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Notes on Use and Applicability of this Report and Results:

The purpose of this vulnerability assessment report is to provide a broad overview of the potential risk and vulnerability
of state, municipal and public assets as a result of projected changes irlsgals and coastal storm surge. Thigport
should be wed for preliminary and general planning purposes only, not for parcel level or site specific analyses. The
vulnerability assessment performed was limited by several factors including the vertical accuracy of elevation date
(derived from LIDAR) and the stia analysis applied to map coastal areas subject to future flooding which does not
consider wave action and othecoastal dynamics. Also, the estimated flood impacts to buildings and infrastructure are
based upon the elevations of the land surrounding the not the elevation of any structure itself.
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PLANNING TO REDUCE RISK AND VULNERABILITY

New Hampshireds economy

and

guality of |'ife have hi

shores, its vasexpanses of productive saltmarshes, art inland coastal rivers

and estuaries Increased flooding has the potential to place coastal populations
at risk, threaten infrastructure, intensify coastahzards and ultimately impact
homes, businesses, public mastructure, recreation areas, and natural resources
Accounting for changes in sedevel and coastal storms will help lead to
informed decisions for public and privatésk andvulnerability.

What is a Vulnerability Assessment?

A vulnerability assessmemientifies and measures impacts of flooding from sea

New Hampshire seacoasi
municipalities are confronted by
land use and hazard management
concerns that include extreme
weather events, storm surges,
flooding and erasion. These issues
are intensified by recent increases ir
the frequency and intensity of
extreme sorm events and increases
in sealevel.

level rise and storm surge on built structures, human populations and natural
environments. Factors that influence vulnerability include development patterns,
natural features and topography. The assrent evaluates existing and future conditions such as

9 inland extent and depth of floodig
9 impacts to natural and human systems

9 changes in impacts between different flood levels

How can the vulnerability assessment be used?
Information from a vulnerability ssessment can help
guide strategies
recommendations for local governments, businesses,
and citizens in order to enable them to adopt
programs, policies,and business practice to make
informed decisiongsee below)

commonsense solutions, and

Planning or the long-term effects of seaevel rise may
also help communiies better prepare in the shorterm

for periodic flooding from severe coastal storms.
Results from a vulnerability assessment can be
incorporated planning,
regulatory and management documents

into various municipal

Master Plan
Zoning Ordinance

Roadway Management

Capital Improvement Plan
Site Plan Regulations

Stormwater Management Plan

How will the vulnerability assessment benefit the
community?

The Climate Risk in the Seacoast assessment
intended to assist coastal NH communities to take
actions to prepare for increase flood risky:

9 Enhancing preparedness and raise community
awareness of future flood risks

9 Identifying costeffective measurs to protect
and adapt to changing conditions

1 Improving resiliency of infrastrucre, buildings
and investments

91 Protecing life, property and local economies

1 Protecing services that natural systems provide

1 Preservingunique community character

Land Conservation Plan
Subdivision Regulations

Facilities Management Plan

st

is
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MAPPING AND ASSBYENT METHODS
L___________________________________________________________________________________________________________|

Vulnerability Assessment: Sdaevel Rise and Storm Surge Scenarios

The Climate Risk in the Seacoa@-RiSe)vulnerability assessment project produced maps and statistical data about
the potential impacts to New Hampsherd st e woastainntuaiaipdlities from seéevel rise and storm surge to
infrastructure, critical facilities transportation systeraad natural resources. Three sdavel scenarios were evaluated
accounting for a range from the intermediatéow to the highest projected sedevels at the year 2100.

TABLEL: Sealevel and Storm Surge ScenarigsDover

SLR+ SLR+ SLR+

Seal evelRise(SLR) Scenarios SR SLR SLR
storm surge | storm surge | storm surge

Sealevel Rise 1.7t 4.0ft 6.3ft -- -- --

1.7ft + storm | 4.0ft + storm | 6.3ft + storm

Sealevel Rise + Storm Surge - - -
surge surge surge

Note: Storm surge is the area flooded by the00-year/1% change storm event

Baseline Flooding from the seaevel rise scenarios and sdavel rise plus storm surge scenarios evaluated in this
study were mapped from Mean Higher High Water (MHHW) which is 4.4 feet in the coastal region of Mé&an
Higher High Water is the average of the higher high water height of each tidal day observed over the National Tidal
Datum Epoch(NTDE) The Naional Tidal Datum Epochiefers to the specific 19ear period adopted by the National
Ocean Service as the offaltime segment over which tide observations are taken. The present NTDE is 1983 through
2001 and is considered for revision every 25 years (the next revision would be in the 202025 timeframef

Storm Surge Storm surge is the rise of water levalccompanying intense coastal storm events such atropical
stor m, hurricane or Nordeaster, whose height s the
level that would have occurred in the absence of the storm evénSStorm surg is mapped using the 10§/ear/1%
chance flood events from the Preliminary Flood Insurance Rate Maps (FIRMSs) released by FEMA in 2014. These maj
account for the limit of moderate wave action in coastal areas. This assessment does not take into accouribadtl
flooding and impacts related to more severe wave action, wind action, erosion and other dynamic coastal processes.

Sealevel Rise Scenarios

The sealevel rise projections used in this study are based on an earlier study completed in 2011 by Wakeaatare
similar to a more recent report i ssued by the NH Co
Advisory Panel in 2013,

! NOAA website athttp://tidesandcurrents.noaajov/datum_options.html

? EPA website athttp:/epa.gov/climatechange/glossary.html

® For more information on how sea level rise scenarios were mapped, visit:
http://granitweb.sr.unh.edu/MetadataForViewers/INHCoastalViewer/RelatedDocuments/Sea_Level_Rise_Narrative_rev201501060iEipdiRep
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As shown in Figures 1 and 2 and in the graphics below, while slightly different than the scenates ioi the 2014
report, the sealevel rise scenarios used in the Climate Risk in the Seacoast assessment yield coverage estimates C
flooding that are wihin the mapping margin of error for the scenarios in both the 2011 and 2014 reports.

Figure T 2014 Seal evel Rise Scenarios (based on greenhouse gas emissions)

Lower Emissions (B1) Higher Emissions (A1fi)

2050 2100 2050 2100
Current Elevation of MHHW ab 4,43 4.43 4.43 4.43
100-Year Flood Height 7.78 7.78 7.78 7.78
Subsidence 0.012 0.016 0.012 0.016
Eustatic SLR 1.0 2.5 1.7 6.3
Total Stillwater Elevation * 13.2 14.7 13.9 18.5
a - NAVD: North American Vertical Datum of 1988
b - MHHW: Mcan Higher High Water at Fort Point, NH
¢ - Toral Stillwarer Elevation may nor equal roral of components due o rounding

Source: Wake CP, E Burakowski, E Kelsey, K Hayh&orer, C Watson, E Douglas (201&yimate
Change in the Piscataqua/Great Bay Region: Past, Present, and Fut@arbon Solutions New
England Report for the Great Bay (New Hampshire) Stewards.

Figure 2 2014 Seal evel Rise Scenarios (based on greenhogse emissions)
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Source: Wake CP, Kirshen P, Huber M, Knuuti K, and Stampone M (28&é&Yeve/ Rise, Storm
Surges, and Extreme Precipitation in Coastal New Hampshire: Analysis of Past and Projected Future
Trends prepared by the Science and@echnical Advisory Panel for the New Hampshire Coastal Risks
and Hazards Commission.
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Data, Methods, Calculations, and Results of Hydrologic and Hydraulic Modeling for Road
Crossing

The GRise project assessed both aquatic organisfn Grid Key:
10-YR: Rating for the water's surface elevation at the inlet for the

passage capacity anchydraulic flow capacity of ten royr | pspp | 1S e

road CrOSSIngS |n each Of the ten Inland CoaSta| Rating Rating | 25-YR: Rating for the water's surface elevation at the inlet for the

25-yr flood flow

mun|C|paI|t|eS The assessment was based on rungff 0 00 50-YR: Rating for the water's surface elevation at the inlet for the
. . 50-YR | 100-YR | 50.yr flood flow
associated with the current 10 25-, 50- and 100 year Rating | Rating |

. 100-YR: Rating for the water's surface elevation at the inlet for the
storm events. For each storm, each crossing was 100:yr flaod flow

assigned a hydraulicating and an aquatic organism passage (AOP) rating; both ratings are described in greater detail

below.

The AOP rating is labeled by color: red, orange, gray, aquatic Organism Passage (AOP) Key
and green. Ratings of red and @nge mean that there S i

is estimated to be little tcno AOP at thd crossing, with sl

red being no AOP for all species andrange meaning ol A

no AOP for all species except foadult Salmonids. A E——

rating of gray means that there is reduced AOP at the
crossirg for all species. A rating of ggen means that AOP is expected to be psible for all species.

The AOP ratings were developed using the New Hampshire protocol for assessment, which was borrowed directly
from the Vermont Culvert Aquatic Organism Passage Screening Tool. This tool uses physical data collected at each
crossing and may be used to rate eh culvert at a crossing for AOP. At a crossing with multiple culverts, if one culvert

is more passable than another, then that culvert is considered to be the path that organisms would utilize. Thus, the

best rating for a culvert at a crossing is used e rating for the crossing as a whole.

The hydraulic rating is colecoded similar to the AOP | Hydraulic Ranking Key:
ratlng The peak ﬂOWS Of the 1-0 25—’ 50-’ and 100 . Pass: Headwater stage is below the lowest top of top of culvert at the site
year StOl’m eventS were USEd tO assess the ablllty Of tl’ e Transitional: Headwater stage is between the lowest top of culvert and the top of

the road

culvert to pass the flow (measured by the depthf .

Fail: Headwater stage overtops the road

water upstream of the culvertd known as the
headwater depth)and was determined and compared to culvert and road elevationshéelratings for hydraulics are:
pass (green), transitional (yellow), andilf (red). These ratings describe the depthf the water at the inlet (the
headwater) for the flows for each of the selected storm events compared to culvert and road elevations. A rating of
Pass means that the headwater depth is below the lowest tof3pipe elevation of any culvert at the crossing; a ragin

of Fail means that the headwater depth is above the road surface; and a rating of Transitional means that the
headwater depth is somewhere between these tvetevations (see Figure 3).

Page |3



CLIMATE RISK IN THE SEACOAST: VULNERABILITY ASSESSMENT READRODF@R/ER NEW HAMPSHIRE

The hydraulic ratings describe the headwater depth (upstream of tbalvert) for each storm event flood. The
headwater depths are calculated using fieltbllected culvert and crossing data. The flood flows were calculated by
one of two methods: runoff from rainfall or regression equation. For all watershed areas smalbar tne square mile,

the Curve Numbet method was used; and for watersheds larger than one square mile, flows were calculated using
the Regression Equationspublished by the USGS for New Hampshire. Once the flows at each éngssvere
calculated, they werdedi nt o t he Feder al Hi ghway Admi ni s8 aloag witlotined s
necessary culvert and crossing data collected at each location. The program then calculated the headwater depth for
each of the flows at each of the site3his headwater depth is what is shown in the results, and are compared to the
pipe crown and roadway elevations to determine the Hydraulic Ratings.

Figure 3: Hydraulicating diagram
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* A number from zero to 100 that describes how much rainfall runs off versus is lost to infiltration: a high curve numberesnpiost of the
rainfall runs off.
°An equation that describes a mathematical relationship between two variables in which onialiaris used to predict the other
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Assets ancEvaluation of Resources
Table 2includesthe five major categories and a detailed list of the assets and resources evaluated as part of the
Climate Risk in the Seacoast vulnerability assessment. The assets and resources evaluated are listed in subseque

tables in this report only if they are affected by or@ more of the sealevel rise and/or coastal storm surge scenarios.

TABLE 2Assets and Resources Evaluated for the Vulnerability Assessment

Category Assets and Resources

Climate Ready @lverts
State and Municipalnfrastructure Federal and Statélistoric Register Properties
Other Assetsgraveyardswater access, transmission lines

Municipal Critical Facilities Municipal Critical Facilitieagidentified in Hazard Mitigation Plans)

State and Local Roadways

Bridges

Regional and Municipal Evacuation Routes
Urban Compact Areas

NHDOT Transportation Infrastructure

NHDOT Tenyear and Long Range Plan Projects

Transportation Asset& Roadways

Freshwater and Tidal Wetlands

Aquifers and Wellhead Protection Areas
Uplands

Floodplains

Wildlife Action Plard Tier 1 and Tier 2 habitats

Land Conservation Plad Conservation focus areas (not mapped)

Natural Resources

Land Use Residential structures

Map Design and Organization

The Climate Risk in the Seacoast map set is comprised of two components: a map depicting the extent of projected
flooding from the three sealevel rise scenarios in shades of green, and a map depicting the three lsa@l| rise plus
storm surge scenarios ishades of pink. Each of the asset categorized evaluated are displayed on these two maps.
Two scenario maps are shown on the following page.
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Extent of Flooding from Sed.evel Rise and Storm Surge
The green and pink color schemes aggranged from lightest to darkest with increasing flood levels and extents.

Figure 4 Sealevel Rise Scenarios 1.7ft, 4.0ft, and 6.3ft Fgure 5 Sealevel Risé&cenarios 1.71t, 4.0ft, and @t3+ storm surge

5 "

Note: Storm surge =100-year/1% chance flood.
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