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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 inlesgds and coastal
storm surge. Thigeport should be wsed 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 data (derived from LiDAR) and theistanalysis applied to map coastal areas
subject to future flooding which does not consider wave action and othmrastal dynamics. Also, the estimated
flood impacts to buildings and infrastructure are based upon the elevations of the land surroundingrtheot

the elevation of any structure itself.



CLIMATE RISK IN THE SEACOAST: YBIABILITY ASSESSMENT REPTIIRYN OFGREENLAND NEW HAMPSHIRE

PLANNING TO REDUCE RISK AND VULNERABILITY

New Hampshireds economy

and

quality of l'ife have

linked to its shores, its vaseéxpansesof productive saltmarshes and

inland coastal rivers and estuarietncreased flooding has the potential
to place coastal populations at risk, threaten infrastructure, intensify
coastal hazards and ultimately impact homes, businesses, public

New Hampshire seacoasi
municipalities are confronted by
land use and hazard
management  concerns  that

infrastructure, recreation areas, and natural resources. Accounting for include extreme weather events

changes in sea level and coastal storms will help lead to informed Storm
decisions for public and private risk and vulnerability.

What is a Vulnerability Assessment?

surges, flooding and
erosion. These issues are onl
intensified by recent increases i
the frequency and intensity of
extreme storm events and

A vulnerability assessemt identifies and measures impacts of flooding
from sea level rise and storm surge on built structures, human populations and natural environments. Factors

that influence vulnerability include development patterns, natural features and topography. Thesassaent

evaluates existing and future conditions such: as
9 Inland extent and depth of floodig
1 Impacts to natural and human systems

1 Changes in impacts between different flood levels

How can the vulnerability assessment be used?
Information from a vulnerability assessment can help
guide common sense solutions,
recommendations for local governments, businesses,
and citizens to enablethem to adopt programs,
policies, business practise and make informed
decisions(see below)

strategies and

Planning for the longterm effects of sea level rise may
also help communities better prepare in the sheterm
for periodic flooding from severe coastal storms
Results from a vulnerability assessment can be
incorporated into  various

municipal  planning,

regulatory and management documents

Master Plan
Zoning Ordinance

Hazard Mitigation Plan

Capital Improvement Plan
Site Plan Regulations

Stormwater Management Plan

How will the vulnerability assessment benefit the
community?

The Climate Risk
intended to assist coastal NH communities to take
actions to prepare for increase flood risk, including:

in the Seacoast assessment is

i Enhance preparedness and
awareness of future flood risks.

1 Identify costeffective measures to protect and
adapt to changing conditions.

raise community

1 Improveresiliency of infrastructure, buildings and
investments.

1 Protect life, property and local economies

1 Protect services that natural systems provide

1 Preserve unique community character

Land Conservation Plan
Subdivision Regulations

Facilites Management Plan



CLIMATE RISK IN THE SEACOAST: YBIABILITY ASSESSMENT REPTIIRYN OFGREENLAND NEW HAMPSHIRE

TABLE OF CONTENTS

MAPPING AND ASSESSMENETHODS 1
Vulnerability Assessment: Sea Level Rise and Storm Surge Scenarios 1
Data, Methods and Results of Hydrologic and Hydraulic Modeling for RoadCrossings Analyzed 3
Assets and Resources Evaluated 5
Map Design and Organization 5
Extent of Flooding from Sea Level Rise and Storm Surge 6
Report Acronyms 8
Glossary 9

PURPOSE AND APPLICATIONS OF THE VULNERABILITY ASSESSMENT 11

OVERVIEW 11

VULNERABILITY ASSESSMENT RESULTS 12

SUMMARY OF VULNERABILITY ASSESSMENT RESULTS BY ASSET TYPE 14
Infrastructure 14
Municipal Critical Facilities 15
Culvert AssessmentClimate Ready Culverts 15
Transportation 16
Natural Resources 18
Land Use 19
Parcels and Assessed Value 19
FBVIA Flood Hazard Areas 20

ISSUES AND CONSIDERATIONS 22

RECOMMENDATIONS 24

APPENDIX MAP SET 26

Project Partners:

DWED  scarrera ROCKINGHAM
—c s @'ﬁ a5 NH sc
Envuogrenririlctes ( Eanaaaamd P ANNING GRANIT

REGIONAL PLANNING

new wampsiine commission COMMISSION STORMWATER CENTER

COASTAL PROGRAM

l\TMGS&i
> 3

New Ham /i?'rﬁ

5
Z
2
g
=

£

&

o,
L o
%?TMEM =T

Department of Transportation



CLIMATE RISK IN THE SEACOAST: YBIABILITY ASSESSMENT REPTIIRYN OFGREENLAND NEW HAMPSHIRE

MAPPING AND ASSBYENT METHODS
L _____________________________________________________________________________________________________________________|

Vulnerability Assessment: Sea Level Rise and Storm Surge Scenarios

The Climate Risk in the Seacoa&I-Ri®) vulnerability assessment project produced maps and statistical data
about the potenti al i ten inkard toastak municibdites fidm sepewelhriseraeddtorm
surge to infrastructure, critical facilities transportation systems, aatliral resources. Three sela@vel scenarios
were evaluated accounting for a range from the intermediatew to the highest projected sedevels at the
year 2100.

FIGURHE.: Sed_evel and Storm Surge ScenarigsGreenland(year 2100)

SLR+ SLR+ SLR+
storm surge | storm surge | storm surge
Sea Level Rise 1.7feet | 4.0feet | 6.3feet -- -- --

1.7feet + 4.0feet + 6.3feet +
storm surge | storm surge | storm surge

Sea Level (SLEcenarios SLR SLR SLR

Sea Level Rise + Storm Surge -- -- -

Note: Stormsurge is the area flooded by the 10@ear/1% change storm event

Baseline Flooding from the sedevel 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 NH.
Mean Higher High Water is the average of theghier high water height of each tidal day observed over the
National Tidal Datum Epoch. The National Tidal Datum Epoch (NTDE) refers to the speejfearlperiod
adopted by the National Ocean Service as the official time segment over which tide obsesvattaken. The
present NTDE is 1983 through 2001 and is considered for revision ev&y p€ars (the next revision would be
in the 20202025 timeframe).

Storm Surge Storm surge is the rise of water level accompanying intense coastal storm eugttiss atropical
storm, hurricane or Nordeaster, whose height 1is the
the level that would have occurred in the absence of the storm e¥eftorm surge is mapped using the 100
year/1% chanceldéod events from the Preliminary Flood Insurance Rate Maps (FIRMs) released by FEMA in
2014. The preliminary FIRM&6s account for the | imit
assessment does not take into account additional flooding andpacts related to more severe wave action,

wind action, erosion and ther dynamic coastal processes.

1NOAA website athttp://tidesandcurrents.noaa.gov/datum_options.htmi
2 EPA website athttp:/epa.gov/climatechange/glossary.html

Draft: March 31, 2017 Page |1
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Sealevel Rise Scenarip§he sealevel rise projections used in this study are based on an earlier study
completed in 2011 by Wake et ahd are similarto a more recent report issued by the NH Coastal Risks and
Hazards Commi ssionds Science ®%and Technical

Advi

sory

As shown in Figures 12 andahd in the graphics below, while slightly different than the scenarios cited in the
2014 report, he sea level rise scenarios used in the Climate Risk in the Seacoast assessment yield coverage
estimates of flooding that are within the mapping margin of error for the scenarios in both the 2011 and 2014

reports.
FIGURE:2014 Sea Level Rise Scenalfibbased 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
Eustaric 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: Mean Higher High Water at Fort Point, NH
¢ - Toral Stillwarer Elevation may not equal toral of components due to rounding
Source: Wake CP, E Burakowski, E Kelsey, K Hayhoe, A Stoner, C Watson, E Douglas (2011)
Climate Change in the Piscataqua/Great Bay Region: Past, Present, and FutDagbon
Solutions New England Report for éhGreat Bay (New Hampshire) Stewards.
FIGURE:2014 Sea Level Rise Scenarios (based on greenhouse gas emissions)
Sea-Level Rise Scenarios at 2050 and 2100 _
i HéGstiiI o Source: Wake CP, Kirshen P,
o +6. sea leve!
PEAED R / Huber M, Knuuti K, and
5.00 Stampone M (2014pealevel
/ Rise, Storm Surges, and
375 EINTERMEDIATE HIGH

+3.9 feet sea level
+2.0 feet sea level

+1.3 feet sea level

*

+1.6 feet sea level
+0.6 feet sea level

Global Mean Sea Level Rise (feet)
N
3

1900 1950 2000 2050 2100

3 For more information on how sea level rise scenarios were mapped, visit

Extreme  Precipitation in
Coastal New Hampshire:
Analysis of Past and Projected
Future Trends prepared by
the Science and Technical
Advisory Panel for the New
Hampshire Coastal Risks and
Hazards Commission.

http://granitweb.sr.unh.edu/MetadataForViewers/NHCoastalViewer/RelatedDocuments/Sea_Level_Rise_Narrative_rev20150106_FinalRep

ort.pdf
Draft: March 31, 2017
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Data, Methods and Results dflydrologic and Hydraulic Modeling forRoadCrossing
Analyzed

The CRise project assessed both aquatic organism passage capacity hydraulic flow capacity of twelvead
crossings in each of the ten inland coastat -
. g et Grld Ke)’2 10-YR: Rating for the water's surface elevation at the inlet for the
municipalities. The assessment was based on 10y flsed. flaw
. . 10 -YR 25-YR
I’UFIOff aSSOCIated W|th the Current 10 25’, 50- Rating Rating 25-YR: Rating for the water's surface elevation at the inlet for the
25-yr flood flow
and 100year storm events. For each storm
each crossing was assigned a hydraulic rating
. . . 100-YR: Rating for the water's surface elevation at the inlet for the
and an aquatic organisnpassage (AOP) rating; 100-yr flood flow
both ratings are described in greater detalil

below.

50-YR: Rating for the water's surface elevation at the inlet for the

50-YR | 100-YR | 50.yr flood flow
Rating Rating

The AOP rating is labeled by color; Red, Orange, Gray, and Green. Ratings of Red and Orange mean that there
is estimated to be little to no AOP at that
crossing, with Red being n&OP for all species
and Orange meaning no AOP for all species
except for adult Salmonids. A rating of Gray
means that there is reduced AOP at the
crossing for all species. A rating of Green means
that AOP is expected to be possible for all species.

Aquatic Organism Passage (AOP) Key
haied No AOP
No AOP - Adult Salmonids

Reduced AOP

paie2 Full AOP

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 eachhart 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 as dtiegr for the
crossing as a whole.

The hydraulic rating is colecoded similar t0 [ Hydraulic Ranking Key:
the AOP rating. The peak flows of the 1,025, .
50-, and 100year storm events were used to Transitional: Headwater stage is between the lowest top of culvert and the fop of
assess the ability of the culvert to pass the floy e oo

(measured by the depth of ater upstream of .
the culvertd known as the headwater depth) was determined and compared to culvert and road elevations.

Pass: Headwater stage is below the lowest top of top of culvert at the site

Fail: Headwater stage overtops the road

The ratings for hydraulics are: Pass (green), Transitional (yellow), and Fail (red). These ratings describe the
depth of the water at he 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 lowesbtgpipe
elevation of any culvert at the crossing; a rating of Faikeans that the headwater depth is above the road

Draft: March 31, 2017 Page |3
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surface; and a rating of Transitional means that the headwater depth is somewhere between these two
elevations.See Figure 3, below.

The hydraulic ratings describe the headwater depth (upstream of theveut) 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 smaller
than one square mile, the Curve Numb&method was used; and for watersheds larger than one square mile,
flows were calculated using the Regression Equatibpsblished by the USGS for New Hampshire. Once the
flows at each crossing were calculated, they wer@pint i nt o t he Feder al Hi ghway
analysis software, H8, along with the 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 sitdgs 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 4: Hydraulic Rating Diagram.

i Flood water
3 level at or
above road
o
B2
Lle)
G |=
S|E
© v
=l =2
TS
|—
wn| Flood water =
’é‘) level at or below
top of culvert

4 A number from zero to 100 that describes how much rainfall runs off versus is lost to infiltration: a high curve number innptissof
the rainfall runs off.
5 An equation that describes a mathematical relationship between two variables in which one variahlsed to predict the other.

Draft: March 31, 2017 Page |4
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Assets and Resources Evaluated
Figure 5lists the assetsand resources evaluated as part of the Climate Risk in the Seacoast vulnerability
assessment. The assets and resources evaluated are listed in subsequent tables in this report only if they are

affected by one or more of the sedevel rise and/or coastal strm surge scenarios.

FIGURE HAssets and Resources Evaluated for the Vulnerability Assessment

Category Assets and Resources

Climate Ready Qlverts
State and Municipalnfrastructure Federal and State Historic Register Properties
Other Assetsgraveyardswater access, transmission lines

Municipal Critical Facilitieagidentified in Hazard Mitigation

Municipal Critical Facilities
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

Natural Resources Floodplains
Wildlife Action Plar® Tier 1 and Tier habitats

Land Conservation Pland Conservation focus areas (nd
mapped)

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
sealevel rise plus storm surge scenarios in shades of pink. Each of the asset categorized evaluated are
displayed on these two maps. Examples of the two scenariopmare shown on the following page.

Draft: March 31, 2017 Page |5
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Extent of Flooding from Sea Level Rise and Storm Surge

In Figures 5 and 6, the green and pink color schemes are arranged from lightest to darkest with increasing
flood levels and extents. The caplete GRiSe map set for Greenlani@d available on the Rockingham Planning
Commission website afttp://www.rpc-nh.org/regionalcommunity-planning/climate change/resources

FIGURE 55ea Level Rise Scenarios 1.7ft, 4.0ft, and 6.3ft

Y
-
\

e}

HEWINGTON
| Presnas b i e, v level, et e

49
TOWN OF GREENLAND

..' \ Y Extent of Projected Tidal Flooding
L ; Sea-Level Rise 1.7, 4.0, 6.3'
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g

Legend

| ottt e a1
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FIGURB: Sea Level Rise Scenarios 1.7ft, 4dftl 6.3t + storm surge
Note: Storm surge = 108/ear/1% chance flood.
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Report Acronyms

AOP Aquatic Organism Passage

CAPE Climate Adaptation Planning for Exeter

CAW NH Coastal Adaptation Workgroup

C-RiSe Climate Risk in the Seacoast

FEMA Federal Emergency Management Agency

FIRMs FEMA Flood Insurance Rate Maps

HY-8 Federal Highway Administrationos
LiDAR Li(ght) + (ra)DARD a mapping tool that uses infrared laser light
MHHW Mean Higher High Water

NTDE National Tidal Datum Epoch

Salmonids family of fish including salmon, trout, chars and white fish
SLAMM Sea Level Affecting Marshes Model

Draft: March 31, 2017
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Glossary

100G year Coastal Floodplain
Includes flood hazard areas subject to tidal flooding and storm surge and identified on the FIRMs as a Special
Flood Hazard Area (SFHA). SFHA are defined as the area that will be inundated by the flood event having a 1
percent chance of being equaled or eeeded in any given year. The-fdercent annual chance flood is also
referred to as the base flood or 10§ear flood. In coastal areas, these SFHAs are defined as specific zones on
t h e FIhRddtGcemmunitiesthere are two areas or flood zones withirhe SFHA:
1 A zoned an area subject to a 1 percent annual chance of a flood event but does not have a mapped
elevation and;
1 AE zoned an area that has the same 1 percent annual chance of a flood event and a corresponding
mapped flood elevation of 9 feet.

Accommodate

Measures that manage risk by requiring development to be built and retrofitted to be more resilient to impacts
and by limiting certain types or all development in highest risk areas, favoring adaptive uses (i.e. passive uses
such as recreationand gradual modification of structures and uses as conditions change over time.

Adaptation

Adaptation refers to adjustments in ecological, social, or economic systems in response to actual or expected
climatic change and their effects or impacts. It re$eto changes in processes, practices, and structures to
moderate potential damages or to benefit from opportunities associated with climate change.
[http://unfccc.int/focus/adaptation/item$6999.php|

Climate Change

Climate change refers to any significant change in the measures of climate lasting for an extended period of
time. In other words, climate change includes major changes in temperature, precipitation, or wind patterns,
among others, that occur over several decades or longer.

[EPANttp://epa.gov/climatechange/glossary.htrhl

Coastal Flooding
Upland areas inundated by tides, storm surge, and projectselalevel rise

Mean Higher High Water (MHHW)

The average of the higher high water height of each tidal day observed over the National Tidal Datum Epoch.
The National Tidal Datum Epoch (NTDE) refers to the specificyd& period adopted by the National Ocean
Service as the dicial time segment over which tide observations are taken. The present NTDE is 1983 through
2001 and is considered for revision every-26 years (the next revision would be in the 202025 timeframe).

Resilience

A capability to anticipate, prepare forrespond to, and recover from significant multiazard threats with
minimum damage to social welbeing, the economy, and the environment.
[EPANttp://epa.gov/climatechange/glossary.htrl
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Retreat

Often the last action before abandonment, retreat follows an incremental path of planning for the eventual

relocation of structures to upland areas as properties become threatened or directly impacted by rising sea
level, erosion and coastal storms. Suameasures may include rolling setbacks and buffers, transfer of

development rights, and property acquisition/buyout programs.

Riverine (and Freshwater) Flooding
Areas inundated adjacent to freshwater drainage systems not affected by coastal floodnayding the 100
year flood plain and other areas subject to flooding from precipitation and snow melt.

Sealevel rise

Sea level is measured in various wayRelativeSea Levetefers the measurement of sea level at a local tide
gauge station which is referenced relative to a specific point on land. These measurements at any given local
tide gauge station include both measurements of globakalevel riseand local vertical landnovement, such

as subsidence, glacial rebound, or larggeale tectonic motion. Because the heights of both the land and the
water are changing, the landvater interface can vary spatially and temporally and must be defined over time.
The term Mean Sea Lesl (MSL) refers to a tidal datum (which a frame of vertical reference) defined by the
average tide over a specific period of tim&lobalSealevel risgor eustaticsealevel risg refers to the increase
currently observed in the averagé&lobal Sea Levelrend which is primarily attributed to changes in ocean
volume due to two factors: ice melt and thermal expansion.

[NOAA http://www.tidesandcurrents.noaa.gov/est/faq]

Storm Surge

Storm surge is the rise of water level accompanying intense events suchrogi¢al storm, hurricane or

Nor Oeaster, whose height is the difference between
would have occurred in the absence of the storm event.

[EPA http://epa.gov/climatechange/glossary.html]

Vulnerability Asessment

An evaluation of the degree to which a system is susceptible to, or unable to cope with, adverse effects of
climate change, including climate variability and extremes. Vulnerability is a function of the character,
magnitude, and rate of climate ariation to which a system is exposed, its sensitivity, and its adaptive capacity.
[www.ipcc.ch/pub/syrgloss.pdif
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PURPOSE AND APPLICATIONS OF THE VULNERABILITY ASSESSMENT

The Climate Risk in the SeacoafT-RiSe)vulnerability assessment project produced maps asthtistical data
about the potential impactdrom sealevel rise and storm related floodingp state and municipainfrastructure,

critical facilities transportation gstems, and natural resources iNe w Ha mp B0hGreat eBaysoastal

municipalities Asshown in Figure 8, the assessment evaluated flood impacts fromssilevelrise and storm

surge scenarios- 1.7 feet(intermediatelow), 4.0 feet (intermediatd, and 6.3 feet(highes) sealevel rise

projections at the year 2100 and these sdavel riseprojections with the 100year storm surge These scenarios
capture a range of plausible projections of sea levels at 210@pom the intermediatelow to the highest

scenarios.

FIGURE:8Sealevel and Storm Surge Scenarias year 2100.

SLR SLR SLR+ SLR+ SLR+
Sea Level (SLR) _ , SLR
. Intermediate | Intermediate ) storm surge | storm surge | storm surge
Scenarios . High 2100
Low 2100 High 2100 2100 2100 2100
Sea Level Rise 1.7feet 4.0feet 6.3 feet -- -- --
Sea Level Rise + 1.7feet + 4.0feet + 6.3 feet +
Storm Surge stormsurge | storm surge | storm surge

Note: Storm surge is the area flooded by the current 1@@ar/1% chance storm event as depicted on the
FEMA Flood Insurance Rate Maps (preliminary maps, 2014).

The results of this vulnerabilitassessment can be incorporated into existing municipal plans including the
Master Plan, Hazard Mitigation Plan, Road Improvement Plan, Infrastructure Management Plan, and Capital
Improvement Plan. These results can also inform zoning amendments such asdfilain development
standards and natural resource protection, and land development standards in site plan review regulations and
subdivision regulations.

OVERVIEW

The Town ofGreenlandis locatedon the easternedge of RockinghamCounty, New Hampshirealong Great
Bay.The Winnicut River, a tidal tributary to Great Bay flows through towuunicipal buildings and the town
center arelocated along NH Rt. 33and NHRt. 151 T h e t oisvemdwed fom the shoreland of Great
Bay away from the impactsassociated with rising seaVels and coastal storm surgeGreenlandhas a total
area of approximatelyl3.3 square miles of which 10.5 square miles is land and 2.8 square miles is. Wager
population of the Town was estimated to be3,668in 2014°

The Townworked closely with the NH Department of Environmental Services for several years to complete the
removal of the Winnicut Dam across the Winnicut River in 2009The Winnicut Dam was owned by NH Fish

6 US Census Bureau. American Community Surveygar estimate.
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and Game and was situated at the headf-tide on the river. The dam restricted fish movement within the
Winnicut River, which in turn affected other ecological systems dependent upon the fish populations. The dam
removal improved upstream and downstream migration for fish, including river herring, Aiven eel, and
rainbow smelt, and enabled flood waters to move unrestricted downstream.

Vul nerabilii

Pl an.

Town that t his
Mi tigati on

t he
Hazar d

s recommended to

and the

It i

Pl an Townos

VULNERABILITASSESSMENT RESULTS
L_____________________________________________________________________________________________________________|

In Greenland the areas of highest risk for selevelriskand storm surge flooding are:
T Tidal wetlands (15% of Gr eenl aevaiissand stodneslirgewwe t | and
1 Properties and roadways associated with Bayshore Road, Meloon Réaitview Terrace(zreat Bay
Drive West, Bayside Drive, Caswell Drive, Bruce Court
1 Rising sedevels will result in rising groundwater tables near the shoreline, resulting in saltwater
intrusion into drinking water wells and increasing the risk of septic system failure
1 NH Route 33 between Golf and Ski Warehouse and Rizzo Warehouse/British Aisles
9 Shoreland buffes and salt marsh along Great Bay
9 Shoreland buffes, salt marsh, and freshwater wlands along the Winnicut River, Pickering Brqok
Packer Brook, Haines Brook, Shaw Brook and Foss Brook
1 Natural resources associated with conserved lands, including shoreland, wetlands, marshes, and
farmland
Agricultural land along Great Bay
Landassociated with the Portsmouth Country Club
Railway line and associated culverts and river crossings
202 parcels valued at $94,173,900 and 26 residential structures valued at $15,626,708

= =4 =4 =4

Key findings for the Town ofreenlandare reported in the tabls below based on evaluation of the 1.7 feet
(intermediate low), 4.0 feet(intermediate, and 6.3 feet(highes) sealevel rise projections at the year 2100 and
these sealevel rise projections with the 18gear storm surgeFigure 7provides data on the total acreage of

eachsea level rise scenario.

FIGURE:otal Acreage ofSea Level Rise Scenarios@neenland(year 2100)

Sealevel Scenarios
. . +| 6. +
_ 17fect SLR| 4.0fect SLR| 6.3fcet | 1/ [6SSLRY | 4.0feetSLR +) 6.3feet SLR
Community storm surge | storm surge | storm surge
(acres) (acres) SLR (acres
(acres) (acres) (acres)
Greenland 136.1 218.7 335.8 267.7 376.0 496.4
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Figure 8 provides a summary of assessment data that was analyzed as part of this project.

FIGURB: Summary ofAssessment Dat@year 2100)

Sea Level Rise SLR SLR SLR SLR 1.Teet + | SLR 4.Geet + | SLR 6.3eet +
(SLR ) Scenarios 1.7feet 4.0 feet 6.3feet storm surge storm surge storm surge
2 Outdoor Recreation Sés Great Bay

Infrastructure :

: 0 Discovery Centeand Portsmouth Country
(# of sites)

Club
itical Facilit _
éﬂn:)lf:ite:)u lties 0 2 - Biospray and dam at Country Club Pong
Trarlsportatlon Assets (# 1 Railroad 1 Railroad
of sites)
Residential Structures
0 0 3 4 9 26

(# of homes)
Uplands (acres) 51.0 119.8 224.0 162.5 261.3 375.5
Roadways (miles) 0 0 0.2 0.8 1.2 1.4
Historic/Recreation Sites na na 1 na na 2
Natural Resources
Freshwater Wetlands 2.8 9.5 18.8 14.0 23.4 33.8
(acres)
Tidal Wetlands (acres) 115.6 123.7 124.9 124.3 125.2 125.9
Aquifers (acres) 0 0 0.1 0.01 0.3 1.2
Wellnead Protection 11.0 16.2 29.2 20.9 34.3 54.1
Areas (acres)
Conserved and Public 59.7 112.2 178.1 142.1 198.8 253.1
Lands (acres)
Wildlife Action Plan 129.5 199.6 285.6 236.2 3133 389.4
(acres)
consenvationFocus 130.2 190.3 248.9 218.2 265.9 312.2
Areas (acres)
100year Floodplain 136.1 202.2 210.8 207.1 2125 2225
(acres)
f;;gits:: VR OIS $72,300,700| $74,659,700| $77,676,500| $81,371,600 | $83,017,300 | $93,990,000

Notes: Upland refers to land above mean higher high water (highest tidal exter8jorm surge is the area
flooded by the 100year/1% chance ston event. This data does not reflect the fact that some structures may

be elevated.

The dataindicatesthat homes and poperties along Bayshore Drive, Meloon Road, Bayside Rdaaliyview
Terrace, Great Bay Drive West, Bruce Courdnd Caswell Driveshoreland associated with the Great Bay
Discovery Center and shoreland and upland associated wtih Portsmouth Country Clidla) wetlandsand
saltmarsh uplands above and land identified in the NH Wildlife Action Plaand NH Coastal Watershed
Conservation Plarare most vulnerable to flooding from sedevel rise and coastal storm surge @reenland

Draft: March 31, 2017
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Approximately 786 of the hghest sealevel rise scenario (6.3 ft.) falls within the existing FEMA-yi€xy
floodplain. Compared to many municipalities in the region, most of the key infrastructure and community
assets are protected from flooding due to their tation away from GreaBay and its tributaries.

As shown inMaps 1 and 2 Extent of Projected Tidal Floodi@geenlandcan expect to seempactsfrom sea

level rise alongthe shoreline of Great Bay, the Winnic®iver Pickering Brook, Packer Brook, Shaw Brook, Foss
Brook, Hanes Brook, as well as smaller tributarieblnlike other towns in the coastal watershed, the impacts of
sealevel rise are not as great iereenland due to the rapidly rising slope of land adjacent to the shoreline as
well as therelativelyundevelopednature of riverfront land. The active railway line near the River has acted as a
dam against land development. The regions of the townmost susceptible to coastalldoding are the
campsitesassociated with Great Bay Camping amdoperty and docksalong Rver Road.

The complete detailed vulnerability assessment information and recommendations are provided in the
following sections of this report.

SUMMARY OF VULNERABILITY ASSESSMENT RESULTS BY ASSET TYPE

Infrastructure

Maps 3 and 4 Critical Facilitiesd Infrastructureshow state and municipal infrastructure types affected by sea
level rise and coastl storm surge flooding. Figure ®eports when specific infrastructure types are affected by
each sealevel rise and coastal storm surge scenario.

FIGURB: Municipallnfrastructure(at year 2100)

Sea Level Rise (SLR) SLR SLR SLR | SLR 1.feet+ | SLR 4.Geet + | SLR 6.3eet +
Scenarios 1.7feet 4.0feet | 6.3feet | storm surge | storm surge storm surge

State and Municipal Infrastructure (# of facilities)

Climate Ready Culverts na na 0 na na 0
Water Access na na 1 na na 1
Dams na na 1 na na 1
Total # of Sites na na 2 na na 2
onad = not assessed

The boat ramp at Great Bay Discovery Centisrconsidered water access mfktructure. The dam listed iable
5 is located at Country Club Pond.
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Municipal Critical Facil

ities

Maps 3 and 4 Critical Facilities and Infrastructiat®ow the municipal critical facilities affected by sdavel rise

and coastl stom surge flooding. Figure 10eports when specific municipal critical facilities are affected by

each sealevel rise and coastal storm surge scenario.

FIGURHEQ Municipal Critial Facilitiegat year 2100)

Sea Level Rise (SLR SLR SLR SLR | SLRL.7feet+ | SLR 4.0eet + | SLR 6.3eet +
Scenarios 1.7feet | 4.0feet | 6.3feet | storm surge storm surge storm surge
Municipal Critical Facilities
Sewer Pipes (miles) 0.00 0.00 0.00 0.00 0.00 0.00
Water Pipes (miles) 0.00 0.00 0.00 0.00 0.00 0.00
Total (miles) 0.00 0.00 0.00 0.00 0.00 0.00
Pump Station (# of facilities na na 0 na na 0
Outdoor Recreation (# of
fcilities) na na 0 na na 0
Total (# of facilities) 0 0 0 0 0 0
NOTE: MunicipaCritical Rcilities as identified inthedwn és Hazard Mitigation Pl
None of the MunicipalCr i t i ¢ al Facilities identified in th-e

level rise or storm surge.

because it provides water borne access into and out of townis accounted for under Table 5.

an.
Tow

Note that the Great Bay Discovery Center is an outdoor recreation facility, but,

Culvert AssessmentClimate Ready Culverts
Maps 11 and 1Zlimate Ready Culverts Mamhow areas within the 10@ear floodplain affected by sealevel

rise and coasthstorm surge flooding. Figure Irkports the hydraulic and aquatic organism passage ratings for
the ten culverts chosen for this analysis.

According to the hydraulic component of the analysis, of the eleven culverts assessed, four culverts were able
to pass the 16yr storm event; three failed; andour were ranked transitional. For the 2%r storm event, three
culverts passed, four failed, and three were ranked transitional. For theybGtorm event, three culverts
passed, six failed, and two were ranked transitional. For the-§08torm event, twoculverts passed, seven
failed, and two ranked transitional. Two culverts handle all four scenarios, #75, located along Winnicut Road at
Thompson Brook, and #77, located along Portsmouth Avenue (NH Rt. 33) on the western edge of the bridge

over the Winnicu River.

According to the aquatic organism passage component of the analysis, of the eleven culverts studied, none of
the crossings were able to fully accommodate species to navigate the culvert; nine offered reduced passage,
and two failed to provide tle opportunity for species to successfully navigate the culvert.

Draft: March 31, 2017
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FIGURE 1Culvert AssessmentClimate Ready Culverts

. Hydraulic Rating AOP Rating
Crossing ,

Location .

# 1Gyr 25-yr 50-yr 1006yr Color Rating

71 Nantucket Place at Transitional | Transitional Fail Fail RED No AOP

Thompson Brool

72 | ©reatBay Road at FoJu Fail Fail Fail GRAY | Reduced AOP
Brook

73 Gl Wy geshew, Fail Fail Fail GRAY | Reduced AOP
Brook

74 Coastal Way at Rt. 33 Transitional | Transitional| Transitional Fail GRAY | Reduced AOP

75 Winnicut Road at Pass Pass Pass Pass RED No AOP

Thompson Brook

26 | Caswell Drive at Shavi Fail Fail Fail GRAY | Reduced AOP
Brook

77 RIL Sl V.meCUt g Pass Pass Pass Pass GRAY | Reduced AOP
bridge

Rt. 33 at Winnicut Rive
78 near Country View [ Transitional Fail Fail Fail GRAY | Reduced AOR
Restaurant

79 Rt. 33 at Packer Brool Pass Pass Pass Transitional | GRAY | Reduced AOP

80 Post Rg?goit Nofton Transitional | Transitional| Transitional| Transitional| GRAY | Reduced AOP

81 BreakTaSt Hill Road at Transitional Fail Fail Fail GRAY | Reduced AOP

Railroad tracks

A rating of Passmeans that the headwater depth is below the lowest tegf-pipe elevation of any culvert at the crossing; a
rating of Failmeans that the headwater depth is above the road surface; and a ratingrednsitionaimeans that the
headwater depth is somewhere between these two elevations.

AOP = Aquatic Organism Passage ibd¢ degree to which aquatic organisms are able to pass thghua crossing. Green =
Ful AOP, Gray = Reduced AOP, PirkNo AOP, for all species except Adult Salmonids, Pink = No AOP, for any species
including Adult Salmonids.

Transportation

Maps 5 and 6Road and Transportation Assetbow the state and municipaloadways affected by sedevel rise
and coastl storm surge flooding. Figure 12eports the miles of state and local roadwaydfected by each
flood scenario.

Impacts from sealevel rise and storm surge to both state and local roadways are absent or glgte under all
scenarios. However, a stretch of Portsmouth AverReute 33 is impacted under the three storm surge
scenarios. As a major part of the town and regional transportation network, the impacted portion of
Portsmouth AvenueRoute 33 should be addrssed as a near term strategy to improve resilience for public
safety, business continuity, employment access and emergency services.
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FIGURHZ2:State and Municipal Roadways and Infrastructure (milg®ar 2100)

Sea Level Rise (SL8oenarios SLR SLR SLR | SLR 1.feet + | SLR 4.0eet + | SLR 6.3eet +
1.7feet | 4.0feet | 6.3feet | storm surge | storm surge | storm surge

Roadway Type

State 0.00 0.00 0.00 024 054 0.72

Local 0.00 0.00 023 052 062 098

Private 0.00 0.00 0.00 0.00 0.00 0.00

Not Maintained 0.00 0.00 0.00 0.00 0.00 0.00

Total Road Miles 0.00 0.00 022 0.76 1.16 1.0

Figure 13 provides greater detail as to which roads are impacted.

FIGURE3 Greenl andds Road Asset |Impacts (y

Sea Level Rise (SLR ) Scenarios SLR 6.3eet SLR 6.3eet + storm surge
Road Name Road Class Miles Impacted Miles Impacted
Bayshore Drive Local 0.03 0.30
BayviewTerrace Local 0.06 0.07

Caswell Drive Local 0 0.4

Fairview Terrace Local 0.04 0.12

Great Bay Drive West Local 0.09 0.12

Privae Roadd No Name Private 0 0.33
Portsmouth Avenue (Rt. 33) State 0 0.72

Total Road Miles 0.22 1.70

This analysisletermined there are fourroads that are vulnerable to the high sebevel rise and an additional
three roads that are vulnerable to sekevel rise with storm surge in Greenland. The road with the greatest
impad is Portsmouth Avenue (NH Rt. 33), with 0.72 mil@®jected to be impacted by flooding under a 6.3ft
sealevel rise scenariavith storm surge.Maps 5 and 6 providea visual representation of thémpactsto roads

in Greenland It is important to consider that although less than one mile afroadway may beprojected to be
impacted by the high sealevel rise scenario, the effect of flooding on these segments may resultlosure of

an evacuation routereduced or loss of access to other roads, infrastructure, critical facilities, homes, and other
assets and resources.

The transportation asset identified in Figure 14 is a NH DOT project along Portsmouth Avenue (NH Rt. 33) at
Winnicut Road.

FIGURE4 Greenland s Ot her Tr anspo(daa2i00)on Asset | mpsea
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) ) SLR SLR SLR | SLR 1.feet + | SLR 4.0eet + | SLR 6.3eet +
Sea Level Rise (SL8cenarios
1.7feet | 4.0feet | 6.3feet | storm surge | storm surge | storm surge
Roadway Type
NHDOT Projects (# of sites) ‘ na ‘ na ‘ 1 ‘ na na 1

Natural Resources

Maps 7 and 8Land Resourcesnd Map 9 and 10Water Resourceshow natural resourcesaffected by sealevel
rise and mastal storm surge flooding. Figure Ifeports the number of acres for each naturdand resource
affected by each sedevel rise and coastal storm surge scenaritable 11reports the number of acres for each

natural waterresource.

FIGURHES Natural LandResources (acregyear 2100)

) ) SLR SLR SLR | SLR 1.feet + | SLR 4.0eet + | SLR 6.3eet +
Sea Level Rise (SL.8cenarios
1.7feet | 4.0feet | 6.3feet | storm surge | storm surge | storm surge
Natural Land Resources (acres)
Conservation Lands 59.7 112.2 | 178.1 142.1 198.8 253.1
Wildlife Action Plan
i 129.5 199.6 | 285.6 236.2 313.3 389.4
(Total for Tiers 1, 2 and 3)
Conservation Focus Areas 130.2 190.3 248.9 218.2 265.9 312.2
Total land resources 319.4 502.0 712.7 596.5 777.9 954.7

There are ten conservation propertiesnpacted by rsing sealevels and storm surge: Emery, GCNE Easement,
Great Bay Shoreline South, Great Bay WMA, Hughes #1, Leonard Weeks and Descendents, Portsmouth Country
Club, Sandy Point, Smith Tract, aide Town of Greenland parcel.

Theacres of Tier 1, 2, and 3 Wildlife Action Plan habitat impacted by-kmeelrise and coastal storm surge are
another indication of the sensitivity oWildlife habitatto rising water levelsTier 1 habitagtdeemed the nost
critical habitat for wildlifejs by far the most impacted of the threénabitat types, with up to 333.25cres
vulnerable to floodingand storm surgeunder the highest sedevel rise scenario (6.3 ft.) with storm surge.

As depicted in Figure 16, ater resources including wetlarg] aquifers, and drinking water protection areasear
vulnerable to sealevel rise Estuarine and marine wetlands are the most impacted water resource in Greenland,
with approximately 126 acres impacted under the highest degd rise scenario (& ft.) with storm surgeOver
15% andds tidal wet | alavdlsiseandstornpsurgg. ect ed t o

of Greenl

FIGURHESG NaturalWater Resources (acregyear 2100)

Draft: March 31, 2017 Page |18



CLIMATE RISK IN THE SEACOAST: YBIABILITY ASSESSMENT REPTIIRYN OFGREENLAND NEW HAMPSHIRE

G Loyl s (S L eares SLR SLR SLR | SLR 1.7eet + | SLR 4.0eet + | SLR 6.3eet +
1.7feet | 4.0feet | 6.3feet | storm surge | storm surge | storm surge
Natural WaterResources (acres)
Wellhead Protection Areas 11.0 16.2 29.2 20.9 34.3 54.1
Estuarine and Marine Wetlandg 115.6 | 123.7 124.9 124.3 125.2 125.9
Freshwater Wetlands 2.8 9.5 18.8 14.0 23.4 33.8
Stratified Drift Aquifers 0.00 0.00 0.1 0.00 03 1.2
Total water resources 129.4 | 1495 | 173.0 159.2 183.2 215.1

Land Use

Maps 1 and 2 Extent of Projected Tidal Floodihgw upland affected bysealevel rise and coastal storm surge
flooding above mean higher high water.Upland refers to land above mean higher high water (highest tidal
extent).Figure 1eports the number of acres of upland aétted by each flood scenario.

FIGURBR7:Uplands (acresfyear 2100)

) ) SLR SLR SLR | SLR 1.feet + | SLR 4.0eet + | SLR 6.3eet +
Sea Level Rise (SL8cenarios
1.7feet | 4.0feet | 6.3feet | storm surge | storm surge | storm surge
Uplands (acres)
Acres 51.0 119.8 | 224.0 162.5 261.3 375.5
% Upland 008% | 1.88% | 3.52% 2.5%% 4.1% 5.90%

Total Upland inGreenland= 6,357acres.

The wland areas surrounding the Winnicut River, Pickering Brook, Packers Brook, Shaw Brook and Foss Brook

are the portions of Greenlandnost impacted bysealevel rise and storm surgeSmaller pockets of impacted
uplands lay alonghe shoreline of the WinnicuRiver. Under the high setevel rise scenario (6.3 ftyith storm
surge as much as 5.9% of the upland area of the town is vulnerable teealevelrise and storm surge.

Parcels and Assessed Value

Figure 18reports the number of parcels affected by each of the six scenarios evaluated and the aggregated

assessed value of these parcels. The degree to which the parcel and any development on the pareel

affected by sealevel rise or storm related flooding was not analyzed. Affected parcels were identified based on

their location either partially or fully within the extent of the scenarios evaluated.

In Greenlandthe number of impacted parcels ranges from 135 to 202, and values$o2,502,10@0 $94,173,900

respectively.

FIGURHS: Parcels an®016Assessed Value by Scenaifgear 2100)
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Sea Level Rise (SLR SLR SLR SLR SLR Z.feet + | SLR 4.Geet + | SLR 6.3eet +
Scenarios 1.7feet 4.0feet 6.3 feet storm surge | storm surge | storm surge
Parcels and Assessed Value
Parcels Affected
135 141 160 149 170 202

(# of parcels)
Aggregate Value of

$72,502,100( $74,861,10q $81,573,000|  $78,556,200 $83,218,700 $94,173,900
Parcelq$ value)

Note: This data does not reflect the fact that some structures may be elevatedta source: NH Department of
Revenue Administration Property Appraisal Division CAMA.

Figure 19 reports the number of residential structures affectegleach of the six scenarios evaluated and the
aggregated assessed value of thes®mmes.

FIGURH9: Residential Structures arRD16Assessed Valugyear 2100)

Sea Level Rise (SLR) SLR SLR SLR | SLR 1.Teet + | SLR 4.0eet + | SLR 6.3eet +
Scenarios 1.7feet | 4.0feet | 6.3feet | stormsurge | storm surge | storm surge
Residential Structures and Assessed Value
Structures Affected (# of

0 0 4 1 9 26
homes)
Assessed Value of homes $2,739,

0 0 $625,000 $5,844,800 $15,626,709
(% value) 700

Data source: NHDepartment of Revenue Administration Property Appraisal Division CAMA. Data digitized by
SRPC.

Greenlanddoes not experience any impacts to homes under the first two sieael rise scenarios. However
there is a significant increase in the number of residentarcels impacted bythe high sealevel rise scenaoi
(6.3 ft.) with storm surge, 26 parcels iotal, as compared to no parcels under the low level se@e scenario
(1.7 ft.). These 2@sidental parcels haven assessed value 15,626,709

FEMA Flood Hazard Areas

Maps 11 and 1Zlimate Ready Culverts Mamhow areas within the 1600
year floodplain affected by sealevel rise and coasiastorm surge

flooding. The three sealevel rise scenarios generally fall within thg
current 100year floodplain, extading beyond into the 500year

floodplain in certain areas.

From a floodplain management
perspective, creating  more
resilient development within the
current 100year floodplain will
provide protection against floog
impacts from long term sea

level rise.

From a floodplain management perspective, creating more resiliel

development within the current 10§ear floodplain will provide
protection against flood impactgrom long term sea level risefFigure 20reports the acreage within the current

100@yearfloodplain affected by each flood scenario.
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FIGURE 2EEMA Flood Hazard Areas (acrds)pacted

Sea Level Rise (SLR) SLR SLR SLR | SLR 1.7eet + | SLR4.0feet + | SLR 6.3eet +
Scenarios 1.7feet | 4.0feet | 6.3feet | storm surge | storm surge | storm surge
FEMA Flood Hazard Areas
100yr floodplain impacted

136.1 202.2 210.8 207.1 212.5 222.5
(acres)
Percentage of SLR

1006 92836 | 62.8% 77.%% 56.3% 44.8%

within the floodplain

Floodplain assessment based BEMAFIood Insurance Rate MapBIRMsypated May 17, 2005.

In Greenland the 100year floodplain is highly sensitive to flaling from sealevel risealong Great Bay,
Winnicut River, Pickering Brook, Packer Brook and othexeks and brooks flowing intdGreat Bay According

to this analysis, 100% of the lowest level skeael rise (1.7 ft.) occurs within the floodplain. éterm surge is
integrated into the sealevel rise analysigoughly 44.826 of the highest sedevel ri®¢ scenario (6.3 ft.) falls
within the existing FEMA 16¢ear floodplain.
floodplain decreasesas the sealevel rise and associated storm surge increabecause more flooding is
occurring within and beyond the boundaries of the floodplain.
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ISSUES AND CONSIDERATIONS

The following issues and considerations of local and regional importance were identified during project
meetings with municipal stafnd land use board members.

1 Using the results of the climate ready culvert analysis will assistTthan with long-term planning
decisions in regard to the placement, desigand size of new culverts or when upgrades and repairs
are being made to existingulverts.

1 According to the hydraulic component of the analysief the elevenculverts chosenfour were able to
pass the 16yr storm eveni three failed,and four ranked transitional. The vulnerability and risk of future
failure at these locations wilbecome greater with an expected increase in the frequency of extreme
precipitation events.

1 Several town roadswere identified as vulnerableto either projected sealevel rise or coastal storm
surge. These roads include Great Bay Drive West, BayshoneDKleloon Road, Caswell Drive, Bayside
Road, and Fairviewlerrace. A portion of one state road was identified asllnerable; Portsmouth
Avenue (NH Rt. 33) near Golf and Ski Warehouse. The railroad tracksraitrbad bridge crossing the
WinnicutRiver ae impacted by sealevel rise and storm surge.

1 As sealevels rise in Great Bay and its tributaries, septic systems located in inundation areag ask a
of failure posing a threat to groundwater and drinking water supplies. Groundwater tables located
near the shoreline will rise, impacting leachfields and reducing the ability of the system to treat bacteria
and pathogens in wastewater. Review of the Towno
DES is recommended to identify changes need negulations to address failure of existing and
proposed septic systems.

1 Protecting both freshwater and tidal wetlands will improve floodplain storage capacity; assist to
adequately separate development and infrastructure from these areas; ,aatlow for the inland
migration of tidal marsh systems and conversion of freshwater systems to tidal systems to
accommodate projected changes in sekevels.

1 Ten parcek of conservation land arevulnerable to sealevel rise andcoastal storm flooding. The
impacts offlooding and salt water on conservation land wilasy greatly depending on the types of
natural communities present.

1 Land conservation efforteénd land use planning effortelong Great Bay the Winnicut River, and other

tributaries in Greenlanamay mitigate future flooding impacts by guiding development away from those
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areas and increasing flood storage capacitgdditional consevation land along Great Bayiver will
increase capacity to mitigatéuture flooding.

1 While the land above groundwater reources is vulnerable to sea level rise and storm surgeisit
unclear what the impact of saltwater intrusion due to sea level rise and storm surge on aquifers and
groundwater may be in the town. A preliminary study modeling the impacts of sea level rise o
drinking water is currently ongoingThis issue needs further study to identify how saltwater is likely to
change the salinity of existing freshwater sources along the coast. Additionally, asleses rises,
groundwater table elevations are pushed upwdr resulting in higher groundwater elevations at
significant distances from the coast.

1 Providing information about potential flood hazards to businesses and residents, and early notification
of flood risk during a coastal storm event would enhance pubdiafety and preparedness.
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RECOMMENDATIONS
L ______________________________________________________________________________________________________|

The following recommendations are shoterm climate adaptation actions that can be includedinhe Town &
Hazard Mitigation PlapnMaster Planand other planning and policy documents. These actions are focused on
strengthening land use development standards, resource protection, municipal policy and plans, and public
support to create more resilient development, irfstructure and natural system

REGULATORY

R1- Coastal Flood Hazard Overlay Districhdopt in thetownd s zoning ordinance a C
Overlay District that includes performance based standards that protect against flood impacts fromlesesl

rise and coastal storm surgeEstablish the overlay district boundaries based on current flood hazard areas on
FEMA Flood Insurance Rate Maps and projected future high risk flood areas mapped by tHeiSe
Vulnerability Assessment. (Also see similar recommendation in the Communityré@ah and Engagement

section below.)

R2 - Coastal Buffers and Tidal Marshesdopt buffer requirements for setbacks to wetlands that include
consideration of climate change in order to protect land that allows coastal habitats and populations to adapt
to changing conditions and also provides ecosystem services that protect people, structures, and facilities.

R3 & Culvert Maintenance and ImprovementAdopt ecosysterfriendly approaches in the placement and
design of freshwater and tidal stream crossingsadrder to restore or maintain natural flow regimes to increase
ecosystem resilience to extreme weather events and other coastal hazards.

R4 ¢ Siting and Design of Structuredncluding Septic System&nsure that the best available climate science
and flood risk information are used for the siting and design of new, reconstructed, and rehabilitated wipal
structures and facilitieand private structures, including homes and their associated septic systems and drinking
water wells.

PLANNING ANLCPOLICY

P1 6 Municipal Hazard Mitigation Plan. Incorporate the vulnerability assessment information and
recommendations from theC-RiSereport into t h e T HawarddViétigation Plan update. Continue revising
and updating the assessment information and cliteaadaptation recommendations in future updates of the
Planas new data and information becomes available

P2 - Capital Infrastructure and Investment&icorporate consideration of impactso municipal infrastructure

such as roadways, bridges and culveristo current and future capital infrastructure project&valuate the
extent of sealevel rise and storm surge flooding onutfalls along shorelines
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P3 - Evacuation PlanningPrepare evacuation plans and coordinate these plans with towns in the coastal
region to implement timely and comprehensive planning and notification for coastal storm events.
1 Mark evacuation routes with signage and communicate routes to the public with information on the
townds website and printed maps.

P4 - Land ConservationLand conservation offersan opportunity to adapt tothe effects of sedevel rise and
coastal storm flooding and climate change impacts.

91 Incorporate new scoring criteria into existing land conservation prioritization efforts that consider
climate adaptationbenefits when evaluating land for conservation purposeascluding migration for
tidal wetlands and salt marsh

1 Support funding and resources for conservation, land management programs, and land stewardship
activities.

P5 d Drinking Water Protectionlncorporate findings of the University of Newd a mp s hinvestgatien of
impacts of sea level rise on groundwater into Hazard Mitigation Plans and long term drinking water protection
planning. Other ongoing groundwater modeling at the University of Newatnpshire is investigating the effects

of climate change, including seéevel rise, precipitation and temperature, on groundwater levels and the
impacts to roads in coastal New Hampshire. The groundwater modeling study will have broader applications as
it can be expanded to investigate the effects of climate change on drinking water supply, base flostreams,

and the hydrology of wetlands

P73 Road MaintenanceEvaluate the extent of setevel rise and storm surge flooding to sections of roadway
servingthe Great Bay Campground.Ensure that all existing and future transportation related projects within
identified vulnerable areas take projected sdavel rise scenarios into account

P8 & Model Ordinance Collaborate with NHDES, NHOEP, RPCs, and technéxperts to create a model
ordinance for climate change.

COMMUNITY OUTREACH AND ENGAGEMENT

Ol-1 mpl ement FEMAO®s Hi g This Waative is a dbanmuaitpdsedi atvareaess pvogram

t hat i ncreases | ocal communitiesdd awareness of
Communities implement the High Water Mark Initiative by providing information on past floods, hsas
documenting high water marks in public places, and posting maps and photographs of past floods on their
websites. High water marks can be displayed on public buildings or on permanently installed matkersnore
information visit:https://www.fema.gov/abouthigh-water mark-initiative

02 - Coastal Flood Hazard Overlay Distridtise the Coastal Flood Hazard Overlay District as a tool to inform
property owners of existing and futa risks and hazards based on projected séavel rise and coastal storm
surge flooding.
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02 - Living Shorelines and Landscapinlylaintaining natural
shorelines is an effective way to preserve the functions of
shoreline systems (marshes, dunes, estuaries) in providing
valuable services including flood storage, recreational areas,
and commercial harvesting of fish and shellfish.
1 Prouvde information to property owners about living
shorelines and the importance of retaining the
functions of natural shorelines, and implementing
landscaping best practices.
1 Implement living shorelines projects on town lands to
demonstrate best praCtices’ ral the benefits and Example of a living shorelinePhoto Credit: Vance
effectiveness of living shorelines approaches. Miller, from Living Shorelines Acadery

APPENDDS MAP SET
L _____________________________________________________________________________________________________________________|

Map I Extent of Projected Tidal FloodingSLR 1. 76, 4. 00 and 6. 360
Map 2: Extent of Projected Tidal FloodingSLR + Storm Surge

Map 3: Critical Facilities and Infstructure-SL R 1. 7 0, 4. 00 and 6. 30
Map 4: Critical Facilities and InfrastructuréSLR + Storm Surge

Map 5:Roads and Transportation AssetsSL R 1. 76, 4. 086 and 6. 3608
Map 6:Roads and Transportation AssetsSLR + Storm Surge

Map 7: Land ResourcesSLR 17 & , 4. 00 and 6. 360

Map 8. Land Resources SLR + Storm Surge

Map 9: Water ResourcesSLR 1. 76, 4. 086 and 6. 360

Map 10: Water ResourcesSLR + Storm Surge

Map 11: Climate Ready CulvestS LR 1. 76, 4. 00 and 6. 30

Map 12: Climate Ready CulveHsSSLR + StornBurge
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