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Section 145 (Public Working DRAFT - May 2009) 
Climate Change and Sea Level Rise 
 
A. Definitions 
 
1. Climate is the long-term weather average observed within a geographic region, and 

climate change refers to fluctuations in the Earth’s climate system as a result of both 
natural and anthropogenic causes. Currently the long term climate change trend is 
evidenced by rising global temperatures; increasing extremes within the hydrologic cycle 
resulting in more frequent floods and droughts; and rising sea level. 

 
2. Sea level rise refers to the change in mean sea level over time in response to global 

climate and local tectonic changes. Sea level is the height of the sea with respect to a 
horizontal control point, or benchmark (e.g., The National Geodetic Vertical Datum of 
1929 or NGVD 29; The North American Vertical Datum of 1988 or NAVD 88). Sea level 
rise includes eustatic contributions - global changes responsible for worldwide variations 
in sea level (e.g., thermal expansion of seawater, melting glacial ice sheets), and isostatic 
effects - regional changes in land surface elevations that are related to the tectonic 
response to ice or sediment loading, and land subsidence due to extraction of water or oil. 
The combination of eustatic and isostatic effects at a particular location is known as 
relative sea level rise.  

 
3. Vertical datums are either fixed benchmarks such as NGVD 29 and NAVD 88 or site 

specific tidal datums such as mean high water, mean low water and mean sea level. 
NGVD 29 is based on the local mean sea level in 1929, which has changed over time. 
NAVD 88 is now the official civilian vertical datum for surveying and mapping activities 
in the United States. The conversion to NAVD 88 should be accomplished on a project-
by-project basis. It should be noted, however, that NAVD 88 is not synonymous with 
mean sea level nor does it correct for sea level changes that have occurred since the 
establishment of NGVD 29. Tidal datums, such as mean sea level (MSL) or mean high 
water (MHW) vary according to the specific location, and represent the mean heights 
observed over the National Tidal Datum Epoch. Conversions between the datums can be 
made at www.tidesandcurrents.noaa.gov or calculated through the US Army Corps of 
Engineers CORPSCON http://crunch.tec.army.mil/software/corpscon/corpscon.html. 

 
4. Horizontal datums are either fixed benchmarks or site-specific control points that establish 

location for a point on a map consistent with a coordinate system. The North American Datum of 
1983 (NAD 83) is the official horizontal datum for the United States based on a geocentric origin 
and the Geodetic Reference System 1980. Conversions between the datums can be made at 
www.tidesandcurrents.noaa.gov or calculated through the US Army Corps of Engineers 
CORPSCON, http://crunch.tec.army.mil/software/corpscon/corpscon.htmlSea level rise includes 
eustatic contributions - global changes responsible for worldwide variations in sea level 
(e.g., thermal expansion of seawater, melting glacial ice sheets), and isostatic effects - 
regional changes in land surface elevations that are related to the tectonic response to ice 
or sediment loading, and land subsidence due to extraction of water or oil. The 
combination of eustatic and isostatic effects at a particular location is known as relative 
sea level rise. 
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5. Flood Insurance Rate Map (FIRM) is an official map of a community that delineates 
flood hazard areas. The Federal Emergency Management Agency (FEMA) is responsible 
for the flood zone delineations, modifications, and updates to the FIRMs as part of the 
National Flood Insurance Program (NFIP). 

 
6. Special Flood Hazard Area is land located in the floodplain subject to a 1% or greater 

chance of flooding in any given year and delineated on the Flood Insurance Rate Map as 
V and A zones. 

 
7. One-hundred (100) year storm is a storm that has a 1% or greater chance of occurring in 

any given year. 
 
8. V Zone is an area along the coast within a Special Flood Hazard Area and subject to high 

velocity wave action with tidal and storm surge flooding resulting from the 100-year 
storm. During base flood conditions the potential breaking wave height will be 3 feet or 
greater. Coastal V Zones are those locations where the stillwater depth of the base flood is 
greater than or equal to 3.8 feet (sufficient to support a wave height greater than or equal 
to 3 feet) and where conditions are favorable to the formation and propagation of such 
waves. 

 
9. Coastal A Zone is an area landward of a V Zone or landward of an open coast without a 

mapped V Zone that is within a Special Flood Hazard Area and subject to tidal and storm 
surge flooding resulting from the 100-year storm. During base flood conditions the 
potential breaking wave height is greater than or equal to 1.5 feet, but less than 3.0 feet. 
Coastal A Zones are those locations where the stillwater depth of the base flood is greater 
than or equal to 1.9 feet (sufficient to support a wave height greater than or equal to 1.5 
feet) and where conditions are favorable to the formation and propagation of such waves. 

 
10. A Zone is an area subject to flooding from tidal waters or riverine systems during 100-

year storm events. For purposes of this chapter, however, the A zone is located inland of a 
Coastal A Zone or V Zone and is subject to tidal and storm surge flooding resulting from 
the 100-year storm event. Breaking wave heights in this zone will be less than 1.5 feet. 

 
11. Base Flood Elevation (BFE) is the elevation of the 100-year flood waters including wave 

height in relation to a vertical datum specified on the community’s flood hazard map. 
 
12. Design Flood Elevation (DFE) is the flood protection elevation required by a community 

relative to the vertical datum specified on the community’s flood hazard map. In all cases 
DFE exceeds BFE. 

 
13. Freeboard is the vertical distance between BFE and DFE and provides a margin of safety 

for flood protection design and expected increases in rising seal levels (See Figure 1 
below). 

 
14. Elevation Certificate is a field survey prepared and certified by a registered professional 

verifying the elevation of a structure’s lowest floor in relation to the base flood elevation 
(BFE) for the project site as shown on the applicable flood hazard map. An Elevation 
Certificate must be recorded using FEMA Form 81-31 (or FEMA equivalent). 
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Figure 1. Graphic representation of freeboard from FEMA Coastal Construction Manual 
(2005) 

 

 
 
 
B. Findings 
 
1. On very long (geologic) time scales, sea level naturally fluctuates in response to variations 

in astronomical configurations that cause changes in the Earth’s climate system. Since the 
Last Glacial Maximum (approximately 20,000 years ago), global sea level has risen by 
over 390 feet (120 meters), as water that was previously trapped in continental ice sheets 
has made its way into the global ocean.  

 
2. Sea level rise is a direct consequence of global climate change. Greenhouse gas emissions 

to the atmosphere increase surface warming, which in turn increases the volume of ocean 
waters due to thermal expansion, and accelerates the melting of glacial ice. Atmospheric 
greenhouse gas concentrations are already higher than levels at the last interglacial period, 
when sea levels were 13 to 19 feet (4 to 6 meters) higher than at present (Overpeck et al., 
2006). Greenhouse gas concentrations are expected to continue to increase through 2100. 

 
3. Human activities and increased concentrations of greenhouse gasses in the atmosphere 

have accelerated the historic rate of eustatic sea level rise. Over the last 100 years, sea 
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levels have risen 0.56 feet (0.17 m) globally. The average rate of rise during the years 
between 1961 and 2003 was 0.071 inches per year (1.8 mm/yr), and between 1993 and 
2003 the rate nearly doubled to 0.12 inches per year (3.1 mm/yr) (IPCC, 2007). 

 
4. In addition to rising global sea levels, the land surface in Rhode Island is subsiding at a 

rate of approximately 6 inches (15 cm) per century (Douglas, 1991). The combination of 
these two effects is evident from the long-term trend recorded by the Newport tide gauge 
(Figure 1), which indicates a rate of 10.2 in +/- 0.75 in (25.8 cm +/- 1.9 cm)10.1 in +/- 1.2 
in (25.7 cm +/- 3.1 cm) of relative sea level rise over the last century.  

 
5. The rate of sea level rise is accelerating. Future sea level rise, like the recent rise, is not 

expected to be globally uniform or linear.  Some regions will become more substantially 
inundated than the global average, and others less. Of foremost concern is the trend in 
eustatic rise as observed from tide-gauge records over the past century. The rate of rise 
during the past 20 years is 25% faster than the rate of rise in any 20 year period that exists 
in the instrumental record (Church and White, 2006; Rahmstorf et al., 2007). 

 
6. Model-simulated projections of global sea level over the 21st century also clearly 

demonstrate accelerated progression. Predictions have ranged from 4 inches (10 cm) to 
several feet above current levels by the year 2100. As a rule, sea level estimates are 
increasing as the science of modeling becomes more developed. 

 

 
Figure 2. Historic sea level rise in Newport, RI shows an increase of approximately 

0.64 feet between 1930 and 2008 
 

   

Boothroyd 2008 

HEIGHT NOW 

Adapted from: http://tidesandcurrents.noaa.gov/sltrends/ 
sltrends_station.shtml?stnid=8452660%20Newport,%20RI 
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7. When compared with actual observations, modeling scenarios can be quite conservative, 
as recently observed rates of continental ice melt are greater than those used to generate 
estimates of sea level rise over the coming century. Since 1990, sea level has been rising 
faster than the rate predicted by models used to generate IPCC (2001) estimates 
(Rahmstorf et al., 2007). 

 
8. Higher global temperatures indicate a greater risk of destabilizing the Greenland and West 

Antarctic ice sheets, yet a great amount of uncertainty remains as to the overall 
contribution from ice sheet melting. The recent and much publicized Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change (IPCC 2007) projects 7 to 23 in 
(18 to 59 cm) of eustatic sea level rise in the coming century. These estimates do not 
include contributions of ice flow dynamics or local subsidence. 

 
9. The most recent science (Rahmstorf, 2007) correlates global sea level rise to global mean 

surface temperature, which is a good approximation for observations of the 20th century. 
When this relationship is applied to 21st century warming scenarios, eustatic rise is 
projected between 1.6 to 4.6 feet (50 to 40 cm) above 1990 levels. Accounting for 
regional isostatic effects, this estimate suggests that by 2100 sea level in Rhode Island 
could rise approximately 2 to 5 feet (65 to 155 cm). 

 
10. Climate change will result in wide scale systematic changes in the terrestrial and marine 

environments. These changes will result in ecosystem shifts that will challenge natural 
resource managers’ efforts to cope and adapt to the new regime. 

 
11. Future increases in relative sea level will displace coastal populations, threaten 

infrastructure, intensify coastal flooding and ultimately lead to the loss of recreation areas, 
public space, and coastal wetlands. 

 
12. Coastal infrastructure will become increasingly susceptible to complications from rising 

sea levels, as the upward trend continues.  Residential and commercial structures, roads, 
and bridges will be more prone to flooding. Sea level rise will also reduce the 
effectiveness and integrity of existing seawalls and revetments, designed for historically 
lower water levels. 

 
13. Higher sea levels will result in changes in surface water and groundwater characteristics. 

Salt intrusion into aquifers will contaminate drinking water supplies and higher water 
tables will compromise wastewater treatment systems in the coastal zone.  

 
14. Future increase in relative sea level will increase the extent of flood damage over time. 

Lower elevations will become increasingly susceptible to flooding as storm surge reaches 
further inland due to both sea level rise in concert with a probable increase in the 
frequency and intensity of storms predicted from climate change. As a result, more coastal 
lands will be susceptible to erosion. 

 
15. At historic rates of sea level rise, the relative surface elevation of a salt marsh may be 

maintained through the process of accretion (the build-up of live and decaying plant parts 
and inorganic sediments). Yet, at high rates of relative sea level rise as predicted by 
Rahmstorf (2007), accretive processes in coastal wetlands will not keep pace. These 
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habitats can become submerged resulting in a loss of salt marsh vegetation and an 
alteration of habitat types. This has been demonstrated by the rapid salt marsh loss in 
coastal Louisiana. As salt marshes and other coastal habitats become submerged, they 
migrate inland. However, coastal development has decreased the amount of upland open 
space adjacent to these habitats limiting their ability to migrate landward. Thus, an 
increase in the rate of relative sea level rise will likely result in significant losses of 
coastal saltmarsh habitat 

 
16. The average annual temperature of southern New England coastal waters, including 

Narragansett Bay, has risen approximately two (2) degrees Fahrenheit since the 1960’s. 
This warming trend is implicated in the change of species composition and abundance in 
Narragansett Bay waters (Nixon, et al., 2003). 

 
17. Increased water temperatures due to climate change will work synergistically with high 

nutrient levels to stress eelgrass beds. Eelgrass grows best in cool, clean waters. Even as 
nutrient levels in the Bay are reduced from wastewater treatment plants, if Bay and coastal 
waters continue to warm due to climate change, it will adversely impact eelgrass beds 
(Bintz, et al., 2003). 

 
18. Barrier islands are forced landward with rising sea levels. Increased frontal erosion and 

retreat of the barriers will cause Rhode Island’s south shore to migrate continuously 
landward with rising sea levels. 

 
19. Due to the timescales associated with climate processes and feedbacks, anthropogenic 

warming and sea level rise will continue for centuries regardless of steps taken to curb 
greenhouse gas emissions (IPCC, 2007). 

 
20. Flooding is a destructive natural hazard and results in economic loss to the citizens of 

Rhode Island. Approximately 154 square miles (14%) of the State’s 1100 square miles of 
land area are mapped as flood prone by the National Flood Insurance Program (NFIP), 
and nearly 14,000 buildings are located within these flood prone areas (RIEMA, 2007). 

 
21 All 39 communities within the State participate in the National Flood Insurance Program, 

yet less than 3 percent of Rhode Island property owners within flood-prone areas have 
flood insurance (RIEMA, 2007). 

 
22. Pursuant to 42 U.S.C. § 4028, NFIP insurance cannot be provided for new or substantially 

improved structures built after November 16, 1990 that are located on undeveloped 
Coastal Barrier Resource Areas (CBRA). In Rhode Island there are numerous CBRA, 
most of which are designated as undeveloped barriers (See RICRMP Section 210.2).The 
RICRMP prohibits the building of new structures or the substantial reconstruction of 
storm-damaged buildings on CRMC-designated undeveloped barriers. Furthermore, the 
construction or expansion of new infrastructure or utilities, including water, gas and sewer 
lines, is prohibited on all barriers (ibid.). 

 
2023. Pursuant to R.I.G.L. § 46-23-6, the Council is authorized to develop and adopt 

policies and regulations necessary to manage the coastal resources of the state and protect 
life and property from coastal hazards resulting from projected sea level rise and probable 
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increased frequency and intensity of coastal storms due to climate change. The Council is 
also authorized to collaborate with the State Building Commissioner and adopt freeboard 
calculations (a factor of added safety above the anticipated flood level), in accordance 
with R.I.G.L. § 23-27.3-100.1.5.5. 

 
24. Incorporating freeboard into construction designs will increase protection from tidal and 

storm surge flooding and continuing sea level rise. In an October 2006 evaluation of the 
National Flood Insurance Program’s Building Standards (available online at: 
http://www.fema.gov/library/viewRecord.do?id=2592), it was found that in the V zone 
and Coastal A zone cases studied, calculations show that it is worth spending from 103% 
to 106% of the at-BFE building cost to add one to four feet of freeboard, and in some 
cases it may be worth spending up to 107% to 114% of the at-BFE building cost. 

 
25. The National Flood Insurance Program administered by FEMA provides for substantially 

reduced flood insurance premiums for structures that incorporate freeboard. Even though 
initial construction costs are higher when adding freeboard, monthly and annual savings 
on flood insurance can be substantial, especially over a 30-year mortgage. 

 
 
C. Policies 
 
1. The Council will review its policies, plans and regulations to proactively plan for and 

adapt to climate change and sea level rise. The Council will integrate climate change and 
sea level rise scenarios into its operations to prepare Rhode Island for these new, evolving 
conditions and make our coastal areas more resilient.  

 
2. The Council’s sea level rise policies are based upon the CRMC’s legislative mandate to 

preserve, protect, and where possible, restore the coastal resources of the state through 
comprehensive and coordinated long-range planning.  

 
3. The Council recognizes that sea level rise is ongoing and its foremost concern is the 

accelerated rate of rise and the associated risks to Rhode Island coastal areas today and in 
the future. Accordingly, for planning and management purposes, it is the Council’s policy 
to accommodate a base rate of expected 3 to 5 foot rise in sea level by 2100 in the siting, 
design, and implementation of public and private coastal activities and to insure proactive 
stewardship of coastal ecosystems under these changing conditions. It should be noted 
that the 3-5 ft. rate of sea level rise assumption embedded in this policy is relatively 
narrow and low. The Council recognizes that the lower the sea level rise estimate used, 
the greater the risk that policies and efforts to adapt sea level rise and climate change will 
prove to be inadequate. Therefore, the policies of the Council may take into account 
different risk tolerances for differing types of public and private coastal activities. In 
addition, this long term sea level change base rate will be revisited by the Council 
periodically to address new scientific evidence. 

 
4. The Rhode Island State Building Code (SBC) requires that all new construction in a 

Coastal A Zone meet V Zone requirements, because the same hazards (e.g., wave effects, 
high winds, velocity flows, erosion and scour) found in V Zones may also be present in 
Coastal A Zones during storm events. Accordingly, it is the Council’s policy to require 
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that all Coastal A Zone construction meet V Zone requirements. 
 
5. It is the Council’s policy to require that all new or substantially improved structures meet 

the design and construction requirements specified in Section D herein. Substantially 
improved structures are those that exceed 50 percent of the replacement value of the 
structure as a result of damage, as specified in Rhode Island State Building Code.  

 
6. In accordance with CRMP Section 210.2, all residential and non-water-dependent 

recreational, commercial, and industrial structures that are physically destroyed more than 
50% by storm induced flooding, wind or wave action and located on undeveloped barrier 
beaches are prohibited from being rebuilt (See list of undeveloped barrier beaches in 
Table 4, CRMP Section 210.2). 

 
7. Although not a regulatory standard, the Council strongly recommends that all new or 

substantially improved structures incorporate the recommended coastal construction 
guidelines in Section E below. The recommended guidelines incorporate freeboard and 
other construction considerations to safeguard persons and property from coastal flood 
hazards. 

 
 
D. Standards 
 
1. All new or substantially improved residential or commercial buildings erected in V 

Zones, Coastal A Zones, and A Zones where the sources of flooding are astronomical 
high tides, storm surge, and waves shall conform to applicable requirements of Rhode 
Island State Building Code and American Society of Civil Engineers (ASCE) Standard 
24-05. This standard does not apply to areas subject to riverine flooding, unless the area is 
also subject to flooding as a result of tides, storm surge, and waves. 

 
2. Residential or commercial structures located within the coastal zone that are damaged 50 

percent or more by storms, as defined in the Rhode Island State Building Code (SBC), 
must be designed and reconstructed in accordance with the SBC and American Society of 
Civil Engineers (ASCE) Standard 24-05. In addition, the reconstruction of residential and 
commercial structures located within CRMC jurisdiction that are physically damaged 50 
percent or more by storms must meet all applicable Coastal Resources Management 
Program requirements. 

 
3. All application submittals for new or substantially improved residential and commercial 

construction shall include a current FEMA Elevation Certificate for the proposed 
structure with all datums based on or converted to NAVD 88 and NAD 83. 

 
 
E. Recommended Coastal Construction Guidelines 
 
1. The Council highly recommends that all new or substantially improved residential and 

commercial buildings erected in V Zones, Coastal A Zones, and A Zones where the 
sources of flooding are astronomical high tides, storm surge, and waves incorporate the 
freeboard heights shown in Table 1 below. 
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Table 1. Freeboard design recommendations for buildings and public infrastructure 
 

Structure Classification1 Freeboard Height (feet)  Design Flood Elevation 

Category 1 – Accessory structures 1 BFE + 1 foot 

Category II – all residential 3 BFE + 3 feet 

Category III – high occupancy 
buildings  4 BFE + 4 feet 

Category IV – essential facilities (e.g., 
hospitals, fire, rescue, police, etc.) 4 BFE + 4 feet 

Public Infrastructure – bridges, 
roadways, utilities, levees, etc. 5 BFE + 5 feet 
1 - Category I, II, III, and IV structures are defined in Rhode Island SBC-1 and SBC-2 and 
Table 1-1 in “Flood Resistant Design and Construction” American Society of Civil Engineers 
(ASCE/SEI 24-05, 2006) 
 
2. The Council highly recommends that construction of new public infrastructure, including 

but not limited to roadways, bridges, seawalls and revetments, wastewater treatment 
facilities, etc. located in A Zones, Coastal A Zones, and V Zones where the sources of 
flooding are astronomical high tides, storm surge, and waves incorporate a 5-foot 
freeboard into the design to account for rising sea levels over the lifetime of the structure 
to provide for additional public safety. 
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