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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 resulting from projected changes in sea-levels and coastal 

storm surge. This report should be used 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 the static analysis applied to map 

coastal areas subject to future flooding which does not consider wave action and other coastal dynamics. 

Also, the estimated flood impacts to buildings and infrastructure are based upon the elevations of the land 

surrounding them, not the elevation of any structure itself. 
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INTRODUCTION: PLANNING TO REDUCE RISK AND VULNERABILITY 

 

New Hampshireõs economy and quality of life have historically been 

linked to its shores, its vast expanses of productive saltmarshes and 

sandy beaches. Increased flooding has the potential to place coastal 

populations at risk, threaten infrastructure, intensify coastal hazards 

and ultimately impact homes, businesses, public infrastructure, 

recreation areas, and natural resources. Accounting for changes in 

sea level and coastal storms will help lead to informed decisions for 

public and private investments and helps minimize risk and 

vulnerability. 

 

What is a Vulnerability Assessment? 

A vulnerability assessment 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. The assessment evaluates existing and future 

conditions such as: inland extent and depth of flooding; impacts to natural and human systems; and 

changes in impacts between different flood levels. 

Climate Risk in the Seacoast (C-RiSe) Vulnerability Assessment 

The Climate Risk in the Seacoast (C-RiSe) vulnerability assessment project produced maps and statistical 

data about the potential sea-level rise and storm surge impacts to infrastructure, critical facilities, 

transportation systems, and natural resources for the ten tidally-influenced municipalities surrounding New 

Hampshireõs Great Bay Estuary. Specifically, the C-RiSe project incorporated the following assessment 

components: 

¶ Sea-Level Rise and Storm Surge Inundation Mapping ð Flood extents for six sea-level rise and sea-level 

rise plus storm surge scenarios were mapped for each municipality.  

¶ Municipal Vulnerability Assessments ð Vulnerability assessments quantified and mapped impacts to 

transportation systems, critical facilities and infrastructure, and natural resources was conducted for each 

municipality to provide a broad overview of the potential risk and vulnerability of municipal assets and 

resources resulting from projected increases in sea level and coastal storm surge flooding.  

¶ Culvert Assessment ð Modeling was developed to assess hydraulic capacity, aquatic organism passage, 

and geomorphic compatibility for a selection of road/stream crossings (culverts) at various storm flows. 

Modeling results will enable municipalities to identify and prioritize culverts for replacement that have 

inadequate flow capacity and/or present barriers to passage of aquatic organisms. 

New Hampshireõs Great Bay 

municipalities are confronted by 

land use and hazard management 

concerns, including extreme weather 

events, storm surges, flooding and 

erosion. These issues are expected to 

intensify with increases in the 

frequency and intensity of extreme 

storm events and rising sea levels. 
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¶ Hazard Mitigation Planning ð The project also included ònext steps of hazard mitigation planning. This 

included outreach and technical assistance to each municipality to inform municipal leaders about future 

flood risks and identify ways to incorporate vulnerability assessment results and adaptation strategies 

into local planning efforts. The municipal vulnerability assessment reports were designed for future 

inclusion in local hazard mitigation plans. 

 

How Can Vulnerability Assessments Be Used? 

Information from a vulnerability assessment can help guide common sense solutions, strategies and 

recommendations for local governments, businesses, and citizens to enable them to adopt programs, 

policies, business practices and make informed decisions. Planning for the long-term effects of sea-level rise 

may also help communities prepare in the short-term for periodic flooding from severe coastal storms. 

Results from the C-RiSe vulnerability assessment can be incorporated 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 as floodplain development 

standards and natural resource protection, and land development standards in site plan review regulations 

and subdivision regulations. 

 

How Do Vulnerability Assessments Benefit Communities? 

The C-RiSe vulnerability assessment is intended to assist New Hampshireõs Great Bay municipalities in taking 

actions to prepare for increase flood risk, including: 

Á Enhance preparedness and raise community awareness of future flood risks.  

Á Identify and begin to implement cost-effective measures to protect and adapt to changing 

conditions.  

Á Improve resiliency of infrastructure, buildings and investments. 

Á Protect life, property and local economies.  

Á Protect services that natural systems provide. 

Á Preserve unique community character. 

 

Zoning Ordinance 

Site Plan Regulations 

Subdivision Regulations 

 

Land Conservation Plan 

Master Plan 

Hazard Mitigation Plan 

Capital Improvement Plan 

Roadway Management 

Facilities Management Plan 
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MAPPING AND ASSESSMENT METHODS 

Vulnerability Assessment: Sea Level Rise and Storm Surge Scenarios 

The Climate Risk in the Seacoast (C-RiSe) vulnerability assessment project produced maps and statistical 

data about the potential sea-level rise and storm surge impacts to infrastructure, critical facilities, 

transportation systems, and natural resources for the ten tidally influenced municipalities surrounding New 

Hampshireõs Great Bay Estuary. As shown in Figure 1, the C-RiSe assessment evaluated flood impacts from 

three sea-level rise scenarios for the year 2100 ð 1.7 feet (intermediate low), 4.0 feet (intermediate high), and 

6.3 feet (highest) ð and three sea-level rise plus storm surge scenarios combining the static sea-level rise 

scenarios with the current 100-year storm surge. 

FIGURE 1: Sea-Level Rise and Storm Surge Scenarios at 2100. 

Sea-Level Rise (SLR) 

Scenarios 

Intermediate 

Low SLR 

Intermediate 

High SLR 

Highest 

SLR 

Intermediate 

Low SLR +  

storm surge 

Intermediate 

High SLR +  

storm surge 

Highest SLR +  

storm surge 

SLR 1.7 feet 4.0 feet 6.3 feet --  --  --  

SLR + Storm Surge --  --  --  
1.7 feet + 

storm surge 

4.0 feet + 

storm surge 

6.3 feet + 

storm surge 

Note: Storm surge is the area flooded by the current 100-year/1% change storm event as depicted on the 

Preliminary Flood Insurance Rate Maps released by FEMA in 2014. 

Baseline of Mean Higher High Water 

Flooding from the sea-level rise scenarios and sea-level rise plus storm surge scenarios evaluated in this 

study were mapped from an established baseline of Mean Higher High Water (MHHW) which is 4.4 feet in 

the coastal region of NH. MHHW is the average of the higher high water height of each tidal day observed 

over the National Tidal Datum Epoch.1  

Sea-Level Rise Scenarios 

The three sea-level rise scenarios used in the C-RiSe assessment are based on an earlier study completed by 

Wake et al in 20113, and are similar to the more recent findings issued by the NH Coastal Risk and Hazards 

Commissionõs (CRHC) Science and Technical Advisory Panel (STAP) in 20144. As shown in Figures 2 and 3 

below, while slightly different than the scenarios cited in the 2014 STAP report, the sea-level rise scenarios 

used in this assessment yield coverage estimates of flooding that are within the mapping margin of error for 

                                                 
1 The NTDE refers to the specific 19-year period adopted by the National Ocean Service as the official time segment 

over which tide observations are taken. The present NTDE is 1983 through 2001 and is considered for revision every 

20-25 years. See NOAA. (2013). Tidal Datums. https://goo.gl/2h7btu  
3 Wake et al. (2011). Climate Change in the Piscataqua/Great Bay Region: Past, Present, and Future. Carbon Solutions 

New England Report for the Great Bay (New Hampshire ) Stewards. https://goo.gl/PxbLLw. 
4 NH CRHC STAP. (2014). Sea-level Rise, Storm Surges, and Extreme Precipitation in Coastal NH. https://goo.gl/gvJgBD.  

https://goo.gl/2h7btu
https://goo.gl/PxbLLw
https://goo.gl/gvJgBD
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the scenarios in both the 2011 and 2014 reports.5 They are essentially the same sea-level rise scenarios 

shown in the 2014 National Climate Assessment produced by a consortium of federal agencies and 

researchers that have expertise in oceans and climatology including NOAA, U.S. Army Corps of Engineers, 

EPA and many academic institutions. 

Figure 2: 2011 Sea-Level Rise Scenarios (based on greenhouse gas emissions) at 2050 and 2100. 

 
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 Future.  Carbon Solutions New England 

Report for the Great Bay (New Hampshire) Stewards. https://goo.gl/PxbLLw.  

 

Figure 3: 2014 Sea-Level Rise Scenarios (based on greenhouse gas emissions) at 2050 and 2100. 

 

Source: NH Coastal Risk and Hazards 

Commission Science and Technical 

Advisory Panel (2014). Sea-level Rise, 

Storm Surges, and Extreme Precipitation in 

Coastal New Hampshire: Analysis of 

Past and Projected Future Trends. 

https://goo.gl/gvJgBD. 

 

 

 

Storm Surge 

Storm surge is the rise of water level accompanying intense coastal storm events such a tropical storm, 

hurricane or Norõeaster, whose height is the difference between the observed level of the sea surface and 

the level that would have occurred in the absence of the storm event.7 Storm surge is caused by several 

factors including wind-driven waves, and increase water height from low atmospheric pressure associated 

                                                 
5 For more information about how these sea-level rise scenarios were mapped, visit: https://goo.gl/btGDRV.  
7 NOAA. (2016). What is storm surge? https://goo.gl/OgQsQ2.  

https://goo.gl/PxbLLw
https://goo.gl/gvJgBD
https://goo.gl/btGDRV
https://goo.gl/OgQsQ2
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with intense storms. Storm surge is mapped using the 100-year/1% chance flood events from the Preliminary 

Flood Insurance Rate Maps (FIRMs) released by FEMA in 2014. The preliminary FIRMõs account for the limit 

of moderate wave action in coastal areas, however this assessment does not account for additional flooding 

and impacts related to more severe wave action, wind action, erosion and other dynamic coastal processes. 

Vulnerability Assessment: Assets and Resources Evaluated 

A GIS analysis was conducted to determine the intersection of flood inundation areas with key assets and 

resources (transportation, critical facilities, infrastructure and natural resources) and quantitatively evaluate 

flooding impacts. Flood elevations were mapped using high-resolution topography (2-foot contour 

elevations acquired with LiDAR) which greatly increased the accuracy of mapping the extent of each 

incremental increase in flood depth. Figure 4 presents the complete list of the assets and resources 

evaluated as part of the C-RiSe 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 sea-level rise and/or coastal 

storm surge scenarios.  

FIGURE 4: Assets and Resources Evaluated for the Vulnerability Assessment. 

Category Assets and Resources 

State and Municipal Infrastructure  

Municipal Culverts 

Federal and State Historic Register Properties 

Other Assets: graveyards, water access, transmission lines 

Municipal Critical Facilities 
Municipal Critical Facilities (e.g. Police and Fire Stations, 

schools, emergency shelters) 

Transportation Assets & Roadways 

State and Local Roadways 

Bridges 

Regional and Municipal Evacuation Routes 

Urban Compact Areas 

NHDOT Transportation Infrastructure 

NHDOT Ten-year and Long Range Plan Projects 

Natural Resources 

Á Freshwater and Tidal Wetlands 

Á Aquifers and Wellhead Protection Areas 

Wildlife Action Plan ð Tier 1 and Tier 2 habitats 

100-year Floodplains 

Land Use 
Á Residential Structures 

Á Assessed Value of Affected Parcels 

 

Culvert Assessment: Hydraulic, Aquatic Organism Passage, and Geomorphic Ratings 

Another significant source of flooding in the Great Bay region comes from failing or undersized culverts 

which can lead to localized damming or severe erosion. Many older culverts were not designed to manage 
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the increased rainfall associated with large storm events (50-years and greater). The culvert assessment was 

undertaken to determine culvert capacity and ability to process stormwater. To evaluate culvert function, 

hydrologic and hydraulic modeling of road/stream crossings (culverts) was completed by the University of 

New Hampshire Stormwater Center. The C-Rise project assessed hydraulic capacity, aquatic organism 

passage (AOP), and geomorphic compatibility (GC) at various peak flows for a subset of culverts selected by 

each of the ten Great Bay coastal municipalities. The assessment was based on runoff associated with the 

current 10-, 25-, 50- and 100-year storm events. For each storm, 

each crossing was assigned a hydraulic rating, an AOP rating, and 

a GC rating; the three ratings are described in greater detail 

below.  

Hydraulic Rating 

Peak flows for the 10-, 25-, 50-, and 100-year storm events were 

used to determine headwater depths (water surface elevation at 

the inlet) for each crossing. Headwater depths were calculated 

using field-collected 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 Number9 method was used; and for 

watersheds larger than one square mile, flows were calculated 

using the Regression Equations10 published by the USGS for New 

Hampshire. Once the flood flows at each crossing were calculated, they were input into the Federal Highway 

Administrationõs free culvert analysis software, HY-8, along with the necessary culvert and crossing data 

collected at each location. Headwater depths were then calculated for each of the flood flows and 

compared to the lowest top of the culvert and roadway elevation in order to assign hydraulic ratings for 

each crossing.  

The hydraulic ratings describe the headwater depth for each flood flow relative to the culvert and road 

elevation. The ratings for hydraulics are: Pass (green), Transitional (yellow), and Fail (red). A description of 

each hydraulic rating is provided in Figure 5. Figure 6 illustrates how the hydraulic rating is applied to a 

culvert evaluation.  

 

  

                                                 
9 A curve number is a number from zero to 100 that describes how much rainfall runs off versus how much is lost to 

infiltration. A high curve number implies most of the rainfall runs off. 
10 A regression equation describes a mathematical relationship between two variables in which one variable is used to 

predict the other. 

FIGURE 5: Hydraulic Ratings. 
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FIGURE 6: Example of how the hydraulic rating is applied to a culvert evaluation. 

 

Aquatic Organism Passage (AOP) Rating 

The AOP ratings were developed using the New 

Hampshire protocol for assessment which is based 

directly on the Vermont Culvert Aquatic Organism 

Passage Screening Tool. This tool uses physical data 

collected at each crossing and may be used to rate 

each culvert at a crossing for AOP. At a crossing with 

multiple culverts, if one culvert is more passable than 

another, the more passable culvert would to be the 

path that organisms would utilize. Thus, the best rating 

for a culvert at a crossing is used as the rating for the 

crossing as a whole.  

The AOP ratings are: Full AOP (Green), Reduced AOP 

(Gray), No AOP ð Adult Salmonids (Orange), and No 

AOP (Red). A description of each AOP rating is 

provided in Figure 7.  

 

Geomorphic Compatibility (GC) Rating 

Similar to AOP, New Hampshire has a screening tool for rating crossings for their geomorphic compatibility 

(GC) refers to the ability of a crossing to pass sediments and debris. This rating is also adopted directly from 

the Vermont protocol. This method uses physical characteristics, as well as observational details, of the 

culvert and of the watercourse. Five categories are scored with a score of 1-5, and the sum of the five scores 

FIGURE 7: Aquatic Organism Passage Ratings. 

Full AOP 
Crossing likely is fully passable by 

all aquatic organisms 

Reduced AOP 

Crossing likely has reduced 

passage capability by all aquatic 

organisms 

No AOP - Adult 

Salmonids 

Crossing likely is not passable by 

all aquatic organisms except for 

adult salmonids 

No AOP 

Crossing is likely impassable by all 

aquatic organisms including adult 

salmonids 
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yields a total score, which is then used to determine the rating. GC ratings are: Fully Compatible (colored 

neon green), Mostly Compatible (colored pea green), Partially Compatible (colored yellow), Mostly 

Incompatible (colored orange), and Fully Incompatible (colored red). A description of each GC rating is 

provided in Figure 8. 

 

FIGURE 8. Geomorphic Compatibility Ratings. 

Fully Compatible 
20 < Score  

Ó 25 

Structure fully compatible with natural channel form and process. 

There is a low risk of failure. No replacement anticipated over the 

lifetime of the structure. A similar structure is recommended when 

replacement is needed. 

Mostly Compatible 
15 < Score  

Ó 20 

Structure mostly compatible with current channel form and process. 

There is a low risk of failure. No replacement anticipated over the 

lifetime of the structure. Minor design adjustments recommended 

when replacement is needed to make fully compatible 

Partially Compatible 
10 < Score  

Ó 15 

Structure compatible with either current form or process, but not 

both. Compatibility likely short-term. There is a moderate risk of 

structure failure and replacement may be needed. Re-design 

suggested to improve geomorphic compatibility. 

Mostly Incompatible 5 < Score Ó 10 

Structure mostly incompatible with current form and process with a 

moderate to high risk of structure failure. Re-design and replacement 

planning should be initiated to improve geomorphic compatibility. 

Fully Incompatible 0 Ó Score Ó 5 

Structure fully incompatible with channel and high risk of failure. Re-

design and replacement should be performed as soon as possible to 

improve geomorphic compatibility 

 

 

Map Design and Organization 

The C-RiSE map set is comprised of two components: maps depicting the extent of projected flooding from 

the three sea-level rise scenarios in shades of green, and maps depicting the three sea-level rise plus storm 

surge scenarios in shades of pink. Each of the asset categories evaluated are displayed on these two maps. 

Examples of the two scenario maps are shown in Figures 9 and 10 on the following pages.15  

                                                 
15 The complete C-RiSe map set is available on the NHDES Coastal Program Website at: https://goo.gl/17prD6.  

https://goo.gl/17prD6
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Figure 9: Sea Level Rise Scenarios 1.7 feet, 4.0 feet, and 6.3 feet at 2100. 

 

  



CLIMATE RISK IN THE SEACOAST: VULNERABILITY ASSESSMENT REPORT ð GREAT BAY REGION, NEW HAMPSHIRE 

March 31, 2017 Page | 10  

Figure 10: Sea Level Rise Scenarios 1.7 feet, 4.0 feet, and 6.3 feet sea-level rise + storm surge at 2100. 

Note: Storm surge = 100-year/1% chance storm event and flood elevation. 
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OVERVIEW OF IMPACTS IN THE GREAT BAY COASTAL REGION 

 

New Hampshireõs Great Bay region is comprised of ten municipalities located in Strafford Regional Planning 

Commission and Rockingham Regional Planning Commission regions: 

Á Strafford Regional Planning Commission Region: 

o  Dover, Durham, Madbury, Newmarket, and Rollinsford. 

Á Rockingham Planning Commission Region: 

o Exeter, Greenland, Newfields, Newington, and Stratham. 

This section presents a brief summary of significant potential sea-level rise and storm related flooding 

impacts assessed in the ten Great Bay municipalities.16  

Strafford Regional Planning Commission Region 

Dover: The locations most susceptible to coastal flooding in low areas along the Bellamy River; the 

Piscataqua River; at the confluence of the Cochecho River and the Salmon Falls River, and along the shores 

of Little Bay within the coastal floodplain area. Infrastructure, aquifers, uplands, floodplains, conserved lands, 

freshwater wetlands, and lands identified as important habitat (Wildlife Action Plan) are the most vulnerable 

to flooding from sea-level rise and coastal storm surge. No impacts to residential homes reported under the 

first sea-level rise scenario; however, significant impacts in the intermediate high (4.0ft) and highest (6.3ft) 

scenarios can be expected. Nearly 3% of Doverõs uplands are impacted by the highest (6.3 feet) sea-level 

rise plus storm surge scenario, including 476 parcels valued at roughly $235 million, and 185 homes valued 

at roughly $170 million. 

Durham: The locations most susceptible to coastal flooding are the low areas along the Oyster River and its 

tributaries, at the confluence of the Oyster River and Little Bay, and along the shores of both Little and Great 

Bay within the coastal floodplain area. Compared to other municipalities in the region, most of Durhamõs 

key infrastructure, community assets, and natural resources are protected. Nearly 2% of Durhamõs uplands 

are impacted by the highest (6.3 feet) sea-level rise plus storm surge scenario, including 298 parcels valued 

at roughly $153 million, and 14 homes valued at roughly $5.6 million. 

Madbury: The locations most susceptible to coastal flooding are along the Bellamy River, at the confluence 

of the Oyster River and Little Bay, and Johnson Creek within the coastal floodplain area. Most key 

infrastructure, community assets, and natural resources are protected from flooding with the exception of 

very minor road impacts. Freshwater wetlands, floodplains, and natural land resources identified as 

important habitat (Wildlife Action Plan) are the most vulnerable to flooding from sea-level rise and coastal 

storm surge. Less than one percent (1%) of Madburyõs uplands are impacted by the highest (6.3 feet) sea-

                                                 
16 Individualized reports for each municipality are available on the NHDES Coastal Program Website at: 

https://goo.gl/17prD6.  

https://goo.gl/17prD6
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level rise plus storm surge scenario, including 19 parcels valued at roughly $2.1 million. No homes are 

impacted by flooding. 

Newmarket: The locations most susceptible to coastal flooding are south of the Mcallen Dam on the west 

side of the Lamprey River near the downtown; low-lying areas around Lubberland Creek, and low-lying land 

south of the Lamprey River along Great Bay. Significant acreage of tidal wetlands, wellhead protection areas 

(local drinking water supplies), conservation and public lands, and Wildlife Action Plan priority habitat are 

vulnerable to flooding from sea-level rise and coastal storm surge. Nearly 3.5% of Newmarketõs uplands are 

impacted by the highest (6.3 feet) sea-level rise plus storm surge scenario, including 150 parcels valued at 

roughly $43.9 million, and 6 homes valued at roughly $1.76 million. 

Rollinsford: Minor impacts are expected in the southeastern portion of town along Chenard Brook, Sligo 

Brook, Stackpole Brook, and the Salmon Falls River. Local groundwater resources (aquifers), areas 

surrounding local drinking water supplies (wellhead protection areas), uplands, floodplains, and lands 

identified as important habitat (Wildlife Action Plan) are the most vulnerable to flooding from sea-level rise 

and coastal storm surge. No major critical facilities impacted, but potential impacts to Sligo Road should be 

considered. Less than 1% of Rollinsfordõs uplands are impacted by the highest (6.3 feet) sea-level rise plus 

storm surge scenario, including 27 parcels valued at roughly $6 million, and 1 home valued at $357,177. 

Rockingham Planning Commission Region 

Exeter: The locations most susceptible to flooding are in the 100-year floodplain and along the upper tidal 

reaches of the Squamscott River. Areas of highest risk for sea-level rise and storm surge flooding include: 

Swazey Parkway extending west to properties on Water Street and north on Route 85; Exeter Waterfront 

Commercial Historic District (waterfront side of buildings on Water Street); Wheelwright Creek drainage up 

to Portsmouth Avenue and the Exeter Reservoir; Norris Brook, Sloans Brook, and Rocky Hill Brook. Roughly 

1% of Exeterõs uplands are impacted by the highest (6.3 feet) sea-level rise plus storm surge scenario, 

including 121 parcels valued at roughly $83.5 million and 21 residential structures valued at $32.5 million. 

Greenland: The areas of highest risk for sea-level risk and storm surge flooding are adjacent to the Great 

Bay and tidal portion of the Winnicut River and include: properties and roadways associated with Bayshore 

Road, Melon Road, Fairview Terrace, Great Bay Drive West, Bayside Drive, Caswell Drive, Bruce Court; NH 

Route 33 between Golf and Ski Warehouse and Rizzo Warehouse/British Aisles, and Portsmouth Country 

Club; shoreland buffers, salt marsh, and freshwater wetlands along the Great Bay, Winnicut River, Pickering 

Brook, Packer Brook, Haines Brook, Shaw Brook and Foss Brook. As much as 5.9% of Greenlandõs uplands 

are impacted by the highest (6.3 feet) sea-level rise plus storm surge scenario, including 202 parcels valued 

at roughly $94.2 million and 26 residential structures valued at roughly $15.6 million. 

Newfields: The areas of highest risk for sea-level rise and storm surge flooding occur along the Great Bay 

and Squamscott River include: campsites associated with Great Bay camping; Town Landing; land and docks 

along River Road; land abutting the Wastewater Treatment Plant, but not the Plant itself; Pan Am railroad 

leading to the railroad bridge crossing the Squamscott River. Nearly 3.5% of Newfieldsõ uplands are 
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impacted by the highest (6.3 feet) sea-level rise plus storm surge scenario, including 45 parcels valued at 

roughly $9.7 million and 2 residential structures valued at $513,700. 

Newington: The high risk flood areas include lands currently used for commercial, industrial, residential and 

recreational development, and small sections of local roads and state Route 16 at the Little Bay Bridges. 

Specific areas most susceptible to sea-level rise and storm related flooding include: River Road/Piscataqua 

River waterfront commercial/industrial area; Great Bay Marine facility; Fox Point and Newington Town Park 

conservation lands; Shattuck Way, a designated evacuation route; and residential neighborhoods at Fabyan 

Point. Roughly 4.7% of Newingtonõs uplands are impacted by the highest (6.3 feet) sea-level rise plus storm 

surge scenario, including 128 parcels valued at roughly $136.8 million and 8 residential structures valued at 

$8.4 million. 

Stratham: The areas most susceptible to coastal flooding in lowlands adjacent to and within the floodplain 

of the Squamscott River and its tidal and freshwater tributaries. These low-lying areas, with a mix of 

residential and commercial development and the infrastructure that services them, are particularly 

vulnerable to flooding from seasonal high tides, sea-level rise and coastal storms. Other flood impacts 

include: Chapmans Landing water recreation access and parking lot; hay and crop fields at Stuart Farm and 

Scamman Farm bordering the Squamscott River; and well-head protection areas for residential 

developments west of Route 33. Roughly 4.7% of Strathamõs uplands are impacted by the highest (6.3 feet) 

sea-level rise plus storm surge scenario, including 128 parcels valued at roughly $40.6 million and 6 

residential structures valued at roughly $2.5 million. 

 

KEY FINDINGS OF THE VULNERABILITY ASSESSMENT 

Regional Assets and Resources 

Figure 11 reports the combined impacts to assets and resources impacted sea-level rise and coastal storm 

surge scenario flooding in the ten municipalities. Municipalities with the largest percentage of the total 

regional impacts by asset type are summarized below: 

Á Acres of Aquifer: Dover (85%).  

Á Acres of Wellhead Protection Areas: Stratham (72%).  

Á Number of Homes: Dover (94% under 6.3 feet SLR; 64% under 6.3 feet SLR + storm surge). 

Á Acres of Tidal Wetlands: Exeter (27%), Stratham (22%), Greenland (15%), Newington (14%). 

Á Acres of Freshwater Wetlands: Durham (20%), Newington (17%), Dover (18%). 

Á Assessed Property Value: Dover (70% under 6.3 feet SLR; 51% under 6.3 feet SLR+ storm surge) and 

Exeter (13% under 6.3 feet SLR; 24% under 6.3 feet SLR + storm surge). 

Overall, the Great Bay region has limited vulnerability as most major infrastructure (e.g. water and 

wastewater treatment plants) is located outside the 100-year floodplain. Impacts to local and state roads are 
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also minimal; however, site specific impacts can be significant particularly if a designated evacuation route or 

state highway is impacted. 

FIGURE 11: Summary of assets and resources impacted by sea-level rise and storm surge at 2100. 

Sea-Level Rise (SLR) Scenarios 
SLR 

1.7 feet 

SLR 

4.0 feet 

SLR 

6.3 feet 

SLR 1.7 feet 

+ storm 

surge 

SLR 4.0 feet 

+ storm 

surge 

SLR 6.3 feet 

+ storm 

surge 

Upland (acres above MHHW) 289.6 775.8 1,484.7 1,100.3 1,747.4 2,429.5 

State, Municipal and Private Assets 

Infrastructure (# sites)* 4 23 115 69 167 304 

Critical Facilities (# sites)** 0 0 1 0 1 4 

Water/Sewer/Transmission 

lines (miles) 
0.4 1.6 4.9 3.0 6.6 10.3 

Roadway-Local (miles) 0.0 0.8 2.6 1.5 3.6 5.3 

Roadway-Private (miles) 0.0 0.4 1.8 1.1 2.3 3.4 

Roadway-State (miles) 0.2 0.4 1.2 0.7 1.8 3.5 

Roadway-Total (miles) 0.2 1.7 5.7 3.4 7.8 12.4 

Transportation Assets (# sites) 46 46 49 47 52 57 

Assessed Value - Parcels 

Impacted 
$559,200 $6,806,739 $41,175,460 $24,798,028 $85,337,887 $137,832,858 

Residential Structures (# of 

homes) 
1 18 102 61 150 269 

100-year Floodplain (acres) 739 1,234 1,355 1,316 1,396 1,461 

Natural Resource Assets 

Freshwater Wetlands (acres) 59 182 259 222 306 413 

Tidal Wetlands (acres) 754 834 851 845 855 860 

Aquifers (acres)  47 142 340 244 430 595 

Wellhead Protection Areas 

(acres) 
313 511 785 623 878 1,153 

Conserved and Public Lands 

(acres) 
304 610 928 758 1,026 1,277 

Focus Areas- Land 

Conservation Plan for NHõs 

Coastal Watershed 

625 1,040 1,474 1,244 1,610 1,978 

Wildlife Action Plan (acres) 721 1,204 1,723 1,447 1,895 2,357 

Notes: Storm surge is the area flooded by the 100-year/1% chance storm event.  MHHW = Mean Higher High Water 

* Infrastructure Assets include: the ten priority culverts assessed for each municipality (not all culverts); Federal and 

state historic registry properties or districts; and òOtheró which includes transmission lines, water access (marinas/boat 

launches), graveyards, etc. 

** Critical Facilities (data compiled from municipal hazard mitigation plans) include: schools, hospitals, fire stations, 

police stations, wastewater facilities, sewer pipes, water pipes, sewer lift stations, pump stations, power stations, 

recreational facilities, dams, daycare centers, and elderly housing. 

 



CLIMATE RISK IN THE SEACOAST: VULNERABILITY ASSESSMENT REPORT ð GREAT BAY REGION, NEW HAMPSHIRE 

March 31, 2017 Page | 15  

Most Great Bay municipalities have conserved lands surrounding their tidal waterways and waterbodies. 

These riparian lands and shorelands will serve as buffers to rising seas and floodwaters, and provide 

transitional habitats for land and water based flora and fauna as ecosystems conditions change over time. 

This also includes many high value habitats and lands identified in the NH Wildlife Action Plan and Land 

Conservation Plan for NHõs Coastal Watersheds. 

The shores of the Great Bay and its tidal tributaries are fringed with saltmarsh and freshwater wetland 

systems. As sea levels rise, freshwater systems will transition to brackish and saltwater systems with daily tidal 

inundation. Saltmarsh may migrate inland with rising seas, depending on the ability of saltmarsh to keep 

pace with the rate of sea-level rise, the topography (gentle slopes versus steep banks), and the absence of 

physical barriers such as development, roads and railroad lines, hardened shoreline, and retaining walls. 

Many Great Bay municipalities, primarily those not served by public water and sewer services, are concerned 

by rising groundwater levels resulting from rising sea levels. Rising groundwater could impact private septic 

systems and saltwater intrusion could contaminate private drinking water wells. 

The complete detailed vulnerability assessment information and recommendations are provided in the 

following sections of this report.  

 

DETAILED VULNERABILITY ASSESSMENT RESULTS BY ASSET TYPE 

 

Municipal Critical Facilities and Infrastructure 

Maps: Critical Facilities and Infrastructure state and municipal critical facilities and infrastructure affected by 

sea-level rise and coastal storm surge flooding in the ten Great Bay municipalities. Figure 12 reports the total 

number of sites and miles of water/sewer/transmission lines affected by each flood scenario.  

FIGURE 12: State and municipal critical facilities impacted by sea-level rise and storm surge at 2100. 

Sea Level Rise (SLR) Scenarios 
SLR 

1.7 feet 

SLR 

4.0 feet 

SLR 

6.3 feet 

SLR 1.7 feet 

+ storm 

surge 

SLR 4.0 feet 

+ storm 

surge 

SLR 6.3 feet 

+ storm 

surge 

Infrastructure (# of sites)* 4 23 115 69 167 304 

Critical Facilities** 0 0 1 0 1 4 

Water/Sewer/Transmission 

lines (miles) 
0.4 1.6 4.9 3.0 6.6 10.3 

Notes: Storm surge is the area flooded by the 100-year/1% chance storm event.   

*Infrastructure Assets include: the ten culverts in each municipality assessed for this project (not all culverts in the six 

flood scenarios); Federal and state historic registry properties or districts; and òOtheró which included transmission lines, 

water access (marinas/boat launches), graveyards, etc. 
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**Critical Facilities (data compiled from municipal hazard mitigation plans) include: schools, hospitals, fire stations, 

police stations, wastewater facilities, sewer pipes, water pipes, sewer lift stations, pump stations, power stations, 

recreational facilities, dams, daycare centers, and elderly housing. 

Transportation Assets 

Maps: Transportation Assets shows the state and municipal roadways and other transportation assets 

affected by sea-level rise and coastal storm surge flooding in the ten Great Bay municipalities. Figure 13 

reports the total number of miles of state and local roadways and number of/acreage of other 

transportation assets affected by each flood scenario. The municipal roadway network is the asset least 

impacted by sea-level rise and coastal storm flooding, with minimal impacts reported under all six scenarios. 

However, specific sections of state roadways are impacted by flooding some of which are important 

regional evacuation routes. These include Route 4, Route 16, Route 85, Route 101, and Route 33. 

FIGURE 13: State and local roadway miles impacted by sea-level rise and storm surge at 2100. 

Sea Level Rise (SLR) Scenarios 
SLR 

1.7 feet 

SLR 

4.0 feet 

SLR 

6.3 feet 

SLR 1.7 feet 

+ storm 

surge 

SLR 4.0 feet 

+ storm 

surge 

SLR 6.3 feet 

+ storm 

surge 

ROAD TYPE 

State 0.2 0.4 1.2 0.7 1.8 3.5 

Local 0.0 0.8 2.6 1.5 3.6 5.3 

Private 0.0 0.4 1.8 1.1 2.3 3.4 

Not Maintained 0.0 0.1 0.1 0.1 0.1 0.2 

Road Miles by Municipality 

Dover 0.0 0.3 1.8 0.9 3.1 5.5 

Durham 0.0 0.3 0.7 0.4 0.9 1.6 

Newmarket 0.0 0.6 1.1 0.8 1.2 1.4 

Madbury 0.0 0.0 0.2 0.0 0.5 0.7 

Rollinsford 0.0 0.0 0.0 0.0 0.0 0.0 

Exeter 0.0 0.0 0.0 0.0 0.0 0.0 

Greenland 0.0 0.1 0.7 0.5 1.0 1.3 

Newfields 0.0 0.1 0.4 0.2 0.4 0.7 

Newington 0.0 0.1 0.2 0.1 0.2 0.3 

Stratham 0.2 0.3 0.6 0.5 0.6 0.9 

Total 0.2 1.7 5.7 3.4 7.8 12.4 

 

These state roadways are primary east-west and north-south corridors during storm events requiring 

evacuations. This assessment did not evaluate impacts of freshwater flooding on inland local and state roads 

during heavy precipitation events. It is widely reported (and experience of the local population) that many 

local and state roads experience flooding in moderate storm conditions. Relying on local roads as 

alternative routes to the state roadways is risky. A more detailed flood assessment of the entire local and 
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state road network is a necessary first step toward developing a comprehensive evacuation route plan for 

the Great Bay region. 

The C-RiSe assessment also evaluated the hydrologic and hydraulic function of a subset of priority 

freshwater culverts in each of the ten municipalities. Although not evaluated, tidal culverts are supporting 

infrastructure for the roadway network that are highly susceptible to flooding impacts. As sea levels rise in 

the future, some tidal culverts may become submerged by flooding even at low tide, and freshwater culverts 

will be influenced by tidal flooding, creating hydrologic conditions these drainage systems were not 

designed for. Detailed culvert assessment results are reported below. 

 

Culvert Assessment 

Climate Ready Culverts Assessment maps were prepared for the ten Great Bay municipalities. These maps 

show the hydraulic and aquatic organism passage ratings of the 105 culverts assessed under existing 

precipitation conditions for the 10-year, 25-year, 50-year and 100-year storm event. Figure 14 reports the 

total number of culverts receiving Passing, Transitional, and Failing hydraulic ratings for each return 

period/storm event. In a 10-year storm event, roughly 30 percent of culverts fall into each of the three 

categories of fail, pass or transitional. In a 25-year storm event, 46 percent of culverts fail, 24 percent pass 

and 30 percent are transitional. In a 50-year and 100-year storm event, greater than 55 percent and 65 

percent of culverts fail respectively. 

FIGURE 14: Summary of culvert hydraulic ratings by return period/storm event. 

Rating 10-year storm 25-year storm 50-year storm 100-year storm 

Failing 34 48 56 68 

Passing 39 25 23 16 

Transitional 32 32 26 21 

Total 105 105 105 105 

Note: A rating of Pass means that the headwater depth is below the lowest top-of-pipe elevation of any culvert at the 

crossing; a rating 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 two elevations. 

 

Refer to the Climate Ready Culverts Assessment maps for the location and ratings for culverts in the ten 

Great Bay municipalities. Figure 15 reports the total number of culverts with Failing ratings for each return 

period/storm event. The number of failing culverts doubles from the 1-year storm event to the 100-year 

storm event. 

 

Figure 16 reports the total number and percentage of assessed crossings by Aquatic Organism Passage 

(AOP) rating. Of the 105 assessed culverts, roughly 12% have full AOP capacity, 69% have reduced AOP 

capacity, and 18% have no AOP capacity. 
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FIGURE 15: Summary of municipal culvert hydraulic ratings by return period/storm event 

Number of Failing Road Crossings by Municipality 

Town # Crossings 10-yr 25-yr 50-yr 100-yr 

Rollinsford 6 2 2 3 4 

Dover 12 3 4 5 8 

Madbury 9 3 4 5 6 

Durham 10 8 9 9 9 

Newington 10 3 4 4 5 

Newmarket 12 2 4 5 6 

Newfields 10 1 3 4 5 

Greenland 11 3 5 6 7 

Stratham 10 3 3 4 7 

Exeter 15 6 10 11 11 

Total 105 34 48 56 68 

 

FIGURE 16: Total number and percentage of crossings by Aquatic Organism Passage rating. 

Units Full AOP Reduced AOP No AOP* No AOP** 

Quantity 13 72 1 19 

Percentage 12.4% 68.6% 1.0% 18.1% 

Note: AOP = Aquatic Organism Passage is the degree to which aquatic organisms are able to pass through a crossing. Green = Full 

AOP, Gray = Reduced AOP, Orange = No AOP, for all species except Adult Salmonids, Pink = No AOP, for any species including 

Adult Salmonids. 

Figure 17 reports the number of culverts by Aquatic Organism Passage status for each municipality. Roughly 

70 percent or greater of municipal culverts show reduced AOP and 19 percent have no AOP. 

FIGURE 17: Total number of crossings by Aquatic Organism Passage rating in each municipality. 

Town # Crossings Full AOP Reduced AOP No AOP* No AOP** 

Rollinsford 6 1 3 0 2 

Dover 12 2 8 0 2 

Madbury 9 0 6 1 2 

Durham 10 2 6 0 2 

Newington 10 1 7 0 2 

Newmarket 12 2 8 0 2 

Newfields 10 2 6 0 2 

Greenland 11 0 9 0 2 

Stratham 10 1 7 0 2 

Exeter 15 2 12 0 1 

Total:  105 13 72 1 19 

 
* No AOP for all species except Adult Salmonids 

 
** No AOP for any species, including Adult Salmonids 
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Historic and Recreational Resources 

Figure 18 reports historic and recreational resources impacted by sea-level rise and storm surge flooding. 

FIGURE 18: Historic Resources (# sites) impacted by sea-level rise and storm surge at 2100. 

Sea Level Rise (SLR) Scenarios 
SLR 

1.7 feet 

SLR 

4.0 feet 

SLR 

6.3 feet 

SLR 1.7 feet 

+ storm 

surge 

SLR 4.0 feet 

+ storm 

surge 

SLR 6.3 feet 

+ storm 

surge 

Waterfront Commercial and 

Historic Districts 
na na 3 na na 4 

Water Access/Recreation Sites na na 4 na na 5 

Outdoor/Recreation na na 2 na na 3 

Total - Sites na na 9 na na 12 

Note: ònaó = not assessed 

Historic Register properties, Historic District sites, and recreational resources affected by flooding include: 

¶ Dover ð Bay View Road: Back River and Samuel Emerson Farm. 

¶ Durham ð Durham Historic District along Main Street and Newmarket Road. 

¶ Exeter - Waterfront Commercial Historic District, Front Street Historic District, Swazey Parkway, 

Squamscott River water access facility. 

¶ Stratham ð Chapmanõs Landing boat launch. 

Natural Resources 

Map: Water Resources and Map: Land Resources show natural resources affected by sea-level rise and storm 

coastal storm surge flooding in the ten Great Bay municipalities. Figure 19 reports the total number of acres 

of natural resources affected by each flood scenario.  

FIGURE 19:  Natural Resources (acres) impacted by sea-level rise and storm surge at 2100. 

Sea Level Rise (SLR) Scenarios 
SLR 

1.7 feet 

SLR 

4.0 feet 

SLR 

6.3 feet 

SLR 1.7 feet 

+ storm 

surge 

SLR 4.0 feet 

+ storm 

surge 

SLR 6.3 feet 

+ storm 

surge 

Freshwater Wetlands (acres) 59 182 259 222 306 413 

Tidal Wetlands (acres) 754 834 851 845 855 860 

Aquifers (acres) + 47 142 340 244 430 595 

Wellhead Protection Areas (acres) ++  313 511 785 623 878 1,153 

Conserved and Public Lands (acres) 304 610 928 758 1,026 1,277 

Coastal Conservation Plan-Focus Areas 625 1,040 1,474 1,244 1,610 1,978 

Wildlife Action Plan (acres) 721 1,204 1,723 1,447 1,895 2,357 
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Freshwater and Tidal Wetlands 

The Great Bay region has three major tidal systems ð the Great Bay estuary, Lamprey River, and Squamscott 

River. Freshwater wetlands and tidal salt marsh in each of these river systems will be impacted by long term 

sea-level rise. Barriers, such as roads, natural topography and development, will prevent inland migration of 

saltmarsh over time. Tidal wetland systems are expected to experience the greatest impacts. Over time, low 

marsh may convert to mud flats and high marsh may convert to low marsh as these systems are inundated 

by rising seas. Based on the assessment, tidal marshes along the tidal floodplains of the Great Bay, Lamprey 

River, and Squamscott River may become open water as sea level rises, unless saltmarshes are able to keep 

pace by building upward. Additional marsh migration modeling is needed to more accurately predict the 

condition of tidal marshes under different sea-level rise scenarios. 

Wellhead Protection Areas 

The C-RiSe assessment reports the occurrence of sea-level rise and storm related flooding within designated 

wellhead protection areas. Significant acreage within wellhead protection areas (municipal supplies and 

public water systems) in Exeter, Newfields, and Stratham are within high risk flood areas. Evaluating the 

specific impacts of such flooding was not within the scope of this assessment. It is recommended that the 

municipal public works departments complete further investigation of possible flood impacts to drinking 

water sources. Although stratified drift aquifers are reported within the high risk flood areas identified, the 

C-RiSe assessment did not evaluate potential impacts to private drinking water wells from salt water 

intrusion as sea-level rises. 

Critical Habitats 

Figure 16 also reports the total acres of conservation lands and NH Wildlife Action Plan high value habitat 

for the ten municipalities affected by each of the sea-level rise and storm surge scenarios. Exeter has 

preserved substantial lands in its riparian corridors and shorelands. These lands will serve to accommodate 

flood waters and rising seas over time which will greatly reduce impacts to public and private assets. 

Over time, coastal flooding may impact sensitive habitats identified in the Land Conservation Plan for NHõs 

Coastal Watersheds (2006) and the NH Wildlife Action Plan (updated in 2015). Such habitats include nesting 

and breeding sites for shorebirds, tidal and freshwater wetlands, vernal pools, forests, scrub-shrub and 

meadow landscapes. 

Locally Significant Natural Resources 

Other locally important natural resources and environmental assets impacted by flooding include: 

¶ Dover ð Bellamy River Wildlife Sanctuary, Bellamy River, Fresh Creek, Garvin Book, at the confluence 

of the Lower Cochecho River and the Salmon Falls River, and the Piscataqua River. 

¶ Durham ð Wagon Hill Farm, Oyster River and its tributaries, and along the shoreline of Little and 

Great Bay. 

¶ Madbury ð Bellamy River, Johnson and Bunker Creeks. 








































