






Asset In Sandy Inundation 
Area

Not in Sandy 
Inundation Area

Percent Inundated

Airports 2 0 100%

Subway Stations 31 459 6.3%

Rail Stations 9 33 21.4%

Bus Depots 6 24 20.0%

Bridges 29 41 41.4%

Tunnels 3 1 75.0%

Major Roads 235 652 36.0%









Fare Data / Turnstile Usage Data



• Turnstile Usage Data
• Entry/exit register values for 

Each turnstile 

• Every 4 hours

• Since May 05, 2010

• The New York City Subway, 
PATH, AirTrain JFK and the 
Roosevelt Island Tram



• 461 Remote Station

• 194 Time Stamp

• 23 Data Field 

• 442 Remote Station

• 194 Time Stamp

• 23 Data Field 

Total Data Potentially 
Impacted Stations

Geo-Referenced 
Stations
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Urban Flooding in a 
Changing Climate

• In the case of severe flooding, the combined volume of 
sewage and stormwater quickly can exceed the capacity of 
the wastewater treatment plants.  

• Loss of electrical power.

• Major equipment damage.

• Major infrastructure and transportation network failures.





Where should 
which type of 
infrastructure be 
put needs to be 
informed by 
space-time fields



Long duration Floods





 

Hierarchical Model 
Space-Time Rainfall Process Model 

Bayesian Inference 
       CfXfCXfYf ,|| 

 

     

     

     

     

     

Data Fusion 

Radar + Gauge 

 

 

     

     

     

     

     

 

     

     

     

     

     

 

     

     

     

     

     

Day 1 

Annual 

Max Rain  

Day 20 

Day 25 

Rainfall Extreme Event Fields 

Simulation of the Field 

Risk and Performance Analysis 

State Variables 

from Large 

Scale Climate 

Regional Climate 

Variables 

 

log 𝒀𝑖
𝑡 ~ 𝑁 𝝁𝑖

𝑡 ,𝚺𝑦    … (1) 

𝝁𝑖
𝑡 = 𝑪𝑗

𝑡𝜷 + 𝐗𝛄 … (2) 

𝜷~𝑀𝑉𝑁(𝝁𝜷,𝚺𝜷 ) … (3) 

Σ(i, j) = Ψ(||𝑠𝑖 − 𝑠𝑗 ||;𝝍 ) … (4) 



Flood SOFTWARE and 
PRODUCTS

1) Integrated warning   system 

2) Regular training drills/scenarios

3) Emergency recovery plans pre 
and post events

Scientific Framework

Modern Climate 
Informed Statistical 

Tools to Design Dynamic 
space-time rainfall 

intensity duration curves

Ground Truth

Real-Time Monitoring of 
rainfall intensity and sewer 

system volumes

Situation Room

Sensors Integrated in 
Lab to create a virtual 

model to stress test 
nodal failure points of 

the tranportation system




