The text below is modified and updated from the Sea Level Rise chapter in:
Wake et al. (2011) Climate Change in the Piscataqua/Great Bay Region: Past, Present, and
Future. http://www.carbonsolutionsne.org/

Sea Level Rise in coastal NH

Coastal NH Flood Mapping

The results of the analysis discussed in detail below indicates that we can expect the
100-year flood elevation at Fort Point in Newcastle, NH to increase from a current elevation of
11.2 feet to a range of 12.4 to 13.1 feet by 2050, and to range of 14.0 to 17.8 feet by 2100.
Therefore, even under low greenhouse gas emissions scenarios, we can expect the 100-year
flood elevation to increase several feet over the next 90 years. This increase in the 100-year
flood elevation will result in more severe flooding in coastal New Hampshire in the future.

To illustrate the impact of the higher 100-year flood elevations in the future, we have
produced a series of ten maps that cover the NH seacoast, Piscataqua River, and Great Bay.
These maps show stillwater flood depths over land for flood elevations of six feet, nine feet,
and twelve feet above mean higher high water (MHHW). (MHHW is the average of the higher
high water elevation of each tidal day; values are provided by NOAA.)

These maps are based on detailed LIDAR (Light Detection and Ranging) topographic
data that was collected during the spring of 2011. Note that the maps are provided for
discussion and research purposes only. It is not appropriate to use the maps for detailed
analysis (i.e., at the parcel level). Please contact Cameron Wake <cameron.wake@unh.edu> at
Carbon Solutions New England <http://carbonsolutionsne.org/> for additional information on
methology and limitations.

MAKE A LIST OF MAPS HERE FOR DOWNLOAD:

12 FOOT FLOOD ELEVATION
list ten maps by location

9 FOOT FLOOD ELEVATION
list ten maps by location

6 FOOR FLOOD ELEVATION
list ten maps by location
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Historical Sea Level Rise

An overwhelming body of scientific evidence indicates that “most of the observed
increase in globally averaged temperatures since the mid-20th century is very likely due to the
observed increase in anthropogenic greenhouse gas concentrations” (Solomon et al., 2007).
One of the impacts of this warming has been an increase in sea level resulting from melting of
land-based ice (i.e., glaciers and ice sheets) combined with thermal expansion of the ocean. The
sum of these two effects is known as eustatic sea level rise (SLR) (Pugh 2004). The long-term
average rate of this eustatic global SLR has been estimated to be on the order of 0.67 inches per
decade during the 20th century (Bindoff et al., 2007). Sea level rise during the latter half of the
20th century was estimated at 0.7 + 0.1 inches per decade (Church et al., 2004). One study
suggested that the rate of eustatic coastal SLR in the late 20th century was greater than the
average eustatic SLR in the second half of the 20th century (Holgate and Woodward, 2004);
this was later confirmed by sea level rise estimates of 1.2 inches per decade for the period 1993
to 20034 and 1.3 = 0.2 inches per decade from 1993 to 200944 using satellite altimetry.

Rates of total or relative sea level rise (RSLR) which includes both climate and geologic
influences measured at tide gauges along the United States coastline range from <0.4 to 3.9
inches per decade45. Differences in RSLR are due to local variationsin vertical land motion,
which are related to regional-specific processes such as tectonic uplift and down dropping,
isostatic rebound and depression, coastal subsidence, land surface changes due to compaction,
dewatering, fluid extraction, and diagenetic processes. Specifically, along the northeastern U.S.
coast, vertical land movement ranges from < 0.3 inches per decade along the Maine coast to
0.67 inches per decade in Delaware46, a range that is consistent with other estimates (Brown,
1978; Anderson et al., 1984; Kirshen et al., 2008; Koohzare et al., 2008).

The combined effects of thermal expansion, increases in meltwater, a subsiding coast,
and potential changes in ocean circulation make coastal New Hampshire particularly vulnerable
to rising sea level. Increases in relative sea level contribute to enhanced flooding of coastal
infrastructure, increased coastal erosion, saltwater contamination of freshwater ecosystems and
loss of salt marshes. Low-lying shorelines such as sandy beaches and marshes are likely to be
the most vulnerable to rising seas.

Relative sea level has been rising on the New Hampshire coast for the past 10,000 years
(Ward and Adams, 2001). However, relative sea level has been recorded at the Portsmouth
Harbor (Seavey Island) tidal gauge only since 1926 (NOAA 2011). For the period 1926 to
2001, sea level rose nearly half a foot (5.3 inches), at a rate of about 0.693 inches per decade
(Figure 1). In 2003, the Fort Point tide gauge replaced the Seavey Island gauge, but this new
gauge does not have a long enough record from which to examine changes in relative sea level.
Analysis of recent trends in tidal gauge records in Portland and Boston suggest that trends of
the late 20th century are similar to trends over the past decade. Here we assume that the rate of
SLR at Fort Point over the past decade is the same as has been measured at the Seavey Island
tide gauge over the time period from 1926 to 2001 - about 0.7 inches per decade.
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Figure 1 . Annual mean sea level measured at the Seavey Island tidal gauge, 1927-2001. Data
from NOAA49. The annual values represent the annual mean of the monthly mean sea level
data. The dashed blue line is the linear regression applied to the time series. The gaps represent
years with missing data.
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Estimates of Future Sea Level Rise and 100-Year Flood Elevations in Newcastle, NH.

Projections of global eustatic SLR produced for the 2007 Intergovernmental Panel on
Climate Change report (Solomon et al., 2007) ranged from 7.1 to 23 inches by 2100, but were
based only on thermal expansion because of a lack of reliable ice melt estimates at the time.
Accounting for ice melt increased this range of projections to 31 inches (most plausible) - 79
inches (possible but unlikely)(Pfeffer et al., 2008) and 12 to 20 inches (moderate temperature
scenario) to 16 to 31 inches (warm temperature scenario) (Katsman et al., 2008). Recent model
projections of eustatic SLR (Vermeer and Rahmstorf, 2009) suggest a range in average sea
level increase of 39 to 55 inches by 2100, with the range of uncertainty increasing from 31 to
75 inches. The large uncertainty is mainly due to the range of CO, emissions scenarios used in
making these model-based projections.

For this report, we use the maximum extents of the range of global eustatic SLR by
2100 relative to 1990: 31 inches for the lower B1 SRES scenario, and 75 inches for the higher
Alfi SRES scenario (Vermeer and Rahmstorf, 2009). These values were estimated using the
SLR projection curve (Figure 2) and include a +7% uncertainty error. Projected values for
eustatic SLR by the year 2050 under both lower and higher emissions scenarios were also
estimated using the SLR projection curve shown in Figure 2.



200 ' r

Tahle I Temperature ranges and asccaied seadevsl ranges by the year 2100 for ditferarmt

180 - PCC vk SN0 SCenw W N

Teamparasture range Wodsl srerap Sendwenl rarge Nodal sversg

Wode! srerape
Scarari> T abone TIR-2000 Cabowe 19802000 on above 1560

T AZONe
160 a 1420 0 -1 104 q
Al in ' 1
] 1
1
1
|

140 | * .
tpof M wa M ___ :
oo | B

80
60
40
20

0 ’_,___’_/_"__,._v_/—” p
-20 . .
1950 2000 2050 2100
Year

Figure 2. Projection of sea-level rise (SLR) from 1990 to 2100 (from Vermeer and Rahmstorf
2009), based on temperature projections for three different emission scenarios (Solomon et al.,
2007). The sea-level range projected in the Intergovernmental Panel on Climate Change Fourth
Assessment Report (AR4)3 for these scenarios is also shown for comparison in the vertical bars
on the bottom right. Also shown is the observations-based annual global sea-level data (red)
including artificial reservoir correction.
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Future subsidence over the next century was estimated by assuming that current rates
will continue (Kirshen et al., 2008). Eustatic SLR rate for the 20th century was estimated at
0.67 inches per decade (Chirch and White, 2006; Bindoff et al., 2007). Relative SLR at the
Seavey Island gauge for the period 1926 to 2001 was calculated by the U.S. National
Oceanographic and Atmospheric Administration (NOAA) to be 0.69 inches per decade
(NOAA, 2011). Historical subsidence was estimated by assuming both historical eustatic SLR
and historical RSLR are linear processes, and then subtracting historical eustatic SLR from the
historical RSLR. We estimated local SLR due to subsidence at the Seavey Island gauge to be
0.02 + 0.26 inches per decade, which results in average values of 0.14 inches by 2050 and 0.26
inches by 2100, relative to 1990. Although this calculated value for subsidence is lower than
the range of values discussed above, we used this smaller value to be consistent with previous
analyses (Kirshen et al., 2008). Additionally, for the purposes of this report, we assume that
future subsidence over the next century for Fort Point will be the same as that measured at the
Seavey lIsland tide gauge.

A summary of those components and their contribution to the preliminary estimates of
future stillwater elevations is provided in Table 1. (Stillwater elevation is the elevation of the
water surface that does not account for waves and run-up.). The estimated flood elevation is the
result of our statistical analysis of the historical Seavey Island and Fort Point tide gauge data.



The 100-year food elevation at the Fort Point tide gauge was estimated to be 6.8 feet. Adding
this estimated flood elevation to the elevation of mean higher high water (MHHW, 4.4 ft),
results in an estimate of the current 100-year coastal flood stillwater elevation of 11.2 feet
relative to the North American Vertical Datum (NAVD). (MHHW is the average of the higher
high water elevation of each tidal day; values are provided by NOAA). The NAVD is the
current engineering standard for vertical datum and is used by FEMA for all new Flood
Insurance Risk Maps.) By adding the estimated 100-year flood elevation to MHHW, our
estimate represents a coastal flooding scenario that occurs during the highest daily tide. This
serves as a valuable benchmark for future planning efforts as our largest nor’easters often result
in storm surge that lasts for at least one, and sometimes several days.

The FEMA 100-year coastal flood stillwater elevation for New Castle, NH (where Fort
Point is located) is 8.4 feet NAVDS55 (Table 2). This elevation is 2.8 feet lower than our
estimated 100-year coastal flood stillwater elevation of 11.2 feet NAVD. This difference is
most likely due to several reasons: 1) our stillwater elevation estimate relies on a statistical
analysis of observed tide gauge data, whereas the FEMA estimate is based on an analysis of a
synthetic storm surge dataset generated by a computer model (FEMA 2005); 2) our stillwater
elevation does not account for the hydrodynamic effects as the tide and storm surge move from
the coast into Portsmouth harbor (according to the FEMA analysis, the stillwater elevation at
Portsmouth is at least 0.3 feet lower than at the coast); 3), our stillwater elevation assumes that
the maximum impact from the coastal flood event occurs during the bi-monthly astronomical
high tide (spring tide).

Our analysis is based on the historical water level data from the Seavey Island and Fort
Point tide gauges. There was missing data in the Seavey Island and Fort Point tidal records
(Figure 1). Thus, there were a number of missing years in the water level time series developed
for Portsmouth; these data gaps were filled using a regression model developed from tide gage
data at Boston, Massachusetts and Portland, Maine. The root mean squared error for this
regression model was 0.82 feet, which is nearly identical to the standard deviations of the
Portsmouth, Boston, and Portland tide gage data. Although the specific limitations of the
Seavey Island data cited by FEMA are unknown, we presume that these limitations include the
data gaps discussed above.



Table 1. Estimates (in feet) of future 100-year flood stillwater elevations at Fort Point (New
Castle, NH) relative to NAVD88 derived from statistical analysis presented in this report and

for lower and higher emission scenarios for the years 2050 and 2100.

SLE component 2080 2100

Lower  Higher [ Lower Higher
Current Elevation of MHHW™" 4.4 4.4 4.4 4.4
100-Year Flood Height 6.8 6.8 6.8 6.8
Subsidence 0.1 0.1 0.3 0.3
Eustatic Sea Level Rise 1.0 1.7 2.5 6.3
Total Stillwater Elevation (feet)™" 12.4 13.1 14.0 17.8

a - MAVDER: Maorth American YVertical Datum of 1988
b - MHHW: Mean Higher High Walsr at Forl Point, Mewcasile, MH
« - Total stilhwatar alevation may not equal lotal of companants dus to rounding

Table 2. Estimates (in feet) of future 100-year flood stillwater elevations at Fort Point

(Newcastle, NH) relative to NAVD88 based on the FEMA stillwater elevation (FEMA 2005)

for lower and higher emission scenarios for the years 2050 and 2100.

SLR component 20580 2100

Lower Higher | Lower Higher
100-Year Flood Elevation™" 8.4 8.4 8.4 8.4
Subsidence 0.1 0.1 0.3 0.3
Eustatic Sea Level Rise 1.0 1.7 2.8 6.3
Total Stillwater Elevation (feet)™" 9.5 10.3 11.2 15.0

a - MAVDER: Morth American Verlical Datum of 1988
b - FEMA 100-Year flood elevalion at Mew Castla, MH
« - Total stillwater alevation may nol equal total of companents duse to rounding
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