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Introduction  

 

As a means of learning more about different ways that coastal cities can adapt to the impacts of sea-level 

rise (SLR), this report summarizes key takeaways from a three-city tour organized around the theme of 

adaptation to chronic flooding. Miami, Charleston, and Boston were chosen because all three are 

grappling with stormwater inundation and frequent high tide flooding, and are currently planning or 

implementing responses and initiatives to address these disruptive stresses and shocks. The “SLR 

Learning Trip” was organized between the Institute for Sustainability and Resilience at the University of 

Hawai‘i at Mānoa and the Hawai‘i Philanthropy Forum, with funding from the Harold K.L. Castle 

Foundation and David and Lucile Packard Foundation.  

 

Hawai‘i is already experiencing impacts from SLR, with an increasing threat to coastal resources into the 

future. The 2017 “Hawai‘i Sea Level Rise Vulnerability and Adaptation Report” estimates that 3.2 feet of 

SLR would make vulnerable an estimated $19 billion in the value of structures and land. This estimate is 

based on the modeled SLR exposure area (SLR-XA), which includes potential chronic flooding and land 

loss due to passive flooding, annual high wave run-up, and coastal erosion. The cost estimate would likely 

multiply manifold if it included damage to roads and other infrastructure, loss of beaches, cultural sites, 

and other natural resources. Although climate change adaptation can be a slow and capital-intensive 

process, there has been notable progress to build an administrative framework to address SLR impacts in 

Hawai‘i. To promote a collaborative statewide response to climate change, the State of Hawai‘i in 2017 

established the Hawaiʻi Climate Change Mitigation and Adaptation Commission. The State Commission 

is a 20-member panel consisting of state agency directors and members of the legislature. The 

Commission has made statewide recommendations for adaptation to SLR as a guide to county-level 

efforts. For the City & County of Honolulu, O‘ahu voters approved an amendment to the City Charter in 

the 2016 election that mandated the creation of the Office of Climate Change, Sustainability and 

Resiliency. This also created a City Climate Change Commission consisting of five members tasked to 

provide advice and recommendations to the mayor, City Council, and executive departments based on the 

latest science and information on climate change impacts to Hawai‘i. In 2018, Mayor Kirk Caldwell 

issued a directive on climate change in response to the City Commission’s SLR guidance. Specifically, 

the directive advised the City to plan for 3.2 feet of SLR by 2100, with similar levels of high tide flooding 

closer to mid-century. Also, to take into consideration 6 feet of SLR for critical infrastructure with long 

lifespans and low risk tolerance. Having benchmark targets via the Mayor’s directive is a starting point, 

but there are ongoing questions as to what it means to implement a wide variety of adaptation strategies. 

 

Trip delegates were selected based on their roles working in agencies and departments relevant to SLR 

adaptation as well as professional engagement in topics of climate change adaptation. Though application 

of lessons learned are relevant for all of Hawai‘i, much of the emphasis of the delegates were on O‘ahu 

due to jurisdictional scope and in response to the Mayor’s directive. Before visiting other cities, a baseline 

of information on SLR and coastal erosion for O‘ahu was introduced to the delegation. On September 10, 

the delegation spent the morning visiting sites on the North Shore of O‘ahu that are experiencing beach 

erosion. The group started the discussion at Magic Island at the Ala Moana Beach Park and proceeded to 

the North Shore to tour Laniakea, ‘Ehukai, and Sunset Beaches, as well as an overview of issues faced in 

Ka‘a‘awa. Continuing the sight tours of Honolulu, the delegation toured the Sand Island Wastewater 

Treatment Plant (WWTP) on September 26, 2019. The delegation traveled to Miami, Charleston, and 
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Boston during the week of September 29, meeting professional counterparts in each city. The questions 

that arose from Honolulu site visits were the basis of questions explored on the tour of the Eastern 

seaboard cities. These themes were also summarized at the October 15, 2019 Future Focus conference in 

Honolulu during a panel session. This report presents the suite of issues currently being encountered in 

urban adaptation to SLR, how issues are being addressed, and lessons learned from actions to date.  

 

Honolulu Delegates 

● Aida Arik, Ph.D. Student, Department of Urban & Regional Planning, UHM* 

● Katia Balassiano, Ph.D., Land Use Permits Division, C&C Honolulu Department of Planning & 

Permitting 

● Makena Coffman, Ph.D., Director of the University of Hawai‘i at Mānoa Institute for 

Sustainability and Resilience and Professor of Urban & Regional Planning* 

● Charles ‘Chip’ Fletcher, Ph.D., Associate Dean of the School of Ocean and Earth Science and 

Technology and Professor of Earth Sciences 

● Michael Fuke, Field Operations, Honolulu Board of Water Supply  

● Matt Gonser, Coastal & Water Program Manager, Office of Climate Change, Sustainability and 

Resilience 

● Lori Kahikina, Director of the City & County of Honolulu Environmental Services 

● Sam Lemmo, Administrator at the State Office of Conservation and Coastal Lands, State 

Department of Land and Natural Resources 

● Ross Sasamura, Director and Chief Engineer, Honolulu Department of Facility Maintenance 

● Genevieve Sullivan, Environmental Planner, Highway Division, State Department of 

Transportation 

● Barry Usagawa, Program Administrator, Honolulu Board of Water Supply 

● Marta Wayne, Ph.D., CEO of the Hawaiʻi Philanthropy Forum* 

 

*Trip organizers 

 

 

Key Themes and Lessons Learned 

 

● Importance of building codes and zoning: Despite facing increasing coastal hazards from 

chronic flooding and storm surge, Miami, Charleston, and Boston continue to expand coastal 

development. There are examples of new developments in Boston where efforts were taken to 

create a floodable first floor and incorporate adaptation design into the building layout. This was 

largely in response to the devastation caused by Hurricane Sandy to New York City in 2012, 

where developers took the initiative in new developments to protect their assets. However, this 

was not the majority case, particularly in Miami, where most new developments have not 

incorporated adaptation measures into the building design. This underscores the importance of 

adopting ground floor height regulations into building codes and adjusting zoning laws to reduce 

the impact of flooding. Cities are updating flood maps and creating new hazard overlay zones and 

zoning designations. In addition to a variety of design guidelines for utilities, public projects, and 

private projects, cities are using the traditional tools of city-wide and/or community plans to 

identify action areas and prioritize projects, along with zoning and a heavy reliance on their codes 
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and standards, which set the minimum and provide certainty of expectations for design and 

construction. 

● Retreat vs. adapting in-place: Retreat is not yet being systematically embraced within adaptation 

efforts in Miami, Charleston, or Boston. There were, though, examples of property buyouts 

related to emergency declarations and the obtainment of FEMA and HUD monies. In addition, 

Miami has changed areas designated for urban expansion based on understanding of new 

vulnerabilities. However, adaptation-in-place is yet the predominant strategy. This includes 

efforts in Charleston and Boston to adjust the social-thinking around living with water. Some 

homeowners in Charleston are voluntarily raising their homes, for example, while other areas 

rebuilt with FEMA money have incorporated floodable ground floors. Affluence drives the 

leading front of adaptation but may benefit lower-income areas if governance structures are put 

into place to address broad infrastructure needs. However, jurisdictional boundaries play a key 

role in whether lower-income areas become part of the scope of adaptation efforts. Compared to 

the three cities visited, Honolulu has the advantage of having elevation, which provides more 

options for retreat. 

● New revenue sources: Stormwater fees are a common means to raise revenue to address 

stormwater and tidal inundation issues. The definition of “stormwater” is being broadly applied to 

include ocean water due to tidal flooding. This supports a “one water” approach to the idea of a 

stormwater fee. The City of Miami Beach, for example, is using revenue raised from stormwater 

fees to pay for raising roadways and installing pump stations. Charleston has similarly used 

revenues from its stormwater fee to strategically install stormwater pump stations that address 

both tidal flooding and rainfall. 

● Infilled land: Areas that were initially infilled tend to now be experiencing flooding. This was 

certainly the case in Charleston. A motto that came out in discussions as a result of their “Dutch 

Dialogues” was: “Water wants to go where water was.” Reflecting on O‘ahu, there seem to be 

parallels in areas like Mapunapuna, Kaka‘ako, Waikīkī, and Iwilei. 

● Leadership and Crisis: Leadership has been instrumental to initiate adaptation efforts in Miami, 

Charleston, and Boston. Public support is critical, however, public awareness generally increases 

after a major storm event or chronic, visible nuisance flooding. There is also a clear emergence of 

younger professionals capable and poised to tackle these pressing issues. 

● Equity issues: Financially disadvantaged communities, as well as those that have experienced or 

were established based on historical injustices, will likely be disproportionally impacted by 

market-driven adaptation. Without some form of assistance from the government or philanthropic 

organizations, it is unlikely that communities built in high-hazard areas will either be able to 

relocate, elevate, or harden personal property. In areas less subject to climate-related impacts, 

some communities are facing forms of gentrification. In Miami, for example, “climate 

gentrification” is occurring in relatively higher elevation areas that were historically redlined or 

communities of lower-income (although in some cases, it is difficult to disentangle the ‘climate’ 

portion of overall gentrification). Currently, the best way to address equity issues is through 

education on climate change impacts, so that residents and communities can make decisions that 

may affect their future “with their eyes wide open.” There is growing recognition that affordable 

housing and resilience need to be tackled together, and a need for strategic government 

investments and/or public-private partnerships to avoid climate gentrification. 
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● Education and communication: Although public awareness of climate change impacts is 

growing, there are still ample opportunities to educate and communicate an awareness of hazards 

through outreach, especially through location-specific messaging. For example, part of 

Charleston’s communication strategy is to develop an app that would allow residents and 

business owners to know where nuisance flooding is occurring and the level of disruption it may 

cause. Interestingly, none of the cities yet require real estate disclosures for properties sold in 

high hazard areas, though there have been efforts to do so. 

● Consistency of data, messaging, web maps: The cities have established or are in the process of 

establishing policies that set the standard for public and private projects, along with guidelines 

and zoning informed by the SLR data. They are developing common vernacular across 

departments, with training and support, and are using the same information and data. There is a 

concerted emphasis on messaging, especially in Charleston. Many expressed the importance of 

connecting solutions with the information extended. Moreover, fear is not a good motivator, and 

information alone won’t lead to action. The narrative should be about improvements to today’s 

conditions and support for things. 

● Pragmatism of utilities: Utilities have a culture of continuous service, are critical to public health 

and economies, have dealt with extreme events already, and have a long-term planning horizon. 

Utilities have a role as leaders in technical and technology analyses for resiliency. Nonetheless, 

Boston was the city that appeared to proactively consider underground utilities in adaptation 

strategies. Adaptation strategies may be very capital and energy-intensive with long lead times. 

However, utilities cannot plan for climate change in isolation – forecasting future habitability on 

a metropolitan or regional scale is uncharted territory.  

● Cross-jurisdictional coordination and cascading impacts: Adaptation actions often encounter a 

spiderweb of contingencies that cross multiple federal, state, and city jurisdictions. Coordination 

is often needed for SLR actions and funding opportunities. In the cities visited, differing political 

will across jurisdictions means that certain infrastructure or policies remain unaltered amid 

rapidly changing surrounding infrastructure. In Miami Beach, for example, there were some 

critical lessons learned around their early adoption of raising roadways. There was a lost 

opportunity to raise utilities with the roads. There is no expedient solution when it comes to 

adapting infrastructure, retreating communities, and preserving natural coastal ecosystems. 

Rather, it requires a coordinated strategy and collaborative efforts on both small and large local 

projects. Coastlines are heterogeneous and each location often faces a different set of biophysical 

and socioeconomic parameters that constrain the solution set. Yet, policy often operates in a 

space that does not easily recognize or accommodate variable needs. Moreover, the timescales of 

physical shoreline processes versus social and bureaucratic processes are often misaligned.  
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Sea-level Rise Impacts to O‘ahu Coastal Communities and Infrastructure 

 

North Shore, O‘ahu 

 

Many beachfront houses on the North Shore are built on eroded or imminently eroding beaches. Without 

the ability to build sea-walls to protect houses, property owners have been granted by the State 

Department of Land and Natural Resources (DLNR) temporary stopgap measures, such as geotextile 

fabric or ‘sand burritos,’ to reduce the imminent threat of beach erosion to housing structures. According 

to the SLR-XA maps, however, it is clear that several dozens of houses, especially between ‘Ehukai and 

Sunset Beaches, will be inundated. Even with clear visual signs of an erosion threat, houses continue to be 

sold on the market as-is. Key questions asked during the site visit include: How much responsibility is 

on the shoulders of the State or City and County to aid property owners in retreat? Should there be 

a mandatory real estate disclosure for houses within the SLR-XA? How are and should debris from 

abandoned properties be removed? 

 

 

 
Photo of North Shore beach erosion threat to private property. This house once had a swimming pool that 

was undermined and destroyed by natural beach erosion. 
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Many property owners on the North Shore using temporarily permitted geotextile materials to protect 

their houses from the inland moving shoreline.  

 

 
This photo is an example of private property with a newly constructed seawall, without full permits, to 

protect the house from the encroaching shoreline. 
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Another significant issue is the threat to critical infrastructure as a result of exacerbated beach erosion. 

Kamehameha Highway, which is located close to the shore and is the only roadway connecting East to 

North Shore communities, is facing a current and imminent threat from erosion in some locations. Often 

co-located with roadways are water supply, wastewater, powerlines, and telecommunications 

infrastructure. Whereas the road itself falls under the jurisdiction of the State Department of 

Transportation (DOT), broader decisions about how and where to move Kamehameha Highway should 

engage broader planning processes. DOT has already conducted an assessment of threats to roadways and 

is currently planning projects to address the highly-threatened locations, such as Laniakea and Ka‘a‘awa. 

The ‘Ewa Coast also faces similar issues of a single roadway connecting communities and raises issues 

related to emergency management. Key questions asked during the site visit include: Where should the 

investment be made to move the roadway inland and how does that affect community retreat? 

Where should the road remain and effectively become a sea-wall? What are there engineering 

methods to strengthen and retain coastal roads? How does the timeline of SLR impacts dictate the 

timeline and total amount of inland retreat? 

 

 
Genevieve Sullivan explains the Department of Transportation’s plan to relocate the roadway—visible in 

the background—further inland at Laniakea Beach.  
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Honolulu and Urban O‘ahu Issues 

 

Much of urbanized Honolulu is facing the issue that the stormwater drainage infrastructure is under-

capacity to effectively keep neighborhoods drained, especially towards the coast, during large storm 

events. This is partly due to changing climate and also due to the further hardening of urban watersheds 

creating more runoff than the capacity of the stormwater drainage system allows. This is the case for 

Magic Island, for example, which is a high-density urban area where the upstream stormwater 

infrastructure does not meet the current capacity needs of the watershed. Much of the development and 

hardening of the watershed upstream of Magic Island occurred after stormwater infrastructure was built 

with few upgrades to the capacity of the stormwater system. The City and County Department of 

Facilities and Maintenance (DFM) is successfully addressing several current problematic areas using 

pumps. However, the Iwilei area, as an example, experiences stormwater accumulation and flooding 

during heavy rains due to inadequate pump capacity. The most prominent area experiencing tidal flooding 

is Mapunapuna. Access issues due to chronic flooding go beyond disturbance to vehicle traffic and 

include issues where the Board of Water Supply (BWS) is unable to conduct maintenance on water main 

pipelines until the low tide. Additional problem areas experiencing tidal flooding, stormwater 

accumulation, and flooding are expected to increase in the future. Key questions asked related to urban 

Honolulu include: What criteria are used to decide where to raise roads and by how much? How are 

road raising projects paid for and how are co-located infrastructure raised? What does 

coordination with the surrounding land owners look like? How are stormwater fees implemented or 

funds earmarked to address stormwater issues? How are pumps and other infrastructure used to 

provide additional means by which to drain areas? 

 

Sand Island Wastewater Treatment Plant 

 

The Sand Island WWTP is the largest treatment plant for the City and County of Honolulu and services 

the largest population of residents for the island. The Honolulu Department of Environmental Services 

(ENV) recognizes the WWTP as critical infrastructure and is currently in the process of raising the 

WWTP facilities by 18 feet above sea level to proactively ensure security and operation of the facilities in 

the advent of a high tide plus storm surge event. In addition to raising the Sand Island WWTP facilities, 

ENV’s long-term resilience strategy is considering WWTPs that service smaller-scale areas. Although 

stormwater and wastewater infrastructure operate on separate systems, they are inter-related in the issues 

that are faced by SLR impacts to stormwater infrastructure, and raise questions: What are the best 

strategies to incorporate resilience into WWTP facilities and other similar critical infrastructure? 

How can adaptation be used as an opportunity to institute a One Water-type solution to create 

greater efficiency in urban water management between freshwater, stormwater, and wastewater? 
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To proactively protect critical infrastructure, ENV is raising its critical WWTP facilities by 18 feet. 

 

 

 
Projected SLR exposure area for the locations visited in O‘ahu.  
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Miami 

 

On September 30 and October 1, the Honolulu delegation toured many sites around Miami-Dade County 

with Katherine Hagemann, the Resilience Program Manager for Adaptation of the County Office of 

Resilience. The first stop was a tour of the Virginia Key Wastewater Treatment Plant led by Dr. Doug 

Yoder of the Miami Dade Water and Sewer Department, followed by a brief tour of the wetlands 

restoration efforts on Virginia Key. Next, the group visited the SUSTAIN laboratory at the University of 

Miami, which has a wave tank to study hurricane-force wind and wave impacts to infrastructure, like sea 

walls, corals, and artificial reefs. The group also toured adaptation efforts around the City of Miami and 

the City of Miami Beach. The group benefitted from visiting during a period of higher than normal high 

tides known as a ‘King Tide’. 

 

Key Miami Counterparts: 

● Katherine Hagemann, Resilience Program Manager, Miami-Dade County 

● Douglas Yoder, Deputy Director, Miami-Dade Water and Sewer 

● Josh Mahoney, Environmental Resources Project Supervisor, Miami-Dade County 

● Brian Haus, Ph.D., Professor and Chair, Department of Ocean Sciences, Director of SUSTAIN, 

University of Miami 

● Caroline Lewis, Founder and Senior Climate Advisor, CLEO Institute 

● Jane Gilbert, Chief Resilience Officer, City of Miami 

● Elizabeth Wheaton, Environment and Sustainability Director, City of Miami Beach 

 

Planning and Governance 

 

Urbanized South Florida crosses multiple county and municipal jurisdictions. The State of Florida 

manages water based on five districts, where the South Florida Water Management District (SFWMD) 

governs most of the southern portion of the Florida Peninsula, which includes the network of canals that 

are largely responsible for maintaining drainage of the agricultural and urban areas. Within the SFWMD, 

Miami-Dade County is the most populous of the counties and includes 34 municipalities, cities, towns 

and villages, as well as unincorporated communities. The two largest municipalities, the City of Miami 

and the City of Miami Beach were chosen along with the County to take part in the Rockefeller 100 

Resilient Cities network. This partnership led to the development of their Resilient305 Strategy. This 

work continues, in part, through support funding from the Adrienne Arsht Foundation. The County, Cities 

of Miami and Miami Beach, and other municipalities explore climate change and resilience strategies at 

multiple-scales and in conjunction with neighboring coastal urban counties as part of the Southeast 

Florida Climate Change Compact. Municipal governance, however, can be a large factor in advancement 

or resistance to adaptation strategies. In many cases, though, adaptation requires alignment and 

coordination with the county and state. 
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Sunny day flooding around coastal Miami poses major issues to transportation. This photo was taken 

across the street from the Omni Metrorail stop during a king tide event. New development continues to be 

built in this area. 

 

 
Located near the Brickell Metrorail stop is a pump station to dewater surrounding infrastructure where 

gravity-based stormwater drainage systems are no longer adequate. This pump station is part of a larger 

Miami-Dade County strategy. 
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Locational Context 

 

Despite the overall affluence of the Miami area, Miami has great disparity in the socioeconomics of 

neighborhoods, which creates concerns around “climate-related gentrification.” Historically redlined 

communities or concentrated diasporic populations have largely concentrated inland around the current 

and remnant railway, whereas affluence has mostly concentrated along the coastlines and the outlying 

beaches and keys. South Florida is part of the Greater Everglades Ecosystem, and modern development in 

Miami was initially concentrated near the first railroad along a relatively high (10-25 feet above sea level) 

limestone outcropping which is a coral rock ridge. As Miami expanded, wetland areas were dredged and 

filled for development, and outlying barrier islands were built up using dredged channel fill, including the 

offshore keys and beaches. The main wastewater treatment plant that services 2.3 million residents in the 

Miami metropolitan area residents is located on Virginia Key, and potable water supply comes from 

groundwater which relies on the Everglades Wetland Ecosystem for replenishment. Notably, Miami is 

located in the Hurricane Alley of the Atlantic Coast. The last Category 5 Hurricane to strike the Miami 

area was Hurricane Andrew in 1992 (most directly affecting Homestead), and several intense tropical 

cyclones have since impacted Miami. 

 

 
A photo taken during a tour of the County’s Virginia Key Wastewater Treatment Facility on Virginia Key. 

The old chlorine building (right) has been reconstructed and elevated several feet (left) to avoid future 

impacts of sea level rise and storm surge.  

 

SLR Impacts and Adaptation 

 

Measures to adapt to SLR impacts have largely taken place through local leadership. For example, the 

City of Miami Beach is a leader in adaptation strategies, starting with the election of Mayor Philip 

Levine. Levine ran on a strategy of keeping Miami Beach dry and was responsible for initiating the 

implementation of road-raising and pump installation strategies during his tenure from 2013-2017. These 

strategies were implemented through the administration of a stormwater fee, which started at $9 

equivalent residential unit (ERU) in 2013, and is currently $24 ERU with no credits, and can only be used 

to address stormwater-related infrastructure (i.e., excludes co-located utilities). In addition to raising the 

road by 3.7 feet, large capacity pumps with generators as backup power help keep streets, that used to be 
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subject to sunny-day flooding, dry at an estimated cost of $650 million for stormwater improvements over 

10 years. Pumps are designed for lifespans of 15-20 years and require City-owned land, security, and 

maintenance. The success of the implemented measures to dry the streets in Miami Beach has been 

catalytic. The City of Miami is also creating a network of stormwater pumps to keep their streets 

dry. Miami-Dade County is currently identifying and prioritizing vulnerable critically facilities using a 

Unified Sea Level Rise Projection developed by the Southeast Florida Regional Climate Compact, 

comprised of four counties (i.e., Palm Beach, Broward, Miami-Dade, and Monroe Counties). The County 

is taking steps to raise all Virginia Key WWTP facilities to 21 feet, for example, in anticipation of a 25-

foot storm surge. The role of the compact is for all counties to implement strategies according to the same 

SLR projections, however, there is uneven compliance to its usage. Within Miami-Dade County, even 

with the existence of a County Office of Resilience, adaptation strategies have largely been implemented 

around visibly problematic areas with a large tax base. There are also less visible issues that will be 

increasingly problematic for the County, including about 120,000 septic systems that are vulnerable to 

rising groundwater levels driven by sea level rise. Working with the State is also imperative, as Biscayne 

Blvd/US Highway 1 is a main emergency evacuation route under State jurisdiction that is subject to high-

tide flooding.  

 

 
This photo taken in Miami Beach shows the differential of the height of the raised roadway to the old 

ground height of the building. The City of Miami Beach is paying for the raising streets in certain areas 

via a stormwater fee, however, it poses issues to the surrounding buildings where the first floor has been 

temporarily considered a “basement” which created insurance issues that have since been clarified and 

largely resolved.  
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Across the street in Miami Beach is a large capacity pump station. Elizabeth Wheaton explains the 

history and the planning moving forward on these projects. 

 

The shoreline of the Miami metropolitan area is largely artificial. Miami Beach, for example, exists 

because of a nearly 50-year effort of beach nourishment by the US Army Corps of Engineers (USACE), 

which expires in 2025. To protect the infrastructure nearest to the ocean, Miami Beach has created and 

now actively manages a dune system, which has tripled in size since the 1980s and is the highest point on 

the island. Off-shore protection includes the installation of leaky groins to slow sand migration at certain 

hotspots. Other restoration and natural functions protection, as part of a living shoreline strategy, are also 

being implemented in areas where the opportunity arises. In particular, the County and municipalities 

work to restore and maintain mangrove shorelines, which provide critical habitat and protection from 

storm surge impacts. Having enough space to implement living shorelines is an issue in urban areas where 

houses are built to the edge of the shoreline along canals that are hardened with seawalls or bulkheads. 

The county has extensive intact wetlands outside of the urban development boundary that are protected 

and provide key ecosystem services.  
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This leaky groin is among the engineered measures to ensure the longevity of the beach in front of the 

many hotels and private properties in Miami Beach. 

 

 
Much of the property and facilities built along the shoreline or canals throughout Miami are 

encountering increasing days where tidal fluctuations exceed previous high tide lines. 
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Pictured here is a University of Miami Rosenstiel School of Marine and Atmospheric Science (UM-

RSMAS) building built on the edge of a disappearing shoreline. 

 

 
The king tide event in Miami causes flooding of streets and sidewalks throughout the city. 
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This tidally-influenced canal is flowing back into the streets and inundating surrounding land with salt 

water. Katherine Hagemann explains some of the less-visible issues that arise from sunny-day flooding. 

 

 
Backflow from canals is affecting lower-income multi-family communities. 
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During King Tides, the water backflows through stormwater drainage systems into the streets can get 

quite deep and polluted. 

 

 
Although Miami-Dade is taking many coordinated efforts to reduce flooding throughout the coastal areas 

of the county, this photo of Biscayne Blvd (US-1), which is a state evacuation route, shows a major 

thoroughfare flooded across all lanes during a king tide event.  
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Another photo taken along Biscayne Blvd that shows flooding inundating sidewalks as well. 

 

 
The UM-RSMAS Wave Lab studies hurricane-force wave and wind effects. Among other efforts, the lab is 

researching the degree to which coral buffers storm surge impact.  
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Charleston 

 

The Honolulu delegation visited Charleston from October 2-3. In the time spent, there was discussion 

about Charleston’s Flooding and Sea Level Rise Strategy, the Dutch Dialogues, Stormwater Management 

Improvements, the Low Battery Seawall Enhancement, Hazard Vulnerability Assessment, and RainProof 

Charleston. The delegation also learned about the Charleston Resilience Network (CRN). It is a 

collaborative effort among public, private, academic and non-governmental organizations to provide a 

forum to share and improve access to science-based information, convene diverse stakeholders and build 

consensus around adaptation pathways that enhance the social, physical, and economic resilience of 

communities. The group was also taken on a tour of the Charleston peninsula to view problem areas for 

seawater inundation. The time spent in Charleston was during the tail end of the King Tide, and some of 

the flooding effects were still visible. 

 

 
Many entities collaborate as part of the Charleston Resilience Network to drive coordinated messaging 

and strategic planning for SLR and storm-related flooding impacts. 

 

Key Charleston Counterparts: 

● Dan Burger, Founder and Chair of the Charleston Resilience Network 

● Mark Wilbert, CRO, City of Charleston 

● Norm Levine, Ph.D., Director, Lowcountry Hazards Centers, College of Charleston 

● Elizabeth Fly, Ph.D., The Nature Conservancy 

● Wes Wilson, US Army Corps of Engineers 

● Jared Bramblett, P.E., Davis and Floyd Engineering 

● Connie Banegas, Charleston Water System 

● Rick Devoe, South Carolina Sea Grant Consortium 

● Roberta Kahle, Ph.D., College of Charleston Joseph P. Riley Center for Livable Communities 

● B.D. Wortham-Galvin, Ph.D., Director, Clemson Resilient Urban Design Program 

● Doug Marcy, NOAA Coastal Hazards Specialist 

● Rick Devoe, South Carolina Sea Grant Consortium 
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Mark Wilbert, the CRO of the City of Charleston, explains the structure and progress of resilience efforts 

under the Mayor.  

 

Planning and Governance 

 

The City of Charleston has undergone a significant reorganization in just the last few years around the 

Chief Resilience Officer position, which formed out of an emergency management position. This 

governance restructuring reflects the broader realization that living with flooding is more than an 

emergency venture that is event-driven, but rather a regular occurrence that affects people’s daily lives. 

Within Charleston, the City has a Stormwater Department that is separate from the Department of Public 

Works. Charleston created both the Stormwater Department and a Floodplain Manager position in late 

2018 in recognition of the need for new, focused, and dedicated work. The Charleston Resilience 

Network (CRN) is a critical convener and coordinator of organizations around the “Living with Water” 

approach to SLR adaptation. The seeds of this network were sown in the 2014 Climate Vulnerability 

Assessment and Tabletop Exercise organized by the US Department of Homeland Security. This event 

highlighted and quantified climate vulnerabilities and the potential for cascading impacts beyond major 

episodic disruptions. Prior to the establishment of the CRN, Hurricane Hugo (1989) was the primary 

touchstone event for community stakeholders, and many changes to the physical, social, and economic 

environment have occurred in the ensuing years without a unified effort to integrate climate science into 

planning decisions. While Charleston is proactive within its city jurisdiction, it resides in a more 

conservative state, which can cause mismatched approaches to adaptation where, for example, the State is 

responsible for most of the roads. The newness of the resilience strategy implementations in Charleston 

stems from Mayoral leadership, where the long-standing Mayor Joseph Riley, in office from 1975-2016, 

marked his last term in office with a strong shift towards addressing flooding impacts as a priority and a 

concerted effort to shift from reactive to proactive city maintenance. Charlestonʻs first “SLR Plan” was 

released in December 2015. Moreover, it is noteworthy to mention that positions in the City of Charleston 

that tackle resiliency issues are dominated by younger professionals. 
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Jacob Lindsey, Director of the Department of Planning, Preservation, and Sustainability speaking to the 

Honolulu delegation at Charleston College. 

 

Locational Context 

 

Charleston takes great pride in the historical character of the city that is reflected and preserved in its 

architecture and building codes. Though the establishment of the City of Charleston dates back to the 

original U.S. colonies before the Revolutionary War, the City continues to expand. Much of the 

expansion of Charleston is on non-engineered fill in locations that naturally are estuarine, tidal-driven and 

low-lying areas, which tends to cause shaking, moving, subsiding, or liquefaction. African Americans are 

instrumental to the City’s and U.S. history, where Charleston was the main port of entry for enslaved 

people captured from the African West Coast taken to the U.S. Much of the original town of Charleston 

was built by enslaved people, and today there are areas of predominantly Black communities. Some of 

these communities reside in the lowest-lying and most vulnerable areas. Thus, resilience strategies that 

address SLR impacts must also be responsible for the preservation of deep-rooted community fabric and 

issues of historical injustices, as well as the preservation of the historical character of the architecture. 

Collectively about one-third of all property in Charleston has an elevation of 10 feet or less. In fact, 70% 

of FEMA’s repetitive loss properties are in Charleston. 
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The house on the right shows a house rebuilt with a floodable first floor. 

 

 
An example of an existing house that has elevated above the street level.  

 

SLR Impacts and Adaptation 

 

In the past 100 years, Charleston has experienced over 1 foot of SLR, 6 inches of which have occurred in 

the last 30 years. The City of Charleston and the associated organizations addressing SLR issues have 

excelled in their messaging techniques and tools, which is largely derivative from the work of the 

Charleston Resilience Network to address the nearly daily news stories of flooding in and around 

Charleston. Indeed, public awareness has played a large role in addressing flooding issues, with 5 

consecutive years of hurricane impacts, 89 recorded flooding events resulting in 60-70 days of street 

closures in 2019, and a high tide flooding in November 2018 reaching levels nearly as high as a hurricane 

event. Public messaging and available tools emphasize the idea of “living with water” as a strategy. This 

includes an application that is being developed, for example, of a predictive calendar for businesses and 

citizens to know when and where flooding may occur. Charleston is also considering partnering with 

mental health workers to develop “trauma aware risk communication” because flooding and storms can 

create a lot of anxiety. To aid with their adaptation strategies, the City of Charleston, in partnership with 
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the Charleston Resilience Network and numerous regional organizations enlisted the help of Dutch 

colleagues, Waggonner & Ball Architects, and the Water Institute of the Gulf to develop a vision for 

living with water as part of Charleston’s future. This process was referred to as the “Dutch Dialogues.” 

Research and educational entities also provide critical resources and tools to address SLR impacts. For 

example, the NOAA Office of Coastal Management, a federal entity, is located in Charleston and hosts 

SLR risk assessment tools via their Digital Coast platform. The South Carolina Sea Grant Consortium is 

also headquartered in Charleston and has eight member institutions that serve coastal issues throughout 

the state. This includes Clemson University, which itself has a Resilient Urban Design Program as part of 

its Design Center campus in Charleston. 

 

 
Doug Marcy providing an overview of tools and resources available through the online NOAA Digital 

Coast platform. 

 

In addition to communication strategies, Charleston is addressing flooding with a multi-layered approach 

to physical infrastructure. It is estimated that 2032 is the year that Charleston reaches a tipping point 

where the number of individual days with 1 foot or higher flooding creates too many interruptions to 

access areas to address issues of flooding. Nuisance flooding is expected to cost nearly as much in 

damages as extreme events to the city, which includes economic losses from interrupted days due to the 

inaccessibility of locations. With FEMA funds from repeat flooding events, the City of Charleston has 

been able to do targeted property buyouts to voluntary homeowners, and restore wetland features to once 

developed landscape. FEMA funds have also enabled the City of Charleston to build several large 

underground stormwater tunnels to capture, store, and convey water from inundated land. So far, the City 

has spent over $240 million on these projects, but it is a multi-billion dollar problem. Thus, the City is 

looking for alternative finance mechanisms, especially without much state backing and a City Council 

that is conservative to preserve their AAA bond rating, as well as exploring innovative ways to manage 

water through green infrastructure and other multi-benefit water storage approaches. The City has a 

stormwater fee that is tied to the water bill and is looking into shifting tax incremental finance districts to 

improvement districts. Additionally, the City is looking into Transfer of Development Rights (TDR). The 

US Army Corps of Engineers also plays a role in resilience infrastructure and is currently planning to 

build a storm surge barrier to protect vulnerable areas of the Charleston peninsula. 
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Part of the science communication strategy is translating sea level rise impacts to accessible terms. For 

example, the scenarios in this poster give impacts in terms of “level of nuisance,” including “pedestrian 

nuisance,” “no pedestrians,” “car nuisance,” “no cars, truck nuisance,” “EMS special vehicles,” and 

“snorkel vehicles, boats.” 

 

 
Remnant street flooding from the King Tide event.  
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The housing on the left is another example of a floodable first-floor building.  

 

 
Dennis Frazier, Greenway Project Manager, explaining the Greenway features of the Charleston 

Medical District. The Greenway project is a collaborative planning effort to revitalize campus assets and 

provide a better pedestrian experience to patients and medical staff.  



 29 

 
Many of the ambiance features as part of the Greenway project are moveable to accommodate access 

needs. 

 

 
In addition to moveable features and permeable pavement, the area has an emergency response plan to 

accommodate emergency vehicle traffic.  
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The transition from the High Battery to Low Battery seawall. Although the High Battery seawall was built 

before the Civil War, it is at a higher elevation. Whereas the City seeks to rebuild Low Battery at a higher 

elevation despite being built in the early 20th century.  

 

 
B.D. Wortham-Galvin, Director of the Clemson Resilient Urban Design Program, explains the program’s 

approach to resilience. 

 



 31 

 
The Honolulu delegation with Dan Burger at the Clemson Design Center (Sam Lemmo not pictured). 
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Boston 

 

The tour of Boston included the days of October 4-5. Much of the 4th was spent learning about various 

local and coordinated resilience efforts, including an overview of the Boston Green Ribbon Commission, 

Climate Ready Boston, climate mitigation and resiliency efforts by the Massachusetts Port Authority, the 

Resilient Mystic Collaborative cross-jurisdictional coordination, coastal flood modeling, and climate-

informed water management by the Massachusetts Water Resources Authority and Boston Water and 

Sewer Commission. On the 5th, the group participated in a 7-mile Harbor Walk organized by Boston 

Harbor Now and a Historic Harbor Cruise.  

 

 
Participating in Boston Harbor Walk starting from Neponset River Park through the South Boston 

Waterfront and Dorchester, and ending in Moakley Park. This is a greenway project was implemented 

over multiple decades and provides lateral access to all of Boston Harbor. 

 

Key Boston Counterparts: 

 

● Bud Ris, Boston Green Ribbon Commission, Climate Ready Boston 

● Peter DeBruin, Climate Mitigation & Resiliency Manager, Massachusetts Port Authority 

● Kathy Ledoux, Massachusetts Port Authority 

● Julie Wormser, Mystic River Watershed Association, Moderator 

● John Bolduc, Cambridge Community Development Department 

● Oliver Sellers-Garcia, Somerville Office of Sustainability and Environment 

● Austin Faison, Winthrop Town Manager 

● Rebecca Herst, UMass Boston Sustainable Solutions Lab 

● Magdalena Ayed, Harborkeepers 
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● Kirk Bosma, Woods Hole Group 

● Stephen Estes-Smargiassi, Director of Planning and Sustainability at Massachusetts Water 

Resources Authority 

● John Sullivan, Chief Engineer at Boston Water and Sewer Commission 

● Alice Brown, Boston Harbor Now 

● Carl Spector, City of Boston Environment Department 

 

Planning and Governance 

 

Massachusetts is a strong home-rule state, where building codes are set at the state scale and zoning laws 

are decided by municipalities. In addition to the difficulties of building codes rising to the times of needs 

specific to Boston, the centralized structure of home-rule governance creates challenges for creating and 

spending revenue streams towards critical projects. The market, therefore, becomes a critical component 

for driving progress. Boston’s Environment Department drafts neighborhood-scale functional plans that 

include plans for all infrastructure. Notably, there is no structure of county government in the state of 

Massachusetts, aside from non-regulatory regional planning agencies, nor any legislated regional 

governance. Therefore, broad contiguous strategies that incorporate watershed-scale management must be 

coordinated through multiple local jurisdictions. For example, the Mystic River Watershed Association is 

a non-profit organization that facilitates a voluntary, watershed-scale municipal stormwater management 

strategy, concentrating efforts for stormwater retention in the less developed, upper watershed. Among its 

efforts, the Watershed Association convenes a Stormwater Collaborative comprised of 13 towns and cities 

to coordinate the reduction of stormwater pollution. 

 

 
Julie Wormser of the Mystic River Watershed Association explains how the mismatch of jurisdictional 

and watershed boundaries adds a layer of difficulty to coordinated strategies. 

 

Philanthropy plays a large part in efforts to encourage cross-cutting resilience efforts. The Barr 

Foundation has invested $5 million towards organizations in their resilience portfolio over the last two 

years. This is in addition to 20 years of climate-focused philanthropy, including the development of a 

regional greenhouse gas initiative. The Green Ribbon Commission is a Barr Foundation-funded, public-
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private partnership between the City of Boston and its private and non-profit sector leaders. The GRC 

supports both climate mitigation and the City’s efforts to manage coastal flooding. The City’s initiative, 

“Resilient Boston Harbor,” is a vision for a series of elevated shoreline parks and living shorelines around 

Boston’s waterfront to protect it from storm surge while maintaining public access. With 40 universities, 

it is understandable that Boston has a cutting-edge educational presence that provides a unique resource to 

the area. 

 

 
John Bolduc provides an overview of projects throughout Cambridge that are using climate projections 

out to 2070. 

 

 
Rebecca Herst, Director of the UMass Boston Sustainable Solutions Lab, explains her areal GIS research 

on how structural racism and historic inequities can amplify contemporary impacts from climate change. 
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Locational Context 

 

Boston Harbor has been transformed since European traders and colonists arrived nearly 400 years ago. 

Today, 30% of the City is built on top of infilled land, including Logan International Airport. 

Development built on infill has typically been built between two and ten feet above the historic high tide 

line. Local high tides are now approximately a foot higher than they were a century ago due to a 

combination of sea level rise and land subsidence. This has caused parts of the waterfront to flood 

multiple times per year. The tidal fluctuation is 10 to 11 feet per day, with maximum ‘King Tides’ of 12.4 

feet. In general, the location of Cape Cod relative to Boston protects the urban region from major 

hurricanes with pathways north along the Atlantic Coast. However, a greater concern is the Nor’easter 

storms that expose the City to hazards. Over a 30-day period in January/February 2018, the region 

received nearly eight feet of snow without a thaw (collectively known as “Snowmageddon”), closing 

schools, disrupting public transit, and causing widespread economic disruption.  

 

 
Bud Ris providing a broad overview of greater Boston background, issues, and climate adaptation 

strategies. The Honolulu delegate met with Boston colleagues at the Barr Foundation offices. 

 

SLR Impacts and Adaptation 

 

Similar to Charleston, Boston has adopted a strategy of “living with water,” which entails adapting 

structures in-place to potential flooding. There is an observable trend in Boston, particularly in Seaport 

(the lowest-lying area in the Boston Harbor area), as well as other large cities such as New York City, 

where developers recognize the enhanced market value to electing to raise their buildings and install 
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features to reduce flooding. The adoption of flood resilient strategies in new developments has been rapid 

and is in response especially to the destruction caused by 2012’s Superstorm Sandy to New York City. 

Unfortunately, the City does not have the regulatory power to require changes in existing buildings. 

Moreover, Massachusetts is one of two states where property owners own the intertidal zone down to the 

low shoreline, making building shoreline flood barriers more complicated. The City of Boston is in the 

process of adopting a 40-inch planning benchmark for new development via a waterfront zoning overlay. 

This would apply to new development along the harbor; it is unknown how and whether to apply this 

standard to established development. For the sale of real estate within the zoning overlay, there is no 

mandatory real estate disclosure requirement for properties that may be susceptible or have experienced 

repeated flooding. In the 1970s, Boston began requiring developers to include a 12-foot wide public 

Harborwalk along the waterfront. This 43-mile pathway is likely to form the basis of an elevated, multi-

use flood barrier as envisioned in the City’s Resilient Boston Harbor plan. Retreat from the coast is not a 

subject of discussion in the suite of tools for climate change and sea-level rise adaptation, as Boston’s 

waterfront is currently among its most valuable real estate. 

 

 
Peter DeBruin and Kathy Ledoux discuss various strategies the Massachusetts Port Authority is utilizing 

to provide hazard mitigation and emergency management, including for Logan International Airport 

which is built on infilled land.  

 

State entities also provide a key role in ensuring the protection of critical infrastructure in the Boston area. 

For example, MassDOT commissioned the Woods Hole Group to create the widely-adopted Boston 

Harbor Flood Risk Model that combines tidal flooding and storm surge probabilities. With this coastal 

inundation probability model, agencies can evaluate asset vulnerabilities, as well as prepare and prioritize 

responses to flooding events. Putting risk mitigation into action, the Massachusetts Port Authority 

conducts emergency drills to practice erecting temporary structures to protect critical infrastructure that 

has not yet been raised or cannot easily be raised. New buildings are built three feet above current base 
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flood elevation (BFE). Aging infrastructure can also pose risks. Much of Boston’s water and sewer 

infrastructure was built as early as the mid-1800s and is still in use. However, because the sewer system is 

gravity-driven, Boston is not considering raising its streets. Though various Water Master Plans, 

Functional Plans, and Emergency Action Plans have been developed over time, the various State utilities 

tend to take a more opportunistic approach of flood proofing over time and as damages have occurred. 

 

 
Kirk Bosma of Woods Hole Group explains the Boston Harbor Flood Risk Model probability maps. 

 

 
The hydrodynamic flood risk model requires extensive computational capacity to provides high-resolution 

flooding probabilities due to sea level rise, tidal fluctuations, and storm surges. 
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Stephen Estes-Smargiassi, Director of Planning and Sustainability for the Massachusetts Water 

Resources Authority, explains some of the water infrastructure challenges in Greater Boston. Their motto 

was notable: “Drink with confidence and flush with pride.” 

  

 
Director of Planning, Charlie Jewell from the Boston Water and Sewer Commission, explains the vast 

network of infrastructure they oversee and the necessity to coordinate with the Massachusetts Water 

Resources Authority as the wholesale provider of water and sewer services to Boston. 
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The waterfront along the Boston Harbor Walk is varied, and included several shoreline restoration areas. 

Much of the successful reversion of the Boston waterfront to open space is due to advocacy efforts by 

Boston Harbor Now and provisions in state and local law that require permanent public access. 

 

 
The majority of Boston’s waterfront includes a permanent right-of-way called the Boston Harborwalk 

across over 350 parcels of public and private land. State regulations that established the Harborwalk are 

based in language from the Magna Carta. 
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This photo shows an area along the Boston Harborwalk where one side of the Neponset River has a 

natural, restored shoreline and the opposite side is fully developed. 

 

 
This photo shows both sides of the tidal Neponset River with living shorelines. 
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An aerial view of Boston Harbor’s waterfront and islands, with MWRA’s Deer Island Wastewater 

Treatment Plant in the upper right hand corner. 
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Summary City Key Take-aways 

 

Miami 

 

• The City of Miami Beach has successfully transformed streets that were once chronically 

flooding to dry corridors by raising roads by 3.7 feet and installing large capacity pumps. This 

required a combination of leadership and revenue sources. Stormwater fees were the primary 

source of funding for these efforts. 

• The City of Miami has followed suit and is also creating a network of stormwater pumps to keep 

several of their streets dry.  

• Miami-Dade County is currently identifying and prioritizing critically impacted areas according 

to a climate change compact with the four east coast counties of South Florida (i.e., Palm Beach, 

Broward, Miami-Dade, and Monroe Counties). The role of the compact is for all counties to 

implement strategies according to the same SLR projections, however, there is uneven 

compliance to its usage.  

• Miami-Dade County is taking steps to raise all Virginia Key WWTP facilities to 21 feet in 

anticipation of a 25-foot storm surge. 

• About 120,000 septic systems are located in vulnerable zones. Working with the State is also 

imperative, as Biscayne Blvd/US Highway 1 is a main emergency evacuation route under State 

jurisdiction that is subject to high-tide flooding.  

 

Charleston 

 

• The City of Charleston has undergone a reorganization reflecting the broader realization that 

living with flooding is more than an emergency venture that is event-driven, but rather a regular 

occurrence. 

• Nuisance flooding is expected to cost nearly as much in damages as extreme events to the city, 

which includes economic losses from interrupted days due to the inaccessibility of locations.  

• Public awareness has played a large role in addressing flooding issues due in large part to 5 

consecutive years of hurricane impacts, 60-70 days of street closures from sunny day flooding 

annually, and a high tide flooding in November 2018 reaching levels nearly as high as a hurricane 

event. The Charleston Resilience Network is a critical convener and coordinator of organizations 

and messaging around the “Living with Water” approach to SLR.  

• Collectively about one-third of all property in Charleston has an elevation of 10 feet or less. 

Additionally, extensive portions of Charleston are built on non-engineered fill. A total of 70% of 

FEMA’s repetitive loss properties are in Charleston. The City has learned that “water wants to go 

where water was.” 

• With FEMA funds from repeat flooding events, the City of Charleston has been able to do 

targeted property buyouts to voluntary homeowners, and restore wetland features to once 

developed landscape. FEMA funds have also enabled the City of Charleston to build large 

underground stormwater tunnels. So far, the City has spent more than $240 million on these 

projects. 

 

 



 43 

Boston 

 

• Today, 30% of Boston is built on infilled land, including Logan International Airport. These parts 

of the city were developed just two to eight feet above high tide. In the last century, however, 

Boston’s high tide has increased by over a foot due to a combination of SLR and land subsidence. 

• There is an observable trend of adopting flood resilient strategies into new buildings to enhance 

market value, especially in reaction to 2012’s Superstorm Sandy and chronic ‘King Tide’ 

flooding events in the last five years.  

• The City of Boston is in the process of adopting a 40-inch planning benchmark for new 

development via a waterfront zoning overlay that would apply to new development along the 

harbor. The City currently does not have the regulatory power to require retrofits to existing 

buildings. For the sale of real estate within the zoning overlay, there is no mandatory real estate 

disclosure requirement for properties that may be susceptible or have experienced repeated 

flooding.  

• Although historically Massachusetts allowed property owners to own land down to low tide, in 

the 1970s Boston created regulations requiring developers to include a 12-foot wide public 

Harborwalk along the waterfront when they redeveloped their property. This has led to a near-

continuous 43-mile path along most of Boston’s waterfront. 

• MassDOT commissioned the Woods Hole Group to create a model that includes high-resolution 

inundation probabilities by combining tidal flooding and storm surge probabilities. With this 

coastal inundation probability model, agencies and private property owners can evaluate asset 

vulnerabilities, as well as prepare and prioritize responses to flooding events. 
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