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Abstract 
Rising sea level tnreatens existing coastal wetlands. Overall ecosystems could often survive by migrating inland, if 
adjacent lands remai ned vacant. On the basis of 13 1 state and local land use plans, we estimate that almost 60% of 
the land below I m along the US Atlantic coast is expected to be developed and thus unavailable for the inland 
migration of wetlands. Less than 10% of the land below 1 m has been set aside for conservation. Environmental 
regulators routinely grant permits for shore protection structures (which block wetland migration) on the basis of a 
federal finding that these structures have no cumulative environmental impact. Our results suggest that shore 
protection does have a cumulative impact. If sea level rise is taken into account, wetland policies that p reviously 
seemed to comply wi th federal law probably violate the Clean Water Act. 
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1. Introduction 

Changing climate is expected to cause global sea level to 
rise approximately 20-60 em during the 21st century if polar 
ice sheets remain stable [1] but possibly more than I m if 
ice sheets become unstable [2]. Rising sea level inundates 
low-lying lands, erodes shorelines [3, 4] exacerbates coastal 
flooding [4, 5] and increases salinity in estuaries [4, 6, 7] and 
aquifers [ 6, 8, 9]. 

Site-specific responses to sea level rise are broadly 
classified into two pathways: shore protection and retreat [I 01. 
Shore protection (e.g. bulkheads, dikes, beachfi ll) can 
minimize disruptions to coastal communities from floods and 
shore erosion, but it prevents the inland migration of coastal 
ecosystems, which arc instead squeezed between the rising 
sea and bulkheads built to protect the communities [4, 11- 13]. 
Retreat (e.g. prohibiting or removing hazardous construction) 
can allow ecosystems to migrate inland [ 10, 14], but land and 
structures can be lost [ 12]. The resulting disruption can be 
minimal in undeveloped areas [10, 12] but potentially severe 
in populated areas, especially if retreat occurs after shore 
protection fails during a stom1 [1 5]. 

Property owners and land use agencies have generally 
not decided how they will respond to sea level rise, nor have 
they prepared maps delineati ng where shore protection and 
retreat are likely [I 0]. The absence of such maps prevents a 
realistic assessment of the consequences of rising sea level, 
and can impair efforts to prepare for those consequences [ I 0]. 
For example, the Clean Water Act allows the US Army 
Corps of Engineers to routinely issue permits for a class of 
activities, provided that the activities do not have a cumulative 
environmental impact [ 16]. The Corps has issued a regulatory 
findi ng that shore protection will not have a cumulative 
impact [ 17] and used it to justi fy a policy under which property 
owners are routinely gra nted permits to build bulkheads [ 18]. 
Yet no one has estimated (and the regulatory finding did not 
consider) the portion of coast likely to be bulkheaded as sea 
level rises [ 10, 19]. 

This letter maps and quantifies a baseline, business-as­
usual scenario of coastal development and shore protection 
for the Atlantic coast of the United States from Massachusetts 
to Florida. Taken together, land use plans, existing land 
use, regulations, and shore protection policies can provide 
a baseline expectation regarding the composition of future 
shore protection and retreat. With this analysis, planners 
from the local to national level can assess the extent to which 
coastal wetlands might migrate inland or be lost (and identify 
infrastructure that would eventually require remedial attention) 
and then evaluate other options. The fol lowing sections 
describe methods, results, and some implications for policies 
to protect coastal wetlands; additional methods, tables, and 
maps are in the supplementary material. Although t11is letter 
provides summary maps and tables, we are also making our 
results available as shapefiles and raster data sets with a 30 m 
grid suitable for ArcGIS and other geographical information 
systems software [20]. 
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Figure l. Land use and likelihood of shore protection along the 
Maryland coast. This map shows lands within 5 m above spring high 
water. Along the Atlantic Ocean, Ocean City is densely developed 
and the state government is committed to shore protection, while 
Assateague Island is owned by the National Park Service, which is 
committed to allowing natural shoreline processes to operate in 
conservation lands. Along the coastal bays, the nonhem areas 
opposite Ocean City are developed with many shores already 
bulkheaded. The southern areas along Chincoteague Bay shown in 
blue are generally farms with agricultural-preservation easements 
that prevent residential development; although the easements allow 
shore protection, farmers in this area have rarely erected bulkheads in 
the past. The land use plan shows future development for most of the 
area shown in red. 

2. Methods 

With the assistance of local planners responsible for land use 
in 131 jurisdictions from Massachusetts to Florida (table S I 
available at stacks.iop.org/ERU4/044008/mmedia), we used 
available planning data (tables S2 and S3 available at 
stacks.iop.org/ERU4/044008/mmedia) and identified relevant 
government policies (tables S4 and S5 available at stacks. 
iop.org/ERU4/044008/mmedia) to divide coastal dry lands 
into four categories representing different likelihoods of shore 
protection. We used wetlands data (table S6 available 
at stacks.iop.org/ERU4/044008/mmedia) to distinguish dry 
lands from wetlands, and made no attempt to account for future 
development in wetlands. Our initial classification focused on 
land use. Developed lands have generally been protected in the 
past when threatened by erosion or flooding [12, 13]; hence 
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they are most likely to be protected in the future [1 0, 2 1]. At 
the other extreme, conservation lands are general ly allowed to 
respond naturally to shore processes [22) and hence are least 
likely to be protected [ l 0]. We used available land use/land 
cover data for moderate and high-density development to 
define developed, and conservation lands data sets to define 
conservation (table S2 available at stacks.iop.org/ERU4/ 
044008/mmedia). 

We divided the remaining dry lands into two categories: 
areas expected to remain undeveloped and an intennediate 
category consisting of ex isting low-density development, 
places where land use plans anticipate future development, and 
military bases in rural areas. Undeveloped lands are rarely 
protected ( 10]; but even lightly developed lands are generally 
protected along estuaries [ 13], which account for most o f the 
shoreline along the US Atlantic coast. Hence, under current 
policies, shore protection is more likely in intemtediate lands 
but less likely in undeveloped lands [ 10]. In urban counties 
and other places where near-total development is expected, 
we used parks and agricultural-preservation data to identify 
the relatively few lands unlikely to be developed (table S2 
available at stacks.iop.org/ERU4/044008/ mmedia). In rural 
areas, state or local planning documents identify lands where 
development is expected. 

With our classification of coastal land use as a starting 
point, we tl1en visited the local planners to further refine the 
maps. The planners ind icated that our four land use categories 
genera lly correspond to the land that is most likely, likely, 
unlikely, or least likely to be protected as sea level rises 
(assuming a continuation of current policies and practices). 
Given that correspondence, our tables and figures I and 2 
have land use labels instead of likelihood labels so that our 
primary source of information is more transparent. (The 
supplementary information (ava ilable at stacks.iop.org/ERU 
4/044008/mmedia) provides additio nal detail and caveats on 
this issue, as well as descriptions o f the data, study area 
boundaries, and GIS processing methods.) We created county­
specific maps for the land within approximately 5 m above 
spring high water, which we sent to the p lanners for additional 
refinements (except for Florida, whose local governments only 
provided land use data below the USGS 3 m contour). We also 
calculated the area of each land category at various elevations 
between 0 and 5 m above spring high water. 

The planners provided us with four types of refinements . 

• Specific parcels o f land that had been developed since the 
published data was created. 

• Speci fic data sets (table S3 available at 
stacks.iop.org/ERU4/044008/mmedia) that more accu­
rately defined the land use within their jurisdictions 
than the general data sets in table S2 (available at 
stacks.iop.org/ERU4/044008/mmedia). 

• Land use policies expected to alter development trends 
(table S4 available at stacks.iop.org!ERU4/044008/ 
mmedia) in specific areas, such as prohibitions on 
development within a 100-year floodplain. 

• Shoreline policies that cause the likelihood of shore 
protection in some areas to d iverge from what would be 
expected considering land use alo ne (table S5 ava ilable 

3 

J G Titus tt a/ 

at stacks.iop.org/ERU4/044008/mmedia). For example, 
dikes are being constructed to protect (undeveloped) 
farmland in North Carolina, and cliff regulations in 
Calvert County (Maryland) prohibit shore protection 
along developed cliffs (table 55 available at stacks.iop.org/ 
ERU4/044008/mmedia). 

Figure I maps the four land classifications (as well as wetlands) 
for an example county in Maryland. 

Limitations in available data almost certainly cause 
our results to understate the level of existing and future 
development. Most land use data are 5-10 years old and thus 
omit recent development. More impon am ly, rural land use 
plans identi fy priority growth areas where local governments 
are encouraging development to concentrate, but not all areas 
where development will eventually occur. Development often 
takes place in other areas, especially once the priority areas 
have been developed. 

3. Results and implications 

Most of the ocean coast is developed or inrennediate, but 
conservation lands account for most of the Virginia ocean 
coast, and large parts in Massachusetts, North Carolina, and 
Georgia. Figure 2 shows the entire study area; figures S2-
S23 show specific counties and/o r states. Measured by 
area, more than 80% of the land below 1 m in Florida or 
north o f Delaware is developed or intermediate (tables I and 
S8 available at stacks.iop.org/ERU4/044008/mmedia). Only 
45% of the land from Georgia to Delaware is developed or 
imermediate, by contrast, because Maryland and Delaware 
restrict coastal development (table 54 available at stacks. 
iop.org/ERU4/044008/mmedia) and most coastal lands from 
Virginia to Georgia are farther from major population centers. 

The composition of the fou r land categories shifts 
modestly as a functio n of elevation (figure 3). The 
percentage of conservation lands declines with increasing 
elevation in l 0 states and is relatively constant in the 
other 4 states (figure S2 available at stacks.iop.org/ERL/4/ 
044008/mmedia). The concentration of conservation lands 
a t the lowest elevations is consistent with the acquisition 
priorities of the national refuge system and o ther conservation 
organizatio ns. Many refuges include habita t immediately 
along estuaries, but do not extend far inland [23]. The 
proportion of undeveloped land is also greater at the lowest 
elevations, especially in Delaware (where two counties 
prohibit development in floodplains) and Maryland (where 
state law prevents development within 300 m o f the shore 
in rural areas). New Jersey is an exception to the general 
pattern, possibly because all but one o f its barrier islands 
are J eveloped, and the past practice o f fi lling marshes for 
development [24] has created a legacy o f very low-lying 
development. 

Considering our entire study area, 42% of the dry land 
within I m above the tidal wetlands is developed and most 
likely to be protected given business-as-usual (table 1). Some 
development either exists or is expected in the land use plans 
for another 15% o f the area. Thus, almost 60% of the lowest 
dry land is li kely to be developed and eventually protected as 



Environ. Res. LetL 4 (2009) 044008 

t.1~ . . 

I,- r" 

~" 

' .. i!.llnt I 

<:: 
11) 

Q) 

() 

0 
() ..... 

...... 
<:: 

i1) 
...... 

...... 
"\' 

Land Use 

-Developed 

., f 

\ 

Likelihood of 
Shore Protection 

Higher 

J G nrus eta/ 

~ 
11) 

Q) 

() 

0 
() . .... 

...... 
~ 

i1) 
...... 
...... 

"\' 

- lntonnediate t -Undeveloped 
-Conservation Lower 
-Non-Tidal Wetlands 

0 2550 100 
krn - TKial Wetlands -

Figure 2. Categories of land use and likelihood of shore protection along the Atlantic coast of lhe United States. Coastal development is most 
intense north of Delaware Bay, in Aorida, and elsewhere close to metropolitan areas such as Washington, Norfolk, and Charleston. The study 
area is generally the land within 5 m above spring high water, except for Florida where planning departments provided data for lands below 
the USGS 3 m contour. 

sea level rises. By contrast, only 9% of this land has been 
set aside for conservation purposes that would allow coastal 
ecosystems to migrate in land. Land use plans do not anticipate 
development of the remaining 33%, which is mostly rural 
today. Eventually, some of those areas may be developed as 
well, especially from Yirgjnia to Georgia, where there are few 
institutional limitations on coasta l development. 

Our results suggest that the majority of low-.lying lands 
along the US Atlantic coast will become populated ifbusiness-

4 

as-usual development continues. Maintaining th is develop­
ment as sea level rises would require increasingly ambitious 
shore protection [10]. The US experience protecti ng populated 
areas below sea level from flooding is mostly limited to 
metropolitan New O rleans [ 15]. Sea level rise could leave com­
munities similarly vulnerable throughout the US Atlantic coast. 

The resulting shore protection could imperil a key 
environmental objective in the United States: the preservation 
of tidal wet lands. In the 1970s, the United States 
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Table 1. Land within I m above high water by intensity of development along US Atlantic coast. 

Likelihood of shore protection 
High~ low 

Per cent of dry land, by land use type• Area 

Developed lotermediate Undeveloped Conservation Dry land Nontidal wetlands Tidal wetland 
State (%) (%) (%) (%) (kmz) (km2) (kmz) 

MA 26 29 22 23 110 24 325 
Rl 36 II 48 5 8 I 29 
CT 80 8 7 5 30 2 74 
NY 73 18 4 6 165 10 149 
NJ 66 15 12 7 275 172 980 
PA 49 21 26 4 24 3 6 
DE 27 26 23 24 126 32 357 
MD 19 16 56 9 449 122 II 16 
DC 82 5 14 0 4 0 I 
VA 39 22 32 7 365 148 1619 
NC 28 14 55 3 1362 3050 1272 
sc 28 21 41 LO 34.1 272 2229 
GA 27 16 23 34 133 349 1511 
FL 65 10 12 13 1286 2125 3213 
Total 42 15 33 9 4665 63 14 12882 

• Calculated as the statewide area of a given land use category divided by the area of dry land in the study area. 
Percentages may not add up to 100% due to rounding. 

collectively decided to stop creating new coastal communities 
by fi lling marshes and swamps [25, 26], and enacted other 
pol icies [1 3, 19, 26-28] to preserve tidal wetlands alo ng the 
Atlantic coast. But these ecosystems may not be sustained if 
sea level accelerates. At the current rate of sea level rise, most 
tidal wetlands are able to keep pace through sedimentation 
and peat formation; but their ability to keep pace with a rate 
greater than 5-10 rnm yr- t is doubtful [10]. To survive, these 
ecosystems would have to migrate inland [ 4, I 0, I t]. With 
o nly 9 % of the lowest land set aside for conservation, a large­
scale migration would require either a halt to construction in 
most coasta l floodplains or an eventual abandonment of many 
developed areas [10, 19]. But current policies promote the 
opposite [10). 

The existing nationwide permit for shore protection [ 18] 
authorizes almost any owner of a small- or medium-sized lo t 
to erect a shore protection structure that prevents ecosystems 
from migrating inland. The Clean Water Act all.ows this 
type of general permit on ly if it has a mini mal cumulative 
environmental impact [ 16]. The Corps of Engineers found that 
the impact is minimal, based on the assumptio n that building a 
shore protection structure threatens an area of habitat equal to 
the footprint of the construction, but that no additional habitat 
is lost over time [17, 29]. Ignoring the habitat eventually 
lost by blocking wetland migration is unreasonable, in o ur 
view, because preventing the landward migration of aquatic 
habitat (wetlands, beaches, floodplains , and shallow water s) 
onto the land be ing protected is the main reason for shore 
protection [ 13, 29]. The Corps should re-evaluate its finding 
to incorporate the impact on wetland migration. 

We think that such a re-evaluation should find that shore 
protection has a cumulative environmental impact. The Clean 
Water Act does no t explic itly d efine the term, but the context 
implies that an impact need not be large to be considered a 
'cumulative environmental impact': 

5 

• The Corps o f Engineers has also declined to defi ne the 
term or even the magnitude of wetland loss necessary 
to constitute a cumulative impact under the Clean Water 
Act [30]. However, its finding of minimal cumulative 
impact was based on its estimate that the nationwide 
permit affects about I km2 of wetlands per year (the area 
of the footprin t of the shore protection structures) [ 17, 28], 
which is less than 0.01% of the current area of coastal 
wetlands. When public comments suggested that the 
loss from all the nationwide permits was ten times what 
the Corps' estimated, the Corps did not dispute the 
assertion that such a large impact would be a cumulative 
impact, but instead asserted that its lower estimate is more 
accurate [30]. 

• Under the Clean Water Act, the existence of a cumulative 
impact does not cause a permit to be denied; it merely 
requires that the impact of each permit be considered 
through the issuance of an individual permit, instead o f 
being ignored under a nationwide permit [ 16]. 

• Under the National Environmental Policy Act, cumulative 
impact has been defined as the impact of an activity 'added 
to other past, present, and reasonably foreseeable future 
actions' regardless of who takes the o the r actions [31]. An 
impact need not be large to satisfy that defini tion. 

The immediate result of recognizing the cumulative 
impac t wou ld be to require property owners to appl y for 
individual permits [16, 18), which could substantially delay 
permit approval and disrupt the Corps' ability to review 
other permit applications [17]. To avoid overwhelming the 
regu latory process, an alternative framework is needed. It 
might be possible to issue a revised nationw ide permit that 
truly has a minimal cumulative impact, through a combination 
of shore protectio n techniques that preserve wetlands [13] 
and/or requirements to mitigate lost opportunities for wetland 
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Figure 3. Percentage of dry land within four land usc classifications, 
by elevation. In most states the portion of conservation and 
undeveloped lands is greatest below I m and gradually taper.; oJT at 
higher elevations, because nature reserves include low land adjacent 
to wetlands and development is d iscouraged in floodplains. (a) New 
Jer.;ey is an exception, primarily because the densely developed 
coastal communities tend to be in are:ll. with the greatest amount of 
very low land, such as barrier islands and filled wetlands . 
(b) Delaware, (c) Maryland and (d) Georgia all follow the typical 
pattern. (e) Atlanticwide, the portion of developed land decreases 
above 1.5 m largely because Florida (which is highly de, eloped) 
accounts for about 35% of the dry land below 1.5 m but only 15% of 
the dry land above 1.5 m. 
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migration by facilitat ing such opportunities elsewhere [19]. 
A more compre hensive approach would be to consciously 
manage the impacts of shore protection as sea level rises 
with estuary-wide plans that de fine the fates o f shore) ines as 
sea level rises [29]. A wide variety of pl anning and legal 
mechanisms are available for implementing a planned retreat 
without hurting property owners [10, 19). 

The maps provided by this study can serve as an initial 
benchmar k for evaluat ing the environmental consequences of 
the business-as-usual response to sea level rise and possible 
alternatives that would belter preserve the environment and 
comply with the law. They can also be used to focus efforts 

on the 30% of low-lying land that is neither developed nor 
conservation lan d. Ensuring that some of these lands arc 

abandoned to a rising sea so that ecosystems can adjust 
would face economic, political, and legal challenges; but 
defending the entire coast seems even more difficult in the long 
run [I 0, 12, 19, 21 ). If environmental policies must eventually 
be revised to ensure that wetlands migrate inland, now is the 
best time for wet.! and regulato rs to update policies to recognize 
that sea level is rising. It is also a good time for a ll of us 

to ask whether this generation should continue to build new 
communities in vacant land vulnerable to a rising sea. 

Ac.knowledgments 

We thank Richard Alley, Virg inia Burkett , Vivien Gornit7., 

Dork Sahagian, and two anonymous reviewers for critical 
discussions and review of the manuscript; Many Cela, Neal 

Etre, John Herter, Andrew Hickok, Russ Jones, G aurav S ingh a, 
Richard Streeter, and Kevin Wright for GrS support; and Je ff 
Alexander, Teresa Concannon, Walter Clark, Pe ter Johnston, 
Cheryl Matheny, and Maurice Postal for data collection a nd 
expert elicitation. Participants at stake holder meetings and 

the federal advisory committee organized to review the US 
Climate Change Science Program's report on coastal e levations 
and sensitivity to sea level rise helped us to understa nd the 
need to explain our approach based on the input land use data 
rather than the output like lihood of shore protection. We also 

thank 160 state and local planners lis ted in tableS I (available 
at stacks.io p.org/ERU4/044008/mmedia) for explaining key 
policies and providing data for their respective jurisdict ions. 

During the years 2000-2007, the US Environmental Protection 
Agency (EPA) provided S2 million in contracts, grants, 

and salaries to support the research reported in this letter. 
Accordingly, the US government has a royalty-free l icense to 
reproduce this letter. For specific author contributions, see 

the supplementary material (available at stacks.iop .org/ERU 

4/044008/mmedia). 

References 

[I] Meehl G A eta/ 2001 Global climate projections Climate 
Change 2007: The Physical Science Basis. Contribllfion of 
Workirtg Group I to the Fourth Assessment Report of the 
lntergovemmental Panel on Climate Change 
ed S Solomon, D Qin, M Manning, Z Chen, M Marquis, 
K Averyt, M Tignor and H L Miller (New York: Cambridge 
Univer.;ity Press) pp 747-845 

·-
\ 



J 

Environ. Res. Lett 4 (2009) 044008 

(2] Pfeffer W T , Harper 1 T and O'Neel S 2008 Kinematic 
constraints on glacier contributions to 21st-century sea-level 
rise Science 321 1340--3 

[3) Bruun P 1962 Sea-level rise as a cause of shore erosion 
J. IVatenv. Harb. Div. (ASCE) 88 11 7-30 

[4] Nicholls R 1, Wong P P, Burkett V R, Codignono 1 0, Hay 1 E, 
McLean R F, Ragoonaden S and Woodroffe C D 2007 
Coastal systems and low-lying areas Climate Change 2007: 
Impacts, Adaptation and Vulnerability. Colllribution of 
Working Group /I to tire Fourth Assessme111 Report of the 
Intergovernmental Panel on Climate Change ed M L Parry, 
0 F Canzian, 1 P Palutikof, P 1 van der Linden and 
C E Hanson (New York: Cambridge University Press) 
pp 3 15- 56 

[5] Federal Emergency Management Agency I 99 I Projected . 
Impact of Relative Sea Level Rise 011 tire National Flood 
Insurance Program: Repon to Congress (Washington, DC: 
Flood .Insurance Administration) 

[6) Sorensen R M, Weisman R N and Lennon G P 1986 Control of 
erosion, inundation, and sa.linity intrusion caused by sea 
level rise Greenhouse l:,Jfect and Sea Level Rise: A 
Challenge for this Generation ed M C Barth and 
1 G Titus (New York: Van Nostrand-Reinhold) pp 179-214 

[7] Hull C H 1, Thatcher M L and Tonoriello R C I986 Salinity in 
the Delaware Estuary Greenhouse Effect, Sea Level Rise, 
and Salinity i 11 tire Delaware Estuary ed C H 1 Hull and 
J G Titus (Washington, DC: Delaware River Basin 
Commission and US EnvironmeniB.l Protection Agency) 
pp 8-18 

[8) Shefif M M and Singh V P 1999 Effect of climate change on 
sea water intrusion in coasiB.l aquifers Hydro/. Process. 
13 1277-87 

[9] Kundzewicz Z W, Mata L 1, Arnell N W, Doll P, Kabat P, 
Jimenez B, Miller K A, Oki T, Sen Z and Shiklomanov I A 
2007 Freshwater resources and their management Climate 
Change 2007: Impacts, Adaptation and Vulnerability. 
Com ribution of Working Group II to tire Fourth Assessmem 
Report of the lntergovemmemal Panel 0 11 Climate Change 
ed M L Parry, 0 F Canzian,1 P Palutikof, 
P J van der Linden and C E Hanson (New York: Cambridge 
University Press) pp 173-210 

[ I 0] Climate Change Science Program 2009 Coastal Sensitivity to 
Sea Level Rise. Focus on tire Mid-Atlamic Region 
(Washington, DC: US Environmental Protection Agency) 
p 320 

[ II ) McFadden L, Spencer T and Nicholls R J 2007 Broad-scale 
modeling of coastal wetlands: what is required? 
Hydrobiologia 577 5-15 

[ 12) lntergovernmeniB.l Panel on Climate Change, Coastal Zone 
Management Subgroup 1990 Strategies for Adaption to Sea 

1 

J G litus ~~a/ 

Level Rise (The Hague: Ministry ofTranspon, Public Works 
and Water Management) p 122 

[13] National Research Council 2007 Mitigating Shore Erosion 
along Sheltered Coasts (Washington, DC: National 
Academics Press) p 1.74 

[14) Nicholls R J 2004 Coastal flooding and wetland loss in the 2 1st 
century: changes under the SRES climate and 
socio-economic scenarios Glob. Environ. Change 
14 69-86 

[ 15] Burby R J 2006 Hurricane Katrina and the paradoxes of 
government disaster policy: bringing about wise 
governmental decisions for hazardous areas Ann. Am. A cad. 
Polit. Social Sci. 604 171-91 

[ 16] 33 United States Code §1344 (e) (2008) 
[ 17] US Army Corps of Engineers 2007 Decision Documem: 

Nationwide Pennit 13 p 35 Washington, DC 
[ 18) Department of the Army, Corps of Engineers 2007 Nationwide 

permit 13 : bank stabilization Fed. Regist. 72 I I J 83 
[19] Titus J G 1998 Rising seas, coasiB.l erosion, and the takings 

clause: how to save wetlands and beaches witllOut hurting 
propeny owners Maryland Low Rev. 51 1277-399 

[20) Risingsea.net 2009 Likelihood of Shore Protection: Repons 
and Data http://ris ingsea.net/ERL 

[21] Yohe G, Neumann J, Marshall P and Ameden H 1996 The 
economic cost of greenhouse-induced sea-level rise for 
developed property in the United States Clint. Change 
32 387-410 

[22] US National Park Service 2006 Management Policies §4.8.1.1. 
Washington, DC 

[23] Government Accountability Office 2007 Climate Change: 
Agencies Slrortld Develop Guidance for Addressing the 
Effects on Federal Land and Water Resources Washington, 
DCp 184 

[24] Nordstrom K F 1994 Developed coasts Coastal Evolution: Late 
Quaternary Shoreline Morphodynamics 
ed R W G Carter and C E WoodroiTe (New York: Cambridge 
University Press) pp 477- 510 

[25] Antonini G A, Fann D A and Roat P 2002 A Historical 
Geogroplry of Sorulnvest Florida Watenvays vol 2 
(Gainesville, FL: Florida Sea Grant) 

[26] National Research Council 1995 Wetlands: Characteristics and 
Boundaries (Washington: National Academics Press) p 328 

[27) Addler J H 1999 Swamp rules: the end of federal regulation? 
Regulation 22 11-5 

[28) Good J W, Weber J Wand Charland J W 1999 Protecting 
estuaries and coasiB.l wetlands through state coastal zone 
management programs Coast. Manage. 27 139- 86 

[29] Titus J G 2000 Docs the US Government realize that the sea is 
rising? Gold. Gate Low Rev. 30 7 17-78 

[30] Depanment of the Army, Corps of Engineers 1996 Final notice 
of issuance, reissuancc, and modification of nationwide 
permits Fed. Regist. 61 65879-80 

[31] 40CFR§ I507.7(2008) 


	

