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INTRODUCTION
FOREWORD
Washington, D.C., is experiencing climate
change. Increased intensity and frequency of
rainfall and coastal storm patterns challenge
the urban underground and above-ground
infrastructure from stormwater runoff, from
the river flows, and from coastal storm surges.
These hazards are further exacerbated by
projected sea level rise for the region.
The District of Columbia Department of
Energy and Environment (DOEE) is taking
a leadership role in addressing flood risks
in Washington, D.C., in a holistic approach
and applying innovative solutions in building
resilience.
The District is already implementing resilience
measures, such as the flood walls and closures
along the Potomac Park Levee System, but
currently no zoning requirements or other
policy initiatives ensures that new urban
development - especially along the waterfront be designed to meet future climate conditions.
The District is also looking into high-frequency
storms (“cloudbursts”) which can inundate
urban areas and potentially cause severe
damage. However, no city-wide initiatives
or guidelines have yet been published.
This means, that new urban development
is currently designed to only meet present
conditions, although the infrastructure has a
life expectancy beyond 50 years. This is also
the case in Buzzard Point.

Washington, D.C., recently finalized a
framework for the redevelopment of Buzzard
Point neighborhoods. The Buzzard Point
Resilience Study (the study) will enhance
that framework and further DOEE objectives
to incorporate flood resilience elements into
neighborhood and building level designs to
safeguard Buzzard Point from both existing
and future flood threats.
The purpose of the study is to provide a new
way to plan for neighborhood redevelopment
by embracing water as resource - not just a
threat - and be better prepared for major flood
events while incorporating nature-based design
elements. The study suggests bold ideas that
provoke conversation among stakeholders
and challenge them to think outside the box.
The study also provides a compelling business
case for designing infrastructure that provides
multiple benefits and cost-effective strategies
that carry into the future.
The study was funded and developed in close
cooperation with DOEE and its partners
Ramboll Water and Hickok Cole. DOEE staff
members have provided crucial input in the
process, along with the city of Copenhagen.
We would like to extend our gratitude to all
the contributors.

Theoretic relationship between costs, benefits and protection levels

PROTECTION
LEVEL refers to the
return period, including
potential climate factors,
used as design criteria for a
resiliency plan. In general, the
higher the safety level, the
lower the residual risk and
the higher the capital
investment costs.
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EXECUTIVE SUMMARY
The purpose of the project is to determine the most feasible level of protection for Buzzard
Point and to seamlessly integrate a resilience layer and strategy into the existing plans, both for
riverine and cloudburst flooding.

3D model of the integrated resiliency plan for Buzzard Point

Washington, D.C., is at risk from three types
of flooding sources due to its geographic
location: (1) Riverine from the Potomac River
watershed, (2) Coastal from the Chesapeake
Bay, and (3) Interior or inland flooding from
cloudbursts. Climate change is exacerbating
flood risks in Washington, D.C., where sea level
is rising exponentially, and weather conditions
are becoming more extreme. Understanding
the interconnection among these three
flooding sources and incorporating results from
hydrodynamic modeling are vital in building
infrastructure and community resilience.
Buzzard Point is a new neighborhood
in
Southwest
Washington,
D.C.,
that
recently emerged as part of a district-wide
redevelopment efforts guided by the 2015
comprehensive Buzzard Point Vision and
Implementation Plan and the Anacostia
Waterfront Framework Plan. Both plans focus
on the redevelopment of the brownfield
and propose new mixed-use zoning, a lively
waterfront with ample public access and
better connectivity with the surrounding
neighborhoods and the city. The plan also
proposes an extension of the existing coastal
line into the river.
As part of the Vision and Implementation Plan
new development has been initiated and the
first proposals for new buildings have been
issued. The Vision and Implementation Plan
advises to protect, as a minimum, against a
current 1/100 year storm surge event (+10’7”
MHHW). However, best practices for new urban
development in terms of flood protection

typically aim to secure for future conditions
to ensure resiliency beyond current climate
conditions. The plan does also not include
specifications for storm water management,
neither everyday rain nor cloudbursts.
To better understand current and future
climate risks in Buzzard Point and feasible
resilience solutions, the DOEE commissioned
Ramboll to develop a Resiliency Concept Plan
and an associated Cost-Benefit Analysis (CBA)
for Buzzard Point.
The Resiliency Concept Plan presents concepts
and levels for riverine and pluvial/inland flood
protection and storm surge to be integrated
into the existing Vision and Implementation
Plan for Buzzard Poin. The plan looks at the
area comprehensively, reduces reliance on
the individual proposals by developers and
installs a unified set of principles for flood
protection and mitigation. This approach will
help maximize co-benefits and flexibility.
The Cost-Benefit Analysis presents a high-level
business case for riverine flood protection for
the baseline (“do-nothing”) scenario and two
different levels of protection, strategy I (a 1/100
year storm surge level in 2017) and strategy II
(1/500 year storm surge level in 2100).
The overall conclusions from the study is, that
regional riverine flood protection is feasible
in relation to a baseline scenario. The CBA
even documents, that the multiple benefits of
increasing the protection level from strategy I
to II outweigh the additional costs.
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RISK-BASED RESILIENCY PLANNING
KEY CONCEPTS
Risk-based resiliency planning rests on the
successful understanding and application of
several key concepts presented below.
Integrated Planning (IP) comprises a system
of interlinked actions which seeks to bring
about a lasting improvement in the economic,
physical, social, and environmental conditions
of a city or an area. In IP, policies and projects
are considered in relation to one another.
Based on principles of sustainability,
LIVEABILITY
describes
the
living
conditions of communities including their
physical and mental well-being. Liveability
depends on an integrated and balanced
approach to the different elements of a city.

Creating liveable urban environments is a key
element of resilience planning. It encompasses
a wide range of interrelated aspects of city life
from governance, economy and planning to
physical infrastructure, sustainable buildings,
climate adaptation and environment. An
integrated and balanced approach to these
elements enables cities to develop and
prosper sustainably, and thus, IP is becoming
an inherent part of urban planning.

The concept of a Living Shoreline for storm
surge protection builds on natural BGI
elements. It focuses on biodiversity, natural
habitat, and integrates the shoreline into the
context of the surrounding environment. A
living shoreline is designed with a focus on
recreational functions by introducing edges
with soft gradients, multiple access points
and longitudinal paths for biking, walking,
etc. The living shoreline brings multiple social
and environmental benefits beyond the direct
protective functions. The liveable shoreline
includes places for recreational functions and
people to meet and interact with nature.
BGI is often used in isolation or implemented
in a spatially dispersed manner. A cloudburst
masterplan refers to a network of mainly BGI
projects that provides an additional buffer
on top of the existing separate or combined
sewer network.
Copenhagen,
a
leading
city
in
stormwater management, uses the
term “CLOUDBURST” for an extreme
amount of rain in a short period of time.
As this study builds on experiences
from
Copenhagen,
the
term
is
also used throughout this project.

By applying IP to resiliency design and
planning, budgets may be combined across
city agencies and stakeholders to increase
available funds and provide buy-in for
agencies and stakeholders. IP may also
cultural
identity
foster increased cooperation and capacity
building across the city and promote
movement from traditional step-by-step,
health
&
sector silo planning to more inclusive
wellbeing
and interdisciplinary approaches across
all agencies involved.
Blue-Green Infrastructure (BGI)
connects urban hydrological
functions
(blue)
with
vegetation systems (green)
and offers valuable solutions
for urban areas facing the
challenges of climate change.
BGI are typically nature-based
solutions, which generate social
and environmental value for
the local area, and may often
reduce the need for traditional
grey infrastructure.
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THE RESILIENCY APPROACH

Ramboll has developed a 4-step approach
to resiliency planning based on experiences
from Copenhagen and other cities across the
world. GIS data and detailed flood models
act as the foundation of the study and are
crucial in providing a solid basis for informed
decision-making. Spatial overlay of datasets
and analyses at multiple levels help to identify
potential synergies and cumulative effects.

The figure above illustrates the iterative
process of moving from initial determination of
risks, to the development of a resiliency plan,
and documenting the adaptation effect. The
outcomes are incorporated into a Cost-Benefit
Analysis (CBA), which compares investments,
avoided risks (damage and socioeconomic
costs) and co-benefits through added value as
a result of the plan over time (see below).
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LIVEABLE SHORELINES
The first step in the 4-step approach is
to model, visualize and quantify climate
hazards and associated risks today and in the
future. Understanding how each of the three
components of climate risk consequence is
effected - exposure, vulnerability and capacity
- is paramount for developing feasible and
effective climate risk reduction solutions.
Step 2, the creative Plan & Design phase, is a
crucial part of the 4-step approach. Step 2 has
dual purpose: developing a resiliency design,
and estimating associated capital investment
and operational costs. To develop and
concretize the resiliency plan, local strategies,
plans and visions are integrated into the design
process for Buzzard Point to maximize the
connectivity, multi-functionality, synergies,
and added values of the projects, and ensure
local ownership and anchoring.
Relevant stakeholders go through the
process of understanding to which level
protection should be developed to, the size
and functionality of available spaces, which
multifunctional aspects should be prioritized,
which local frames apply in the planning and
which local connections can be made to
ongoing initiatives and strategies.

Step 2 process for riverine and storm surge protection

The derived co-benefits of a resiliency plan,
including the synergy to other agencies
and projects often make up a substantial
part of a business case. Often this process
is supplemented with and inspired by
international
experience
and
best/next
practice and existing visions for the area, as is
the case for Buzzard Point.
To determine whether the resiliency plan
provides an acceptable level of protection,
detailed modeling is conducted in step 3 to
estimate the residual flood risk. If not, step
2 is repeated and the plan adjusted until
an acceptable level of residual flood risk is
reached.
In step 4 cost and benefits of the plans
are compared over time. On the cost side,
implementation, operation and maintenance
costs are estimated. On the benefit side,
avoided socio-economic costs and damages
(expressed as Expected Annual Damages,
EAD) of flooding are calculated and added
values modelled and/or monetized and
summarized over time. The total and expressed
as Net Present Value (NPV) and benefit-cost
ratio between masterplans and in relation to a
baseline helps inform decision-making.

Example of overlay between design process and vision

BUZZARD POINT RESILIENCY STUDY

CONCEPT EXAMPLES
Liveable shorelines for storm surge protection
and riverine flooding have been introduced
successfully in the Nordic region and Europe,
e.g. Køge Beach Park (Denmark), Scheveningen
(Netherlands),
Nijmegen
(Netherlands),
Wallasea Island (United Kingdom) and
Karmen (Germany). Liveable shorelines allow
for better connectivity to and with water, safe
functionality behind the protection lines and

can help improve urban life and functions, and
recreation. The projects have proven effective
in providing room for the nature to evolve in
and around urban settlements and in providing
increased resilience and liveability in the area,
by increasing the protection level of and
enhancing the quality of life for ecosystems
and human well-being.

Offenbach Harbor, Frankfurt, Germany © Ramboll
Resilient water edge inspiration

9

10

RAMBOLL

CLOUDBURST MASTERPLANNING
A Cloudburst Masterplan is defined as a system
of connected BGI projects, supplemented with
traditional grey stormwater infrastructure as
needed.
The Cloudburst Masterplan also presents a
system and a method to efficiently manage
excess stormwater run-off beyond the service
level during extreme rain events.
The cloudburst panning in it’s original
version is a truly integrated planning process.
Disciplines and sectors (mobility, recreation,
improved environmental conditions, health,
education and local economy and liveability,
etc.) are included as a inherent component
in the planning process. The co-creational
component of the integrated planning process
is crucial to development of cloudburst
projects and plans.
In practice, stakeholders engage and map
their cloudburst management approach using
predefined BGI elements to store or convey
water. The BGI elements include cloudburst
roads, retention streets, and central and local
retention. The network of BGI solutions may be
supplemented with grey infrastructure such as
cloudburst pipes.

Cloudburst road used to
convey water where terrain
is favorable

Detention or retention road
used to detain water where
terrain is favorable

Central detention or retention used to retain water in
a larger area connected to
other BGI projects

Local detention or retention
used to retain water in larger
areas from roofs and local
surroundings

Step 2 process for Cloudburst masterplanning

Cloudburst pipe used to
convey water where terrain
does not permit BGI projects

BUZZARD POINT RESILIENCY STUDY

DESIGN EXAMPLES
Ramboll has developed similar cloudburst
masterplans for other cities. Below are images of Ramboll projects that have already been
implemented in order to demonstrate the various types of BGI elements.

© Ramboll

Sankt Annæ Plads in Copenhagen has been
turned into a cloudburst street, where rainwater runs from the roads on each side to a wide
lowered grass area in the middle.

© Ramboll

In this retention road in suburban Copenhagen
rainbeds separate the sidewalk and bike path
from the main road and increase road traffic
safety, while filtering and retaining rainwater.

© Ramboll

Tanner Springs Park in Portland, Oregon, is situated in an area that was once a wetland. Due
to urbanisation the wetlands were slowly filled
and Tanner Creek was rerouted. Today, the
park serves as a central retention and recreational area with art performances on the floating deck, and grass areas and paddle pools for
everyday recreation. The park is an example of
flood protection and water resource management integrated into urban life.

Illustrative example of a cloudburst road

© Ramboll

Rainbeds serve as local detention in Freiburg
Zollhallenplatz in Germany, where rainwater
is cleansed and filtered before it reaches the
groundwater. No stormwater is discharged to
the sewer system, even during heavy rainfall.

11

12

RAMBOLL

RESILIENCE FOR BUZZARD POINT
STUDY AREA

© Ramboll

© Ramboll

© Ramboll

© Ramboll

Buzzard Point site pictures

Situated near the confluence of the Potomac
and Anacostia Rivers, Buzzard Point is
hydrologically precarious. It is tidally influenced
due to its proximity to the coast, and exposed
to flooding due to the relatively low elevations.
Currently, a substantial part of Buzzard Point
is characterized as a high flood hazard zone
according to FEMA. In addition to the threat of
riverine flooding, Buzzard Point is also prone
to flooding from extreme rain events due to
insufficient sewer system capacity and the low
gradients.
DOEE initiated a study to further understand
flood risks in Buzzard Point, that would
take current development proposals into
consideration, and develop a best practice
masterplan and business case for feasible
riverine protection levels for area.
Historically Buzzard Point was a peninsula
separated from Fort McNair by the James
Creek. Up until the 20th century the area was
more or less rural. During the first quarter of
the 20th century, the creek was filled in to
build 2nd St. Although there have been various
visions for the site: Military fort, maritime
trading hub, railway hub, for a long time
Buzzard Point remained a working backwater.
Vision & Implementation Plan for Buzzard Point

Recent decades brought in light industry,
including power plants and salvage yards,
until concurrent economic and demographic
shifts and the subsequent changing attitudes
towards the waterfront started to push these
out to make way for a new development in the
area.

BUZZARD POINT RESILIENCY STUDY

DETERMINING RISK
Since Buzzard Point is located in an estuarine
river delta, affected both by the hydraulic
dynamics of the Anacostia and Potomac rivers
and the sea, the flood risk is a combination of
tidal, storm surge, riverine and flash flooding.
With expectations of rising sea levels in the
future as a result of climate change, the flood
risk is anticipated to increase. Below the NOAA
projections for annual exceedance probability
for Washington DC and associated water levels
in meters above MHHW are illustrated. The
estimations are used to approximate the flood
extent for return periods beyond the FEMA
100 year flood identification, by extrapolating
the graph to the 500 and 1000 year return
period.
A great seasonality in the water levels can
be observed, as a result of the complex flow
pattern and water exchange with the Atlantic
Ocean. There is especially a pronounced

seasonality recognized when looking at lower
return periods, with stormy winter seasons
and peaking high water levels during the
early autumn months and in the early spring,
presumably due to frequent rainfall events and
increased run off. The hurricane season on the
other hand prevailing from June to November,
currently observed to be increasing, has it´s
peaking months in August and September.
The complex dynamics and great seasonality
therefore only highlight the importance and
demand for an in depth understanding of the
necessary resiliency measures for the area.
The scenario applied for anticipated sea
level rise is the Representative Concentration
Pathway (RCP) 8.5 by the IPCC describing a
high population and a high greenhouse gas
emission scenario for the future. The expected
sea level rise by 2100 is around 2.6 ft., in
accordance with the regional projections for
the US East Coast.

Annual Exceedance Probability Curves, Washington DC (NOAA)

Seasonal variation of exceedance probability levels, Washington DC (NOAA)

Illustration of the risk modelling processes

13

14

RAMBOLL

STORM SURGE FLOODING - DO NOTHING SCENARIO
2017

2100

1/50

1/50

1/100

1/100

1/1000
Flood modeling outcomes for the baseline scenario

1/1000
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STORM SURGE RISK - DO NOTHING SCENARIO
Initial hydraulic modeling of fluvial and tidal
storm surges today (2017) and in the future
(2100) shows that large portions of the area,
including Fort McNair will be flooded at a
current 1/100 year storm. The models show,
that water is entering Buzzard Point both from
the south and east, but also from the area west
of Fort McNair. In order to protect Buzzard
Point against flooding from the river. Fort
McNair thus has to be part of the protection
strategy.

2017

Status 2017
Risk [$/year]
>0
25,001 - 50,000
50,001 - 75,000
0

0.05

0.1

0.2
Miles

> 75,001

2100

Overview of study area, with and without Fort
McNair, and with illustration of the extension of the
shoreline park into the river

The risk is calculated by multiplying the
probability with the impacts using GIS layers
on building and asset categorization and
unit pricing for expected damages. The unit
pricing for damage costs are a mix of FEMA
recommendations, best practices, and prices
from previous Ramboll projects in the US and
beyond.

Status 2100
Risk [$/year]
>0
25,001 - 50,000
50,001 - 75,000
0

0.05

0.1

0.2
Miles

> 75,001

Risk mapping outcomes for the baseline scenario

The risk modeling of the baseline scenario
show relatively high flood risk across the area
and increasing over time.
Based on the initial analysis and to ensure the
development of a coherent resiliency plan, the
project area is extended to include protection
measures for Fort McNair.
The cost of implementing the baseline plan
(the shoreline park without protection) is
estimated to approx. $8 million. The costing
is based on a relatively cheap material for the
landfill to create the shoreline park, thus the
landfill is not intended for resiliency functions.

The residual risk and socio-economic costs
(EAD) are estimated to USD 8 million/yr in
2017 and USD 55 million/yr in 2100.
In terms of added value (benefits beyond
the potential climate risk reduction), the
implementation of the green park into the
river area does provide health improvements
through the recreational aspects estimated to
approx. USD 90 million/yr in 2017.
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LIVEABLE SHORELINE FOR BUZZARD POINT
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CLOUDBURST FLOODING
In order to integrate stormwater management
into the overall masterplan for the area,
spatial, hydraulic, and risk analyses have been
conducted. The Cloudburst Masterplan is
not included in this cost-benefit analysis, but
developed as recommendations and linked to
the liveable shoreline design. The Cloudburst
Masterplan is laid out using blue-green
infrastructure for surface runoff conveyance,
delay and storage. The design criterion is a
1/100 year cloudburst event in 2100, which is
the design criterion used by many other cities
across the world, including Copenhagen. The
masterplan uses cloudburst typologies for
conveyance, detention and retention. In general
water is diverted to the river and pumped out
where necessary.
Hand sketch of early cloudburst concepts with
central retention and a canal for discharge to the
river as a reference to historic design of the area

2017

2100

Cloudburst status 2017

Cloudburst status 2100

1/10

1/10
1 - 4 in

1 - 4 in

4 - 8 in

4 - 8 in

8 - 12 in

8 - 12 in

12 - 16 in
0

0,05

0,1

0,2
Miles

> 16 in

12 - 16 in
0

0,05

0,1

0,2
Miles

Cloudburst status 2017

Cloudburst status 2100

1/100

1/100

1 - 4 in

1 - 4 in

4 - 8 in

4 - 8 in

8 - 12 in

8 - 12 in

12 - 16 in
0

0,05

0,1

> 16 in

0,2
Miles

Flood modeling of extreme rainfall

> 16 in

12 - 16 in
0

0,05

0,1

0,2
Miles

> 16 in
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PLANNING & DESIGN
The hydraulic modeling and risk assessment
is used to inform the planning and design
process, step 2.
Looking into the Vision and Implementation
Plan four overall types of waterfront areas can
be identified. In the south the area is laid out
as a residential neighbourhood. Moving north
the area becomes more spacious and green
characterized by mixed use transitioning into
a narrower stretch toward the north-eastern

section which is mostly commercial. Keeping
these characteristics in mind, combined
with available space along the riverfront
and coupled with the suggested protection
level, conceptual measures for the different
riverfront sections are developed.
Depending on the desired protection level,
the elevation of the landscape determines the
size and relative height of the flood protection
structures.

Illustration of protection levels for Buzzard Point

Buzzard Point Vision and Implementation Plan overlayed with section categorization

On the following
pages, typologies for
the different water
front sections from
north to south are
presented.
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LOCAL STORM SURGE SOLUTIONS
The southern waterfront, also referred to as the “Gateway Basin,” at the mouth of the Washington
Channel and the confluence of the Potomac and Anacostia rivers, offers a sweep of open water
and military institutions on either side of the Anacostia: Fort McNair with the National Defense
University at Buzzard Point, and the Naval and Defense installations at Bolling Air Force Base
across the river (The Anacostia Waterfront Framework Plan, 2003). The area demand great
functionality ensuring direct access to and use of the water. Concept A for the southern
waterfront compromises land elevation and sea wall water front structure. Sea walls are suitable,
where space is limited and continuous use of the area fundamental.

The southeastern waterfront provides a green oasis in the neighborhood. The waterfront is
envisioned to have marinas, residential use and plazas connect to Anacostia Riverwalk Trail
and reinforce the access to and relationship with the water. In general, this area offers multiple
opportunities for connections to the water. The soft edges of the living shoreline gradually
slope into the river (Buzzard Point Vision Framework & Implementation Plan, 2015). Concept B
comprises a wide green landscape capturing the main features provided by a dike and additional
multiple health benefits and ecosystem services.

The eastern waterfront will link to the existing community and increase access to and interaction
with the Anacostia River. The vision is a holistic waterfront with integrated open spaces, flood
protection and multi-functional and attractive urban landscapes and neighbourhoods through
living shoreline concepts. Land fill and even land reclamation allow for a new urban, liveable and
resilient neighbourhood. Concept C builds on these visions.

The northeastern waterfront will provide a mix of activities, including residential, commercial,
and institutional uses. The area will become a node of activity, focused on access to and from
the river. The Frederick Douglass Bridge will be a generous connection for pedestrians and
cyclists between the park systems and the street network of Historic Anacostia and downtown
Washington, D.C. (The Anacostia Waterfront Framework Plan, 2003). The bridge also highlights
the liveable environment and provides a direct link to the river and the Maritime Museum, a
maritime cultural element of the city. Concept D expresses the urban footprint in a look-a-like
stepped and curved sea wall/quay structure. The proposed measure vitalizes the raw nature and
business vibe of the area and keeps maintenance at a low level.

The southwestern waterfront has and will have limited activity outside the Fort McNair area.
Currently, there are no plans to continue a harbor trail along the fort. Concept E is a traditional
dike, which allows for potential trails in the future, but otherwise do not provide any additional
functions. The long-term opportunities to continue the harbor trail offers significant added value
to the plan

BUZZARD POINT RESILIENCY STUDY

CROSS SECTIONS
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THE INTEGRATED RESILIENCY MASTERPLAN
The integrated resiliency plan has the same
spatial outlay in all three strategies and only
the protection level differs between the
baseline, Strategy I and Strategy II.
The Vision and Implementation Plan for
Buzzard Point suggests an extension of the
existing river boundary into the river area to
give space to a new shoreline park. This park
is the centerpiece of the proposed concept
plan for Buzzard Point for each of the three
strategies. All three strategies build on the
concepts for liveable cities and liveable
shorelines.

with an increase in the flood protection levels.
Both strategies include some elevation of the
lower-lying terrains to decrease the relative
height of the adaptation structures along
the riverfront. Tidal storm surge and riverine
protection measures are typically in the range
of flood protection walls, small scale barriers,
high/raised quays, buildings/assets on stilts,
and local flood proofing and refurbishing.
Thus, it is advised to rely less on emergency
response and mobile temporary protection
measures in case of extreme events.

BASELINE
The baseline scenario is defined as the scenario,
where the green shoreline park is implemented
as part of the Buzzard Point Visions and
Implementation Plan to meet existing terrain
levels with no protection measures.

The integrated resiliency plan for Buzzard Point
is intended to be adaptive, yet protective, while
maintaining and exploring the characteristics,
functions and expressions already initiated in
the Vision and Implementation Plan of 2015,
including redevelopment of brown fields,
maritime access and creation of a vibrant new
neighborhood.

STRATEGY I
100-yr storm surge in 2017, 12.47 ft. NAVD88
Strategy I is based on a shoreline protection
line raised to the 1/100 year storm surge level
in 2017 (12.47 ft. NAVD88). No additional
terrain alterations are proposed and building
layouts are as proposed by developers.

The risk mapping shows, that the success
of the Vision and Implementation Plan for
Buzzard Point is directly dependent on the
integration of flood resiliency strategies. With
a liveable urban vibe, flood protection can be
applied and be a part of the dynamic space
with multiple ecological and cultural services.

STRATEGY II
500-yr storm surge in 2100, 18.17 ft. NAVD88
Strategy II is centred on a general landfill of
the lower area behind the living shoreline
park raised to meet the 1/100 year flood
level in 2017 (12.47 ft. NAVD88). A riverine
flood protection line is proposed along the
shoreline to accommodate the anticipated
1/500 year storm surge level in 2100 (18.17 ft
NAVD88) including sea level rise. No additional
alterations to building layouts are proposed.
For Strategy I & II, the park is supplemented

As shown on the previous page, a concept
is developed for each stretch along the
waterfront based on the characteristics of the
specific sub-section of Buzzard Point.
Depending on the chosen protection level(s)
and final number of defence lines, design
criteria, urban planning approach, available
funding, wish for integrated solutions, various
combinations of measures and designs can be
implemented.

The integrated resiliency plan,
a liveable shoreline for Buzzard Point

BUZZARD POINT RESILIENCY STUDY
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2017

MEASURING EFFECT - STRATEGY I

0

0.05

0.1

Strategy 1 2017

Strategy 1 2017

Strategy 1 2017

1/50

1/100

1/1000

0.2
Miles

0 - 1 ft

0 - 1 ft

0 - 1 ft

1 - 2 ft

1 - 2 ft

1 - 2 ft
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Storm surge modeling outcomes for Strategy I

Strategy I is based on a shoreline protection
line raised to the 1/100 year storm surge level
in 2017 (12.47 ft NAVD88). No additional
terrain alterations are proposed and building
layouts are as proposed by developers. The
total construction costs amount to approx.
USD 40 million with an estimated USD 0.5
million/yr in maintenance and operation the
first years of the project life. Implementing
Strategy I means that flooding does not occur

in today’s climate at a 1/100 year storm surge
event, however in the future (2100) flooding is
already prevalent at a 1/50 year storm surge
event. After implementation of Strategy I, the
expected annual socio-economic damages
(EAD) are reduced from USD 8 million/yr to
USD 2 million/yr in 2017 and to USD 19 million/
yr in 2100 from USD 55 million/yr in the
baseline scenario.

Risk mapping outcomes for Strategy I
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MEASURING EFFECT - STRATEGY II
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Storm surge modeling outcomes for Strategy II

Strategy II is based on a general landfill of the
lower area behind the liveable shoreline park
raised to meet the 1/100 year storm surge
level in 2017 (12.47 ft NAVD88). A riverine
flood protection line is proposed along the
shoreline to accommodate the anticipated
1/500 year storm surge level in 2100 (18.17 ft
NAVD88) including sea level rise. No additional
alterations to building layouts are proposed.
The total construction costs amount to USD

70 million with an estimated USD 0.5 million/
yr in maintenance and operation the first years
of the project life. Implementing Strategy II
means that flooding does not occur in current
climate, even at a 1/1000 year storm surge, but
only at storm surge events in the future (2100)
above the 1/500 year return period. After
implementing Strategy II, the EAD are almost
reduced to zero in 2017 and to USD 2.3 million/
yr in 2100.

Risk mapping outcomes for Strategy II

2017

2100

Strategy 2 2017

Strategy 2 2100

Risk [$/year]

Risk [$/year]

>0

>0

25,001 - 50,000

25,001 - 50,000

50,001 - 75,000
0

0.05

0.1

0.2
Miles

> 75,001

50,001 - 75,000
0

0.05

0.1

0.2
Miles

> 75,001

25

26

RAMBOLL

MEASURING EFFECT - CLOUDBURST MASTERPLAN
The stormwater measures are coordinated
with the measures for shoreline protection to
ensure the integrated functions, resolving in
the integrated resiliency plan for the area.
The Cloudburst Masterplan costs around $40
million to implement Assuming an annual
operational cost of 1 % of the construction
costs roughly $0.4 million per year (in 2017)
to operate and maintain. The NPV of the
Cloudburst Masterplan in terms of investment
costs is $50 million. Note that the benefits
and costs of the Cloudburst Masterplan have
not been quantified, and these are thus not
included in the CBA. The investment costs
related to cloudburst management do not
take into account any synergetic possibilities
of using a project investment element, such as
green areas, for securing against both events.
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COST-BENEFIT ANALYSIS
EVALUATING COSTS - CASHFLOWS

USD, millions
USD, millions
USD, millions

Strategy I

Baseline

The costs and benefits associated with each liveable shoreline strategy, without taking the
cloudburst recommendations into account, is illustrated below, incl. NPV and benefit-cost ratio.

Strategy II
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Investment, Operational & Financial Costs
Created Values
Risk & Socioeconomic Costs
Investment, Operational & Financial Costs - Cloudburst

BUZZARD POINT RESILIENCY STUDY

EVALUATING COSTS
The CBA considers capital investments as well as long-term maintenance and operation costs
and the socio-economic costs of flooding as well as added value and co-benefits resulting
from the nature-based and liveable solutions proposed. The purpose is to determine the design
scenario with the highest Net Present Value (NPV).
Total costs:		
Total benefits		

$
$

-227M
91M

$
$

-158M
131M

Net Present Value

$ -136M
Benefit-cost Ratio

0.40

Total costs:		
Total benefits		
Net Present Value

$ -28M
Benefit-cost Ratio

0.83

Total costs:		
Total benefits		
Net Present Value

$ 15M
Benefit-cost Ratio

1.11

$
$

-129M
144M

Implementing the park costs $28
million in NPV including operation and
maintenance and financing. The park,
as implemented in the baseline scenario,
fails to reduce risk & socioeconomic
costs. In terms of created values the
park, although implemented without
resiliency measures, does cause an
increase in property values in the area.
The final result of the baseline analysis
is a negative NPV of $136 million and a
benefit-cost ratio of 0.40

Implementing Strategy I costs $91
million in NPV including operation and
maintenance and financing. The strategy
reduces risk & socioeconomic costs to
some extent. In terms of created values the
strategy causes an increase in property
values in the area, primarily through
the establishment of green areas and in
minor degree through flood protection
measures. The final result of the baseline
analysis is a negative NPV of $28 million
and a benefit-cost ratio of 0.83.

Implementing Strategy II costs $125
million in NPV including operation and
maintenance and financing. The strategy
reduces risk & socioeconomic costs
to a large extent. In terms of created
values the strategy causes an increase
in property values in the area, both
through the establishment of green
areas and through the flood protection
measures. The final result of the baseline
analysis is a positive NPV of $15 million
and a benefit-cost ratio of 1.11

29

30

RAMBOLL

CONCLUSION
KEY FINDINGS
The previous sections served to illustrate the
effect and costs and benefits associated with
each strategy. Below, a short comparison of
the three strategies is provided followed by a
sensitivity analysis documenting the stability
of the CBA conclusions.
The two flood protective strategies bring about
similar created values, but while Strategy II is
more expensive in terms of investment costs
than Strategy I, Strategy II reduces economic,
social and environmental costs to a degree
that brings about a positive NPV and a benefitcost ration above 1. Thus, the strategy provides
a positive return on investment and the city
earns $1.11 for every $1.0 invested if Strategy II
is implemented.
With Strategy II and the Cloudburst Masterplan,
the total investment is $175M in NPV.
Experience shows, that flood prone area see
a lower interest in investment, lower revenues,
property values, etc. This not taken into
account and will tip the balance even further
in the direction towards strategy II.
The overall conclusions from the study is, that
regional riverine flood protection is feasible in

Baseline

relation to a “do-nothing” (baseline) scenario.
The CBA even documents, that the multiple
benefits of increasing the protection level from
a 1/100 year storm surge level in 2017 (12.47 ft
NAVD88) to a future 1/500 year storm surge
level in 2100 (18.17 ft NAVD88) outweigh the
additional costs.
The uncertainties in the CBA mainly relates to
the future demography of the area, estimated
development, both social and economic, and
the spatial outlay. In terms of the parameters
implemented in the CBA, relatively few can
alter the overall conclusions. From the result
of the sensitivity analysis: only two shocks are
able to change the total NPV of the strategies:
Strategy I: A shock of 20% is required, to the
saved health benefits to change the total NPV
from negative to positive
Strategy II: A discount rate of 11% and above is
required to change the total NPV from positive
to negative
The sensitivity analysis serves to show, that
although the conclusions are susceptible to
shocks, the outcome remains robust.

Strategy I

Strategy II

BUZZARD POINT RESILIENCY STUDY

NEXT STEPS
The study is built on current accessible knowledge of the Buzzard Point future development.
Large aspects of the development of the area
remain undocumented, thus qualified assumptions have been necessary in order to complete the analysis. These assumptions should
be updated as more information becomes
available, thereby reducing the uncertainty of
the conclusions presented.
The current water level statistics available for
the Washington Channel gauge do not distinguish clearly between drivers leading to
increasing water levels. An in-depth analysis
of local weather patterns, hydrology and hydrodynamics requires large availability of high

quality data. Since various weather phenomena can cause flooding, attention should be given to the multiple prevalent sources and their
potential combined effects. It is recommended
to initiate efforts into better understanding the
hydraulic dynamics of the area, e.g. flow meters in drainage systems and piped creeks, etc.
Additionally, the probability of cloudbursts
and tidal storm surge to happen simultaneously should be clarified in order to undertake
a thorough combined risk assessment of the
area. This is a necessity in order to understand
the governing mechanisms and processes and
in order to design integrated protection measures in detail.

3D model of the integrated resiliency plan for Buzzard Point
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