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NYC COMPLEXITIESNYC COMPLEXITIES
Preparing for emergencies in the nation’s largest city Preparing for emergencies in the nation’s largest city 

$1.13 TRILLION GDP

8.2 MILLION RESIDENTS 

51 MILLION ANNUAL TOURISTS 

800,000 SUBURBAN COMMUTERS 

5 MILLION DAILY SUBWAY PASSENGERS

2.5 MILLION DAILY BUS PASSENGERS

92.4 MILLION ANNUAL AIR TRAVELERS 

950 COMMERCIAL VESSELS IN THE NEW YORK 
HARBOR 

22 UNDERWATER RAIL TUNNELS
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182 NURSING HOMES

21 ACTIVE US MILITARY INSTALLATIONS 

600 CULTURAL INSTITUTIONS
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ONE-THIRD OF THE NATION’S LARGEST MEDIA COMPANIES

THE UNITED NATIONS

THE NEW YORK STOCK EXCHANGE 
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THE BROOKLYN BRIDGE 

THE STATUE OF LIBERTY 
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THE EMPIRE STATE BUILDING 

TWO MAJOR LEAGUE BASEBALL STADIUMS

INDIAN POINT NUCLEAR POWER PLANT

176 Languages Spoken

BROOKHAVEN  NATIONAL  LABORATORY



Students in 
New York City 
public schools 
speak 176 
languages



Contact: 

Carlin Andrus, GIS Coordinator
New York City Office of Emergency Management
candrus@oem.nyc.gov

Top 10 languages other than English spoken in Brooklyn





1. Plan & prepare for 

emergencies

2. Coordinate emergency 

response & recovery 

efforts

3. Educate the public 

about preparedness

4. Collect & disseminate 

critical information

5. Seek funding to support 

preparedness

OUR MISSION
New York City Office of Emergency Management
OUR MISSION
New York City Office of Emergency Management



Watch Command

Field Response

OPERATIONSOPERATIONS



World
Trade
Center
Attacks

9/11

GIS for Urban Hazards: Man-MadeGIS for Urban Hazards: Man-Made



OEM’s Role in 9/11 Response

Incident Coordinator:

Health and Medical
Human Services
Logistics
Debris Removal
Recovery
Frozen Zone
Transportation 
Business recovery



Themal 2 slides
Thermal Imagery



9/11 Restrictions

Pedestrian
&
Vehicular
Restrictions



Extreme
Weather

Snow

Tornados

Coastal Storms

GIS for Urban Hazards: Natural GIS for Urban Hazards: Natural 



Natural Hazards
Tornados
Snow



Tracking Debris Removal Progress



Tracking Sidewalk and Tree Recovery



Extreme
Weather

Snow

Tornados

Coastal Storms

GIS for Urban Hazards: Natural GIS for Urban Hazards: Natural 



GIS - Successful Response

Successful Response Starts With  A 
Map

Improving Geospatial Support for 
Disaster Management



How is GIS Useful for Emergency Response?

Aerial photos

Elevation

Streets

Buildings

Facilities

Subway Stations
…and many more
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Aerial photos

Elevation

Streets

Buildings

Facilities

Subway Stations

GIS combines layers of information…



How is GIS Useful for Emergency Response?

Data + Location
A Geographic Information System 
(GIS) links location information and 
tabular (database) information, 
enabling a person to visualize 
patterns, relationships, and trends.



Primary Responsibilities of GIS Specialists

▫ Provide reliable information to decision makers

▫ Create, collect, refine and organize data

▫ Develop map and data applications to present 
data



Situational Awareness for Field Response Support System

Emergency Response Data Packet Maps



Situational Awareness for Field Response Support System

Emergency Response Data Packet Reports



Provide Reliable Data

▫ OEM staff

▫ City agencies 

▫ State agencies 

▫ Federal agencies 

▫ Public authorities 

▫ Utilities

▫ Non-profits 

▫ Academia

▫ Field collection

Data SourcesPublic Safety GIS 
Data Development 
Center

Police (NYPD)

Fire (FDNY)

Health (DOHMH)

Environmental Protection (DEP)

Emergency Management (OEM)



Documentation (Metadata)

What?

Where?

When?

Who?



Catalog the Data



Catalog the Data



•Category 4 Hurricane

•Landfall at Atlantic 
City, NJ

•NE quadrant of storm

•Strongest wind impact

•3 million New Yorkers 
evacuate

•605,000 seek public 
shelter

NYC COASTAL STORM PLANNYC COASTAL STORM PLAN
Worst Case ScenarioWorst Case Scenario



NYC COASTAL STORM PLANNYC COASTAL STORM PLAN
The NY BightThe NY Bight

New York City Bight











- MEOWs – Maximum Envelope of Water
- Direction of the storm is held constant, but landfall location is varied
- Category of storm is held constant
- Can be run for a single RMW and forward speed or may include multiple RMWs and 

forward speeds

- MOMs – Maximum of the MEOWs
- For a given category of storm, combines worst case for each grid cell for all the 

MEOWs 
- MOM ensemble includes ~15,000 model runs

- P-surge – Probabilistic Storm Surge
- Run for a given storm, using the current forecast and the average historical error in 

track, intensity, size, and forward speed
- Results reported as the probability that a given surge depth will be exceeded
- Might include 4000 model runs
- Does not include tide

SLOSH products

SLOSH = Sea, Lake, and Overland Surges from Hurricanes



Topography

SLOSH

Evacuation Zones

Critical Facilities

Demographics

Evacuation Plan

Hurricane Zone 
Finder Application
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Coastal Storm Plan
GIS Division Roles and Responsibilities
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SLOSH versus Evacuation Zones

SLOSH Evacuation Zones

Evacuation zones 
are aligned to 
streets to simplify 
public messaging



NYC COASTAL STORM PLANNYC COASTAL STORM PLAN
Key Components: Evacuation ZonesKey Components: Evacuation Zones

Zone A (Category 1) 372,331

Zone B (Category 2)  577,940

Zone C (Categories 3 & 4) 1,380,388

Subtotal Zone Evacuees 2,330,659

Other Evacuees 714,162

Total Potential Evacuees 3,044,821



NYC COASTAL STORM PLANNYC COASTAL STORM PLAN
Key Components: TimelineKey Components: Timeline

Convene Mayor Mayor
Coastal Storm Recommends Orders

Steering HCF/ Special Needs General 
Committee Evacuation Evacuation Zero Hour Landfall

 - 96 hrs  - 72 hrs  - 48 hrs  - 24 hrs

 - 4 days  - 3 days  - 2 days  - 1 day

Pre-Evacuation Evacuation 

- 8 hrs



SANDY: THE FORECASTSANDY: THE FORECAST
10/23—10/24—10/25—10/26—10/27—10/28



10/23—10/24—10/25—10/26—10/27—10/28

SANDY: THE FORECASTSANDY: THE FORECAST

• Category 2 Hurricane

• 105 mph max sustained winds

• Ocean bound path becoming unlikely



10/26—10/27—10/28—10/29—10/30—10/31

SANDY: THE FORECASTSANDY: THE FORECAST

• Category 1 Hurricane

• 80mph max sustained 
winds

• Landfall predicted 2am 
Tues 10/30 as Category 1

• NWS predicts landfall near 
Southern New Jersey



10/26—10/27—10/28—10/29—10/30—10/31

EOC ACTIVATEDEOC ACTIVATED

140 representatives worked from the EOC



10/26—10/27—10/28—10/29—10/30—10/31

SANDY: FORECAST WORSENSSANDY: FORECAST WORSENS



10/26—10/27—10/28—10/29—10/30—10/31

SANDY: THE FORECASTSANDY: THE FORECAST

NWS 

predicts 

surge 

heights of 

4‐8ft



10/26—10/27—10/28—10/29—10/30—10/31

SANDY: FORECAST WORSENSSANDY: FORECAST WORSENS



NYC COASTAL STORM PLANNYC COASTAL STORM PLAN
The Sandy TimelineThe Sandy Timeline

Convene Mayor Mayor
Coastal Storm Recommends Orders

Steering HCF/ Special Needs General 
Committee Evacuation Evacuation Zero Hour Landfall

 - 96 hrs  - 72 hrs  - 48 hrs  - 24 hrs

 - 4 days  - 3 days  - 2 days  - 1 day
- 8 hrs

Pre-Evacuation Evacuation 

‐20 hrs

Mandatory 
Evacuation 
Order Issued

‐111 hrs

CSSC convened

‐42 hrs

Special 
Instructions 
Issued to HCF

‐22 hrs

Shelters  
Open

‐12 hrs

MTA Transit 
Shutdown

+ 13 hrs

Sandy 
makes 
landfall



10/26—10/27—10/28—10/29—10/30—10/31

SANDY: FORECAST WORSENSSANDY: FORECAST WORSENS

Predicted water surge heights
above MSL (NGVD29)

4.1 - 5.0

5.1 - 6.0

6.1 - 7.0

7.1 - 8.0

8.1 - 9.0

9.1 - 10.0

10.1 - 11.0

11.1 - 12.0

12.1 - 13.0

13.1 - 14.0

Zone A with additions

Land elevation above MSL (NAVD88)
Less than 10 feet

10 to 12 feet

12 to 14 feet

Source: National 
Hurricane Center

Changes in Maximum Surge Height Predictions for Sandy



SANDY’S ARRIVALSANDYSANDY’’S ARRIVALS ARRIVAL
10/26—10/27—10/28—10/29—10/30—10/31



DEWATERINGDEWATERING

•• 600 million gallons of water infiltrated infrastructure600 million gallons of water infiltrated infrastructure
• 703,791 customers without power in NYC
• 1.7 million cubic yards of debris generated
• Approximately 40,000 homes damaged or destroyed



DEWATERINGDEWATERING



Civilian Air PatrolCivilian Air Patrol

UsedUsed
NationalNational
GridGrid



Civilian Air PatrolCivilian Air Patrol



Civilian Air PatrolCivilian Air Patrol



Civilian Air PatrolCivilian Air Patrol



Georeferenced Oblique Aerial PhotographyGeoreferenced Oblique Aerial Photography



THE SANDY STORYTHE SANDY STORY



Hurricane Sandy ImpactsHurricane Sandy Impacts

600 million gallons of water infiltrated 600 million gallons of water infiltrated 
infrastructureinfrastructure

703,791 customers without power in NYC703,791 customers without power in NYC

1.7 million cubic yards of debris generated1.7 million cubic yards of debris generated

Approximately 40,000 homes damaged or Approximately 40,000 homes damaged or 
destroyeddestroyed



JOB 1: DEWATERINGJOB 1: DEWATERING
Storm Surge at Battery Park



POWER RESTORATIONPOWER RESTORATIONPOWER RESTORATION



Electrical Power OutagesElectrical Power Outages

Information fromInformation from
Consolidated EdisonConsolidated Edison
Private Electric UtilityPrivate Electric Utility



Electrical Power OutagesElectrical Power Outages

Information fromInformation from
Consolidated EdisonConsolidated Edison
Private Electric UtilityPrivate Electric Utility



POWER RESTORATION: NYCHA & HPDPOWER RESTORATION: NYCHA & HPD



POWER RESTORATIONPOWER RESTORATION



DebrisDebris



DebrisDebris

600 million gallons of water infiltrated 600 million gallons of water infiltrated 
infrastructureinfrastructure

703,791 customers without power in NYC703,791 customers without power in NYC

1.7 million cubic yards of debris generated1.7 million cubic yards of debris generated

Approximately 40,000 homes damaged or Approximately 40,000 homes damaged or 
destroyeddestroyed



SUPPORT TO RESIDENTS IN THEIR HOMES (SRITH)SUPPORT TO RESIDENTS IN THEIR HOMES (SRITH)



Door-to-Door Wellness ChecksDoor-to-Door Wellness Checks

600 million gallons of water infiltrated 600 million gallons of water infiltrated 
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703,791 customers without power in NYC703,791 customers without power in NYC

1.7 million cubic yards of debris generated1.7 million cubic yards of debris generated

Approximately 40,000 homes damaged or Approximately 40,000 homes damaged or 
destroyeddestroyed



Door-to-Door Wellness ChecksDoor-to-Door Wellness Checks

600 million gallons of water infiltrated 600 million gallons of water infiltrated 
infrastructureinfrastructure

703,791 customers without power in NYC703,791 customers without power in NYC

1.7 million cubic yards of debris generated1.7 million cubic yards of debris generated

Approximately 40,000 homes damaged or Approximately 40,000 homes damaged or 
destroyeddestroyed



• Mitigation Measures

• Better modeling

Future Planning



Proposed Inflatable Tubes for Subway TunnelsProposed Inflatable Tubes for Subway Tunnels



Proposed Sea Gates at Entrance to Upper New York BayProposed Sea Gates at Entrance to Upper New York Bay



• Bearing has significant effect on storm 
surge

• Allows for more flexibility in evacuation 
(less likely to over- or under- evacuate)

• Storm track predictions are more accurate 
than predictions of intensity

Proposed Changes in SLOSH Modeling: 
Bearing Based Approach



Maximum Surge Heights by Storm Bearing

WNW NW NNW N NNE NE

Category 1 12.6 12.1 10.7 8.8 6.6 5

Category 2 20.9 20 20.1 16.5 11.4 8.1

Category 3 26.6 27.6 27.4 23.4 17 11.3

Category 4 32.4 33.9 33.9 30.6 21.7 14.6

N

NENW
NNENNW

WNW
Storm bearings

72



Potential Building Impacts: Cat 1 Hurricanes
Buildings potentially impacted by worst-case surge based on hurricane bearing

Potentially impacted building

Building footprint

Evacuation Zone A

Evacuation Zone B

Evacuation Zone C Gerritsen
Beach

Coney Island

Gravesend

73



Irene – NNE bearing

74

Sandy – WNW bearing
(NW at landfall)

Predicted storm tracks for both storms 70 hours before landfall



Redraw Hurricane Evacuation ZonesRedraw Hurricane Evacuation Zones

Using new methodology and 
better data, investigate 
increasing the number of 
evacuation zones to better 
target areas needing to be 
evacuated for approaching 
storm

2012 – 3 zones (A,B,C)

2013 – 3, 4, 5, or 6 zones?



76
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GIS Division Roles and Responsibilities

Topography

SLOSH

Evacuation Zones

Critical Facilities

Demographics

Evacuation Plan

Hurricane Zone 
Finder Application

Topography

SLOSH

Evacuation Zones

Critical Facilities

Demographics

Evacuation Plan

Hurricane Zone 
Finder Application

Topography

SLOSH

Evacuation Zones

Critical Facilities

Demographics

Evacuation Plan

Hurricane Zone 
Finder Application

Topography

SLOSH

Evacuation Zones

Critical Facilities

Demographics

Evacuation Plan

Hurricane Zone 
Finder Application

Topography

SLOSH

Evacuation Zones

Critical Facilities

Demographics

Evacuation Plan

Hurricane Zone 
Finder Application



James McConnell, Assistant Commissioner
New York City Office of Emergency Management

Chengdu Form on UN-GGIM
Global Map for Sustainable Development:

Development and Applications in Urban Hazard 
Mapping

October 15, 2013


