal authorities
(Day 2002). Aspects of the EBFM approach have been included in plans for some regional
jurisdictions, such as the Chesapeake Bay and South Atlantic fishery ecosystem plans (FEPs);
however, the ecosystem approach has not been officially implemented at the wider regional level
(Crowder et al. 2006). The preliminary efforts of the North Pacific Fisheries Management (NPFM)
Council provide one example of how EBFM might in the future be achieved largely through
coordinating existing regulatory bodies (Leslie and McLeod 2007). Draft work envisions the
development of criteria for defining the Aleutian Islands as an ecological region and creating an FEP
that would guide the management of federal and state fisheries as well as the Alaska Maritime
National Wildlife Refuge.

Third, although there is general agreement among fishery scientists and managers about the
need to develop FEPs, many of the hard policy questions remain on the table, such as what a “true”
ecosystem management plan entails (Link 2002). It is also not clear what the ecological and
economic trade-offs inherent in an ecosystem plan would be. For example, will ecosystem plans
entail overharvesting some species to remove predation pressures so that others might prosper?
What happens when one sector of the economy is dependent on the species whose population

3 The distribution of recreational fish catches is largely within the 0- to 3-mile range. Some exceptions are charter boats in New
England that fish in the Gulf Stream and recreational fishing for highly pelagic species, such as tuna, off of the West Coast.

3 Interestingly, Massachusetts is going forward with an ocean zoning regime within state waters, but as Figure 14 illustrates, a
significant amount of the fishing pressure is occurring in federal waters, implying that a strong federal-state partnership is
needed for EBFM to have an effect on the Northwest Atlantic ecosystem.
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abundances are to be reduced? Furthermore, little information exists regarding the value to society
from recreational fishing for different species and the nonconsumptive values placed on marine
biodiversity, including the value of populations of forage fish and marine mammals. These are two
areas where research will help managers understand the monetary values associated with EBM
management.

In addition to addressing incentives in fisheries management, there is growing interest in
increasing private investments in offshore aquaculture operations in federal waters. Although
offshore aquaculture is not often mentioned as an adaptation policy, it can serve as a means to
offset potential shortfalls in capture fisheries production due to climate change. For example, if
changes in coastal upwelling processes reduce the food availability for certain species, resulting in
population declines, then offshore aquaculture operations (not impacted by the coastal changes)
might be able to substitute for this shortfall. Outstanding environmental issues with aquaculture
operations include: the share of wild fish that is needed per pound of farm-raised fish; the impacts
of concentrated wastes, including antibiotics; and the escapement and interbreeding of wild and
farm-raised stocks. For many species, moving operations offshore, where water circulation and
mixing are greater (that is, out of protected bays and estuaries), will reduce the latter two impacts.
Over time, technological improvements and, in particular, the use of fishmeal substitutes has
reduced the former.

For the past couple of years, the U.S. Congress has been debating the necessary provisions for
an act that will develop guidelines for offshore aquaculture operations, including leasing and
environmental safeguards. Because the uncertainty around the rules and regulations is delaying the
development of the industry, passing the act seems like an important first step. Some states have
begun to undertake the research necessary for the development of offshore aquaculture. For
example, Hawaii formed the Hawaiian Offshore Aquaculture Research Project, through which
research has been conducted on a number of species, including Pacific threadfin (Kam et al. 2003).

With respect to coral reefs, one adaptive policy would increase the protection of grazers via
restrictions on fish catches and areas of fishing. This is especially true in the Caribbean where the
parrotfish is the only grazer in the system (Mumby et al. 2006). Another policy is the potential
reintroduction to the system of urchins (Wells 1995), the grazing prowess of which has been
likened to that of sheep. The lack of grazers is believed to reduce the resilience of coral reefs to
bleaching (Hoegh-Guldberg et al. 2007). To protect deep-water coral reef habitats and seamounts
the NPFM Council closed approximately 280,000 square nautical miles in the Aleutian Islands to
bottom trawling.

Currently, recreational fishing is managed with bag limits and time and area closures. Given
that saltwater angling is a large and growing sector, along with the diffuse nature of the anglers,
Sutinen and Johnston (2003) have argued for the use of angler management organizations (AMOs)
as a means to better align the incentives of anglers with conservation. The concept of AMOs is
similar to hunting clubs that have an incentive to maintain quality hunting grounds. The AMO
would be allocated catch that it would decide how to distribute to its members, and the AMO would
be responsible for monitoring and enforcing the catch rules. By creating such an umbrella
organization, regulators would be able to hold the organization liable for catches in excess of its
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limits (e.g., by withholding catch the next year). Eagle et al. (2008) discuss how the creation of
dominant use rights to areas for recreational fishing can be the catalyst for the creation of AMOs,
rather than a top-down process of club creation, and can provide the AMOs with better-defined
access rights. The latter is critical for establishing incentives to maintain quality fishing grounds.

Marine Conservation

A conservation ethic that is gaining momentum argues that marine biodiversity conservation is
just as important as returns from seabed mining, oil and gas exploration, and commercial and
recreational fishing for society’s well-being and the ability to adapt to climate changes. Some argue
that setting catch limits might be enough to address conservation and adaptability concerns if, for
example, all species had their catches reduced by some percentage to account for in situ values.
Others argue for the use of no-take areas or MPAs (Hughes et al. 2005). This is a false choice,
however, as there are probably situations that would call for adjusting catch limits and the use of
closures depending on the species, characteristics of the fishing industry, and other stakeholder
interests (Sanchirico et al. 2005).

MPAs have been offered as a means to effectively hedge against overexploitation by protecting
critical habitat and biodiversity in addition to possibly increasing the health of the system in nearby
unprotected waters through outward migration of adult fish or larval dispersal (Lubchenco et al.
2003; Sale et al. 2005; Zinn et al. 2008). Existing marine reserves differ widely in their permitted
uses. As with the design of incentive-based approaches, the design of MPAs needs to account for the
likelihood that species ranges—at least the ranges of midlatitude species—will move toward the
poles as the oceans warm.

A number of studies provide evidence of elevated biodiversity within protected areas, with the
greatest benefit accruing to nonmigratory species (Halpern 2003). Harborne et al. (2008) find a
greater abundance of high-value species and grazers as well as a higher degree of overall fish
species diversity within the Exuma Cays Land and Sea Park (ECLSP) relative to similar unprotected
reef areas in the Bahamas. Examining the same MPA, Mumby et al. (2006) find evidence of
increased coral recruitment as a result of additional grazing activity within the ECLSP. Evidence of
MPAs resulting in higher fish stocks in unprotected waters has been considerably less robust.
Examining 18 years of data on surgeonfish (Acanthuridae) and jack (Carangidae) biomass in and
around a no-take coral reef zone near Apo Island in the Philippines, Russ et al. (2004) find evidence
of higher biomass of both families within 200-250 meters of the MPA boundary. Extrapolating
these results to a changing ocean, however, is risky because most of these studies were carried out
in relatively stable local marine environments.

In 1999, California passed the Marine Life Protection Act, which emphasizes the protection of
marine life and habitats while also improving recreational and educational opportunities via the
creation of a network of MPAs. The types of MPAs include marine reserves, marine parks, and
marine conservation areas, where the distinction is based on the types of uses permitted. Although
the Act tries to minimize the impacts on commercial fisheries, it is primarily focused on
conservation. Determining the design of the marine reserve network has involved dividing the state
into regions and the use of a stakeholder process that is substantial and often contentious. Oregon

£ RFF | KLING AND SANCHIRICO 40



has also just announced plans to move forward with the development of a marine reserve network
off of its coastline.

In addition to the conservation of marine areas, the persistence of many marine species in the
face of climate change requires additional protections and restoration of coastal nursery habitat.
West Coast salmon stocks epitomize such needs. The impacts on salmon of the management of
forestry land-use practices in the Pacific Northwest, coastal land-use planning, and instream water
flows will need to be considered, especially if the timing and quality of the upwelling events off of
the West Coast are disturbed as a result of climate change.

Invasive Species

Climate change is expected to remove or weaken key climatic and ecosystem barriers to the
spread of NIS. Given the extreme difficulty and high cost of eradication of self-sustaining marine NIS
populations, the most fruitful avenues for adapting to increased recruitment probability are
regulations and incentive schemes targeting key introduction pathways, including ballast water,
aquaculture, the exotic pet and aquarium trade, and the seafood trade (Ruiz et al. 2000b; Williams
and Grosholz 2008). Nonnative species and pathogen introductions via commercial shipping, either
through ballast water or hull fowling, are of primary concern. The majority of the more than 230
self-sustaining NIS populations in the San Francisco Bay-Delta ecosystem, for example, are thought
to have arrived via this route, either from overseas or from invaded estuaries elsewhere in the
United States (Buck 2006; Cohen and Carlton 1998).

Practices that have proven effective in combating NIS introduction through ballast water range
from low-tech options, such as ballast water exchange outside of less-saline estuaries, to biocide
and the use of treatment facilities, such as those currently in place at California ports (Buck 2006).
Ballast water exchange is considered by some to be an inadequate response because it is ineffective
against species capable of surviving more saline water or within drained ballasts.35 Current
alternatives that would allow for the treatment of ballast water are costly; the cost of retrofitting a
single commercial vessel to enable it to interface with existing port-based treatment facilities has
been estimated at close to $400,000 (Buck 2006). Although robust state-level ballast water
regulations have been enacted by Michigan, California, Minnesota, Oregon, and Washington, the
ideal regulatory approach would involve a combination of federally funded research into low-cost
ballast water treatment and robust national standards for ships entering U.S. ports (Copeland
2008). Once low-cost technologies come online, the federal government could then implement a
program to induce adoption by foreign vessels using a combination of mandates, inspections, and
financial incentives.

Arctic Resources

Changing sea ice conditions have renewed interest in deep-sea fossil fuel deposits as well as
controversy surrounding the status of the NWP and NEP. At present, the only binding legal regime
governing the claims of the eight arctic states is the 1982 U.N. Convention on the Law of the Sea
(LOSC), to which all but the United States are signatories (Browne 2005; Pharand 2007; Rayfuse

35 e
Also known as “no-ballast-on-board” conditions.
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2007). Maritime boundaries in the Arctic under the LOSC have become increasingly controversial
because of disagreements regarding appropriate methods for drawing baselines from which a
nation’s 200-nautical-mile EEZ is extended. Arctic nations are also permitted to claim potentially
resource-rich continental shelf outside of their EEZs under the LOSC, up to 350 nautical miles or
100 nautical miles beyond the 2,500 isobath (Rayfuse 2007).

A spate of deep-sea mapping expeditions and increased military activity in the region may
forecast future confrontation over shipping and conflicting claims of sovereignty over deep-sea
arctic resources (Coile 2008, A1). The United States has signed, but not ratified, the LOSC, and
enforces a 12-natucialmile territorial sea limit and a 200-nautical miles EEZ through bilateral
diplomatic efforts under the Freedom of Navigation Program (Browne 2005). Ratification would
ground U.S. territorial claims in the treaty and integrate the nation more fully in negotiations
among the arctic states. To enhance multilateral cooperation in the region, the United States could
also lend its support to a new treaty for environmental protection in the Arctic, beginning with
regions outside of current national jurisdictions (Rayfuse 2007).

Estuarine Health and Coastal Land-Use Practices

The suite of federal, state, and local policies that address estuaries and coastal land use include:
investments in habitat restoration, permitting decisions under Section 404 of the Clean Water Act,
controls for reducing agricultural and urban water pollution, reduction in the incentives for
landowners to build in low-elevation and coastal areas subject to flooding and storm surges, land
conservation, building of armaments or easements, and regional planning.

Habitat Restoration and Permitting Decisions

Habitat alterations made in conjunction with valuable transportation, housing, or other
development change the physical structure (e.g., placement of fill) or function (e.g., diversion of
flow) of the coastal landscape. The Clean Water Act provides the U.S. Army Corps of Engineers with
authority, along with EPA, to grant permits and a set of guidelines for permitting applicants to avoid
the placement of fill in waters and, if avoidance is not possible, to minimize and then compensate
for losses. Section 404(b)(1) of the Act focuses attention on how much and what type of mitigating
actions will replace the functions of any lost habitat. In determining the level of mitigation
necessary, the Corps relies on a biophysical analysis that emphasizes the functional
characterization of wetlands (Brady 1990).

It is important to note that these decisions are made for numerous relatively small alterations
and fills every year. For many of these decisions, measuring the loss in ecological function is very
difficult or virtually impossible because of a lack of information on the role of a particular hectare of
a wetland in the functioning of the entire wetland. Having said that, more attention should be paid
to the cumulative impacts of these seemingly insignificant decisions and the value of a particular
hectare in mitigating potential damages from storm surges and inundation in permitting decisions.

The restoration of degraded ecosystems is a direct method for adapting to a decline in habitat
brought about by rising sea levels and changes in the hydrological cycle (Peterson et al. 2008;
Simenstad et al. 2006). An open question is whether current restoration activities should focus on
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restoring (a) areas that are degraded and, when restored, will contribute to current diversity
protection or (b) areas that are less likely to be affected by climate change with the idea that these
areas could provide refuge for shifting populations. Although both efforts will restore ecosystem
functions, emphasizing the former would shift the weight toward restoring functions under the
current temperature, salinity, and acidification regime. In some cases, both goals could be
accomplished simultaneously. In a study of restored oyster reefs in the Neuse River Estuary in
North Carolina, Peterson et al. (2008) find that restored oyster reefs in oxygenated shallow water
provided temporary habitat for predatory fish species during deep-water hypoxic events in Pamlico
Sound in addition to their natural filtration function. Given the presence of potential productive
habitat on state and federal lands (National Estuarine Lands), restoration efforts at both levels of
government will probably be necessary.

Measures may also need to be taken to restore and maintain shoreline and barrier islands (Day
et al. 2005; Titus 1990). Although beach nourishment efforts are typically costly and of uncertain
value as a long-run solution to rising seas, they are among the only tools available to protect certain
coastal wetlands and preexisting communities.36

Not only are wetlands vulnerable to SLR, prior flood control projects and developments near
the high tide line have interfered with natural hydrological processes that are necessary to sustain
the structure, function, and extent of wetland ecosystems. One such process is the inflow of
sedimentation that is necessary to maintain wetland elevation. An adaptive policy might be to
reduce the diversion of water into channels and other stream diversions to permit adequate
sedimentation flows to build up coastal wetlands. For example, modification of water management
systems is being considered in the Everglades and the Mississippi River delta as a way to increase
freshwater and sediment supply to promote wetland development. Policies to increase
sedimentation flows must be weighed against the possibility that they may contradict policies
meant to reduce the increased variability of precipitation on agricultural and drinking water
supplies.

Recent natural disasters have underlined the role that healthy coastal wetlands can play in
protecting the interior from powerful storms. Danielsen et al. (2005) show that mangrove forests
and nearshore plantations in many cases shielded villages in India from the 2004 Asian tsunami,
whereas unprotected neighboring settlements were completely destroyed. Although mangrove
forests exist in Florida and scattered throughout the Gulf of Mexico, they are not a significant type
of coastal estuary. Other coastal land features might have roles in dissipating storm surges,
however. For example, in the United States, Day et al. (2007) speculate that intact barrier islands
and forested coastal wetlands in the Mississippi Deltaic Plain might have absorbed some of the
force and storm surges caused by Hurricanes Katrina and Rita.

% Beach nourishment is a process by which sand that has eroded is replaced with sand either trucked in or pumped from the
local sea floor. To maintain beaches, nourishment activities must be done repeatedly, as they treat only the symptoms and not
the causes of the erosion.
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Agricultural and Urban Runoff

The prospect of climate change and altered precipitation patterns exacerbating the threat
currently posed by dead zones and HABs suggests that new measures to reduce runoff may be
needed. Nutrients from agricultural runoff are a primary driver of coastal eutrophication (Buck
2007; Howarth et al. 2002). In the case of the large Gulf of Mexico dead zone, approximately 56
percent of the annual nutrient loading of the Mississippi River has been attributed to agricultural
runoff.

A number of farming practices and land-use measures have been proposed to reduce runoff
(Greenhalgh and Sauer 2003; Sharpley et al. 2000). Conservation tillage practices—such as ridge
and mulch tillage techniques—can decrease soil erosion below levels associated with conventional
and moldboard methods. Land set-asides and restored riparian buffers can sequester N and P
during storms before it enters waterways. Farmland deemed at high risk for generating runoff can
also be taken out of production through existing programs like the voluntary federal Conservation
Reserve Program (Zinn 2003). Other proposed measures include the use of ambient nonpoint
pollution taxes or taxing of inputs based on their N and P content (Ribaudo et al. 1999) and the
restoration of wetlands to reduce runoff (Moore et al. 2000).

Options for managing urban runoff include following adaptive planning principles for future
development as well as modifications to infrastructure already in place. On the planning side, a new
regime of watershed-scale stormwater management has been proposed that would move away
from the rapid-conveyance model embodied in older American infrastructure and toward systems
that maintain as much as possible of the natural structure of receiving water bodies (Roy et al.
2008). New methods for managing runoff are designed to temporarily retain stormwater and
reduce the outflow of pollutants through infiltration, bioretention, and evapotranspiration (U.S.
EPA Office of Water 2004).

The stormwater management policies put in place by the City of Portland, Oregon, illustrate
runoff control measures that could be implemented by other municipalities to adapt to future
climate change-induced weather patterns. Compelled by EPA under the Clean Water Act to curb
combined sewer overflow into the Willamette River and the Columbia Slough, the city has
combined infrastructure improvements in the form of three large diversion pipes with retention
measures (City of Portland 2006). These include programs to promote bioretention measures such
as green streets, green roofs, and rain gardens (City of Portland 2006, 2008). Portland has also put
in place a downspout disconnect program that enrolled 22,800 households between 1995 and 2005
through a combination of targeted mandatory orders and fee exemption incentives backed by
technical assistance from neighborhood groups (City of Portland 2006; Learn 1999).
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Coastal Land Conservation

Federal and state governments have a number of tools at their disposal to implement
conservation measures for both shoreline and existing coastal wetlands. For example, the U.S.
National Estuary Program, created as part of the Clean Water Act, currently manages 28 estuaries
throughout the lower 48 states. Resilience of coastal wetlands could be increased through
additional government purchase or private donations of wetlands. The latter is especially
important because close to 74 percent of the remaining wetlands in the lower 48 states are located
on private property (Zinn 2006).

Conserving lands, however, does not necessarily have to be financed by the state or federal
government. In fact, between 1998 and 2006, nearly 80 percent of the 1,550 land conservation
referenda that appeared on state, county, and municipal ballots across the United States passed,
and they passed by a wide margin (Banzhaf 2008). These referenda encompass a broad range of
conservation objectives, such as the preservation of farm land; the protection of ecologically
sensitive wetlands, meadows, and forests; and the creation of new recreational sites. Some of these
measures have been initiated at the grassroots level and others by public officials.

Setbacks, Purchases, and Rolling Easements

Coastal erosion is expected to threaten a large number of existing properties in the coming
decades. Many of these structures are presently armored with seawalls or other hard barriers that
disrupt sediment flows to the shore and may ultimately obstruct wetland accretion (Scavia et al.
2002). Although all landowners will probably fight to keep their properties and their rights to
protect them, society faces an important question regarding whether and when a property should
be abandoned. In some cases, the answer might be never, especially if it is a unique or high-value
structure, such as a cultural heritage site. Furthermore, it seems clear that the state and federal
government do not have the right to evict tenants from a property that is already developed, at least
without due compensation (takings clause of the 5th Amendment).37

State and federal governments could reduce the amount or type of disaster insurance available
to existing coastal landowners to reduce the incentives to invest in refurbishing and strengthening
seawalls over time. The National Flood Insurance Program (NFIP) insures high-risk properties from
flood damage (U.S. Government Accountability Office 2007). In 2005, the program held 4.9 million
policies. NFIP policyholders are, in some circumstances, required to adopt building practices to
reduce flood risk or are required to do so after filing multiple claims. To reduce the likelihood that
property owners in high flood risk areas will pursue maladaptive actions in the future, the federal
government could tighten standards for new NFIP policies or even stop issuing policies altogether
to certain regions.

In particular, the NFIP insures many properties at nonactuarial (below expected cost) rates
(Titus and Neumann 2009). Existing rules present obstacles to adjusting rates upward to reflect

37 See Titus (1998) and Caldwell and Segall (2007) for in-depth discussions on the issues of takings in the coastal environment
under SLR.
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increased flood risks: property owners who have not significantly altered structures covered under
their policies have the option of maintaining rates set under Flood Insurance Rate Maps (FIRM)
when presented with new maps that would raise them. This has the effect of allowing rates to be
“grandfathered in,” leading to a divergence between the price signal embedded in the rate and the
risk to the structure. In addition, close to a quarter of properties enrolled were built prior to the
local adoption of FIRM-based rates and are directly subsidized.

We would also expect private insurers to respond to increasing risk to homes and business due
to climate change by increasing homeowner rates in anticipation of the damages. In this case,
government intervention in the market might be needed for the prohibition of insurance discounts
to landowners who reduce their risks through maladaptive practices, such as building larger sea
armaments. Approximately 10 percent of the Pacific Coast in California is armored, with about a
third of Southern California protected (Caldwell and Segall 2007). A role for government
intervention seems warranted because neither insurance companies nor homeowners are likely to
internalize the societal costs associated with seawalls and similar structures, which include the
increase in erosion, the decreased ability of wetlands to adapt to the changing conditions, and
interference with public access to the coast (Titus 1998; Caldwell and Segall 2007).

In the case of future development, states have instituted a range of policies for adapting to
anticipated erosion without the use of expensive and environmentally damaging barriers. These
include bans on armoring and setbacks, which prohibit development seaward of a predetermined
boundary (Titus 1998). States including Rhode Island have enacted broad prohibitions on armoring
(Easterling et al. 2004). Land procurement programs, such as the Coastal Blue Acres program
established by New Jersey, have sought to provide undeveloped buffers for existing properties
(Easterling et al. 2004). One potential issue with the use of setbacks is that once the water level
reaches the setback, there is, in essence, an implicit contract that landowners will be able to build
seawalls to protect their homes (Caldwell and Segall 2007). Depending on the topography of the
coast, however, a setback of a certain distance might be sufficient.

A more flexible approach than seawalls and setbacks, which is tailored toward the dynamic
nature of coastal erosion, has been pioneered and successfully defended in the courts by the state of
Texas (New Jersey Department of Environmental Protection 2007). Rolling easements are intended
to induce property owners to yield to advancing shorelines or wetlands. They are a type of
easement that prevent property owners from holding back the sea and moves or “rolls” with the
rising seas. The advantage of a rolling easement are: (1) the lack of disturbance of sedimentation
transport; (2) the potential for wetlands and other tidal habitat to migrate unimpeded; and (3)
continued public access to the shore (Titus et al. 1991). A rolling easement can be implemented by
statute, the permitting process, and eminent domain actions (Titus 1998; Caldwell and Segall
2007).

Regional Planning

The steady reshaping of the environment projected to occur during the next century will
require modifications to existing development and new planning considerations for future building
(Adger et al. 2007). Low-lying infrastructure in heavily developed areas may need to be modified to
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withstand rising sea levels and associated storm surges (Easterling et al. 2004). Some types of
public infrastructure impeding natural processes will also need to be modified to increase the
resilience of threatened ecosystems. In the Mississippi delta, an extensive canal system, tributary
closures, and river dredging have deprived coastal wetlands of sediment necessary for vertical
accretion (Day et al. 2005; Day et al. 2007). Future restoration efforts may involve the reopening of
dammed waterways and the closure of some navigation canals to increase sedimentation.

New infrastructure in the United States will need to accommodate the projected effects of
climate change. An example of incorporating adaptations into planning is the Confederation Bridge,
a 13-kilometer long span linking Prince Edward Island with mainland Canada (Adger et al. 2007).
The bridge was built one meter higher than needed to accommodate sea level rise. Given the
uncertainty surrounding climate change outcomes, planners must work to avoid overshooting in
their efforts to adapt infrastructure to future conditions (Adger et al. 2007).

The California Coastal Commission (CCC) plays an important role in the land-use planning of
coastal areas as formalized in the California Coastal Act of 1976 (Caldwell and Segall 2007). Along
with making permitting decisions—for example, on shoreline armoring—the CCC oversees the
development by local land managers of their Local Coastal Plans (LCPs), which shape coastal land-
use patterns.38

Discussion

The common pool, or public good, nature of many marine and coastal natural resources implies
that enhancing the adaptive capacity and resilience of the system will often require government
intervention. The extent, level, and necessity of intervention, however, will differ based on the type
and geographical location of the resources relative to jurisdictional boundaries. For example,
competition for harvesting marine resources in conjunction with a lack of well-defined property
rights causes stakeholders to focus their attention on the near-term benefits and costs of actions.
Government intervention in this case could better define the rights to the resource to provide the
harvesters with an incentive to invest in the long-run sustainability of the system. A constituency
able to take a more long-run perspective is much more likely to consider adapting their
management and use to reduce the vulnerability of their resource to climate change.

Coral reef ecosystems are of particular concern, as many cold- and warm-water reef-building
species are in decline. For cold-water corals, an adaptation policy could simply be to reduce the use
of damaging gear, such as bottom trawling, in coral habitats. Where the damage has yet to occur,
protections could also be put in place until additional research can be done on the likely
environmental impact of the fishing gear. In both cases, it seems prudent to determine the
likelihood ofthe location of the ASH in the near future and the depth of the corals. If the corals have
a high probability of being submerged in undersaturated waters, then it might be advantageous to
permit the use of profitable fishing gears, as these corals are less likely to survive with the coming

38 As Caldwell and Segall (2007) argue on page 545, the CCC “should consider encouraging the revision of LCPs...to steer new
development away from areas vulnerable to the effects of SLR.” They also discuss the importance of using rolling easements to
avoid future armoring.
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changes.39 Whether these efforts need to be initiated at the federal or state level depends on the
distribution of corals relative to the boundaries. We already see efforts initiated by the Regional
Fishery Management Council in the Pacific Northwest. In many cases, broad-based partnerships
will need to be developed that have the necessary regulatory authority to make and enforce
decisions. EBM efforts to date have mostly been lacking in the authority to make regulatory
decisions.

With respect to coastal land use, an important distinction when discussing adaptation policies is
whether an existing property is currently protected by armaments or whether we are considering
future development. In the case of the former, the emphasis should be on permitting seawalls or
other armaments that minimize the potential for additional shoreline erosion in neighboring areas
and loss of access for the public (Caldwell and Segall 2007). Local and state land-use planners could
require that all future developments use rolling easements that permit the use of the land up to the
point where it becomes inundated—that is, as long as development along the shore is proven to be
a worthwhile investment in the face of the changing risks. Finally, government insurance programs
that reduce the barriers for development of low-lying coastal areas should be replaced with
programs that assist local land managers in developing more sustainable urban designs.

Although abandonment or the strategic retreat from a place is a politically difficult position to
take that has many potential distributional and social justice consequences, the question of if and
when to retreat needs to be in the forefront of the dialogue on adaptation policies. This is true for
decisions regarding coastal habitat restoration in the face of sea level rise, habitat protections, and
development in highly vulnerable locations such as barrier islands. With abandonment not in the
feasible set of policies, cost-effective adaptation policies will remain elusive.

In general, an adaptation framework that embodies a more holistic planning and
decisionmaking structure will expand on the set of factors to consider when designing policies,
including the baseline from which we are measuring changes, the type of regulation or rule (e.g.,
liability, command and control, or an incentive-based approach), the level of control, the set of
actors to consider, the time frame, and the spatial scale and scope of the policy. At the same time,
adaptations to climate-driven hazards and environmental stressors must fit within a portfolio that
includes mitigation efforts. The design, implementation, and assessment of the effectiveness of
these different types of risky investments become exponentially harder as the dimensions under
consideration increase; this increases the difficulty of developing adaptation policies.
Understanding, valuing, and managing these complex risks and trade-offs will require
interdisciplinary teams of researchers along with adequate representations of stakeholders.

We conclude with a recommendation firmly grounded in economic theory: because the effects
of climate change on marine and coastal areas are uncertain and we will have many opportunities
to learn along the way, policymakers at all levels should focus on adaptive policies that are flexible,
designed to facilitate learning about the system, and that avoid large, irreversible outlays of capital.

¥ There is the possibility, of course, that if the changes occur over an extended period of time, the corals and other organisms
will adapt (through evolution) to the changes.
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