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Background
The North Carolina Sea‐Level Rise Assessment Report was published in March 2010 and is available
at http://dcm2.enr.state.nc.us/news/2010%20Releases/slrreport.html. The Science Panel on Coastal
Hazards prepared the report in consultation with additional coastal scientists working in the State and
invited by the Division of Coastal Management to participate in the process.
In the Fall of 2011, the Science Panel on Coastal Hazards was asked to review the initial report and
answer the following questions:
•

Why does the report apply the Duck gauge, which has the highest rate and shortest record, to
the entire coast? Why not use Wilmington for the south?

•

Why is acceleration expected this century when past data shows none?

•

Why does the report accept the IPCC's AR4 emissions and temperature projections but not its
SLR projections?

•

How does updated work by Rahmstorf, Church & White, and others affect the Panel's
assessment?

In the following sections, these questions are addressed individually.
Why does the report apply the Duck gauge, which has the highest rate and shortest record, to the
entire coast? Why not use Wilmington for the south?
There are four long‐term (period greater than 30 years) tide gauges currently operational along the
North Carolina Atlantic coast: Duck (established 1977), Oregon Inlet Marina (established 1974), Beaufort
(established 1964), and Wilmington (established 1908). NOAA reports sea level trends for Oregon Inlet,
Beaufort, Wilmington, and Southport (established 1974, removed 2008). These stations (Oregon Inlet,
Beaufort, Wilmington, and Southport ) fit the stated criteria of consisting of data records longer than 30
years as of 2006 (http://tidesandcurrents.noaa.gov/sltrends/index.shtml).
The Duck gauge was chosen to evaluate sea level trends for three reasons: (1) because it is on the open
coast, (2) it is the least disturbed by anthropogenic processes, and (3) it has a solid, well‐documented
installation and continuous operational history. The Duck gauge has never been abandoned and with
time, will improve as a long‐term source of relative SLR data.
The Wilmington, Beaufort and Oregon Inlet sites have undergone an increase in tidal range due to
widening and deepening of nearby navigation channels (Zervas, 2003, 2004); thus the records have
added uncertainties that have not been fully quantified. Additional research is needed to evaluate the
effects of the channel modifications.
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Relative sea‐level rise reported by Zervas (2004) is 4.27 ± 0.74 mm/yr and 2.12 ± 0.23 mm/yr at Duck
and Wilmington, respectively. The northeast NC coastal segment (north of Cape Lookout,
approximately), exhibits relative SLR (RSLR) rates that are higher than those to the south due to several
geological factors (underlying geologic framework, isostatic adjustments, etc.) (Peltier, 2004; Mallinson
et al., 2005, 2008, 2010; Horton et al., 2009; Kemp et al., 2009). Kemp et al. (2011) incorporate a 1
mm/yr subsidence factor due to glacio‐isostatic adjustment (GIA) in their work in North Carolina, to
compute a detrended sea‐level curve from salt marsh sedimentary sequences. This curve approximates
global sea‐level rise over the last 2000 years.
The rate that is used clearly impacts the lower estimate (assuming no acceleration) of sea‐level rise in
2100 as reported in NCSLRAR. Since the Duck rate is approximately double that of the Wilmington rate,
the rise in sea‐level is also double for the same time period. The mid‐range and upper curves are
developed based on projections that assume increased temperature and ice sheet melt will cause an
increase in the rise of sea‐level to 1 m and 1.4 m by 2100, respectively. The initial rate influences the
shape of the curve and thus intermediate (shorter time frame) projections. In future studies, local tide
gauge data may be incorporated to establish regional gradients in the rate of relative sea‐level rise with
greater confidence. The panel may consider how best to present the variation in RSLR within the State’s
coastal system in a future revision of the NCSLRAR.

Why is acceleration expected this century when past data shows none?
The question of whether or not SLR is currently accelerating is a valid question that warrants continued
research and is the primary reasoning behind the Science Panel’s request to update the NC SLR
Assessment Report every five years.
The current literature reports a range of global rates of sea‐level rise and change in the rate of sea‐level
rise for different time periods using a variety of data sources and analysis techniques. These are
summarized in Tables 1 and 2 below. Change of rate in sea‐level rise from a smaller to a larger value in
subsequent time periods supports the view that acceleration (positive acceleration) has taken place.
Conversely, change in rate of sea level rise from a larger to a smaller value in subsequent time periods
supports the view that deceleration (negative acceleration) has taken place.
The longer records (greater than 125 years) uniformly support a positive change in the rate (or
acceleration) of sea‐level rise. It is generally noted in the literature that an acceleration in the rate of
sea level rise occurred between the nineteenth and twentieth centuries. It is also possible to break the
tide record into decadal periods and observe a change in the rate of sea‐level rise. Both acceleration and
slight deceleration have been reported in the literature.
Further, it is important to separate the SLR record from the last century from the expectation of an
increase in the rate of acceleration over the next century. Expectations of an increase in the rate of sea‐
level rise in this century are based primarily on projections of increases in temperature (IPCC 2007) and
increasing rates of glacial ice melting (e.g., Wouters et al., 2008, Slobbe et al., 2009, Velicogna 2009,
Cazenave and Llovel, 2010, Rignot 2011). Given that the contribution to SLR from land ice loss has
increased since 1993, and the thermal models and observations indicate increasing temperatures in the
future, it is reasonable to expect an acceleration in the rate of SLR over the next century. However, it is
still unclear from the existing data if the expected acceleration has begun.
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Table 1. Global Rates of Sea‐Level Rise
Author

Data Source

Gehrels et al.,
2008

Foraminiferal

Kemp et al., 2011

Ablain et al., 2009
Cazenave & Llovel,
2010
Merrifield et al.,
2009

NC data: Salt marsh
sedimentary
sequences with GIA
adjustment of 1.0
mm/yr
Satellite altimetry
Tide gauge
Tide gauge

Holgate, 2007

Tide gauge

IPCC, 2007

Tide gauge
Satellite altimetry

Data Period

Rate, mm/yr

1500‐1900
1900‐2000
BC 100‐AD 950
950‐1350
1350‐1900

0.3
2.8
Stable (0.0 to 0.1)
0.4 to 0.8
Stable to slightly
falling (0.0 to ‐0.2)
1.9 to 2.2
3.11
1.8
3.4
1.5
3.2
2.03
1.45
1.8
3.1

1900‐present
1993‐2008
1900‐1930
1993‐2008
1962‐1990
1993‐2007
1904‐1953
1954‐2003
1962‐2003
1993‐2002

Uncertainty
± mm/yr
0.3
0.5

0.6
0.3
0.4
0.5
0.5
0.35
0.34
0.5
0.7

Table 2. Reported Acceleration of Global Sea Level Rise
Author

Data Source

Data Period

Church & White, 2006

Tide gauge

Church & White, 2011

Tide gauge

Jevrejeva et al., 2008
Douglas, 1992

Tide gauge
Tide gauge

Houston & Dean, 2011

Tide gauge

1870‐2004
1880‐2009
1900‐2009
Since 1800
1905‐1985
variable
1930 ‐ 2010

Acceleration
mm/yr2
0.13
0.009
0.009
0.01
‐0.011
‐0.0014
‐0.0123

Uncertainty
± mm/yr2
0.006
0.003
0.004
0.012
0.0161
0.0104

Why does the report accept the IPCC's AR4 emissions and temperature projections but not the SLR
projections?
IPCC AR4 (2007) emissions and temperature projections have been shown to be relatively accurate, with
observed temperature increase following the maximum rate of the projected increase (Rahmstorf et al.,
2007; Horton et al., 2008). The IPCC decided not to include estimates of future land‐based ice loss,
primarily from the Greenland and Antarctic ice sheets, in the projections. In addition, the relatively
simple treatment of land ice dynamics in the climate models precluded simulation of rapid dynamics.
Ice sheets were treated as fixed geographic features that could gain and lose mass through
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accumulation and ablation, but would not otherwise change size or undergo variations in flow. It has
since been shown that the contribution of melting ice sheets (the cryosphere) to SLR is increasing and
will likely be a significant contributor to SLR during the 21st century (Rignot et al., 2011). Thus, our
understanding has evolved since 2007, and will continue to evolve as new data become available and
vetted through the peer‐review process.

How does updated work by Church & White, Rahmstorf, and others affect the Panel's assessment?
Church and White (2006) used a reconstruction of global mean sea level from 1870 through 2004 and
found a twentieth century sea‐level rise of 1.7 ± 0.3 mm/yr and an acceleration of 0.013 ± 0.006 mm/yr2.
In Church and White (2011) a variety of rates are computed using various sources and time frames. For
example, satellite altimeter data for 1993‐2009 yielded an estimated 3.2 +/‐0.4 mm/yr rate while coastal
and island sea‐level measurements from 1880 to 2009 were used to compute a rate of 1.7 ±0.2 mm/yr
between 1900 and 2009 and 1.9 ±0.4 mm/yr from 1961 to 2009. Acceleration from 1880 and 1900 to
2009 is found to be 0.009±0.003 mm/yr2 and 0.009±0.004 mm/yr2, respectively. Though the rates of
sea‐level rise are similar in the two papers, the 2011 estimate of acceleration is lower than the 2006 and
is more in line with other investigators (Table 2). Further, in the discussion section of the 2011 paper
the authors emphasize the importance of maintenance and continuation of the observing network and
associated infrastructure needed to update and maintain datasets. They note the increasing importance
of GPS measurements at tide‐gauge location to provide vertical land motion estimates and the
continued need for high quality satellite altimeter observations.
Rahmstorf (2007) developed a semi‐empirical relation that connects global sea‐level rise to global
surface temperature. The rate of sea‐level rise is determined to be proportional to temperature (3.4
mm/yr of sea‐level rise per 1oC of temperature rise). Using this relationship and applying the IPCC
future warming scenarios, 0.5 to 1.4 m of sea‐level rise is projected in 2100 above the 1990 level. In
Rahmstorf, Perrette and Vermeer (2011) the robustness of the projections is tested by 1) determining
the parameters for the semi‐empirical relationship between temperature and sea‐level rise from a
variety of datasets, equations and statistical techniques and 2) by comparing projections from the
models for a moderate warming period (1.8oC) from 2000 to 2100. Over 20 different model versions
were tested and nine different projections were made. Using a 1.8oC temperature scenario,
approximately 1 m of sea‐level rise is projected from 2000‐2100. Two exceptions are noted. One is that
disregarding the correction for water storage lowers the projections by 25 cm. (Note: building artificial
reservoirs lowers sea level rise and pumping groundwater raises sea level). Two is the use of the Church
and White (2011) data set lowers the projections 30 cm when compared to the use of other datasets
(Church and White (2006) and Jevrejeva et al. (2008).
Table 3 presents sea‐level rise projections from the literature, including the IPCC (2007), Rahmstorf
(2007) and Rahmstorf et al. (2011) as well as others. The Panel’s assessment indicated a range of
expected SLR projections over the next century. The updated information on detection of more modest
rates of acceleration in the historical record and the updated information based on more refined
projection models confirm the Panel’s recommendation for the need to update on a 5 year basis. The
analysis and synthesis of data and development of predictive models by the research community, as
evidenced in the peer reviewed literature will continue and as a result our understanding of sea level
rise and its prediction will improve. Further, comments in Church and White (2011) as well as in
Woodworth et al. (2011) support the Panel’s position that high quality data sets with good spatial and
temporal coverage are needed to support sea‐level rise studies.
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Table 3. Projections of global sea level rise.
Author
Rahmstorf, 2007

Projected period
1990‐2100

IPCC, 2007
(Six scenarios based on
different temperature
projections.)
Vermeer & Rahmstorf, 2009
Rahmstorf et al., 2011
Jevrejeva et al., 2010
Horton et al., 2008
Grinsted et al., 2009
Jevrejeva et al., 2012

1980‐1999
to
2090‐2099
1990‐2100
2000‐2100
2000‐2100
2000‐2100
2000‐2100
2000‐2100

Range, cm
50 to 140
18 to 38*
20 to 43*
21 to 48*
20 to 45*
23 to 51*
26 to 59*
75 to 190
80 to 120**
60 to 160
47 to 100
90 to 130
57 to 110

*

If ice discharges were to scale up in the future, it would add 10 to 20 cm to the upper bound of
sea‐level rise in the IPCC projections (IPCC, 2007).
**
Exceptions as noted from Rahmstorf et al. (2011) are described in the above paragraph.

Summary
It is helpful to put the North Carolina SLR Assessment Report into perspective. Many scientific
organizations in the United States and worldwide have issued statements regarding the importance of
global climate change. An acceleration in the rate of sea level rise is an explicit or implicit concern of all.
These include 1) American Association for the Advancement of Science (AAAS, 2006); 2) Research
Council of the National Academies (2011); 3) Geological Society of America (GSA, 2010); 4) American
Geophysical Union (AGU) 2012; and 5) European Geosciences Union (EGU, 2005).
In addition, SLR assessments produced by expert panels in other states reference numbers very similar
to those in the North Carolina SLR Assessment Report. Maine is establishing plans to deal with the
impacts of a 0.5, 1.0 and 2.0 m rise by 2100 (EPA, 1995). Delaware is adopting management plans for
sea‐level rise scenarios of 0.5, 1.0 and 1.5 m by 2100 (DNREC, 2009). The Louisiana Applied Coastal
Engineering and Science (LACES) Division produced a comprehensive report in which they recommend
that Coastal Protection and Restoration Authority staff assume a SLR of 1 m by 2100 for the Gulf coast,
with lower and upper bounds of 0.5 and 1.5 m (LACES, 2012). The California State Lands Commission is
preparing for a projected sea‐level rise of 1.4 m (55 inches) by 2100 (CSLC, 2009). Southeast Florida is
projecting a 9 to 24 inch rise by 2060 (SEFRCCC, 2011). Further, the U.S. Army Corps of Engineers
requires that potential sea level rise changes must be considered in all USACE coastal activities (USACE,
2011). These states and organizations are concerned with the implications of a rising sea level, even if
the magnitude of the rise is uncertain.
This document is intended to clarify the questions asked about the Science Panel’s first SLR Assessment
Report. Based on this review, the broad recommendations of the original report stand. As
recommended, the next anticipated update is in 2015.
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DCM Update

Regulatory Update
Through the end of 2011, permit activity appears to have stabilized from the continued decrease and
more recent indicators seem to reflect a slight increase in permitting. For the first two quarters of FY
‘11-’12 (July – December, 2011), the Division issued 80 major permit decisions with an average
processing time of 87 days and issued 1065 general permits each within a few days of the request (of
which 568 were emergency GPs associated with hurricane Irene). During the same time period, 354
minor permits were issued -- with DCM staff issuing 83 in those areas that do not have a local
CAMA Implementation and Enforcement program. Permitting staff have begun a renewed emphasis
on timeliness of permit decisions which, combined with new interagency policies and procedures,
should begin to result in decreased major permit processing times.
Over the same time period, compliance and enforcement staff performed 985 inspections for permit
monitoring, complaint investigation, violation investigations and/or restoration follow-up site visits,
and compliance assistance. The compliance rate of permitted projects was 96%. Staff issued 31 new
enforcement actions and closed out 33 total cases. A total of $36,350 in penalties was assessed with
over $29,000 collected. Regulatory staff are continuing to implement the new tiered enforcement
mandated by SB781 Regulatory Reform Law.
Policy and Planning
The Division recently submitted its annual application for federal funding to the National Oceanic
and Atmospheric Administration – Office of Ocean and Coastal Resource Management for fiscal
year 2012-2013. This NOAA Cooperative Agreement supports core DCM efforts as well as special
projects, including the NC Clean Marina Program, Beach and Inlet Management Plan
implementation, analysis of the Estuarine Shoreline Mapping Project, and co-sponsoring of a new
digital coastal and ocean atlas for North Carolina.

Rule Development
Policy staff has continued to work with the Department and the Office of State Budget and
Management on the fiscal analyses associated with several rules approved by the Commission for
public hearing. Current status is as follows:
•15A NCAC 7H .0308(a)(2) & 7H .1705 – Sandbags: Fiscal analysis approved by OSBM
•15A NCAC 7H .0304 – Erosion Rates: Fiscal analysis approved by DENR, awaiting OSBM
•15A NCAC 7H .0312 – Sediment Criteria: In process
•15A NCAC 7K .0214 – Sign Rule: In process
Coastal Atlas for North Carolina
Data limitations and overlapping jurisdictions can complicate management decisions related to
newly emerging and expanding coastal and ocean activities. As a result, several states are investing
in coast-wide data synthesis efforts and tools for improved stakeholder engagement. These states are
using various forms of online digital web atlases to facilitate decision-making and improve public
awareness. DCM staff recently had discussions with East Carolina University and other partners on
the proposed development of a “coastal atlas” for North Carolina. The development of a coastal atlas
would leverage regional partnerships and increase the availability of existing datasets and GIS layers
for coastal and ocean resources. DCM staff are also working with the Governor’s South Atlantic
Alliance to develop a regional portal for ocean-based datasets.
Land Use Planning
Planning staff are working with local governments on land use plan updates in Pender and Camden
Counties. Draft plans are also being reviewed for Cedar Point, Bertie County, Perquimans County,
Southern Shores, Navassa and Leland. Land use plan amendments are in process for New Hanover
County and Swansboro. Staff are in the process of developing a workshop aimed at providing
improved guidance for land use plan amendments. The intent is to provide several ½ day sessions in
late June, and staff are soliciting questions, topics and issues from local governments to be covered.
Waterfront Access
The 2012 CAMA Public Beach and Coastal Waterfront Access Grant Program RFP has been
announced. Planners have been meeting with communities regarding potential access projects/sites
as well as assisting them with the application process. Deadline for grant applications is April 19th.
Staff also conducted site visits and monitored reports for eleven (11) projects currently under
contract and finalized two other project contracts.
Coastal Reserves
In January, the Coastal Training Program (CTP) hosted a workshop with 45 attendees focused on
“Managing Recreational Use of Publicly Accessible Protected Lands.” The goal of this workshop
was to bring together protected land resource managers in coastal North Carolina to talk about issues
related to visitor uses. The CTP also hosted a Reserve Research Symposium in February to highlight
research activities occurring on all 10 Reserve sites. NC Sea Grant co-sponsored the symposium,
which was attended by 61 people. Two “Estuarine Shorelines: Value, Regulation, and Stabilization”
workshops are scheduled for Beaufort on April 24 and Wilmington on May 2. For more information
please visit http://www.nccoastaltraining.net/Scheduled-Workshops/92.aspx

K-12 school field trips to the Rachel Carson Reserve began April 2 for the spring season. These trips
are offered in the spring and fall to schools and address NC Standard Course of Study areas in
science, social studies, and language arts. The Reserve will educate over 200 students in April alone.
In addition, registrations for summer camps are currently being accepted. Summer camps are
available for students as young as four and focus on estuaries, including a field trip to the Rachel
Carson Reserve. The summer camp program is a partnership with the NC Maritime Museum.
A Local Advisory Committee Operating Procedures document was finalized in February and details
the purpose, role and procedures for the committees. LAC meetings for Rachel Carson, Masonboro
Island, Zeke’s Island, and Bald Head Woods were held in March and April 2012. LAC meetings will
be held later this spring at the northern sites. More information is available on the Reserve’s website
at http://www.nccoastalreserve.net/Resources/-Accepting-Applications-for-LACs/203.aspx.
A new research project will begin at the Rachel Carson Reserve this year with the goal of increasing
the success of intertidal oyster reef restoration efforts in NC. This NC Sea Grant-funded project led
by UNC-IMS researchers in collaboration with Reserve research staff will quantify oyster reef
accretion rates and fauna inhabiting the reef structure across various landscape settings. A new
Coastal Research Fellow, Teri O'Meara, also begins work this spring examining nitrogen recycling
in the maritime forests and marshes of the Rachel Carson and Currituck Banks.
A number of Masonboro Island Reserve outreach activities are scheduled in the Wilmington area to
target specific users of the Reserve, provide information to the general public about the Reserve
program, and recruit volunteers to support field activities. These include the Masonboro Café,
informal informational sessions to discuss activities on the Masonboro Reserve, camping workshops
to promote low impact camping, and sessions focused on bird and turtle monitoring programs. More
information is available on the Reserve’s website.
Staff News
Paul Williams has joined the Elizabeth City office as the Division’s new transportation projects field
representative. Paul comes to DCM from the NC Wildlife Resources Commission.
Lori Davis is the new education coordinator for the Coastal Reserve Program. Lori has served as the
reserves’ education specialist for the past 10 years through a contract with UNC-Wilmington. In her
new role, she will manage all K-12 student and teacher and general public programming.
Paula Gillikin is the new Coastal Reserve central sites manager. Paula has served as the Reserve’s
Rachel Carson Site Manager in a temporary capacity since 2007. She will continue to steward the
Rachel Carson site in her new role and also will be responsible for our Permuda Island Reserve.
We are currently reviewing applications for two open positions: the DCM Budget Director and
Shoreline Management Specialist – a position within the Policy and Planning Section that will
assume lead responsibility for ocean and estuarine shoreline management and research efforts, as
well as assistance to the Regulatory section on reviews of major beach projects and monitoring
reports.
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Along with this memo is a spreadsheet that contains all of the Commission’s rules that are
currently in the rulemaking process—from those being proposed for initial action to those
reviewed by the N.C. Rules Review Commission (RRC) since the last CRC meeting. Listed
below is a description and recent history of the CRC’s action on each rule. Complete drafts of
rules scheduled for public hearing at this meeting will be available on the DCM website.
RULE DESCRIPTIONS
1. 15A NCAC 7H.0304 AECs Within Ocean Hazard Areas
Status: Going to public hearing.
The amendments will change the formula used to calculate the Ocean Erodible AEC to make it
consistent with the CRC’s new oceanfront setbacks, and remove the “unvegetated beach”
designation for Hatteras Island that was adopted in 2004. Additional changes were approved in
May to update long-term annual erosion rates for the oceanfront.
2. 15A NCAC 7H.0308 Specific Use Standards for Ocean Hazard Areas
Status: Going to public hearing
CRC approved changes to the sandbag rules and fiscal analysis for public hearing. Hearings
being scheduled.
3. 15A NCAC 7H.0310 Use Standards for Inlet Hazard Areas
Status: On hold.
The CRC directed staff to put further rule development on hold until after the oceanfront erosion
rate update is complete.
4. 15A NCAC 7H.0312 Technical Standards for Beach Fill Projects
Status: Going to public hearing.
The Commission approved changes to sampling requirements be sent to public hearing.
Hearings being scheduled.

400 Commerce Ave., Morehead City, NC 28557-3421
Phone: 252-808-2808 \ FAX: 252-247-3330 Internet: www.nccoastalmanagement.net
An Equal Opportunity \ Affirmative Action Employer

5. 15A NCAC 7H.1705 General Permit for Emergency Work Requiring a CAMA and/or Dredge and
Fill Permit: Specific Conditions
Status: Going to public hearing.
CRC approved changes to the sandbag rules and fiscal analysis for public hearing. Hearings
being scheduled.
6. 15A NCAC 7H.0214 Installation and Maintenance of Regulatory Signs Exempted
Status: Staff recommending withdrawal.
The proposed adoption would exempt certain regulatory signs from permitting requirements.
Staff will be recommending that this action be withdrawn.
7. 15A NCAC 7M.1300 Sea-Level Rise Policy
Status: To be assigned to subcommittee.
A draft policy on sea-level rise has been developed and presented to local governments for their
feedback. At the February 2012 meeting the CRC indicated a desire to make additional
changes to the draft language, and voted to return it to one of the standing subcommittees for
further review.
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Item #

Rule Citation

Rule Title

April '12 Status

April Action
Required?

Next Steps

1

15A NCAC 7H.0304 AECs Within Ocean Hazard Areas

Going to public
hearing

No

Public hearings being scheduled.

2

15A NCAC 7H.0308

Specific Use Standards for Ocean
Hazard Areas

Going to public
hearing

No

Public hearings being scheduled.

3

15A NCAC 7H.0310

Use Standards for Inlet Hazard
Areas

On hold

No

On hold until oceanfront erosion rates update is completed.

4

15A NCAC 7H.0312

Technical Standards for Beach Fill
Projects

Going to public
hearing

No

Public hearings being scheduled.

5

General Permit for Emergency Work
15A NCAC 7H.1705 Requiring a CAMA and/or Dredge
and Fill Permit: Specific Conditions

For review and
approval

No

Public hearings being scheduled.

6

15A NCAC 7K.0214

Approved for
public hearing

No

Public hearings being scheduled.

7

15A NCAC 7M.1300 Sea-Level Rise Policy

Going to
subcommittee

No

To be assigned to a subcommittee for discussion.

Installation & Maintenance of
Regulatory Signs Exempted

