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hurricane sandy, which hit the eastern seaboard of the united 

States in late October 2012, reminded the New York metropolitan area 

that coastal storms are among the world’s costliest and deadliest disas-

ters, capable of causing hundreds of billions of dollars in damage and 

threatening the livelihoods of entire neighborhoods. Storm-driven 

surge often represents the greatest threat to life and property associ-

ated with coastal storms as a result of additional water being pushed 

onto the shore. 

These damages are likely to increase with a changing climate 

since rising sea levels, coupled with the potential for intensified 

storms, makes flooding and storm-driven surges even larger threats 

to the region (Walsh et al. 2014). Three of the nine highest record-

ed water levels in the New York Harbor region have occurred since 

2010, and eight of the largest twenty (based on tide gauge data going 

back to 1844) have occurred since 1990 (Talke, Orton, and Jay 2014). 
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Storms of the future are going to be more intense and likely to oc-

cur more often (City of New York 2013). Sea-level rise is expected to  

accelerate over the twenty-first century, primarily due to increasing 

expansion of warming seawater and accelerated melting of land-based 

ice sheets. A conservative estimate of 30 to 60 centimeters for the 

New York City metropolitan region, including the New Jersey coast, 

by 2080 will change a 100-year flood event to a 30-year flood event. 

The latest localized projections show a 25 percent chance of sea level 

rising more than a meter over this period (Horton et al. submitted). 

Because of the increased risk of another major weather event, how 

we allocate resources to educate ourselves and prepare remains an 

important open question.

the forces shaping our coastlines are driven by energy from the 

atmosphere and the ocean. Coastal processes are controlled by surface 

winds and pressures, waves, ocean currents, and the tides that move 

water and sediment day in and day out. These processes are respon-

sible for the constantly changing, shifting, and evolving landscape of 

the coast. Marine and climate scientists have developed theories and 

models, both conceptual and mathematical, to explain how ocean 

currents and waves create and deplete dunes and generate dynamic 

ecologies. Similar models have been developed by the financial indus-

try to predict damages from a range of natural disasters. Social scien-

tists have studied types of settlements and land planning that are best 

suited to be adapted to climate realities (Klinenberg 2002). Without 

the urgency of recovery or the foresight of when a coastal storm will 

occur, individuals, communities, and businesses equally are search-

ing for ways to reduce their risk and lessen the pain of change. Those 

living and working within the urbanized North Atlantic region depend 

on increasingly interdependent systems and properties with varying 

degrees of vulnerability.

The US engineering and construction industries have devel-

oped and supplied walls, levees, and other physical barriers to pre-

vent flooding and reduce storm impacts for decades, but the New 
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York City coastline alone is 573 miles long. Building comprehen-

sive storm protections along all coastal edges is an inefficient and  

unreliable way to address storm surge. Taking sea-level rise into ac-

count, these walls would need to be between 15 and 16 feet high by 

2050, severely impacting shoreline communities, public access to the 

waterfront, and transitional habitat zones (City of New York 2013).

The Rebuild by Design Competition
In June 2013, President Barack Obama announced an international 

competition, Rebuild by Design (RBD), to develop innovative concepts 

and proposals for rebuilding in the Sandy-affected region (http://www.

rebuildbydesign.org/). Nearly 150 teams applied to the competition, 

from which 10 finalists were selected to participate.

One finalist was a multidisciplinary team led by the Ameri-

can and Dutch design firms WXY and West 8. They responded with a 

conceptual proposal for a regional-scale approach to coastal protec-

tion: the study of constructing new offshore barrier islands. The team 

worked for nearly a year in collaboration with scientists, engineers, 

and financial analysts to develop models that informed and verified 

the worthiness of the design concept.

At the beginning of the design process, the team asked: what 

contributions can engineering, science, and technology make to plan-

ning and managing the adaptive, evolving, and resilient coastal re-

gions of New York and New Jersey? More specifically, if shorelines 

that are continually worked over by adding sand were planned and 

designed instead with coastal processes in mind, what could we have 

done in lieu of constructing walls and berms, or investing in gates to 

every harbor, to prevent Sandy’s damage and upheaval?

Here, a more resilient strategy might involve finding a more 

“natural” investment that has greater benefits and “blunts the im-

pact.” The hypothesis is that a larger-scale approach might protect the 

region as a whole—and thus reduce the burden on localities and indi-

vidual entities—to prepare for and respond effectively to each major 

storm, recover quickly from it, and allow for adaptation to changing 
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conditions, while also reducing the risk of significant damage in a 

future storms. Coastal cities are extraordinarily resilient to the extent 

that they can leverage the consequences of natural or human-made 

disasters to create a new and better “normal.”

The Blue Dunes Concept
In response to the initial questions, the team hypothesized that there 

could be a way to deflect the storm-driven tides with a network of 

barrier islands nine to ten miles offshore in coastal waters. To test 

this hypothesis, a series of hydrodynamic simulations were run. These 

simulations used historical storm data to evaluate new barrier island 

landscapes without the use of closures or surge gates in a storm-

surge flood. The analysis was based on two coastal ocean models, the 

three dimensional Stevens Institute Estuary and Coastal Ocean Model 

(sECOM) in its New York Harbor Observing and Prediction System 

(NYHOPS) application to the waters of New York and New Jersey 

(Blumberg and Mellor 1987; Georgas and Blumberg 2010; Blumberg, 

et al. 2015), and a vertically integrated, two dimensional, coupled 

Advanced Circulation modeling system, ADCIRC (FEMA 2013).Various 

configurations of barrier islands were investigated using atmospheric 

conditions from three significant storm events: Hurricane Donna 

(1960), Hurricane Sandy (2012), and the December 1992 nor’easter. 

The barrier configuration shown in figure 1 provided one of the most 

drastic reductions of storm surge in the study area. The peak flooding 

and the flood reductions for that barrier island configuration are also 

shown in figure 2.

The barriers themselves would be built from a combination 

of dredged sand and possibly rock outcroppings, stretching for miles 

along the New Jersey and Long Island shorelines and providing new 

habitats while dampening wave forces before they arrive onshore. 

The resulting concept to create an offshore barrier island chain cen-

tered on the New York Bight was called “The Blue Dunes”: “blue” 

indicating the barrier islands’ position in the open ocean and “dunes” 

for the natural landforms they mimicked. Subsequent financial and 
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hydrodynamic modeling demonstrated that there was significant po-

tential for a system of barrier islands to save hundreds of lives and  

billions of dollars across the region. Moreover, by decreasing the 

height of storm surge, this system would permit lower, softer, and 

less disruptive landside storm protections.

The Blue Dunes concept had the ability to reduce regional dam-

age estimates by tens of billions from the hundreds of billions of dol-

lars that future storms are projected to cost, making it a compelling 

proposition to manage catastrophic risk. In the context of the 10 RBD 

team concept proposals, Blue Dunes not only complemented the oth-

er teams’ locally scaled coastal resiliency measures but also benefited 

areas that would remain vulnerable to surge because they lacked ex-

isting or planned localized projects.

The regional dimensions of Blue Dunes promoted economies 

of scale; allowed for complex and combined protection systems as 

well as physical coupling of onshore and offshore systems; and en-

Figure 1. The Blue Dunes plan. Source: WXY/West8
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hanced feasibility of financial risk mitigation efforts through more af-

fordable pricing and more efficient supply of insurance, reinsurance,  

and catastrophic bond products. As one of the key beneficiaries, insur-

ance providers and other risk management entities would be struc-

tured as funding partners for the project. The offshore islands would 

Figure 2. Computational modeling of peak flood and flood reduction based 
on existing and proposed scenarios. Source: Stevens Institute of Technology.

be physically transformative and would allow our risk framework to 

work more effectively and efficiently. 

There is a long history in the United States of infrastructure 

investments driven by national interest. In the face of the complexity 

of coastline development, the construction of offshore dunes, poten-

tially coupled with offshore wind renewable energy, may be required 

to prevent devastating economic losses. A wind farm on the barrier 

islands would turn the project from solely storm surge mitigation 

into a project also promoting climate change mitigation through the 

production of renewable energy. Additionally, the wind farm would 

be a major job generator: facilities for building and servicing the 

turbines could be sited on coastal brownfields that are often the un-

derutilized sites of former ports. Further, this approach has the po-

tential to be an effective line of defense for a wide variety of storm 

types. The annual savings for flood insurance associated with offshore 
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dunes could prove substantial enough to attract both domestic and  

international investments. 

Education and Engagement
One of the main challenges for political and social organizations is 

how to allocate resources for education and preparation for these 

climate challenges. Key to an effective participatory design process 

is the ability to engage the community, to inspire dialogue, and to 

garner input from them in order to design effectively, for the public 

good, and with confidence. The Rebuild by Design competition put 

great emphasis on developing the concept proposals with stakeholder 

input, and one of the primary challenges for the Blue Dunes project 

was to identify and engage with a regional coalition. Without an exist-

ing framework to approach issues that cross city, county, and state 

lines, it became of critical importance to engage the expertise of 

scientists and economists whose research and work transcends these 

geopolitical boundaries. Based on the premise that a regional strategy 

requires regional thinking, the team solicited feedback and reflec-

tions on its design concept through a series of organized colloquia, 

public lectures, and private meetings.

Reflecting this way of thinking, the first science community 

outreach meeting was entitled “Science Colloquia: Offshore Land-

scapes in the Mid-Atlantic.” Organized as both an exchange of ideas 

and peer group discussion about the Blue Dunes proposal, science 

and engineering experts orchestrated a series of presentations on rel-

evant research, bringing together a historical perspective with topics 

the science community has identified through decades of research as 

being critical to the systems and habitat of the North Atlantic coast. 

The research into major incidents including human changes to the 

water bodies demonstrated that water quality might be traced to en-

gineering projects early in the twentieth century whose effects re-

main with us today. This research as well as research into which areas 

have greater probabilities over time of storm damage might inform 

an understanding of environmental change. 
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Presentations provoked an in-depth discussion on how various 

changes have affected the Hudson River plume (Chant et al. 2008a, 

2008b; Jurisa and Chant 2013). The Hudson River plume is effectively 

flushed of its salt levels by river discharge and tidal ranges by strati-

fication. Lowering the river discharge could result in deeper salt pen-

etration north in the Hudson River. Other presentations discussed the 

role of the East River in dissolved oxygen and salinity distributions 

affecting New York Harbor water quality (Miller et al. 2011) and the 

tidal circulation and salinity stratification cycles in Long Island Sound 

(O’Donnell et al. 2014; O’Donnell and O’Donnell 2012). 

Another key frame of reference was the New York Bight; the 

origin of waves; the typologies of regional sediments and sediment 

transport systems, which informed the discussions of the availability 

of large amounts of sand material offshore; and the dynamic systems 

at play in considering the use of this material (Herrington 2012; Mill-

er, Mahon, and Herrington 2011). Reflecting on the potential of great-

er benefits to accrue from a regional approach to coastal thinking, the 

colloquium discussed the potential for large-scale wind turbine arrays 

to generate wind energy and dissipate storm energy (Archer, Mirza-

eisefat, and Lee 2013; Jacobson, Archer, and Kempton 2014). Finally, 

the economy of the coastal ocean was characterized by the scale of 

both recreational and commercial fisheries and the tertiary negative 

effects of human activity on aquatic systems. When all these factors 

are considered, at the scale of the coastal area affected by Sandy, the 

sensitive ecosystems have massive economic impacts on the coasts of 

New York and New Jersey (Pinsky et al. 2011). The summation chal-

lenged all the RBD teams and by extension the federal, state and local 

entities charged with assisting people to adapt to a changing climate, 

to think about resiliency on a much larger scale and over a longer 

timeframe, and especially to consider sea level rise (Jacobs et al. 2011; 

Jacobs 2013).

The scientific community brought to the fore the importance 

of a wide range of regional issues, including hydrodynamics, salinity, 

coastal fishing economies, energy, wind dissipation, and basic wave 
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physics. The conversation was able to transcend the bounds of po-

litical jurisdictions and speak to the regional issues that are at play 

in the mid-Atlantic coastal systems that affect the concept design. 

The colloquium format encouraged attendees to speak to their ex-

pertise, while small breakout groups for informal discussion further 

fostered participation in the design process. The scientific commu-

nity challenged the preliminary conceptual design and helped direct 

subsequent Blue Dunes work on the proposed configuration of the  

barrier islands.

In addition to leveraging the expertise of the scientific com-

munity, the Blue Dunes team also sought feedback from the financial 

community. The second colloquium, Risk Economy, prompted partici-

pants to think about the alternative benefits and the potential finan-

cial feasibility of the concepts being advanced. Blue Dunes received 

feedback on regional strategies from a robust group of thinkers and 

industry leaders: insurance, reinsurance, and catastrophic bonding 

experts, risk modelers, real estate developers, economists, and aca-

demic researchers. The coalition of participants engaged on topics of 

governance, financing, and legal permitting. They suggested running 

financial models of the flood reduction to estimate cost savings from 

the barrier island configuration shown in figure 1; that loss reduction 

is shown in figure 3. Clearly, significant cost savings would be real-

ized with Blue Dunes.

The research findings and concept design were also shared 

with state and federal officials who represented various jurisdictions 

in the mid-Atlantic coastal region. Blue Dunes gained the support of 

New York Senator Charles Schumer for its application for research 

funding to continue studying the feasibility of the ideas.

Beyond Blue Dunes: the Blue Dunes Research 
Initiative
Drawing on the tremendous support and interest of federal, state, 

and local officials, private insurance and financial industry partners, 

engineers, and scientists, the team proposed the creation of the Blue 
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Dunes Research Initiative (BDRI) to examine further the feasibility 

of offshore islands. The components of the initiative are schema-

tized in figure 4. There remains a critical need for deeper and more 

sophisticated modeling to explore how offshore dunes could provide 

protection from the next major storm. BDRI would continue the 

investigation, collaboration, and communication that began through 

the RBD process, as well as the collaboration and input from commu-

nities and organizations. 

The proposed multidisciplinary initiative would span five years 

and become a planning and technology resource for the coastal com-

munities of the mid-Atlantic. BDRI was proposed as an independent, 

not-for-profit research entity that would build on existing strengths of 

the Blue Dunes concepts and its partners, through basic and applied 

research in coastal ocean and environmental engineering, climate 

Figure 3. Regional estimated loss reduction. Source: AIR.
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dynamics and atmospheric and ocean science, hydrology, transpor-

tation, resilience, sustainability, transportation, planning, maritime 

policy, and finance. In the process of developing the Blue Dunes con-

cept, it would help launch the next generation of science, engineering,  

and technology that would enable this area and its inhabitants to 

adapt and respond to the certainty of an uncertain future. The total 

cost to create and maintain the initiative was anticipated to be about 

$50 million over the span of five years.

BDRI has the potential to set up an innovative coastal protec-

tion methodology that integrates the emerging key impacts and vul-

nerabilities of coastal urban regions with an improved understanding 

of the dynamics of coastal urban meteorology, oceanography, ecol-

ogy, and economics. Understanding the interaction of coastal cities 

with the environment will make it possible to achieve unprecedent-

Figure 4. Blue Dunes Research Initiative. Source: WXY/West8
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ed advances that contribute to securing the future for urban coastal 

regions. The scientists, economists, and maritime stakeholders who 

participated in the RBD process identified many of the key issues that 

need to be addressed: water quality, habitats, recreation, navigation, 

constructability, planning, and funding. Investment in developing an 

offshore line of defense can pave the way for new technologies. 

The list of stakeholders that need to be engaged in the BDRI 

is lengthy and diverse. The implementation of barrier islands has a 

range of potential benefits, impacts, and viability challenges. On a 

basic level, differently sized barrier islands would have distinct im-

plications for storm surge mitigation and affect what areas are pro-

tected, as well as what the insurance premiums might be in different 

geographies. The financial implications of the design would need to 

be tested against other potential impacts, such as how the islands 

might change currents and waves, which could affect coastal ecolo-

gies, boating and fishing patterns, and surfing beaches. BDRI would 

set up a transparent way for studying trade-offs and conducting ne-

gotiations.

Strategic Priorities
The Blue Dunes Research Initiative seeks to ensure the safety of the 

citizens who live in the coastal cities of New York and New Jersey and 

to guarantee to the extent possible their quality of life and harmony 

between society and the environment. The people most at risk tend to 

be those who are poorest and who have settled and built on the least 

expensive land, which is often prone to flooding, storms, and land-

slides. A natural event, such as a heavy rain, can become a full-blown 

crisis—especially when people lack the tools they need to cope in the 

aftermath. The initiative thus seeks to bring local, regional, and inter-

national knowledge to bear in order to: 

1. � learn to engage a wide range of stakeholders to develop 

a comprehensive understanding of the urban coastal re-

gion, its interdependencies, key players, and areas that 

warrant integrated design thinking and solutions;
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2. � contribute to a better understanding the vulnerabilities, 

strengths, and interdependencies of the urban coastal 

region;

3. � understand the temporal and spatial variability of key 

atmospheric and coastal ocean parameters; 

4. � address specific questions about how cities and the 

coastal ocean environment will interact in the face of 

climate change;

5. � develop a set of best management practices for con-

structing the offshore dunes, including measures of un-

certainty to guide decision making and action;

6. � create multiscale visualization tools that integrate cli-

mate and hydro-meteorological information with geo-

physical, ecological, land use, and socioeconomic fac-

tors enhance the sustainability of the engineered dunes;

7. � ignite creativity, innovation, and new avenues of schol-

arship and translate that perspective into educational 

achievement.

Afterword 
Today the proposal stands at a crossroads. Blue Dunes investigated 

a new form of designed coastal protection that would, on a large 

scale, mitigate risk for life, the economy, and property within coastal 

zones. The project represents a generalizable series of proposi-

tions grounded in art and science that have global implications for 

generations to come. It is the product of exploratory research, which 

was grounded with a measure of procedural clarity and serves as a 

model for future research and teaching. By expanding the scale of 

the problem, the project highlights many systematic and disciplin-

ary tensions in the fields of design, development, ocean and marine 

sciences, public finance, civil engineering and risk and geospatial 

analytics. 

The real innovation in Blue Dunes comes in three forms. 

First, it imagines a series of synthetic physical processes that mir-
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ror those of the natural world. By iteratively testing design scenarios 

with engineering performance criteria, the object of the solution bal-

ances aesthetics and function into a seamless hypothetical form and  

experience. Second, it lays the groundwork for coalitions of political, 

social, and economic interests by aligning the costs and benefits of 

action and inaction. By acknowledging existing public sector biases 

and jurisdictional fragmentation, the solution set engages the private 

sector in the language of return on capital, which is critical in order 

to leverage political will and enable economic risk-taking. Finally, the 

Figure 5. Sandy flood line, Hoboken. Source: WXY/West8
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process has the potential to educate. Real-time data collected during 

storms and measurements of sea level rise can be mapped onto build-

ings and signs to promote a deeper understanding of their implica-

tions for places where people live and work (figure 5).

Through a shared regional computational model, this tool 

could promote regional thinking and a way of planning to accom-

modate or minimize the possible effects various local and specific 

solutions might have on other communities and individuals that may 

not be protected. Together, these serve as the foundation for compre-

hensive strategic action. 

In this sense, the processes that underscore the Blue Dunes 

concept themselves represent distinct innovations, irrespective of the 

product. A similar model could be applied to tackle urban flooding, 

energy distribution, ecological preservation, or any other climate-

related challenge that defies the boundaries of existing political-eco-

nomic organizations. To this end, Blues Dunes serves as a prototype 

for further research in decision science, participatory planning, orga-

nizational management and institutional change. More directly, the 

model provides an opportunity for analog simulation in architecture 

and landscape design studios.

as countries and cities struggle with the complexities of sea- 

level rise and climate change, and as the built environment profes-

sions struggle with field conditions that necessitate transdisciplinary 

management, the academic institutions have developed pedagogical 

approaches and are increasingly reengaging the idea that innova-

tion can be facilitated within linear, rule-bound systems. Through a 

codification of criteria that defy optimization, the default program-

matic and form biases of the designer are manipulated by a collec-

tive interpretation of sociopolitical relationships, market behaviors, 

and constitutional and scientific laws. The increased recognition of 

the limitations of professional acculturation of the objective public 

obligation is balanced by subjective realities of professional ethics 

and intra-organizational dynamics, which serve ostensibly the same 
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outcome despite different and often frictional trajectories—in this 

case, the mitigation of systematic environmental risk to human and 

natural ecologies. One significant dimension of the application of this 

model is to question the notions of aesthetics in the face of efficiency-

seeking production and replication whose applications on a regional 

scale defy any historical precedent beyond perhaps that of the Great 

Wall of China. While the challenges of the form and consequence 

of industrializing economies are certainly not a novel paradigm, 

this model represents a systemized process of analysis and scien-

tific inquiry that not only informs but partially validates normative  

design propositions.

The implicit positivism of this model is certainly open to de-

bate. However, there is little doubt that no one discipline in isolation 

can solve the challenges of climate change even when the simplest of 

solutions are themselves grounded in a domain conventionally attrib-

utable to a singular discipline. Blues Dunes provides professionals, 

academics, and students a platform for accelerating and testing a new 

process model for design and development. Each participant in the 

development of Blue Dunes must remember that the current team of 

collaborators and partners is merely a proxy for generations to come, 

each of whom must in turn bear the burden of a new environmental 

order defined by an ever-changing climate. 

In the end, the method of creating a dialogue between scien-

tists and designers might result in a very different answer than a bar-

rier island. The resulting case might prove that individual raising of 

edges does not cause the detrimental effects in neighboring commu-

nities that do not raise their edges; it might prove that an investment 

in offshore wind power despite bird conflicts has the best overall ben-

efits for both carbon reduction and lowering risks to human settle-

ments. In other words, without integrating science with planning, 

the prospect of dealing with any substantial change in our approach 

to resource consumption and human settlement is not likely within 

our lifetimes.
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