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Abstract 
 

In summer 2011 the US EPA’s Climate Ready Estuaries program awarded funds to the Casco 
Bay Estuary Partnership (CBEP) in Portland, Maine, and the Piscataqua Region Estuaries 
Partnership (PREP) in coastal New Hampshire, to further develop and use COAST (COastal 
Adaptation to Sea level rise Tool) in their sea level rise adaptation planning processes. The New 
England Environmental Finance Center worked with municipal staff, elected officials, and other 
stakeholders to select specific locations, vulnerable assets, and adaptation actions to model using 
COAST. The EFC then collected the appropriate base data layers, ran the COAST simulations, 
and provided visual, numeric, and presentation-based products in support of the planning 
processes underway in both locations. These products helped galvanize support for the 
adaptation planning efforts. Through facilitated meetings they also led to stakeholders 
identifying specific action steps and begin to determine how to implement them. 
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Introduction 
 

In Portland, Maine and the Hampton/Seabrook Estuary of New Hampshire (the three towns of 

Seabrook, Hampton, and Hampton Falls), climate change adaptation processes recently 

completed analyses using COAST (COastal Adaptation to Sea level rise Tool). In summer 2011 

the US EPA’s Climate Ready Estuaries program awarded funds to the Casco Bay Estuary 

Partnership (CBEP) and the Piscataqua Region Estuaries Partnership (PREP) to conduct COAST 

iterations in the locations of each organization. This document provides a full report on these 

efforts. The work was conducted by the New England Environmental Finance Center (EFC) 

based at the Edmund S. Muskie School of Public Service, University of Southern Maine, and the 

University of New Hampshire.  

 

Some SLR planning efforts had been underway in both locations prior to beginning this project. 

In Portland, public support had increased dramatically for a city-wide planning process to adapt 

to sea level rise (SLR) after a May 2011 conference on the topic and in meetings of the City 

Council's “Energy, Environment, and Sustainability Committee.” In New Hampshire, the Town 

of Seabrook contracted the Rockingham Planning Commission in 2009 to provide 

recommendations for their hazard mitigation plan that incorporate threats from sea level rise and 

storm surge. Since 2010, the NH Coastal Adaptation Work Group (CAW) has conducted a series 

of public workshops for coastal communities on adaptation planning and training. In mid 2011, 

stakeholder groups in both NH and ME wished to examine potential impacts of sea level rise and 

storm surge (SS) if no adaptation actions were taken. They were also beginning discussions 

about specific adaptation actions they might undertake in response to these threats, and the costs 

and benefits of these actions.  

 

Working in partnership with PREP and CBEP, the EFC helped municipal staff, elected officials, 

and other interested parties select specific locations, vulnerable assets, and adaptation actions to 

model using COAST. The EFC then collected the appropriate base data layers, ran the COAST 

calculator, and provided visual, numeric, and presentation-based products in support of the 

adaptation planning processes underway in both locations. These products helped galvanize 
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support for the adaptation planning efforts. Through facilitated meetings they also led to 

stakeholders identifying specific action steps and begin to determine how to implement them. 

Through this project the EFC also further developed the COAST software. Core elements of the 

COAST approach have been published in Colgan and Merrill (2008), Merrill et al. (2010), and 

Kirshen et al. (2012). An update on software engineering results obtained during this project is 

included as an appendix. 

New Hampshire 
 

Context and Methods 

 

The New Hampshire Coastal Adaptation Workgroup (NHCAW) is a collaboration of 

organizations working to help communities on New Hampshire’s seacoast area prepare for the 

increased  extreme weather and other impacts of long term, anthropogenic climate change. 

NHCAW provides communities with education, facilitation and guidance. At the start of this 

COAST project in summer 2011, NHCAW had already completed over 18 months of regional 

climate adaptation planning with over 50 stakeholders from several coastal municipalities. This 

CRE project was seen as an opportunity to help move this group of stakeholders to the next level 

of specificity in their adaptation planning efforts. An organizational launch meeting was held in 

June 2011, and in several public sessions the COAST model was then parameterized. This 

involved having stakeholders identify vulnerable assets they wished to model (public and private 

real estate) and agree upon SLR thresholds and SS intensities of concern.  COAST software then 

generated cumulative expected damage tables over multi-decadal periods for no-action scenarios 

with  future dates, tidal extents, and amounts of SLR and SS selected by stakeholders.  

Because of limited public meeting time, the modeling team made some parameterization 

decisions on behalf of the group, including specifying a discount rate of 3.5% for net present 

value calculations and a 1% increase over inflation in the real value of the asset being modeled. 

Regarding amounts of SS to include in the scenarios, the modeling team reviewed the FEMA 

100-year floodplain elevation and the elevation determined through local tide gauge analysis in 

Wake et al. (2011). The FEMA estimate was 2.8 feet lower than the other; therefore a 



6 
 

compromise adjustment of decreasing all the Wake et al (2011) storm surge estimates by 1.4 feet 

was used for the 100-year floodplain extent. 

From February to May 2012, NH CAW representatives evaluated economic impacts of SLR and 

SS, using maps and tables produced by the COAST software, to develop adaptation actions to 

model to capture  stakeholders’ interests. Upon seeing clear distinctions in lost real estate value 

between public and private assets, the outreach group elected to model one set of floodproofing 

actions for public real estate assetsand another set of actions for  private real estate.  

For the public assets in Tables 1 and 2 we estimated threshold elevations for when they will be 

threatened by flooding. This was based upon assessment of when the lowest-elevation building 

of the asset will receive any flooding. The time for adaptation is when the 100 year flood equals 

or exceeds the threshold. We determined the possible time of this occurring under both high and 

low SLR scenarios. We assume it is known what the current trajectory of SLR is and that the 

modeled adaptation action will be taken just before the above threshold is reached. The 

adaptation action is to protect against the 100 year flood in 2100, which has an elevation of 15.8 

ft NAVD or 12.0 ft NAVD  depending upon SLR scenario. Moreover, we also assume the assets 

will be protected from larger, very low frequency events (e.g., the 500 year flood) by temporary 

actions such as sandbagging. To model this in COAST, we determined costs of adaptation and 

compared that to the cumulative expected value costs of damages to the assets under both high 

and low SLR scenarios. The adaptation action taken was flood walls with gates, using cost 

estimates provided by Parsons Brinckerhoff (Appendix 2). Costs of action in future years were 

discounted at 3.5%. 

For modeling adaptation actions for private assets (primarily hotels, houses, and other buildings), 

it was assumed these properties will be proactively protected to the 2100 100 Year flood level by 

a regulation that states if they are damaged by a flood, they must protect to this level when they 

rebuild. To model this in COAST, we determined the costs of adaptation and compared them to 

the cumulative expected value of damages to building under the high and low SLR scenarios. In 

the high SLR scenario the region would also protected against the low SLR scenario, but extra 

costs would have been incurred. To model adaptation to the low SLR scenario, we determined 

costs of adaptation and compared them to the cumulative expected value of damages to buildings 

under the low SLR scenario. If the high SLR condition  occured when adaptation has been to the 
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low SLR scenario, the residual damage was calculated as the difference between the cumulative 

expected value costs of the high SLR and low SLR COAST runs. Because the FEMA 100 year 

flood elevation for this area is 9.0 feet NGVD (equivalent to 8.2 ft NAVD), the first regulation is 

management to 7.6 feet above base flood elevation (15.8 feet minus 8.2 feet). The second 

regulation is management to 3.8 feet above base flood elevation (12.0 feet minus 8.2 feet).  

 

Using Google maps and the 2100 100Y flood maps for high and low SLR scenarios, we 

estimated for each town the number of buildings that would be flooded to the two depth classes 

of 1 to 6 feet and 6 ft to 10 feet or more. For each set, we then estimated the cost of 

floodproofing by elevation using cost figures from FEMA (FEMA 2012). While elevation would 

take place over the entire planning period, for calculations we assumed elevation took place in 

2035 with a discount rate of 3.5 %.  

 

Results 
 

The COAST software merged elevation data with data regarding the selected vulnerable asset 

(real estate) with a Depth Damage Function that identifies what percent of a structure’s value 

will be lost under different depths of inundation. This function was imported from the Army 

Corps of Engineers; it was constructed based on large numbers of insurance claims for real estate 

in different flooding situation. Real estate values that can be expected to be lost under the 

selected flooding scenarios are shown for single-event and multi-decade periods. 

Results generated by COAST for the Hampton-Seabrook Estuary shed light on the scale of 

potential impacts that could result from sea level rise and storm surge flooding in even the most 

conservative, low impact scenario. Figures 1 – 4 demonstrate the potential impacts graphically 

on a Google Earth landscape. Tables 1 and 2 show potential expected damages from SLR and SS 

for all public assets modeled in Hampton and Seabrook. Tables 3 and 4 show cumulative 

expected damages through 2050 and 2100 for the “No Action” scenarios, pooling public and 

private assets for the three towns of Seabrook, Hampton, and Hampton Falls. Table 5 lists public 

assets, threshold elevations and times when adaptation needs to occur under the different SLR 

scenarios if flooding is to be avoided. Results suggest no action will be required in this century 
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for some assets such as the Hampton High School, but action may be required now for assets 

such as the Seabrook wastewater treatment plant. Tables 6 – 11 show costs and benefits of 

adaptation actions modeled for private assets in each of the three towns, based on vulnerabilities 

identified in Figures 1 – 4 and a public process (see Public Participation). Real estate damage is 

given in dollars and the cost column represents cost of adaptations, which in the No Action 

scenarios is zero. An early lesson learned, and an important theme throughout development of 

these models is that a substantial portion of damage in each scenario is a result of SS rather than 

SLR. 

 

Table 1. Critical Public Assets –Hampton. 

 

Scenario Action 2050 Expected 

Value, 

Cumulative, 

Discounted 

Damage Costs 

($ Million) 

Adaptation Costs, 

Not Discounted 

($ Million) 

Net 

Benefits 

($M) 

Benefit: 

Cost 

High 

SLR 

No 

Adaptation 

$82.7 0 -$82.7  

 Protect to 

2100 Flood 

0 $7.1 $75.6 12:1 

Low 

SLR 

No 

Adaptation 

$78.8 0 -$78.8  

 Protect to 

2100 Flood 

0 $4.9 $73.9 16:1 
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Table 2. Critical Public Assets – Seabrook 

 

Scenario Action 2050 Expected 

Value, 

Cumulative, 

Discounted 

Damage Costs 

($ Million) 

Adaptation Costs, 

Not Discounted 

($ Million) 

Net 

Benefits 

($M) 

Benefit: 

Cost 

High 

SLR 

No 

Adaptation 

$40.4 0 -$40.4  

 Protect to 

2100 Flood 

0 $4.2 $36.2 10:1 

Low 

SLR 

No 

Adaptation 

$39.4 0 -$39.4  

 Protect to 

2100 Flood 

0 $1.6 $37.8 25:1 

 

 

In the below figures, damages and inundation for the four scenarios are measured by parcel 

(polygon). Colored areas show the inland extent of inundation. Heights of polygons show 

damages in dollars. Red shaded polygons display inundation and damages from SLR only, while 

blue shaded polygons display inundation and damages from SS.  

  

Figures 1 and 2 show stakeholder-selected extremes of SLR and SS for 2050. Figure 1 shows the 

lowest impacts for 2050, with low SLR and a 10 year SS event. Figure 2 shows the highest 

impacts modeled for 2050, with high SLR and a 100 year SS event. It is apparent that SLR alone 

causes little lost real estate value by 2050. However, SS does become a concern by 2050, 

particularly with a 100 year SS event. Figures 3 and 4 show stakeholder-selected extremes of 

SLR and SS for 2100. Figure 3 shows the lowest impacts for 2100, with low SLR and a 10 year 
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SS event. Figure 4 shows the highest impact modeled for 2100, with high SLR and a 100 year SS 

event.  

 

The No Action scenarios captured in Figures 1 – 4 reveal an array of lost real estate values. For 

example, in 2050 with low SLR and a 10 year SS event, the image shows very little lost value 

(Fig. 1), whereas by the year 2100 with high SLR and a 100 year SS, significant value losses are 

revealed (Fig. 4). Looking at figures 1-4, it is apparent SS is responsible for most damages. Of 

all four No Action scenarios, SLR-related lost real estate value increases most dramatically in the 

highest impact scenario for 2100. While the portion of damages from SLR increases from 15% to 

18% between low and high SLR scenarios in 2050, it jumps from 25% to almost 40% of the 

impact in the 2100 scenarios.  

 

Implementation of adaptation actions in every scenario modeled for Seabrook, Hampton and 

Hampton Falls has at least a 2:1 benefit:cost ratio. In the least-flooded scenario of low SLR, 

adaptation actions provide an 8:1, 3:1 and 10:1 benefits to costs ratio for Hampton, Seabrook and 

Hampton Falls, respectively, providing savings of nearly $260 million between the three towns 

by 2100 compared to the No Action scenarios. Protection of public assets resulted in benefit:cost 

ratios as high as 10:1 for Hampton and 25:1 for Seabrook.  

 

Nowhere in the models, where the adaptation actions are implemented, do costs outweigh 

benefits. Investing in the adaptations would thus be likely to provide a high rate of return with 

decreasing marginal benefits, mirroring increased damage costs from higher SLR. Even without 

SLR, the selected adaptation actions would provide benefits in the form of avoided SS damages.  

 

The models developed through this process are useful for weighing opportunities and making 

decisions concerning land use in coastal flood plains. The models are not designed, however, to 

predict the future or to estimate engineering or other costs with great degrees of certainty. They 

are intended to foster engaged dialogue about a wide range of adaptation actions the 

municipalities might evaluate going forward. Nevertheless, given the benefit:cost ratios 

identified for the stakeholder-selected adaptation actions, the stakeholder group may wish to 

consider these adaptation actions in greater detail.  
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Additional caveats include that it is very unlikely that damages from SLR and SS will actually 

accrue to existing real estate in the manner depicted. This is partly due to the difficulty of 

predicting and incorporating ongoing, small scale adaptation actions of individual property 

owners and developers into the model. COAST assumes that, unless an adaptation action is 

taken, building owners rebuild each year to the original building conditions if they are damaged 

in a year. In reality, individuals will continually adjust to SLR and SS, incrementally over time. 

Further, the vulnerability these models describe is limited by the type and number of vulnerable 

assets chosen. In the towns modeled, depicted vulnerability only applies to real estate values. 

Additional COAST iterations could be run to examine vulnerabilities of other assets, such as 

sewer systems, economic output or community green spaces. The results are valuable, however, 

in both visualizing the scale and range of vulnerabilities faced by these towns and in beginning to 

plan a coherent response to SLR and SS events that can be reasonably anticipated.  
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Figure 1. Lost Real Estate Value for the Year 2050, Low SLR, 10-year Storm in Seabrook, 

Hampton, and Hampton Falls, NH. 
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Figure 2. Lost Real Estate Value for the Year 2050, High SLR, 100-year Storm in Seabrook, 

Hampton, and Hampton Falls, NH. 
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Figure 3. Lost Real Estate Value for the Year 2100, Low SLR, 10-year Storm in Seabrook, 

Hampton, and Hampton Falls, NH. 
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Figure 4. Lost Real Estate Value for the Year 2100, High SLR, 100-year Storm in Seabrook, 

Hampton, and Hampton Falls, NH. 
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Table 3. Cumulative expected damages, through 2050, from the No Action scenario in Hampton, 

Seabrook and Hampton Falls, New Hampshire (pooling public and private assets). 

 

 

 2050   

Real Estate 

Percent Damage  

from 

SLR  

Scenario 

Adaptation Cost (M) Damage Storm surge SLR 

No SLR No Action $0 $463,400,542 100% 0% 

Low SLR No Action $0 $503,504,672 85% 15% 

High SLR No Action $0 $550,047,454 82% 18% 

 

 

 

 

Table 4. Cumulative expected damages, through 2100, from No Action scenarios in Hampton, 

Seabrook and Hampton Falls, New Hampshire (pooling public and private assets). 

 

 

 2050   

Real Estate 

Percent Damage  

from 

SLR  

Scenario 

Adaptation Cost (M) Damage Storm surge SLR 

No SLR No Action $0 $1,407,215,562 100% 0% 

Low SLR No Action $0 $1,952,391,293 75% 25% 

High SLR No Action $0 $2,859,403,212 62% 38% 
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Table 5. Public Assets and Threshold for Action 

 

 

 

Asset Threshold (ft, NAVD), 

100 Year Flood 

Time of Occurrence 

(High SLR) 

Time of Occurrence 

(Low SLR) 
Hampton Sewage 

Pump Station 

6.6 now now 

Hampton Police 

Station 

8.2 now now 

Hampton Wastewater 

Treatment Plant 

9.8 now now 

Seabrook Wastewater 

Treatment Plant 

9.8 now now 

Seabrook 

Middle/Elementary 

School 

14.8 ~2080 >2100 

NextEra Nuclear 

Power Plant 

19.7 >2100 >2100 

Hampton High 

School 

23.0 >2100 >2100 
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Table 6. Private Assets Accommodation Results, Protect for High

 

 Sea Level Rise, Hampton  

 

 

 

Scenario 

 

Action 

2050 Expected 

Value, 

Cumulative, 

Discounted 

Damage Costs 

($M) 

Adaptation 

Costs  

Discounted 

($M) 

Net Benefits 

(Benefit is 

damage 

avoided) 

($M) 

 

Benefit: 

Cost 

 High SLR No 

Adaptation 

$318.8 0 -$318.8  

Low SLR No 

Adaptation 

$287.7 0 -$287.7  

High SLR Protect to 

High SLR 

2100 100 Y 

Flood by 

Regulation 

$0 $40.5 $278.3 8:1 

Low SLR Protect to 

High SLR 

2100 100 Y 

Flood by 

Regulation 

$0 $40.5 247.2 7:1 
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Table 7. Private Assets Accommodation Results, Protect for Low

 

 Sea Level Rise, Hampton  

 

 

 

Scenario 

 

Action 

2050 Expected 

Value, 

Cumulative, 

Discounted 

Damage Costs 

($M) 

 

Adaptation 

Costs  

Discounted 

($M) 

Net Benefits 

(Benefit is 

damage 

avoided) 

($M) 

 

Benefit:Cost 

High SLR Protect to 

Low SLR 

100 Y 2100 

Flood by 

Regulation 

$31.1 $36 220.6 4:1 

Low SLR Protect to 

Low SLR 

100 Y 2100 

Flood by 

Regulation 

0 $36 $251.7 8:1 
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Table 8. Private Assets Accommodation Results, Protect for High Sea Level Rise, Seabrook  

 

 

 

 

Scenario 

 

Action 

2050 Expected 

Value, 

Cumulative, 

Discounted 

Damage Costs 

 

 

Adaptation 

Costs  

Discounted 

($M) 

Net Benefits 

(Benefit is 

damage 

avoided) 

($M) 

 

Benefit:Cost 

High SLR No 

Adaptation 

$75.3 0   

Low SLR No 

Adaptation 

$66.9 0   

High SLR Protect to 

High SLR 

2100 100 Y 

Flood by 

Regulation 

0 $30.3 $45 2:1 

Low SLR Protect to 

High SLR 

2100 100 Y 

Flood by 

Regulation 

0 $30.3 $36.6 2:1 
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Table 9. Private Assets Accommodation Results, Protect for Low

 

 Sea Level Rise, Seabrook  

 

 

Scenario 

 

Action 

2050 Expected 

Value, 

Cumulative, 

Discounted 

Damage Costs 

 

 

Adaptation 

Costs  

Discounted 

($M) 

Net Benefits 

(Benefit is 

damage 

avoided) 

($M) 

 

Benefit:Cost 

High SLR Protect to 

Low SLR 

100 Y 2100 

Flood by 

Regulation 

$8.4 $20.4 $38.1 2:1 

Low SLR Protect to 

Low SLR 

100 Y 2100 

Flood by 

Regulation 

0. $20.4 $46.5 3:1 
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Table 10. Private Assets Accommodation Results, Protect for High

 

 Sea Level Rise, H. Falls  

 

 

Scenario 

 

Action 

2050 

Expected 

Value, 

Cumulative, 

Discounted 

 

 

 

 

Adaptation 

Costs  

Discounted 

($M) 

Net Benefits 

(Benefit is damage 

avoided) 

($M) 

 

Benefit:Cost 

High SLR No 

Adaptation 

$32.9 0 -$32.9  

Low SLR No 

Adaptation 

$30.7 0 -$30.7  

High SLR Protect to 

High SLR 

2100 100 Y 

Flood by 

Regulation 

$0 $4.0 $28.9 8:1 

Low SLR Protect to 

High SLR 

2100 100 Y 

Flood by 

Regulation 

$0 $4.0 $26.7 8:1 
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Table 11. Private Assets Accommodation Results, Protect for Low

 

 Sea Level Rise, H. Falls  

 

 

Scenario 

 

Action 

2050 Expected 

Value, 

Cumulative 

Discounted 

Damage Costs 

($M) 

 

Adaptation 

Costs  

Discounted 

($M) 

Net Benefits 

(Benefit is 

damage 

avoided) 

($M) 

 

Benefit:Cost 

High SLR Protect to Low 

SLR 100 Y 

2100 Flood by 

Regulation 

2.2 3.1 $25.4 6:1 

Low SLR Protect to Low 

SLR 100 Y 

2100 Flood by 

Regulation 

0 3.1 $27.6 10:1 
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Community Engagement and Response  

 

The primary purpose of COAST is to facilitate communication of damage estimates from SLR 

and SS, in various adaptation and no adaptation scenarios, to the at-risk public. From the 

beginning, the COAST facilitators determined that if the reports were going to focus policy and 

action in the Hampton-Seabrook Estuary, it would be important to establish a stakeholder-driven 

process. This decision created an information exchange and decision-making process in NH that 

was decidedly inclusive in nature. While this inclusivity did slow the process at times by 

providing more questions than answers, it proved to be of great benefit to the entire project by 

providing a steering direction in the form of revealed community values. Following are the 

agendas and a brief description of the three stakeholder working meetings held in NH. 

 

 

Stakeholder Working Meeting 1 

Agenda: 

1. Introduce COAST modeling process 

2. Discuss sea level rise vulnerabilities 

3. Weigh public opinion concerning sea level rise risks 

4. Select vulnerable assets for modeling 

 

During the first COAST planning meeting hosted by the New England Environmental Finance 

Center (NEEFC), in cooperation with PREP, NHCAW, UNH and the Rockingham Planning 

Commission in October of 2011, stakeholders were introduced to the COAST tool, provided a 

chance to review coastal flooding threats and select the vulnerable asset to model for the rest of 

the study. Based on discussions in this first planning meeting, real estate was selected as the 

vulnerable asset for which to project damages, and the years 2050 and 2100 were selected as 

time horizons. With guidance from project staff, stakeholders chose four, “No Action” scenarios 

to be modeled, projecting best and worst case outcomes from sea level rise (SLR) and storm 

surge (SS) for the respective time horizons.  
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Stakeholder Working Meeting 2 

Agenda:  

1. Review October 2011 stakeholder working meeting.  

2. Present modeling results for selected vulnerable assets 

3. Select adaptation strategies 

 

During the second working meeting, held in February of 2012, Dr. Merrill used a projector to 

navigate the models in a three dimensional, Google Earth landscape. The parcels were shown 

from different angles to see where water depths and damages lined up on the landscape. The 

presentations enabled stakeholders to view landscapes and places familiar to them, from a variety 

of angles. This format was helpful to understanding how expected damages lined up with those 

landscapes and places.  

 

 

 

 

 

 

 

  

Community Discussion of COAST results, February 2012 (PREP) 

 

There were also handouts given to the stakeholders at the second working meeting, displaying 

each of the four scenarios from different angles. These handouts were reviewed by the 

stakeholders, allowing them the opportunity to compare the different images side by side, and 

providing them a medium for understanding and to dialogue about impacts within the range of 

SLR and SS scenarios.  
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Using the presentation slides and handout tools in the second working meeting, the facilitators of 

the project attempted to evaluate the public opinion in the Hampton-Seabrook Estuary on the 

future risks to coastal areas from SLR and SS.  

By the end of the second meeting, the stakeholders reached a point of understanding and 

empowerment over the issues discussed and were able to effectively communicate their opinions 

and preferences for various actions or scenarios with the facilitators. Major issues identified as 

concerns by the stakeholder group include the vulnerability of Route 1 and adjacent assets, 

preservation of evacuation routes, critical facilities, and preservation of coastal beach assets. 

With guidance from facilitators, the stakeholder group decided on a combination of three 

adaptation actions to address these concerns: preservation, protection and accommodation. 

 

The stakeholder-identified purpose of preservation was to maintain natural buffer capacities and 

habitat in the estuary by ensuring all marsh/road crossings do not restrict tidal flow. The 

stakeholder-identified purpose of protection was to provide physical barriers to damages to 

vulnerable real estate. The stakeholder-identified purpose of accommodation was to elevate 

and/or flood-proof homes and businesses vulnerable to flooding. It is the combination of these 

latter two strategies that was used for measuring costs and benefits in the models and tables. 

 

 
Community Discussion of COAST results, February 2012 (PREP) 

 

 

Stakeholder Working Meeting 3 

Agenda:  

1. Review of October 2011 and February 2012 stakeholder working meetings. 
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2. Review results for each town’s cost-benefit analysis of action to protect real estate.  

3. Break into groups for Public Real Estate and Private Real Estate - to explore challenges, 

barriers and opportunities regarding the implications of the model results.  

4. As a large group, brainstorm action items to further use or build upon the modeling 

results, and ways to sustain the dialogue and momentum in adaptation planning in the 

communities. Actions were categorized separately for community leaders and CAW.  

 

 

 

 

 

 

 

 

 

Community Discussion of COAST results, February 2012 (PREP) 

 

Along with the selection of adaptation actions, the stakeholder group was engaged in a process to 

understand the differences between needs and resources for protecting public and private assets. 

Looking at the range of impacts and assets, the stakeholders determined that preservation of the 

estuary’s natural buffering capacities would provide long-term benefits to both private and public 

real estate, by easing some of the affects of SLR and SS, and therefore defraying costs of 

adaptation actions needed to protect those assets. 

 

When the discussion turned to vulnerability of public real estate, the stakeholder group decided 

to implement protection as an adaptation strategy. Using the models and charts, costs and 

benefits for installation of floodwalls were explored. Through facilitated dialogue the group 

reached consensus that development of protective walls that could withstand the worst case 

scenario of high SLR and a 100 year SS in order to reduce vulnerabilities to what the group 

found to be vital public assets was warranted. 
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The stakeholder group also explored the vulnerability of private real estate, reaching consensus 

that accommodation could be a productive adaptation strategy. Once again, this action would be 

designed to protect the communities from the 100 year SS with high SLR out to 2100. Overall, 

the accommodation strategies modeled varied greatly with the vulnerability, type and location of 

the assets. However, the stakeholders found that benefits accrued from investing in 

accommodation adaptation actions consistently outweighed costs of implementation. Throughout 

the process the COAST approach proved valuable in stimulating thinking and discussion around 

tradeoffs necessary to balance divergent community values. Other key points from the 

discussions are summarized below: 

 

• Adaptation actions are expected to substantially reduce community costs and 

vulnerability compared to taking no action to adjust to increasing coastal water levels and 

severe storm events. 

• Actions should, if possible, be compatible with greenhouse gas mitigation. 

• Historic flooding risk is NOT a good predictor of the level of risk communities will face 

moving into the future: there is a need to plan proactively for more flooding. 

• Damage costs and adaptation designs and costs are very approximate; more detailed 

analysis will be necessary before particular actions are taken. 

• Adaptation strategies should also consider other regional climate stressors such as 

increases in extreme rainfall, temperatures, and wind. 

• A comprehensive adaptation strategy is needed that includes both “here and now” actions 

and actions to be taken later but planned for now. 

 

Implications for Future Work 

 

Stakeholder Conclusions: 

1. There is a great need for wider community engagement. 

2. Foundations of good communication need to be built to ensure informed discussion. 

3. Fostering regional momentum on climate adaptation will provide greater traction for the 

communities to take action. 
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Through the series of working meetings, stakeholders increased their understanding of 

vulnerabilities, adaptations and tradeoffs, with respect to coastal threats from SLR and SS. 

Through this increased understanding, the group also developed increased decision making 

capacities and effective communication skills for collaborating towards future SLR adaptation 

planning. Some stakeholders expressed their wish to explore ways to increase local outreach in 

their respective towns. By providing accessible visuals of vulnerabilities that affect multiple 

jurisdictions, COAST may serve as a catalyst for convening leadership and community members 

that may not otherwise engage on multi-jurisdictional issues. 

  

Lessons learned from the community discussion sessions additionally include that: 

1. Three-dimensional maps are very useful communication tools. 

2. It is important to frame adaptation as a relevant issue for today, and keep a positive tone. 

3. Individual, self-generated solutions will be the most robust – solutions must come from 

communities themselves.  

4. Groups should focus more on application of results than on the technical process (let the 

extension/university/agency/consulting assistants focus on technical elements). 

5. Future collaborations for adaptation should be regional and multi-jurisdictional  

 

The interactively developed maps were identified as having an overwhelmingly positive effect 

on understanding of and excitement for developing adaptation strategies. Seeing impacts in the 

context of their own town allowed stakeholders to conceptualize how they and the places they 

knew would be directly affected. It was also helpful to empower individuals to create self-

generated solutions. Once stakeholders felt they could understand risks and tradeoffs of 

particular actions they envisioned, they could then brainstorm their own approaches to planning 

and finance of the candidate adaptation actions. In future modeling efforts with COAST, 

stakeholders could benefit from continued focus on emergence of stakeholder-driven solutions. 

 

Reflecting on the process, too much time was used to develop and step stakeholders through 

technical details rather than working to understand results and adaptation themes. This may have 

been avoidable if the process had started with images and maps, rather than by exploring the 
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technical process of how to create them. Another important lesson learned, for both facilitators 

and stakeholders, was the value that could be added by bringing more regional influences into 

the process. This process did not provide silver bullet solutions to problems of SLR and SS, and 

in fact there are none. The NH COAST sessions simply served as a catalyst for new discussions 

– discussions that communities have demonstrated that want to have, but haven’t had the forum 

facilitation, and/or technical information to do so. The COAST tool and stakeholder process has 

helped the three communities involved to develop robust, adaptive capacity in the face of these 

threats.  
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Portland, Maine 

 

Context and Methods 

 

In June of 2011 the City of Portland unanimously adopted a resolution calling for a city-wide 

SLR planning process, and began taking steps to implement the intentions of the resolution. A 

few months prior, the Portland Society of Architects had organized a 2-day, > 200-person 

conference on how SLR might impact Portland, an event that helped galvanize public support for 

planning initiatives the City would soon initiate. Besides additional new initiatives (Appendix 4) 

and the COAST study described here, the City was also working with the Greater Portland 

Council of Governments and the Maine Geologic Survey (both of which groups were also 

working at the time on similar issues, with South Portland and other municipalities in the region) 

to evaluate impacts of SLR on roads and other infrastructure, under a range of SLR and SS 

scenarios through the year 2100. Methods in that study were different from those described here, 

but results were synergistic with this study and enhanced opportunities for concerned 

stakeholders to visualize their vulnerabilities and begin important discussions about preparation 

for rising seas and more frequent and intense storm events. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Portland Waterfront, high tide on October 28, 2011 (CBEP). 
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City officials met with the EFC in August 2011 to decide which vulnerable assets and adaptation 

actions to model, which SLR thresholds and SS intensities to consider, and how far into the 

future they wished to have the model reflect. They selected real estate in the Back Cove area as 

the vulnerable asset, and for the adaptation actions, a combination of a levee complex to protect 

against SLR and a hurricane barrier to protect against SS. They elected to use SLR thresholds 

from Vermeer and Rahmstorf (2009). Storm surge extents and recurrence intervals were derived 

from local tide gauge data using methods in Kirshen et al (2010). Cost estimates for these 

candidate adaptation actions were developed by local engineering firm Sebago Technics 

(Appendix 5). Because of limited meeting time, the modeling team made some parameterization 

decisions on behalf of City officials and other local stakeholders, including specifying a discount 

rate of 3.5% for net present value calculations and a 1% increase over inflation in the real value 

of the asset being modeled. At the City’s request, the EFC modeling team also evaluated impacts 

of SLR and SS on one type of public infrastructure: the set of sewer intercepts that line the shore 

of Back Cove. Details on this subcomponent of the study are in the Results section below. 

 

Results 

 

Results generated by COAST for the vicinity of Portland’s Back Cove emphasize the enormity 

of potential impacts from storm surge flooding even in low SLR scenarios. Extrusion maps in 

Figures 1-4 demonstrate this graphically, and Tables 1 and 2 show the cumulative economic 

impacts for a variety of scenarios and adaptation actions. Ultimately, this model demonstrates 

that the city is not only at risk in 2050 and 2100; it is also presently vulnerable to larger storms. 

The estimates generated show large amounts of cumulative damage can be expected even with 

no SLR, and incrementally increasing levels of damage with the two SLR scenarios explored. 

Further, it shows in a way that is easily communicated to the public and public officials how 

adaptation actions can mediate this dismal forecast. Not addressed by these results is the question 

of whether structural fortification is the best response to threats of SLR and SS. These issues 

were discussed in public meetings, notes from the last of which are in Appendix 5 and 

summarized below in the Lessons Learned section. 
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For brevity, not all combinations of modeled future scenarios are included here. Those included 

are intended to show the greatest contrast between the ranges of possibilities modeled by 

COAST. The first two figures show possible scenarios for 2050. Figure 1 shows the low end of 

possible damage scenarios: low SLR and a “10 Year” storm event. This is contrasted with the 

higher end of estimated damages for 2050, shown in figure 2, including a large amount of 

damage occurring during a “100 Year” storm with higher SLR. 

 

Figures 3 and 4 show a similar contrast for the year 2100. As in 2050, the scenario with the “100 

year” storm and high SLR generates more damage than the “10 year” storm with lower levels of 

SLR. However note that by the year 2100, a 10 year storm generates damage whereas in 2050 

such a storm is not forecast to do so even with low rates of SLR. A 10 year storm with 

conservatively low SLR is shown by 2100 to generate far more damage than the 10 year storm 

would generate in 2050. Further, damage a 10 year storm does in 2100 with higher levels of SLR 

is similar to the amount of damage a “100 year” storm will do in 2050 with lower levels of SLR. 

The figures demonstrate graphically where and how much damage can be expected to 

accumulate in the study area as it sees a higher frequency of damaging flood events due to SLR. 

 

The tables highlight damages from different inundation scenarios and importantly, show relative 

benefits taking different adaptation actions the City might undertake, under different SLR 

scenarios. For example even in the unlikely event there is no SLR, cumulative damage estimates 

by 2050 total $356M if no adaptation actions are taken. The cumulative damage estimate climbs 

to $407M for low SLR and $447M for a higher SLR scenario and no adaptation actions (Table 

1). The model shows that this damage would come exclusively during storm events from storm 

surge flooding. The model suggests that by the year 2050, no lost real estate value would result 

from inundations occurring at the highest of high tide cycles with the amount of SLR modeled. 

Nevertheless, damage from the storm surge alone is significant enough to warrant consideration 

of structural or nonstructural adaptations to this threat. This analysis importantly helps identify 

when certain types of action might be appropriate. 

 

The adaptation action modeled for the 2050 projection is a hypothetical storm surge barrier 

located at the mouth of the Back Cove as described in the methods section. Estimated cost of this 
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adaptation action was $103M, considerably less than even the most conservative estimated 

cumulative damage by 2050. This indicates that further consideration of this significant 

adaptation action can be economically justified by the COAST model. A somewhat low certainty 

of the $103M construction cost estimate is outweighed by the approximately $356M, $407M, or 

$447M in estimated cumulative damage (depending on the rate of SLR) by 2050. Though 

refinements to these calculations may be appropriate, using more detailed engineering design, 

these results indicate that the sooner a structural adaptation is implemented, the more likely the 

City will be to protect real estate in Back Cove. This observation is not meant to recommend 

structural approaches exclusive of or in place of non-structural approaches to protecting against 

SLR and SS in Back Cove. Rather the City would be well-advised to continue evaluating, and 

hopefully implementing, a wide range of structural and non-structural approaches to protect real 

estate in Back Cove – and elsewhere in the City. 

 

By 2100, cumulative damage estimates increase markedly for all scenarios (Figure 2). Even for 

the no SLR scenario the forecast cumulative damage estimate is nearly $1.8B if no adaptation 

actions are taken. With SLR, if no adaptation actions are taken then $2.7B is forecasted for low 

SLR and $3.7B for a high SLR. Moreover, model results suggest that by 2100, damage will 

occur even during non-storm high tide events. For the lower SLR scenario, approximately 3% of 

that damage estimate is merely from inundation during the highest of high tide cycles, but 29% 

of damage in the higher SLR scenario occurs due to these non-storm inundations. According to 

this model, nearly all of this damage can be adverted by the construction of a levee complex 

around the Back Cove (Appendix 5). Table 2 suggests the estimated $40M cost of this levee 

complex would be easily justified by vastly larger lost real estate values likely by the year 2100.  

 

However an important caveat to this observation is that in fact, the above SLR-related losses in 

the year 2100 are not likely to occur. On an ongoing basis, as buildings begin to be inundated 

more and more frequently, property owners and City government will be adapting to these 

changes as they occur. For example after any large flooding event, property owners may 

voluntarily flood proof their building, preventing further losses for the time being. Similarly the 

City may choose to require that whenever buildings conduct major renovations in Back Cove, 

they must elevate the structure to 2’ above base flood elevation. Nevertheless, the SLR-related 
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damage maps and tables for the year 2100 serve a useful purpose, of generating discussion about 

what all interests in the City wish to do in response to combined threats of SLR and SS. Upon 

presenting the maps and tables to about 100 stakeholders in February 2011, the EFC facilitated 

public discussions about their implications and how the City might wish to move forward in its 

planning process. Public input transcribed during these meetings is summarized in the 

Community Engagement and Response section below. 
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Figure 1. Lost Real Estate Value for the Year 2050, Low SLR, 10-year Storm in Back Cove, 
Portland, Maine. 
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Figure 2. Lost Real Estate Value for the Year 2050, High SLR, 100-year Storm in Back Cove, 

Portland, Maine. 
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Figure 3. Lost Real Estate Value for the Year 2100, Low SLR, 10-year Storm in Back Cove, 

Portland, Maine. 
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Figure 4. Lost Real Estate Value for the Year 2100, High SLR, 100-year Storm in Back Cove, 

Portland, Maine. 
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Table 1. Adaptation Costs and Cumulative Expected Damages through 2050, Portland, Maine 

 

 

 

 

 

Table 2. Adaptation Costs and Cumulative Expected Damages through 2100, Portland, Maine. 

 

    

Real Estate 

Percent of damage 

from 

SLR 

Scenario 

Adaptation Cost (M) Damage (M) Storm surge SLR 

No SLR No Action $0 $1,791 100% 0% 

 Surge Barrier / Levee $0 / $40 $0   

Low SLR No Action $0 $2,674 97% 3% 

(27.6") Surge Barrier / Levee $0 / $40 $0   

High SLR No Action $0 $3,680 71% 29% 

(70.9") Surge Barrier / Levee $0 / $40 $0   

  

2050    

Real Estate 

Percent of damage 

from 

SLR 

Scenario 

Adaptation Cost (M) Damage (M) Storm surge SLR 

No SLR No Action $0 $356 100% 0% 

 Surge Barrier / Levee $103 / $0 $0   

Low SLR No Action $0 $407 100% 0% 

(7.9") Surge Barrier / Levee $103 / $0 $0   

High SLR No Action $0 $447 100% 0% 

(19.7") Surge Barrier / Levee $103 / $0 $0   
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Adaptation for Interceptor and Pump Station, Back Cove, ME 
  

Besides evaluating lost real estate value as the vulnerable asset, City officials in Portland also 

wished to consider impacts of SLR and SS on public infrastructure. To help begin these 

discussions, the interceptor sewer around Back Cove was selected as the representative 

vulnerable asset (Figure 5). In the COAST process, the normal approach is to create a 

customized Depth Damage Function for each vulnerable asset (see the Methods section in the 

NH chapter for discussion on how this function is structured). In this case, because relatively 

little damage to structural value of the intercepts was anticipated under the various flooding 

scenarios, up to the point of catastrophic failure of each intercept, a Depth Damage Function was 

not used, and evaluation of adaptation possibilities over time was conducted outside of the 

COAST software shell. Observations and conclusions on these issues are below.  
 

Figure 5. Sewer Intercept Locations around Back Cove, Portland, Maine. 
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Realistic adaptation options for the sewer interceptor system and pump station surrounding Back 

Cove, Portland ME are limited and also driven by the renewal cycle for the interceptor and the 

pump station. It is also difficult to assign a cost for taking “No Action” in response to SLR and 

SS because the consequences are so severe that some actions will certainly be taken over time by 

the Portland Water District (PWD), and because consequences of inaction cannot be priced 

without considerable effort, due both to their complexity and uncertainty. However, at a cursory 

level it is possible to specify that consequences from more tidal flooding associated with SLR, 

more SS, and “No Action” include: 

 

a) Higher groundwater table and increased hydraulic pressure;  

b) Increased inflow and infiltration rates resulting in additional pumping to the wastewater 

treatment plant and more treatment at the plant; 

c) Bank erosion; new, higher tidal zones may require bank stabilization around some 

infrastructure elements; 

d) Baxter Boulevard pump station: there may be a need for more pumping, and access 

points around and into the pump station would need to improve;  

e) Combined sewer overflow (CSO) regulators may not properly function, causing backups 

on streets and homes (public health issues); 

f) Saltwater intrusion at the wastewater treatment plant just outside of Tukey’s Bridge under 

I-295 is another possible consequence of CSO overload (and has the potential to alter the 

bacterial composition required for proper function);  

 

Over the next 25 to 50 years (~ 2035 to 2060), these impacts would force PWD to elevate or seal 

some manholes and line pipes or replace leaky pipes. (And notably, the costs of inaction would 

be incurred even if the hurricane barrier under I-295 is built, as described above; that barrier 

would not keep the intercepts dry during the high-frequency, low-impact reality of substantially 

higher tides than we have at present). Or, in advance of these impacts, these actions can be 

planned for and taken as a matter of course, when PWD replaces and repairs the intercept system 

in the course of its useful life (and assuming the shoreline remains stable enough for this).  

 



43 
 

According to estimates derived in collaboration with PWD, these actions would cost $6-$12 

million in addition to present normal maintenance and replacement costs.   ( I suggest deleting 

these – only done if we were to do a B/C analysis) These actions would also protect the 

interceptor system from major damage during coastal flooding events over this period. Because 

height of the 100 year flood in 2050 under a high SLR scenario is possibly 13 feet (3.96m) 

NAVD88 and the floor elevation of the Back Cove pumping station is 15 feet (4.57m), there 

would also be no major damage to the pumping station over this period.  

 

In approximately 2050 a major decision may need to be made on how to further adapt the 

interceptor system and pump station (including possible options such as moving their locations a 

little inland) against tidal flooding based upon SLR projections. Costs would range from $20 – 

$35M to move the intercepts, and roughly $10M to elevate or move the pump station. . This does 

not include the cost of moving the Back Cove pumping station because of increased flooding if 

adaptation measures were not taken; it is only the cost of responding to higher tidal flooding. 

 

Both a hurricane barrier and levee would not lessen the hydraulic forces on the interceptor; they 

would only, if properly sized, prevent storm surge damage to the pump station and be only 

necessary after 2050 or so for that purpose. So the above changes would still be needed in the 

interceptor system, regardless of whether the levee and surge barrier are constructed.  

 

Community Engagement and Response 
 

The primary purpose of the COAST approach is to facilitate communication of SLR and SS 

damage estimates, in various scenarios, with or without adaptation actions, in a way that helps 

the at-risk public meaningfully engage with substantive discussion about choices at hand. Using 

results from the COAST simulations, the EFC hosted an event in February 2012 to provide 

stakeholders an opportunity to have this type of discussion. The event, attended by about 100 

people, was located close to the area modeled for flood damage impacts in the study, and was co-

sponsored by the Portland Society of Architects and the City of Portland. Public sector 

stakeholders included several city councilors, members of the Planning and Public Works 

Departments, and Portland mayor Michael Brennan. Private stakeholders included many 
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residents of the City’s Bayside and East Bayside neighborhoods, located on a floodplain in the 

southern portion of the study area. An effort was made to invite businesses in the study area 

through personal invitations and leafleting at >25 business outlets. While not all invitees 

participated, the outreach effort did enhance private sector involvement in the discussion. 

 

Mayor Brennan began the event with a welcome that stressed the importance of long term 

planning for SLR. Following the Mayor’s address, Dr. Merrill from the EFC set the stage by 

laying out goals for the meeting. Peter Slovinsky from the Maine Geologic Survey then 

presented a summary of historic changes in Maine sea levels. Dr. Merrill concluded the 

presentation section of the event by describing the COAST process and analysis generated for 

the study area. Prior to a set of facilitated breakout sessions, unstructured and silent time was 

allotted in the presentation hall (10 minutes), for stakeholders to view >12 poster-sized maps 

generated with COAST, depicting flood damage impacts to the study area for the variety of 

scenarios previously discussed. 

  

Attendees were divided into 4 breakout groups to allow detailed discussion of possible responses 

to the scenarios presented. The purpose of these sessions was to help City staff and interested 

parties evaluate the overall sense of community members’ interest in taking one type of 

adaptation action or another. Each group was given three questions to answer: 1) “What 

approaches should be undertaken?” (four options were presented: fortification, accommodation, 

relocation, and do nothing); 2) “Who should be responsible for taking these actions?”; and 3) 

“How should the responses be implemented?” Each group had 90 minutes for facilitated 

discussion. Notes from the discussions are in Appendix 6 and summarized below. 

  

Question 1: What approaches should be undertaken? 

 

The purpose of this question was to establish which directions stakeholders wanted City planners 

to take in response to anticipated flood damages in their communities and in many cases their 

own personal real estate holdings. Overall, there was a consensus for a multi-faceted, iterative 

approach involving a suite of discussions over a several-year planning process. There were, 

however, fundamentally two different perspectives about how far and fast the response should 
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proceed. Essentially there was not one temperature but a range of “temperatures in the room” 

regarding what type of adaptation actions might be appropriate. One end of the spectrum 

advocated a slower and less publically involved approach, the other a more aggressive and very 

engaged response.  

 

A common response to Question 1 was that, of the 4 options (fortification, accommodation, 

relocation, and do nothing), all but “do-nothing” were appropriate but at different time scales. 

There was general agreement among groups that different approaches made sense for different 

assets. Further, more than one group suggested different approaches should be taken with public 

property and infrastructure versus private property. More comments were made in support of a 

public role in protecting public property but there were widely divergent opinions on how much 

public involvement there should be in helping safeguard private property.  

 

Relocation approaches were intensely debated by those of all spectrums of opinion, and 

represented significant points of contention in all groups. One group concluded that 

accommodation was the best option in the near term, but relocation was the best option in the 

long run. This group suggested that there was a considerable amount of vacant land in Maine and 

even within Portland, and as such it made sense to move development to those areas not 

vulnerable to future flooding due to SLR. A point was raised that the Bayside neighborhood lies 

in one of the most vulnerable areas, but has been targeted for extensive new development by the 

city. This group of stakeholders argued that since only about 25% of the build out toward this 

development goal has been completed, now would be a good time to arrest such development in 

Bayside. This group argued that the development could instead be shifted to less vulnerable areas 

(but stopped short of discussing how that process might be conducted). 

 

Stakeholders advocating a more aggressive response, however, opposed relocation. They stated 

that relocation or arresting of new development now planned for Bayside was inconsistent with 

many other policy goals. Among the reasons cited were social, cultural, and economic equity. 

Stakeholders voicing this sentiment were primarily residents or business owners in the East 

Bayside or Bayside neighborhoods. This area is located in the flood zone, is one of the most 

demographically diverse in the state, and is predominately lower income. These stakeholders 
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voiced the opinion that, if a wealthier neighborhood were vulnerable, there would be more 

discussion about investment in fortification and less about relocation. They emphasized that their 

neighborhood’s future development and cohesion depends on its protection and maintaining its 

geographical extent and infrastructure.  

 

On the subject of fortification, there was substantial disagreement between groups. The camp of 

stakeholders advocating a more aggressive response was in favor of hard barriers, and 

recommended the surge barrier at the site of Tukey’s bridge be constructed as soon as possible. 

On the other hand, the group interested in a slower response thought such hard fortification 

uneconomical, and instead advocated for soft approaches like floodproofing, especially of the 

most valuable assets, in a piecemeal approach. Ultimately, opinions on fortification were based 

on cultural and social good rather than economically derived benefits. 

 

One area of substantial agreement between all groups was the need for some kind of increased 

public regulation. Both the more aggressive and the less aggressive groups agreed on advocating 

for changes to make new development in the most vulnerable areas more difficult, so that life 

cycle replacement of the most vulnerable infrastructure and real estate would follow. Vulnerable 

structures would, over time, be replaced with either more resilient forms or relocated to higher 

terrain. This category of planning response may therefore be the easiest way to develop 

compromise approaches that most effectively satisfy both the more aggressive and less 

aggressive groups. 

 

Question 2: Who should be responsible for taking these actions? 

 

There was less disagreement between stakeholders about who bears responsibility for 

implementation of adaptation actions. There was vast agreement that the City of Portland should 

ultimately be responsible for coordination of the adaptation response. This is not to say they felt 

the city should be solely responsible. Rather, they felt that there are certain goals other groups 

should focus on, with the city being the overall coordinator. The one exception was public 

infrastructure: there was substantial agreement that the City should be directly responsible for 

adaptation actions to protect public infrastructure.  
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The role of FEMA was discussed by several stakeholders. One group voiced the opinion that, 

should a large flood event strike the city, there would then be a shift of responsibilities, and 

FEMA would have to play a significant response role. Until then, however, the primary 

responsibility of FEMA (and the federal government in general) should be to provide data 

assessing the vulnerability of specific areas in the form of flood maps currently maintained. 

 

Several groups discussed the role of non-profit organizations, which could provide support to the 

public interests at stke and conduct research to assist public decision makers in choosing 

appropriate adaptation strategies. The Casco Bay Estuary Partnership was specifically mentioned 

as a key resource, as was the Portland Society of Architects, Greater Portland Landmarks, 

Portland Trails, and the Greater Portland Council of Governments, among others. In different 

ways, each could represent community interests when the government and private sector would 

fail to do so, safeguarding both neighborhood social cohesion and economic viability.  

 

There was a consensus between groups that the private sector will often need to be directly 

responsible for adaptation on particular properties. However, there was discussion about the role 

the private sector should play in the overarching goal of protecting the community at large from 

flood disasters. The general consensus was that there is a burden of responsibility on insurance 

companies, real estate developers, and banks that provide mortgage services to coordinate with 

the City as it develops new regulations consistent with safeguarding or restricting development 

in the most vulnerable areas, and that City government and the non-profit sector could serve an 

important role in convening events where this coordination may occur. 

 

Question 3: How should the responses be implemented? 

 

Stakeholders had several ideas about how responses should be implemented. Multiple breakout 

groups agreed there needs to be a substantial public education effort about potential problems. 

Some groups suggested greater interaction and communication among stakeholders. There was a 

general consensus that, as a first step, the City or a non-profit with interest should host a public 

planning meeting or series of meetings on the subject, to help organize a strategic approach to 
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the city-wide SLR planning process authorized in the City Council resolution of June 2011 

(Appendix 4). One participant suggested a similar process to that hosted in 2000 on 

redevelopment in Bayside.  

 

Stakeholders also discussed how to finance the adaptation responses and who should pay. There 

was a disagreement in this area that mirrored the difference opinion observed in response to 

Question 1, on what the pace of implementation of adaptation actions should be. Several 

stakeholders voiced the opinion that those receiving benefits should pay, because property taxes 

collected from the City would be far less than the expenditure of protecting those properties. One 

participant stated that because of this, relocation was the best option and that spending money on 

adaptation didn’t make sense. On the other hand, some participants suggested that the value of 

maintaining the coherence of neighborhoods, especially in Bayside and East Bayside, was not an 

easy thing to put a price on. In the end the difference of opinion appeared to be between those 

who had a vested stake in the future and growth of those neighborhoods, and those who were not 

concerned about to vulnerable assets in those areas. 

 

Apart from several participants advocating abandonment of all vulnerable areas, among the 

remaining participants there was moderate agreement on how to pay for adaptations. One idea 

was that developers could be charged a special one-time fee for building in vulnerable areas. 

Another idea was creation of a special taxing district for vulnerable properties, for example 

through some kind of tax-increment financing that could be explored. There was also a 

discussion about how to pay for infrastructure upgrades or relocations. Participants in one 

session argued that the local, state, and federal governments are responsible for paying to 

safeguard infrastructure in the vulnerable areas. However they suggested owners of utilities in 

such areas should be required to partially defray the cost of these protections. 

 

Reconvening and Next Steps 

 

Following the breakout sessions, the four groups assembled to discuss their ideas and next steps 

in the planning process. While different stakeholders presented different aspects of handling the 

implementation of response to SLR flooding, there was notable consistency between responses. 
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In particular, there was similarity between responses to Questions 2 and 3 in that since the City 

was singled out as being the most responsible entity, it should be responsible for coordinating 

and implementing the response, in collaboration with local non-profit organizations. There was 

also consistency among responses to Question 1: stakeholders felt that the response should be 

implemented by the city in a way that is multi-faceted and iterative. It should involve some 

combination of regulatory changes such as to zoning codes as well as some level of fortification. 

It also may need to involve zoning changes which, through life cycle attrition, demolition, and/or 

replacement, will lead over time to relocation of the most vulnerable real estate and public 

infrastructure in the Back Cove area. 

 

The concluding session was helpful in allowing stakeholders to integrate their ideas, and to bring 

concerns directly to decision makers present in the room. City councilor Kevin Donoghue, who 

represents portions of the study area, discussed his particular concern that public actions 

addressing SLR and SS would address interests of all concerned stakeholders. It was clear from 

this final portion of the public meeting that discussion of this topic was more successful as a 

result of holding the breakout sessions, following the technical description of the modeling 

process and results. It appears likely that, without the fine-grained analysis provided by the 

COAST approach, there would not have been a shared understanding of specific threats facing 

the diverse stakeholders and decision makers that participated, and the discussions might have 

been less robust. 

 

Two primary points stood out from input received from participants in these discussions. First, 

existing storm surge vulnerabilities provide a powerful argument for the “no regrets” scenario of 

taking some adaptation actions in the near term. Second, the public’s interest in the pace and 

vigor of implementation of adaptation actions depends at least partly on whether a particular 

stakeholder has financial, cultural, or emotional ties to a vulnerable area. The technique of 

breaking large public meetings into small group discussions allowed for substantive interaction 

between individuals and exchange of viewpoints between 1) those most vulnerable to flood 

damage and 2) those not directly vulnerable who would nevertheless need to be financially 

involved in some adaptation actions being considered. 
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Implications for Future Work 
 

In Portland and countless other coastal cities, an enormous amount of real estate has been 

constructed in areas known to be vulnerable to damage from storm surge flooding at existing sea 

levels. It is difficult to model actions individual property owners will take to protect these assets. 

To prevent undue model complexity and to evaluate the possibility of publically funded, area-

wide adaptation actions, COAST does not model smaller scale adaptation actions. However, 

especially in the “No Action” scenarios, such adaptation actions should not be discounted. Small 

scale SLR adaptation actions are myriad. They include wet and dry floodproofing, structural 

elevation, and relocation. Homeowners associations and other private organizations may also 

engage in neighborhood or block level actions such as sandbagging, especially during storm 

events. Insurance companies may play an increasingly important role in requiring private 

property owners to adapt to anticipated SLR increases and more damaging storm events. While 

important, these collections of small actions are beyond the scope of how COAST was used in 

this location.  

 

However, regarding the candidate adaptation actions evaluated, a few conclusions can be drawn. 

Because most real estate loss in the modeled scenarios is from SS and not SLR, building the 

levee complex in Portland may not be a good investment (of $43M) until at least 2050, at least 

from the perspective of real estate. However because surge-related losses could be large, the 

$103M hurricane barrier (+/- a considerable amount of estimation error; see costing report in 

Appendix 5) may be a good investment well before 2050 (see Tables 1 and 2). Nevertheless, 

given a broad range of uncertainties, limitations in the data, political sensitivities, and other 

constraints, a substantial amount of further process and discussion would be required before 

concrete recommendations for particular courses of engineering or other action are appropriate. 

And importantly, any such decisions would need to be developed through involved public 

process, as was initiated at the February 2012 meeting in Portland.  

 

Results of the COAST analysis in Portland have contributed to the beginning of a long process of 

adaptation to SLR and SS. The importance of taking substantive action in the short term cannot 

be adequately underscored, but nor can the reality that there will be significant divisions between 
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those who stand to benefit most directly from adaptation action and those who perceive little in 

the way of personal benefit. Stakeholders with viewpoints somewhere between these two 

positions will no doubt also play an important role in discussions to begin soon. If this early 

experience is any indication, a crucial aspect of taking any large scale adaptation action in 

Portland will be educating those with little direct economic stake about the value of such 

adaptation action, which would unfold on behalf of the larger community interests at stake. 
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Appendix 1. Excerpt from the COAST User’s Manual, current version. 
  



53 
 

  



54 
 

  



55 
 

  



56 
 

  



57 
 

  



58 
 

  



59 
 

  
  



60 
 

Appendix 2. Rough cost estimates for floodproofing public assets in Hampton, 
Hampton Falls, and Seabrook, NH (Parsons Brinckerhoff). 
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Appendix 3. Sample process agenda from a NH COAST meeting. 
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Appendix 4. Portland, Maine documents launching SLR planning efforts. 
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Appendix 5. Rough cost estimates and preliminary engineering report for a 
surge barrier and levee complex in Portland, Maine (Sebago Technics). 
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Schematic representation of a levee complex tentatively designed and costed by Sebago 

Technics, Inc., as a protection against damage from SLR. 
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 Schematic representation of a hurricane barrier tentatively designed and costed by Sebago 

Technics, Inc., as a protection against damage from storm surge. 
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Appendix 6. Summary notes from a COAST public meeting in Maine.
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Sea Level Rise Public Discussion in Portland, Maine held February 24, 2012 
Summary from break out groups 
Prepared by Sadie Lloyd 
 
Group 1, Room 205, question 1 
Initially there was a lot of uncertainty among the participants in group 1. There was preliminary 
discussion about what the four approaches to addressing sea level and storm surge inundation 
were that some of the other groups did not require. There was also a fairly high level of 
resistance to answering the questions at first because of the challenge the group had with 
understanding the concepts. It was clear that this was the first time many of the group members 
had been introduced to the information that had been presented prior to the break-out sessions. It 
may have been helpful for them to have been part of a preliminary conversation where they 
could have asked more broad questions about the data and implications of sea level rise and 
storm surge. Eventually, the group was able to move on to the first question. 
 
The discussion for question 1 included a wide range of opinions. All of the approaches were 
suggested as potential responses to sea level rise/storm surge in the Bayside neighborhood, with 
the exception of “do nothing”. The approaches most commonly brought up were accommodate 
(soft approaches), followed by fortify, and then abandon/relocate. Some people felt certain 
approaches should not be up for consideration, like abandonment. There was some agreement 
that going forward there should be no new development in Bayside. Twice it was brought up that 
regulations would have to be used to direct development, and that current regulations would need 
to be adapted. Someone pointed out the need to address infrastructure, and multiple people talked 
about the need for adaptability over time. 
 
Collectively the group landed on a mixture of approaches. They felt that timing was an important 
factor, and which approach taken would be dependent on a timeline; not all approaches would be 
appropriate at any given time. For example, accommodation might make more sense in the 
immediate to near-term, but as 2100 gets closer, when storm inundation is more severe, 
relocating could be the reasonable response. 
 
Group 1, Room 205, question 2 
The discussion about who was responsible for implementing a response was similar to question 
1. The ideas that came out included a diverse group of stakeholders. Some felt that FEMA had 
responsibility because of their current role in flood hazard planning, but that if left up to them 
there would be no approach. Other people suggested city government was responsible as well as 
insurance companies and banks because of their role in enabling development to happen, the 
private sector operating and developing in the Bayside neighborhood, and even the community 
and general public. The group then talked through what the current role of each of these groups 
was.  
 
This question led the group to discuss some bigger issues they were thinking about. In particular, 
they talked about education and that local government should use events that have already 
happened (like the Patriots Day Storm) to highlight the need for action. This might include 
something like a media campaign. It was suggested that the City/community could not afford to 
stay and fortify, so which approach was taken might affect responsibility. One of the group 
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members made the point that who they wanted to be responsible was not necessarily the most 
effective solution. Some felt that the variability of the data had an impact on what to do and who 
was responsible; the most extreme situation would potentially call for a different set of actions 
and players than the least extreme. 
 
Ultimately, the group decided that responding to sea level rise/storm surge would take a 
public/private/community partnership in part because a group approach would save money, and 
because those who had a stake should have responsibility. The City had a responsibility for 
infrastructure and private owners were responsible for their own properties. While it was unclear 
what the community was responsible for specifically, the group felt they should have some role 
because it is their neighborhood.  
 
Group 1, Room 205, question 3 
The discussion moved to how a response should be implemented and someone suggested having 
a TIF district in Bayside that would apply to vulnerable properties. Some implementation 
required a government response, which might include regulations on buildings. It was the 
opinion of some that the government wouldn’t pay and so the community needed to push for 
policy to be formulated and for the funds to implement the chosen response. Discussion then 
moved to management of utilities and infrastructure and the responsibility of relevant parties to 
manage those. The group questioned whether the saved properties would generate enough 
income to justify protecting them (the issue of affordability), which led to tax equity and 
beneficiary questions. 
 
Some felt, because of the role insurance companies are already playing in building 
accommodations, that they would be the leader in implementing approaches. Some felt it was 
difficult to determine how implementation should occur before an approach was selected and 
who was responsible had been established. Despite the range of topics that came up the group 
did conclude that the City should lead and manage any implementation but with local 
collaboration of public and private stakeholders (including tax payers and utilities). 
 
Group 2, Room 203, question 1 
This group felt that private property should not be looked at separately from other assets like 
infrastructure, and that the City should look at all of the vulnerable assets together because they 
are connected. As an example, it was pointed out that the new stormwater storage tanks that will 
be installed under Baxter Boulevard could be inundated by sea level rise and/or storm surge, 
which could potentially impact homeowners.  
 
Someone voiced support for a “Portland of the future” and the need to approach this as a long-
term planning project that considers 25, 50, and 100 years out, acknowledging that what will be 
important at those times may differ. Down the line the City and community may look back and 
wish they had made decisions now.  
 
There was a lot of discussion in this break out room about relocation. They felt that now was the 
time to identify properties most at risk and the possibility of incentivizing relocation for those 
property owners. In this buy out/financial incentive to retreat model the best financial deals 
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would be given to those who left earlier. This was seen as a short-term model. Additionally, it 
was suggested that zoning be adjusted to prohibit new construction in the flood zone.  
 
One person saw Maine (and even Portland) as a place that still had a lot of space to build on in 
non-vulnerable areas, further justifying retreating and relocating. In regards to property/assets 
with the highest value (historic, aesthetic, recreational) the group thought fortification was 
appropriate to consider. Accommodation was considered for recreational purposes only around 
Back Cove, where a landscape like wetlands could absorb sea water, and Baxter Boulevard re-
engineered to allow recreation but not motorists. There was skepticism about hard fortification 
and a preference to avoid it. They discussed elevated construction and the possibility, as well as 
the consequences, of building on stilts. They came back to the point about infrastructure though, 
and that despite different building standards there were still things like sewer and roads that 
would need to be considered. 
 
In summary, for the question of which of the four approaches should be considered, group 2 
generally agreed that a mix of approaches was needed depending on the time frame. Which asset 
was being looked at would determine which approach would be taken. They felt relocation was 
key in the short term with soft fortification (especially of most valuable and vulnerable assets) 
also playing a role. They felt strongly that the City needed to take a long-term planning 
approach. 
 
Group 2, Room 203, question 2 
While discussing who was responsible for implementing a response, group 2 specifically called 
out private citizens, municipal government, and the local community. The municipal government 
would be interested in protecting its tax base, and the State will have a strong interest in 
protecting the City. They pointed out that certain responses (like building a hurricane barrier 
under Tukey’s Bridge) will involve substantial regulatory review at the local, state, and federal 
level (including players like DEP, Army Corps, and FEMA). While they felt it was unlikely the 
City could get money from the State or Feds, they believed that cost-sharing should be part of 
adaptation planning and response. It was pointed out that bankers and insurers would have an 
influence whether they were asked to or not.  
 
Group 2 felt that ultimately the public was responsible for public health and welfare, and that the 
City (with public input) was responsible for developing and implementing an adaptation plan. 
They thought that banks and insurance companies would “drive the ship”, and because help from 
the State and Feds was unlikely, it would take local action. 
 
Group 2, Room 203, question 3 
In order for the City to implement a response the group concluded that the City needed to first do 
an overall adaptation plan because of the numerous variables at play. They again pointed out the 
need for mixed approaches as well as incremental approaches that would allow the City to adapt 
over time, because things would keep changing. Similarly to question two, this group felt that 
banks and insurers would lead the way and beat government planning to a response. They 
questioned whether the state could help somehow. Part of the implementation would be 
regulatory (like having building restrictions in flood zones) as well as incentives for things like 
elevating structures and relocation. Someone commented that there was not currently money in 
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the City planning budget for adaptation planning or implementing responses, and so the first step 
was to develop line items. They also talked about the problem of people not seeing sea level rise 
as an issue. 
 
In summary the group wanted to see mixed approaches incrementally implemented. Public 
process should determine specific implementation steps. Implementation would likely include 
financial and other incentives, regulation, and education, with possible cost-sharing strategies 
with State and Federal funds. 
 
Group 3, Room 211, question 1 
Right away group 3 established their belief that sea level rise trends would continue past 2100, 
and acknowledged the possibility of learning in a year or two that future sea level would be 
higher than expected. They questioned whether there was a single correct response or if it would 
take an array of strategies. They felt there were a number of needs that once addressed would 
better inform which approach to take. They felt hazard maps that clearly showed where and what 
the risks were would be important going forward. These maps would hopefully be developed 
with the Feds and FEMA. Once an agreement was reached on the risks then the maps could be 
developed and the planning process started.  
 
There were differing opinions on which approach to take. They indicated the possibility that 
zoning and land use changes were needed. Someone questioned if bayside should just be filled 
again, and some wondered if any action should be taken at all but instead let people do what they 
want and abandon when the time comes. Those representing the design community were much 
more passive to hard engineering approaches. The group felt fortification was appropriate in the 
short-term, with the possibility of including accommodation, although appropriate timing was 
questioned. Specific responses were suggested, like raising the trail around Back Cove and 
prohibiting certain land uses and creating adaptation tools through ordinances and regulation. 
The importance of flexibility and adaptability came up numerous times. While softer approaches 
were considered to be ok in the short term, continued adaptation would be key in the long-term. 
Likewise, ongoing education while land is developed and redeveloped would inform a continual 
learning process.  
 
Some of the concerns this group discussed were whether it was possible to defend filled land 
(due to the geological uncertainty of filled land) and what types of engineering challenges this 
might pose, as well as unintended consequences that could result from blocking water in one 
place. They wondered if the private sector would have expectations of the public sector in terms 
of protection. 
 
In summary, the group agreed that the correct approach would be multi-faceted and iterative to 
accommodate a range of sea level rise/ storm surge events over time, involving education, 
policy, and infrastructure.  
 
Group 3, Room 211, question 2 
The group grappled with some big questions during this part of the discussion. A lot revolved 
around the question of who was responsible in general, and whether the City was responsible for 
protecting private development in Bayside, and who can make the decision that land cannot be 
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further developed (who champions public good over public interest). More overarching questions 
were: who are we as a community? How do we choose what to protect in that context? 
 
Delving further into the question of who is responsible there was agreement that those receiving 
the benefits of any approach taken, like those developing in low lying areas, should contribute 
towards protection costs, such as having a premium to build in a hazard zone. There was a fair 
amount of discussion about the insurance industry and whether current requirements are 
aggressive enough. They saw that insurance companies are already requiring development to 
adapt, but wondered what their long-term interest was and if they are involved in addressing the 
risks with 20, 40, 60 year models.  
 
Group 3 felt the City should take the lead but that there would be some public/private 
relationship involved. They felt that because regulation had not caught up with science, the 
government was responsible for the education needed and that it could be a mechanism to keep a 
dialogue going as decisions are made now. They believed that current regulations were based on 
information that was no longer accurate, and people with knowledge needed to go into 
neighborhoods.  
 
This group summarized that the local community would be the driver at the grass roots level to 
begin the process and the government would follow and be a part of a mixed partnership. They 
felt that education and knowledge sharing was important among private development firms, the 
design community, higher education and research institutions, and all levels of government. 
Lastly, they added that the development community has a responsibility for the development of 
resilient public infrastructure because it protects or enhances their resilient public investment.  
 
Group 3, Room 211, question 3 
In addressing how a response should be implemented the group voiced concern that because the 
development community is not looking long-term there is a disconnect with development and 
what the sea level/storm surge data is telling us. They felt that hazards such as unstable soils may 
need a regulatory approach and that any response should be implemented carefully by various 
entities depending on which approach is taken. Any response would take a synthesis of financial, 
regulatory, and managed approaches.  
 
The group then talked about risk. They believed that gradations of hazard would need to be 
identified, and then information created and disseminated about risk levels so that they could be 
better understood. Additionally they felt a hazard map should be created for educational 
purposes, assuming that better information would lead to better decisions. In summary, group 3 
saw the first step to implementing a response as developing and disseminating hazard maps. 
 
Group 4, question 1 
This group was less concerned about education and information regarding sea level rise and were 
more politically oriented. They talked through and saw room for various approaches, but felt that 
fortifying assets and accommodating more water were the most practical, where as doing nothing 
and relocating were more problematic. It was suggested that there is the desire and purpose in 
developing urban spaces like Bayside. Some in group 4 felt that 75% of the problem Bayside is 
now (and would be) facing was poor planning, and when considering doing nothing as an 
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approach wondered whether neighborhoods could survive without taking action. Seeing 
abandonment of Bayside as a poor option, accommodation was preferred through actions like 
elevating roadways (and other infrastructure) and buildings. The engineers’ perspective was seen 
as preference for fortification, like a surge gate. They acknowledged this appeal but felt 
accommodation would be a better long-term approach. They felt it was important to consider 
infrastructure across entire communities rather than by individual properties.  
 
The tipping point was a concept of discussion that would necessitate the needs for strategies that 
would change over time. This group came to the conclusion that a dynamic approach would 
focus on fortification and accommodation because they were the most amenable. They believed 
relocation to be inconsistent with other policy goals and doing nothing was not “smart”. 
Fortification and accommodation would need to happen at various times and be location specific.  
 
Group 4, question 2 
Determining who was responsible for implementing a response brought up a number of ideas. 
Some felt the City had a role, with the help of financial and insurance institutions, to force 
developers to bear adaptation costs. Others felt that zoning needed to be consistent and address 
infrastructure needs, where costs would be balanced between the developer and the City. This led 
to the suggestion of a private/public partnership and the notion that joint responsibility was 
critical. They questioned whose responsibility it was to initiate a cooperative relationship and/or 
dialogue. Regardless, cooperation would be required of the City, developers, and insurance 
companies. More broadly, they thought cooperation should include parties that can provide 
expertise and perspective, including architects, engineers, the real estate industry, and neighbors.  
 
They saw the potential for planning and regulations to be informed through engagement with the 
development community to assess economic/market feasibility to absorb costs on a per project 
(or building) basis, versus fortifying public infrastructure on an area basis. It was acknowledged 
however, that meshing project by project accommodation strategies with existing conditions was 
a complex problem. The group questioned how evaluative judgments would be made, by whom, 
with whose input and engagement, thinking ultimately that it would be a complex decision 
process to reflect dynamic response strategies.  
 
On a less specific scale someone brought up the fact that people are resistant to 
change/relocating and prefer to be on the coast and in urban areas. More specifically, there was 
concern for who would help those already in vulnerable areas. Some felt it was time to revisit 
planning costs for Bayside and Back Cove through a community engagement process like the 
Bayside charrette held in 2000. One participant thought that Bayside already had a TIF district 
and perhaps it could be targeted to adaptation costs for infrastructure or building costs. 
 
Lastly, many felt Bayside should be seen as a super-regional resource with its importance to the 
state as a whole considered. They saw the possibility to put responsibility in the hands of a 
voluntary cooperative group that would include all levels of government. Some, but not all, felt 
that the City had a role in structuring a regional financial framework to capture a broad range of 
beneficiaries.  
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Group 4, question 3 
Group 4 felt that any implemented response needed to consider the appropriate scale (regional, 
watershed, or estuarine systems, for example). Suggestions for implementation included: 

• a tool kit with the combination of a TIF program and zoning to set physical building 
parameters, restrictions, and design implications 

• an overlay district with a form based code approach to provide clarity to developers with 
costs offset by a TIF 

• zoning to phase out buildings (and begin relocation) over time 
• form based codes to allow buildings to accommodate sea level rise over time 
• statewide financing mechanism (like a transfer or gas tax) for multiple communities to 

draw from 
• not using form based code, but other, less rigid regulatory programs 

 
One participant talked about the high percentage of Maine’s economy generated by the Greater 
Portland region, and if this area experiences substantial economic loss (including development 
potential), there will be economic impacts to the State as a whole. That being said, it was 
mentioned that a statewide effort would not sell if it was perceived as only benefiting Portland. 
 
While the group could not reach consensus on how accommodation and fortification would be 
implemented, they felt it would take some combination of regulations, with financing from 
Federal, State, local, and private parties. They saw a dynamic investment strategy that would 
evolve based on the value of economic assets (over time) with justification for investment based 
on derived community wide value.  
 

  



87 
 

Appendix 7. Software Report 
 
 

Working in partnership with Blue Marble Geographics as part of this CRE project, a substantial 

portion of version 1.0 of the COAST software was developed. It was developed as is an Esri 

ArcMap extension. A strategic decision was made in 2012 to move away from an Esri interface, 

and complete construction of the COAST tool using another 3D mapping tool (Global Mapper, 

available through Blue Marble Geographics). A complete version 1.0 of the Global Mapper 

COAST shell is expected to be posted on the EFC’s website in early 2013. Meanwhile, an update 

on progress developing the software shell is provided below. All references are to the ArcMap 

version of COAST. Even though the version to become available will not use ArcMap, it will 

have substantial similarities to what is described below.  

 

COAST can be used to evaluate costs and benefits of taking particular adaptation actions to 

protect vulnerable assets, under specific SLR and SS scenarios. The user can create a specific 

exceedance curve attaching probability of occurrence to water-level rise for a given climate 

change scenario over a certain time period. Multiple climate change and adaptation scenarios, 

each with multiple time periods, are possible (e.g., 2010, 2040, 2070, and 2100). COAST 

calculates the expected value (EV) of damages for that climate change scenario and cumulative 

damages over the time period leading up to the event.  

 

The user specifies two ArcMap layers that act as input to the tool:  

1. A base land-elevation dataset defining the area to be modeled. This is typically a raster 

generated from LIDAR data.  

2. A vector layer defining the asset to be included in the model, e.g., land parcels, building 

footprint, roads, drainage facilities, etc. This layer must contain an attribute defining the 

asset value to be used in the damage calculations.  

 

The user also needs to provide a depth-damage function (DDF) for each asset and adaptation 

strategy. A DDF defines the percentage of the asset’s value that is lost for each increment in 

flood depth, and is used to calculate the EV for damages. Once the input layers, climate-change 

scenario, and DDFs have been identified, the tool produces the following outputs:  
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1. A KML layer showing the flooded area and the calculated damages for the defined 

flooding scenario. The assets will be extruded to indicate the relative amount of damages.  

2. A KML layer showing the flooded area and calculated damages based only on Mean 

Higher High Water (MHHW) and the rise in sea level for the scenario. Again, the assets 

will be extruded to show the relative damage amounts.  

3. A shapefile layer for each of the KML layers described above containing the flooded 

area, with attributes for the flood depth and calculated damages. This layer will be loaded 

into ArcMap by the COAST tool to overlay the original asset layer.  

4. An Excel spreadsheet containing the cumulative expected damages for the base "No 

Action" scenario, and for each specified adaptation.  

Upon making these inputs available to the software shell, and specifying several assumptions to 

be used (including discount rate, inflation rates, and other base metrics), the user can then 

produce 3D extrusion maps and cumulative expected damage tables with costs and benefits 

(avoided costs) of adaptation actions modeled. 
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