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HURRICANE 
SANDY



Impacted 24 states across the Mid-Atlantic 
and Northeast

$65.7 billion in damages and economic loss - 
second costliest storm in U.S. history

Emergency & Major Disaster Declarations 
made in 13 states

	
650,000 homes damaged or destroyed
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EASY FIXES
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UNLEARNING FROM THE NETHERLANDS











FLOOD SOURCES

CONTINUOUS PROCESS

WATER FROM THE SEA WATER FROM THE RIVER WATER FROM THE SKY

OCASIONAL EVENTS

SOURCESOURCE

__Annals of the New York Academy of Sciences
Issue: New York City Panel on Climate Change 2010 Report

__Palisade bay

Information about data

 __Annals of the New York Academy of Sciences
Issue: New York City Panel on Climate Change 2010 Report
Lead authors
Radley Horton, Vivien Gornitz, and Malcolm Bowman and Reginal Blake
Columbia University Center of Climate Systems Research.
School of marine and Atpmospheric sciences
Physics Department, New York City College of Technology,Brooklyn.

 __All the figures belong to the worst scenario of the range.

Information about data
__All the data refers to particular events belongs to Battery park 
Gauge
http://water.weather.gov/ahps2/hydrograph.php?wfo=okx&gage=batn6

__All the max daily data refers to particular events belongs to 
Central park Gauge
http://www.climatestations.com/new-york-city-2/

SOURCE

__NOAA - National Oceanic and Atmospheric Administration

Information about data
__All the data refers to particular events belongs to Historical 
Crests for Hudson River below Poughkeepsie
http://water.weather.gov/ahps2/hydrograph.php?wfo=aly&gage=poun6
80 km new york upstream

SOURCE

__NOAA - National Oceanic and Atmospheric Administration
http://www.erh.noaa.gov/okx/stormtotals.html

__New york Natural Hazard Mitigation Plan
http://www.nyc.gov/html/oem/downloads/pdf/hazard_mitigation/section_3j_flooding_haz
ard_analysis.pdf

Information about data

SEA LEVEL RISE

Sea level raise Rapid  ice-melt 
scenario

COASTAL STORM AND HURRICANES SURGE RIVER FLOODING
From 2000-2013 From 2000-2013

HEAVY RAINFALL FLOODING
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1/10  FLOOD

1/100  FLOOD

1/500  FLOOD

hurricane 2

hurricane 1

hurricane 3

hurricane 4

Sandy+ 416 cm

Irene  NorEaster  

NorEaster  

NorEaster  

+ 285 cm

Donna
1960

1992 2011

Irene  

Allison

Andrea

Irene

Frances

2012

Sandy

26 events above 150 cm high water levels  Max daily precipitacion

sewer  rainfall 
capacity

 Max daily precipitacion / hour

+ 12 cm

+ 30 cm

+ 58 cm

x5 x3 x11 x5x2

PALISADE

MANHATTAN
TERMINAL  MORRAIN

ROCKAWAY PENINSULA

 Meadowlands Watershed East river- Creeks Watershed Creek-Bay Watershed Shore Hudson river Watershed 

PALISADE

MANHATTAN
TERMINAL  MORRAIN

ROCKAWAY PENINSULA

 Meadowlands Watershed East river- Creeks Watershed Creek-Bay Watershed Shore Hudson river Watershed 

PALISADE

MANHATTAN
TERMINAL  MORRAIN

ROCKAWAY PENINSULA

 Meadowlands Watershed East river- Creeks Watershed Creek-Bay Watershed Shore Hudson river Watershed 

PALISADE

MANHATTAN
TERMINAL  MORRAIN

ROCKAWAY PENINSULA

 Meadowlands Watershed East river- Creeks Watershed Creek-Bay Watershed Shore Hudson river Watershed sea level rise storm surge high rivers rainfall



REGIONAL FLOODSCAPES



REGIONAL FLOODSCAPES

Wetlands: Meadowlands

Hoboken River Floodplain

Manhattan Island

Brooklyn-Queens Creeks

Rockaway Coast

Jamaica Bay Creeks

Staten Island Coast





!

!

!!

!

!

!

!

!

!

!

!

!!

!

!

!

!

! !!

!

!

!

!!

!

!

!
! !
!

!! ! !!! !

! !!

!!

!

!

!

!

!

!

!

!

!

!!

!

!
! !

!

!

!

!

!!!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!!

!!

!!

! !

!

!

!

!!

!

!

!

!

!

!!

!

!

!

!

!

!

!!

!

!

!

!

!

!
! !

!

!

!
!
!!

!

!

!

!

!

!

!

!

! !

!

!

!

! !

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!!

!

!

!

!
!!!!

!

!

!

!

!

!

!

!

!
!

!

!

!!

!

!

!!

!

!

!

!!

!!

!!

!

!

!

!
!

!
!

!

!

!!

!

!!

!

!

!

!

!

!

!

!
!
!

!

!

!!
!!

!
! !

!
!

!
!

!
!

!! ! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

! !
!

!!

!! !

!
!!
!

!

! !

!

!

! !!!
!

!
! !

!
!

!

!
!

!

!

!

!

!

!

!

!

!

!!

! !
!

!

! !

!

!

!!
!!
!

!

!
!

!

!

!!!

!!

!

!

!!

!

!

!

!

!
!

!
!

!

!

!

!!
! !!

!

!(d

!(d

!(d

!(d

!(d

!(d

!(d!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d
!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

!(d

500MW CC
Astoria

Ravenswood

Linden Cogen Plant

Bergen Generating Station

!

Liquid Fuel Storage Terminal

Storage Capacity (million barrels) 
<3 3-6 6-9 9-12 >12

FEMA Flood Zones*
Zone V - 100-year

Zone A - 100-year

Zone XX - 500-year

Social Vulnerability
>2.5 Std. Dev. from Avg.

Land Use Type*
Industrial

Transmission Lines

Capacity

230 kV <230 kV344 kV500 kV734 kV>734 kV
Natural Gas Pipelines

Diameter (inches)

<10 in10 in20 in30 in>30 in

Power Plants
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Electrical Substation

(NOAA, NJDEP, NYCPLUTO, FEMA, NREL, PLATTS, OPUS, EPA) *Digital Flood Data and Land Use Data for Nassau County Unavailable ©2013

COMBINED FACTORS
NEW YORK CITY/

NORTHERN NEW JERSEY REGION

CRITICAL REGIONAL BACKBONE



MEADOWLANDS JC + HOBOKEN LOWER EAST SIDE NEWTOWN CREEK
1 2 3 4

CRITICAL REGIONAL BACKBONE











1928



1970



2004



CONFLICTING PRESSURES



LOGISTICS AND SUPPLY CHAIN



PIEDMONT

HACKENSACK MEADOWLANDS
NATURAL CORRIDOR UPLAND-OCEAN

PHYSIOGRAPHIC LIMIT
 NATURAL BOUNDARY BETWEEN PIEDMONT AND COASTAL PLAIN  

COASTAL PLAIN

260 SPECIES OF BIRDS LIVE IN OR 
MIGRATE THROUGH THE MEADOWLANDS

ATLANTIC FLYAWAY

ECOLOGY



TRANSIT ORIENTED DEVELOPMENT



ENERGY PRODUCTION



RISKS AND VULNERABILITIES
PUBLIC HEALTH 

Polluted sediment disturbance is a regional 
health hazard.

TRANSPORT
Movement of goods are at constant risk of 

being cut off from the region.

ENERGY
3 power plants and 21 substations remain at 
risk of flood-related damage and interrup-

tion.

LAND USE 
$2 billion of physical damage will occur from 

inundation of the district’s residential, com-
mercial, and industrial structures every year.

SOCIAL VULNERABILITY
$1 billion worth of salaries from commercial 

and industrial jobs within the district are likely 
to be lost in the long term as a result of flood-

ing vulnerability.
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Wetlands
Residential

Industrial

Offices

1970 1995 2004 2014

13,608

8,400

64,000

3,741

40M

12.1M

0

14.5M

3,400

14,000

11.5M

17.75M

2,500

70,000

90M

23M

Summary of growth needs (p. 1-21)
Residential: 14,000 housing units

Primary Office: 18.0 million square 
feet

Secondary Office: 6.3 million 
square feet
Warehouse/Distribution: 9.0 
million square feet
Commercial: 2.5 million 
square feet

- less than one page 
devoted to flood control 
issues and management
- core goal to preserve, 
restore and enhance 
natural resources
- 749.8 acres of wetland 
fill
- 1688.9 acres of total 
development proposed in 
planning and satellite 
areas
17.75 million sq ft of 
offices, 2.7 million sq ft of 
commercial and 13.9 
million sq ft of residential
- 40 dwelling units per 
acre proposed in Carlstadt

- District is 20 times as large as Central Park
- 1000 acres of public park and 500 

acres of commercial recreation space
- build new residential islands in 

wetlands area
- 1,500 acres of marshland 
conservation, 4300 acres of 
commercial development
- proposes various flood 
control mechanisms, such 
as levees and tidal gates
- recommended elevation of 
new land 10 feet above 
mean sea level
- 70,000 units of residen-
tial development
- 23 million sq ft of 
commercial/office space
- 90 million sq ft of 
industrial/warehouse space

- protection, enhancement and preservation 
of 8400 acres of wetlands

- removal of 3.5 million sq ft of 
existing structures for redevelop-

ment
- 3741 new units of residential 
development
- 14.5 million sq ft of new 
commercial/office develop-
ment
- 12.1 sq ft of new industri-
al development

Meadowband – A 63 miles berm (Primary 
berm: 47 miles)

(Secondary berms: 16 miles) + 
Road + BRT

Recreational area proposed: 
400 Acres 
Wetland restoration area 
proposed: 3895 acres
Residential Units proposed: 
96,700
Office area proposed: 0
Industrial / Commercial 
proposed: 43,141060 
sqft
New Jobs: 10,784

Hackensack Meadowlands
Comprehensive Land Use Plan

Special Area Management Plan 
(SAMP)

New Jersey Meadowlands 
Commission Master Plan

New Meadowlands

LAND USE PLANNING TRENDS



TOWARDS A GRAND BARGAIN

Federal Investment in 
Protecting Land 

=
Smarter and More Comprehensive 

Use of that Land



COALITION



Hurricane Sandy



Flood Boundries











LOW TIDE

HIGH TIDE
SPRING TIDE

1/100 FLOOD
1/500 FLOOD

Brackish water *  0- 2.4 % 

13 ft
10 ft

>150 ft to reduce wave impact and to allow soil accretion processes . < 100 ft
TIDAL WETLAND BERM FRESH ENVIROMENTS HILLSHACKENSACK RIVER

STORM WATER
CATCHMENT
WATER LEVEL 
FLUCTUATION

HIGH MARSH + CREEK SYSTEM HIGH MARSH BUFFER MUDFLAT +  LOW MARSH  UPLAND MEADOWFRESH WATER MARSH + MIXED FOREST

-2 ft

2 ft
3 ft

Bedrock _ Sandstone + Shale

Soil_ Clay + Silt + Peat



WETLAND WILDLIFE SANCTUARY

MEADOW HILLS

FRESH WATER MARSH

TIDAL RIVER WETLAND

WHITE CEDAR FOREST

MEADOWPARK



MEADOWPARK



MEADOWPARK



MEADOWPARK



MEADOWPARK









MEADOWBAND



JERSEY CITY
15 MIN

HARRISON

NEWARK
25 MIN

NEWARK BROAD ST.

KINGSLAND
13 MIN

LYNDHURST
20 MIN

DELAWANNA
29 MIN

ML SPORTS COMPLEX
74 MIN

ML ENVIRONMENT CENTER
20 MIN

TETERBORO
31 MIN

RUTHERFORD
25 MIN

WOOD RIDGE
28 MIN

NEWARK AIRPORT
15 MIN

COAST
5 HRS

CHROMAKILL CREEK
2.5 HRS

KEARNY MARSH
60 MIN

BERRY’S CREEK
2.5 HRS

NY PENN STATION
34 MIN

UNION CITY
13 MIN

HOBOKEN
30 MIN

NORTH BERGEN
14 MIN

SECAUCUS JUNCTION

MEADOWBAND



MEADOWBAND DEVELOPMENT

CURRENT SITUATION

FLOOD PROTECTION WORKS

ML PARKWAY

INITIAL DEV. + PARKING INFRA.

CURRENT SITUATION

FLOOD PROTECTION WORKS

ML PARKWAY

INITIAL DEV. + PARKING INFRA.

CURRENT SITUATION

FLOOD PROTECTION WORKS

ML PARKWAY

INITIAL DEV. + PARKING INFRA.

CURRENT SITUATION

FLOOD PROTECTION WORKS

ML PARKWAY

INITIAL DEV. + PARKING INFRA.

CURRENT CONDITION PROTECTION REDEVELOPMENT CONSOLIDATION

MEADOWBAND DEVELOPMENT
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MEADOWBAND

TILE B

TILE C

TILE D

TILE E

TILE F

TILE G

MEADOWBAND



BETWEEN RISK AND OPPORTUNITY



3 PILOT PROJECTS





South Kearny

Jersey City

10 FT FLOOD EVENT



25 ft  berm

10ft flood wall

23 ft  berm



Berm

Multi Story Warehouse

Flood Wall









Landfill

Transport Hub

CSX rail

Powerplant

10 FT FLOOD EVENT



25 ft  berm

23 ft  berm

Recreation

Fresh Water Bassin

Transit Village

13 ft  berm



Berm
Berm

Recreational Landfill

Mixed Use







Little Ferry, Moonachie, 
Carlstadt, Teterboro

Teterboro 
Woods

Teterboro 
Woods

Berrys Creek/
Berry’s Creek 
Canal

Eight Day 
Swamp

Losen 
Slote 
Creek 
Park

Moonachie 
Creek

Empire 
Tract

Mehrhof 
Pond Bergen County 

Utilities Authority’s 
treatment plant



Flood Simulations 
Without  Berm

Flood Simulations 
With Berm
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Integrated 
Berm

Meadowband
Adaptive Re-use



+

-

CURRENT VALUE

PREDICTED RISKS
-$

PROJECT COST
-$

POTENTIAL BENEFITS
+$

POTENTIAL LOSSES
-$

COST BENEFIT CACULATION

NEW MEADOWLANDS 

BASE SCENARIO
Estimate value of existing property and 
systems whithin the project boundry

Project construction and life cycle costs

Anticipated losses in the next 5, 20, 50 yearsEvaluation of future �ood damage for the 
area of the project

Flood protection savings, Environmental value
Social value, Economic value



What is the problem we are trying to solve in our project?  
A de�nition of context with its current values (Land value and 
building stock/ utilities and systems value/ ecological value/ etc.)

key objectives, geographical boundaries, design 
philosophy, main components of the plan, development 
of the project in 5 years, in 20 years and in 50 years from 
now, Investment cost, Operation and maintenance cost

SITE AND 
PROBLEM ANALYSIS

PROJECT DEFINITION

Who are the key stakeholders relevant to the project?
Scalable to di�rent phases of the project (from local to regional)

STAKEHOLDERS

What are the positive and negative e�ects of our 
project, as compared to the reference situation?
Cost estimation

PROJECT SCORING

RATIO = 1.77

CBA PROCESS

What are the key risks and uncertainties that may a�ect 
the project and how do these a�ect the scores?

ROBUSTNESS AND FLEXIBILITY

What realistically would happen now, in 5 years, in 
20 and in 50 years if this speci�c project would not 
be implemented?

REFERENCE SITUATION 

How di�cult is the implementation of our project?
Potential hurdels; Technical, Procedural (legal) and 
process (political, societal), Synergies / con�icts with 
ongoing, planned national/regional developments, 
Political and stakeholder issues

IMPLEMENTATION



Ratio derived from 50-year valuation of the reference scenario vs. 50-year valuation of the proposal scenario - 0% inflation - 5% discount rate

50 Billion

100 Billion

150 Billion

95 billion
 di�erence

= 
26 multiplier

570 million
Project 

Cost

1.6 - 1.8
Ratio

200 Billion

250 Billion

2014 2024 2034 2044 2054 2064

Pilot Area Example
Cost Benefit Analysis
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SCAPE
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