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Summary
Coastal storms are among the world’s most costly and deadly disasters, with strong winds,
floodwater inundation, and coastal erosion capable of damaging and disabling infrastructure.
Increased damage from coastal flooding is one of the most certain impacts of climate change
with storm surges coming on top of rising sea levels. Here, we report on a collaboration between
scientists and planners where flood adaptation plans have been developed and tested. Computer
storm surge simulations were used to map the effect of projected sea level rise on 100-year flood
zones and to show the water pathways that flooded Jersey City during Hurricane Sandy, all
useful information for planning measures that can prevent flooding. In several collaborative
meetings, a broad set of realistic coastal protection measures and broad strategies were
developed. The storm surge modeling was then used to evaluate the efficacy of each adaptation
measure, as well as how sea level rise and climate change will affect performance.
A city-wide adaptation scenario that combines several of the individual adaptation measures is
found to protect most areas of the city from all storm events tested, ranging from a severe
nor’easter that occurred in 1992, to Hurricane Sandy plus 31” of sea level rise (a high-end
projection for 2055). Hurricanes of a higher flood level than Sandy are possible, though unlikely
– based on our replication of the FEMA flood mapping study, the 14-foot protection elevation
could be overtopped by storms today, with an annual probability of 0.3%, or by storms after 31”
of sea level rise, with an annual probability of 1%. A partial adaptation plan of land elevation
increases around planned projects leads to prevention of flooding for most neighborhoods for the
#2 and #3 largest flood events of the past century, the 1992 nor’easter and Hurricane Donna, but
does not provide protection against Hurricane Sandy, and only keeps certain neighborhoods dry
for the other flood events (e.g. Donna) when we consider 31” of sea level rise.

1.0 Introduction
Urban coastlines have a unique set of vulnerabilities and constraints on adapting to sea level rise
and coastal flooding. High population densities lead to problems with evacuation and

developing shelters with sufficient space at safer, higher elevations. Transportation
infrastructure such as subways and rail, often the lifeblood of a coastal city, can be badly
damaged when flooding occurs and need to be adapted at high cost [Zimmerman and Faris,
2010]. Heavily committed land areas and municipal boundaries make it difficult to grow without
developing in flood-prone areas, and more difficult to migrate development away from the flood
zones. Floodwaters also threaten vital infrastructure such as sewer drainage and wastewater
treatment, with the potential to cause increasing problems with dangerous wastewater ending up
on city streets and in flooded homes [Horton et al., 2010; Zimmerman and Faris, 2010].
Adaptation of existing coastal cities to sea level rise can be prohibitively expensive when it
requires completely re-building infrastructure underneath a city, such as for wastewater [DEP,
2008]. As cities aim to grow more dense and therefore in some ways “greener” instead of
spatially larger, municipalities often develop new housing along urban waterways because this
land is frequently derelict or government-owned and therefore easily developed. This also opens
up cities to additional vulnerability from sea level rise and flooding [Rosenzweig et al., 2010].
Coastal cities are arguably our most sustainable communities because of their urban density and
their proximity to deep water ports for efficient transportation. Eight of the top ten green cities
in the United States and Canada are located on the coast or estuaries, as measured by carbon
emissions, energy, land use, buildings, transport, water, waste, air quality and environmental
governance [EIU, 2011]. Therefore, a high priority should be given to solving the problems of
coastal cities with respect to sea level rise, whether by grey-infrastructure (e.g. storm surge
barriers) or green-infrastructure (e.g. wetlands) solutions.
Jersey City (JC) is the second-most populous city in NJ, with a population of 248,000 situated on
the smallest footprint of any of the top 100 most populous cities in the United States. JC lies
across the Hudson River from Lower Manhattan and is bordered by water on two sides – with
the Hudson and Upper New York Bay on the east, and the Hackensack River and Newark Bay
on the west. It is served by the densest mass transit systems in the State of New Jersey, and is
home to the 13th largest downtown in the United States.
The City is significantly exposed to coastal flood hazards and future sea level rise due to its
location on the tidally influenced reaches of the Hudson and Hackensack rivers. JC has about
60% of its land within the new draft FEMA 0.1 probability-per-year (100-year) flood zones, yet
much of the buildings are high rises, with steel beams into the bedrock or attached row houses
and brownstones that generally cannot be raised. As a result, JC is an excellent example of a
“green” coastal city that is badly threatened by sea level rise and storm surges.
During Hurricane Sandy in 2012, more than 40% of the City’s land area was inundated, and
about 75% of the population lost power, with many residents not having gas and electricity
restored for more than a week. An estimated 2,500 residents sought shelter due to lack of power,
water, and heat. Sandy crippled the Port Authority Trans-Hudson line (PATH), a 24-hour
subway which last year ferried 76.6 million passengers between Manhattan and New Jersey. The
entire system was out for two weeks after Sandy. A link to the World Trade Center was out for
four weeks, and service on the Hoboken line was restored months later. All repairs and projected
costs to the PATH system are expected to ultimately exceed $700 million. The costs associated

with Hurricane Sandy in Jersey City alone could easily approach $100 million, and the cost
associated with damages to city-owned property and equipment alone is estimated at
approximately $23 million.
A key opportunity exists to leverage existing model-based flood zone mapping and risk
assessment work, and use them to help serve the needs of cities like JC, evaluating the efficacy
of various adaptation strategies and mapping their flood protection services. FEMA has been
revising flood maps nationwide, and the methods that are typically used reply in part on storm
computer modeling of storm surges. These data are available, and the models they use are in the
public domain. As a result, it is possible to create similar maps with added future climate change
and sea level rise effects – analyses that FEMA currently cannot provide. It is also possible to
test out coastal adaptation measures to storm surges and sea level rise using these models [e.g.,
Bowman et al., 2013; NYC-EDC, in preparation; Orton et al., 2012; Wamsley et al., 2010].
In this paper we summarize a collaborative project between scientists, engineers and city
planners, with the overriding goal of improving JC’s capacity to adapt to coastal flooding from
storms and climate change. The primary scientific objectives include:





To provide basic information on flooding for JC planners – flood zone maps for the
2050s decade with climate change and map animations showing flood water pathways
Work with a team of JC partners to develop a set of realistic coastal adaptation measures
that can prevent or reduce future flooding from storm surges and sea level rise
Utilize storm surge modeling to evaluate each coastal adaptation, as well as how sea level
rise and climate change will affect performance of adaptation measures
Interact at multiple levels with community leaders and stakeholders, to get input from
them and inform them of study results

Below, we give a summary of Background materials compiled for adaptation planning, a
methods summary addressing the chosen adaptation measures and broad scenarios, as well as the
modeling methods for the study, and results and discussion of the outcomes and broader
implications.

2.0 Background – information collection phase
2.1 Mapping sea level rise impacts on flood zones
Sea level rise brings up the base upon which storm surges start, and thus causes higher flood
levels and often wider flood zones [Orton et al., 2015]. However, there is insufficient evidence
that hurricanes have intensified in the New York – New Jersey region due to climate change, but
some changes are expected to occur eventually. The New York City Panel on Climate Change
recently found that there was insufficient information and evidence of historical changes to the
storm surge climate now and in the future for the New York and New Jersey region, though there
has been an increase in storm-driven rainfall intensity [Horton et al., 2015].
The sea level rise utilized in this study was informed by the new update to the New York City
Panel on Climate Change, on which Co-PI Orton is a technical team member [Orton et al.,
2015]. A 90th-percentile (“high-end”) sea level rise scenario of 31” (relative to a 2000-2004

baseline) is being utilized in the flood zone mapping, for the 2050s (central year 2055), as well
as for experiments on coastal adaptations. One example map that was used to inform adaptation
development is shown in Figure 1. What the map demonstrates for Jersey City is that the FEMA
zones are already very large, covering large areas. A high-end 90th-percentile sea level rise by
2055 would modestly expand them.
2.2 Mapping flood pathways into Jersey City
Flood pathways for Jersey City were examined using model-based animations of Hurricane
Sandy’s flooding at various times are the water rose in the harbor on the east and west sides of
Jersey City. One animation was created using a very high-resolution (street-resolving) 6 m
simulation of the Hudson River waterfront strip of cities from Weehawken, Hoboken, Jersey
City and Bayonne [Blumberg et al., submitted]. The other was created using a 70 m resolution
model from a recent FEMA flood mapping study [FEMA, 2014] that as used for a simulation of
Sandy’s flooding for the entire region (a first-draft simulation using the methods described in
Section 3.2). A sample set of still images illustrating Hurricane Sandy’s flood pathways is shown
in Figure 2.
Unsurprisingly, on the east side of Jersey City (and similarly, Hoboken), flood waters initially
breached the lowest-lying parts of the city when the water elevation offshore was 6 ft NAVD88
(North American Vertical Datum 1988). On the east side, the pathway was the Tidewater Basin
at the south side of downtown (Figure 2). Next, as the water elevation offshore increased to 8 ft
NAVD88, an increasing area was inundated from the Tidewater Basin breach, and additional
breaching occurred at the Long Slip Canal on the north (at the southern edge of Hoboken), and
some areas of the eastern waterfront. Eventually, when the water elevation increased above 9 ft
NAVD88, water breached most areas of waterfront, eventually reaching ~11 ft NAVD88 at the
maximum (varying slightly depending on location). On the west side of town, the 70 m
resolution simulation (the only simulation available for that area) suggested that water generally
breached simultaneously over most areas, without a clear initial location of breaching.

3.0 Methods
A set of adaptation measures was developed in a collaborative process that began with internal
team workshops with the authors of this article, and grew to include meetings to get inputs from
a broader set of government officials, and then from the community in a public Open House (see
Appendix A on outreach). The adaptations are designed to reduce or prevent storm surge
flooding, and it was beyond the scope of the project to address rainfall flooding, though that is
also an important issue for Jersey City.
There are many adaptation options for reducing flooding, and here we focus only on local
vertical solutions (e.g. berms, levees). Additional options should also be studied and even used
in unison for a layered approach, including: (1) policies and zoning law promoting retreat,
consolidation or structure/infrastructure elevation; (2) regional solutions (e.g. harbor-wide
barriers) and (3) green infrastructure for reducing rainfall flooding.

Furthermore, there were few (if any) cost-benefit considerations, though Baker Inc produced a
white-paper on what should be done in this topic area [Baker, 2015]. Also, the consideration of
socio-political aspects and structural engineering were somewhat limited.
3.1 Adaptation measures and scenarios
All measures assume a conceptual crest elevation of 14 ft NAVD88, but this elevation should be
evaluated in follow-up benefit-cost analysis studies, and possibly treated as a free variable. This
elevation represents approximate Hurricane Sandy high-water marks in the City, typically about
11 feet NAVD88, plus the 90th-percentile 2050s sea level rise projection of 31 inches mentioned
in Section 2, and rounded up to the nearest foot. The heights above ground of the adaptation
measures vary by location and are measured as the distance between current grade elevation and
the assumed crest elevation.
Through our internal team workshops, we identified 27 adaptation measures that create a cordon
around the City to mitigate storm surge from the Hudson and Hackensack rivers, and Upper New
York Bay and Newark Bays (Figure 4). These measures include earthen berm levees,
boardwalk levees, strategic land rise using fill, street levees, and storm surge gates.
Measures included:
 Earthen berm levees, or embankments constructed of compacted earthen materials with no
infrastructure on their crest;
 Boardwalk levees where barriers are constructed with boardwalks on top for pedestrian and
bicycle conveyance;
 Strategic land rise using fill;
 Street levees where a flood protection barrier is constructed and the roadway sits on top of the
barrier, and
 Surge barriers designed to prevent storm surge-related flooding from penetrating behind the
barrier.
One sample region of measures and photographs of two are shown in Figure 3, and the full map
of measures is shown in Figure 4. The selection of conceptual adaptation measures followed
several assumptions:
 The measures focused on vertical solutions intended to address storm surge hazards only.
They are not intended to address other causes of flooding such as poor stormwater
drainage.
 The selected measures are permanent and passive rather than deployable. This approach
avoids the assumption that people would be available prior to a major storm to install
deployable barriers or that deployable measures would be free of defect when needed.
 Measures were typically not placed directly on the Hudson River waterfront in order to
incorporate land areas where higher elevation already exists as part of the measure and to
avoid the need for higher designs that address potential wave impacts. For example, the
Washington Street measure (Measure #2) is approximately three blocks from the
waterfront and terminates at the south end at the point where it intersects with land that
exceeds 14 ft. elevation. Measures on the river’s edge would need additional height
above the 14 ft. NAVD88 elevation in order to prevent wave overtopping. Also,
whereas the preponderance of structures that would be protected by the Washington



Street measure are 19th and 20th century wood frame, brick and brownstone structures, the
preponderance of buildings that are closer to the Hudson River waterfront are modern
high-rises, and it was assumed that ground floors could be dry or wet flood-proofed
and/or designed to minimize damage by flood water. For example, electrical and other
mechanical equipment could be elevated within the structure to protect it from flooding.
There was limited consideration of socio-political factors or engineering feasibility.

Adaptation measures were primarily located in areas under City jurisdiction. While measures
were not identified in neighboring municipalities, the Meadowlands, or Port Jersey, it was
assumed that each jurisdiction would implement a program to mitigate storm surge impacts.
The Measures are designed to work in sets, called “Adaptation Scenarios”, since placing only a
single measure typically would allow water to flood around it. Model runs take substantial
computational processor resources, and the goal was to examine performance for multiple storms
and also with sea level rise, so we only evaluated a small number of Scenarios in this study.
A total of five Adaptation Scenarios were developed that combine the various measures, and
after a process of model experimentation and evaluation, the final set of only Scenarios 4 and 5
are highlighted in this paper. Scenario 4 targets city-wide flood risk-reduction, including
measures listed in Table 1, and Scenario 5 only includes land-rise plans that are already planned.
An important consideration was how to treat one of the winning design proposals from the
Housing and Urban Development “Rebuild By Design” competition, which included storm surge
protection for Hoboken (in addition to rainfall flood adaptation). We assumed the project would
be built, and that it would tie into our adaptation measure #1 in Scenarios 4 and 5.

TABLE 1: Summaries of the two final adaptation scenarios
Adaptation Scenario 4: "city-wide protection plan", Measures #1,2,3,4,6,10,12-27
Major components:
Washington Street levee
Surge barrier at Tidewater Basin (Lower-cost alternative: Measures 5, 7, 8, 9 – see Discussion
section)
Levees in Liberty State Park
Hoboken /Jersey City surge barrier and levee
Route 440 road levee
Planned land rise for developments
Adaptation Scenario 5: "partial protection plan" - Measures 1, 8, 9 only
Components
This only includes the land rise and boardwalk levees for planned developments

3.2 Dynamic computer-based flood modeling
An innovation in this study and other recent studies of flooding and adaptation options [e.g., City
of New York, 2013a; Cobell et al., 2013] is to use dynamic water flow models, also known as

hydrodynamic models. Most studies and websites mapping how sea level rise will affect flooding
utilize simplistic static (or “bathtub”) flooding assumptions [e.g. NJ Flood Mapper or Climate
Central's Surging Seas; Strauss et al., 2012]. However, a shortcoming of the static approach is
that the horizontal movement of flood waters over land areas is determined by friction, wind, and
other dynamic factors that are typically captured better using hydrodynamic modeling [Orton et
al., 2015]. This is the reason why FEMA utilizes hydrodynamic models for its flood mapping
studies [FEMA, 2014], and why the National Oceanic and Atmospheric Administration (NOAA)
uses them for forecasting neighborhood flooding during hurricanes. A recent study of NYC
flooding for tropical cyclones found that differences were moderate across the region and large
in a few locations [Orton et al., 2015].
The model experiments used the vertically-integrated, two-dimensional, coupled modeling
system ADCIRC (ADvanced CIRCulation model) /SWAN (Simulating Waves Nearshore) [Booij
et al., 1996; Luettich et al., 1992], specifically using model version 49. The models were run on
FEMA Region II unstructured numerical grid with 604,790 nodes over the Northwestern part of
the Atlantic [FEMA, 2014]. Spatial resolution is variable and it is enhanced in the coastal New
York/New Jersey regions where the distance between nodes can be as fine as 70m. Flood plains
(grid nodes on land which can be flooded) are incorporated with spatially varying bottom friction
based on land use data. The model settings were generally the same as in those used for the
FEMA 2014 study. Neither rainfall nor river runoff is included, nor is there quantification of
rainfall, sewer system, land porosity (for rainfall flooding), pumps or possible sewer blockage.
The FEMA Region II study performed a comprehensive model validation for tides and a set of
historical storms [FEMA, 2014], including four tropical storms and three extra-tropical storms
(nor’easters). These experiments reproduced by Stevens generally agree with FEMA results to
the order of computer precision. For the 2012 Hurricane Sandy (which was not a part of the
FEMA work), Stevens performed a similar validation work by using sea level observations for
NOAA tide gauges, USGS rapid-deployment storm tide sensors (pressure sensors near the
shoreline), and USGS high water marks (HWM) in order to evaluate the model’s accuracy, and
results are summarized below.
3.3 Storm simulations
Wind and atmospheric pressure data is provided by OceanWeather, Inc., and is in the form of a
“reanalysis”, which assimilates observations with atmospheric modeling to produce a highly
accurate reproduction of the storm conditions. Model setup including base bathymetry, bottom
friction, and all subgrid parameterizations is taken from the recent FEMA Region II flood
mapping study [FEMA, 2014]. One important difference was the wind speed scaling factor – we
used 1.0 for Sandy, 0.90 for the 1992 nor’easter, slightly different from FEMA’s value of 1.04
which would give their results slightly higher storm surges [FEMA, 2014].

4.0 Results
4.1 Model validation
For our simulation of the 2012 Hurricane Sandy, the RMS error was 1.1 ft, though typically
smaller in the area around Jersey City (Figures 5-6). A time series comparison of model and

observations at Battery Park (location B in Figure 2), across the river from Jersey City, has an
RMS error of 0.4 ft (not shown).
4.2 Flood adaptation quantification results
Figure 7 shows the land elevations for Jersey City of the Control, Scenario 4 and Scenario 5, as
well as the land elevation changes in each case.
Figure 8 shows the results for Hurricane Sandy
* Adaptation scenario #4 functions to block surge from central neighborhoods, downtown
* Some city center waterfront areas are offshore of the protections, and are allowed to flood
Figures 9-10 show results for the second and third highest flood events in the past century, the
1992 Nor’easter and Hurricane Donna of 1960.

5.0 Discussion
The results show that the city-wide flood adaptation plan, while likely expensive, can protect
against flooding from extreme storms like Sandy (Figure 8), including sea level rise. They also
showed that for moderate storms like Hurricane Donna and the 1992 nor’easter, a partial flood
adaptation scenario that includes only pre-existing planned projects (Scenario 5) can still be very
protective of the eastern side of Jersey City around downtown, even including some sea level rise
(Figures 9-11). A shortcoming of Scenario 5, however, is that these storms flood a few
waterfront areas on the western side of town (e.g. Country Village), and they are left unprotected
(Figures 9-10). The flooding on the western side of town becomes more widespread when sea
level rise puts the flooding baseline higher (e.g. Figure 11).
However, for Hurricane Sandy the results show that after the limited defenses of Scenario 5 are
overtopped, the constraints on water flow within Jersey City actually worsen flooding by raising
it as much as 2 ft. This could arise due to the strong winds during Sandy, blowing a water
gradient up against obstructions, but it also could arise due to the simplistic ways that a 70 m
resolution model must treat sub-gridscale buildings and other aspects of the modeling [Blumberg
et al., submitted; Orton et al., 2015]. It would be valuable to study these issues in more detail
using a more complete assessment using a finer-resolution model such as that cited in Section 2.
In a Sandy plus sea level rise simulation (not shown), the Scenario 5 results showed the opposite,
with amelioration of the flooding in the Downtown area (but they still would flood).
A possible benefit of the storm surge barrier that is indicated but not quantified in our modeling
is the possible use of the low-water basin as a rain basin during rainfall events. The barrier can
be closed at low tide, leading to a water level well below mean sea level, and the space behind it
can be used to capture stormwater or for pumping out rain water from city streets.
The results of the project were highlighted in October 2014 at the Jersey City Sustainability
Conference (Figures A2 and A3) – invited panelists, community attendance, getting input on
our results and spreading knowledge of our approach more broadly across the region.

5.1 Possible negative effects of these adaptation scenarios
One possible negative consequence of storm surge reflection was also evaluated in the modeling,
as a major concern of many people is that flood water stopped from entering one neighborhood
simply is reflected and raises the flood level for another neighborhood. The model results show a
typical side-effect of the Scenario 4 protection of Jersey City (and Hoboken) is a 0.5 to 1.0 inch
increase in the peak flood level in the Hudson River, for nearby areas. While this is locally a
minor change, if all local municipalities were to build similar protections for the floodplains
along the Hudson, then the combined effect will likely be an even larger increase in flood heights
at unprotected areas of the coastline.
Hurricanes of a higher flood level than Sandy are possible, though unlikely today – based on our
replication of the FEMA flood mapping study [Orton et al., 2015], the 14-foot protection
elevation could be overtopped by a storm today with an annual probability of 0.3% (a 300-year
flood), or by a storm in the future after 31” of sea level rise, with an annual probability of ~1% (a
100-year flood). Also, sea level rise will cause rising groundwater, reduced stormwater drainage,
and an increased need for pumping rainwater and groundwater.
In conclusion, building walls and berms successfully reduces risk to some flood events, but
additional layers of flood adaptation should also take place behind the barriers, because of this
residual risk [e.g., City of New York, 2013b]. Examples of additional measures that should be
taken include green infrastructure, special zoning for floodplain areas, raising of critical city and
in-building infrastructure, improved evacuation plans, and raising of city streets around all new
developments [NRC, 2014]. Scientists have demonstrated that sea level rise is accelerating, and
walls and berms cannot typically be raised higher without a much larger footprint. Therefore,
wall and berm-building only provide a temporary and incomplete protection against flooding.
5.2 Alternatives to Scenarios 4 and 5
The storm surge barrier may not be economically justifiable, and that assessment is beyond the
scope of this project. However, a lower-cost “complete” protection alternative to the storm surge
barrier at Tidewater Basin is to build Measures 5, 7, 8, 9. Earlier modeling of the Sandy flooding
on Scenarios 1 and 2 showed that either approach provides full protection to 14 ft NAVD88, and
this was verified with modeling for Hurricane Sandy. Scenarios 1 and 2 were both complete
protection plans, but are not presented here because they had a small “gap” south of Liberty State
Park that arose because of differences between the digital elevation model (DEM) used in
designing adaptations and the DEM used in 2010 to develop the flood model grid. An elevated
berm exists at one location, but is not included in the model grid, so it was simply necessary to
extend one of the measures to fill that gap in protection.
Adaptation Scenario 4 functions to block surge from central neighborhoods and downtown, but
some waterfront areas are offshore of the protections, and are allowed to flood. This decision
was driven by the fact that a waterfront adaptation would need to be higher, likely about 17 feet
NAVD88, to stop wave crests from overtopping the protections. Our choice was to build lower
protections, and let properties outside the protected area build localized protections. However,
the measures could be re-designed differently to stop all flooding; these are decisions for the
community and government leaders. Our goal here is to illustrate a few options, their visual
appearance, and flood-related consequences.

6.0 Conclusions
Our city-wide adaptation plan (Scenario 4) is found to protect most areas of the city from all
storm events tested, ranging from a severe nor’easter that occurred in 1992, to Hurricane Sandy
plus 31” of sea level rise (a high-end projection for 2055). Hurricanes of a higher flood level than
Sandy are possible, though unlikely – based on our replication of the FEMA flood mapping
study, the 14-foot protection elevation could be overtopped by storms today, with an annual
probability of 0.3%, or by storms after 31” of sea level rise, with an annual probability of 1%. In
conclusion, the plan would successfully reduce risk to some flood events, but additional layers of
flood adaptation should also take place behind the barriers, because of this residual risk.
A partial adaptation plan (Scenario 5) is essentially another “control” run that represents
adaptations that are already planned in Jersey City developments and with the Hoboken Rebuild
By Design project. The modeling results suggest that these changes would lead to prevention of
flooding for most neighborhoods for the #2 and #3 largest flood events of the past century, the
1992 nor’easter and Hurricane Donna, but does not provide protection against Hurricane Sandy,
and only keeps certain neighborhoods dry for the other flood events (e.g. Donna) when we
consider 31” of sea level rise.

Appendix A: Community Outreach
A.1 Resiliency Task Force Meeting
Draft results were presented to the Resiliency Task Force on June 12, 2014. The Resiliency Task
Force was convened as a sounding board for the study and consists of representatives from
various City offices and agencies, as well as representatives from Hudson County, Hoboken, and
Secaucus, with an interest in flood mitigation. The purpose of this meeting was to present the
adaptation measures and scenarios to the Resiliency Task Force prior to presentation to the
public.
A.2 Public Open House
The major outreach milestone for the project was the public Open House, held on July 30, 2014
from 5-9 PM at City Hall in Jersey City. Hosted by the City of Jersey City, this meeting
provided an open forum to give the public a comprehensive overview of project efforts and
solicit feedback on the adaptation measures. Approximately 50 people attended. Materials from
both the Sea Grant study and the partner visualization study by Baker were on display, including
a project summary poster, a map of all 27 measures, and a summary poster for the modeling.
Members of both study teams were available to interact with members of the public, and Dr.
Philip Orton of Stevens Institute of Technology gave a formal presentation at 6 PM and again at
7:30 PM. After the Open House, meeting materials were posted to a dedicated webpage on the
City website, and a public comment period was held through August 8, 2014. The
announcement for the public meeting is shown in Figure A1. Figure A2 contains a photograph
from the event.
A.3 Sustainable Cities Conference

The City of Jersey City hosted the 2014 Sustainability Conference on October 1, 2014.
Approximately 75 people attended. The focus of the 2014 conference was the impact of climate
change on coastal communities and the on-going efforts to build resilience. Dr. Philip Orton
gave a presentation on the Sea Grant study during Panel 3, Solution Implementation. Panel 2,
Solutions and Adaptations, included a presentation on the Baker visualizations study by Steve
Eberbach, that study’s project manager. The conference provided an opportunity to further
publicize project efforts and collect comments from attendees. The public announcement for the
conference is shown in Figure A3, and Figure A2 contains a photograph collected during the
event.
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Figure 1: Map showing 100‐year flood zone for the baseline (1983‐2001) epoch, as used by FEMA, and
for the 2050s 90th‐percentile sea level rise scenario of 31 inches. The flood zones were mapped using
methods similar to those used by FEMA [FEMA, 2014; Orton et al., 2015]. Flood zones in Jersey City at
present are large, and would only grow by a small amount with this sea level rise scenario.

Figure 2. Progression of flood elevation and flood area over six hours (clockwise, from top‐left) at the
time of peak flooding during Hurricane Sandy. Animations of model simulations like this (70 m
resolution), and a higher‐resolution model (6 m) were used to identify flood pathways for Hoboken and
Jersey City. Location codes include “D” for downtown Jersey City, “H” for Hoboken, and “B” for Battery
Park.
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Simulated View of Measure 5:
Surge Barrier at Tidewater Basin

Simulated View of Measure 3:
Street Levee at Dudley Street

Figure 3: (top) Zoom‐in to one area of adaptation measures, around Tidewater Basin, south of
Downtown Jersey City. (bottom) Views simulated by Baker in the partner project are shown of an
adaptation measures – measures 6 and 5 on the map.

Figure 4: Full map of adaptation measures (adaptation “Scenarios” are combinations of measures, and
are summarized in Section 3.1 and Table 1)

Peak water elevation (feet above MSL)
Figure 5: Model validation and flood area for Hurricane Sandy over Jersey City . Shown are simulated
peak water levels, with small dots showing actual High Water Mark observations.
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Figure 6: Sandy model (control) validation ‐‐ High Water Mark evaluation across the entire regional
simulation. The left panel shows the 1‐to‐1 observation/model comparison, and the right panel shows
color‐coded locations of all the High Water Mark data.
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Figure 7: Adaptation layouts for (top) Scenario 4, and (bottom) Scenario 5, with land elevation on the
left, then land elevation change on the right. Both Scenarios assume Hoboken builds its protections,
planned after they won the Rebuild By Design competition.
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Figure 8: Flood elevation model results for Hurricane Sandy: Control (left), adaptation scenarios (center)
and flood elevation changes (right). In the two right‐side panels, white areas have flooding in the
control run, and do not have flooding with the adaptation scenario (flooding is prevented), whereas the
opposite is true for red areas.
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Figure 9: Flood elevation model results for the 1992 Nor’easter: Control (left), adaptation scenarios
(center) and flood elevation changes (right). In the two right‐side panels, white areas have flooding in
the control run, and do not have flooding with the adaptation scenario (flooding is prevented), whereas
the opposite is true for red areas.
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Figure 10: Flood elevation model results for Hurricane Donna (1960): Control (left), adaptation
scenarios (center) and flood elevation changes (right). In the two right‐side panels, white areas have
flooding in the control run, and do not have flooding with the adaptation scenario (flooding is
prevented), whereas the opposite is true for red areas.
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Figure 11: Flood elevation model results for Hurricane Donna with 31 inches of sea level rise (a 90th‐
percentile high‐end estimate for the 2050s (2055 central year). Shown are results for: Control (left),
adaptation scenarios (center) and flood elevation changes (right). In the two right‐side panels, white
areas have flooding in the control run, and do not have flooding with the adaptation scenario (flooding
is prevented), whereas the opposite is true for red areas.
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Figure A1: Public announcement for the Public Open House, held on July 30, 2014.

Figure A2: (top) Public Open House at City Hall Council Chambers, and (bottom) Jersey City
Sustainability Conference.

Figure A3: Jersey City Sustainability Conference flyer and panel speakers.
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