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The sea, cities and rivers: 
living at the edge

Julie Pullen

(Title design courtesy of BNL)



Key Points

 Cities are like islands

 Coastal effects: heat waves & sea breezes

 Storm surge & hydrology stressors on urban 
infrastructure

 Increasing trends in precipitation

 Coupled earth system (unified) modeling

 Science input to resiliency

 Community engagement in design criteria



Cities as Islands

 Concentrate populations, microclimates, and 
hazards 

 Enhanced exposure to risk

 Represent key urban sustainability challenges 
encompassing: 

 Extreme rain/flooding, fires/air pollution, and coastal 
vulnerability 
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1 km resolution urbanized weather model develops sea breeze as observed

T. Meir, P. 
Orton, J. Pullen, 
T. Holt, W. 
Thompson and 
M. Arend, 
“Forecasting 
the New York 
City urban heat 
island and sea 
breeze during 
extreme heat 
events,” 
Weather and 
Forecasting, 28, 
1460- 1477, 
2013 

Heat Islands & Sea Breezes
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“Projected changes of 
extreme weather 
events in the eastern 
United States based on 
a high resolution 
climate modeling 
system,” Y. Gao et al., 
2012, Environ. Res. 
Lett.
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See also: P. L. Kinney, T. 
Matte, K. Knowlton, J. 
Madrigano, E. Petkova1, K. 
Weinberger, A. Quinn, M. 
Arend and J. Pullen, “New 
York City Panel on Climate 
Change 2015 Report 
Chapter 5: Public health 
impacts and resiliency,”
Annals of the New York 
Academy of Sciences, 1336, 
67–88, 2015.

Prediction of Future Heat Waves



Built Environment and Water Infrastructure
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Telescoping capabilities to the operational level of individual facilities



Infrastructure Impacts Case
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• Combined influence of riverine 

and tidal components

• Tidal wetlands

• Highly urbanized watershed, more 

than 2 million people 

• Critical facilities (e.g., Teterboro

Airport, NJ Transit, Passaic Valley 

Sewerage Commission)

• Oradell reservoir, storage capacity 

of 14,000 acre-feet

• Vulnerable to inland and coastal 

flooding 

• Modeling Approach:  integrated 

ocean-meteorology-hydrology-

hydraulics model suite
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Vulnerability to Storm Surge and 
Hypothetical Upland Dam Break 
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Max Storage of 14,000 acre-feet

Saleh, F., Ramaswamy, V., Wang, Y., Georgas, N., Blumberg, A. F., and Pullen, J.: A Multi-Scale Ensemble-based Framework for Forecasting 
Compound Coastal-Riverine Flooding: The Hackensack-Passaic Watershed and Newark Bay, Advances in Water Resources (in review, 
ADWR_2017_243)

Failure of 100-year old dam designed under climate stationarity and risk to energy/water infrastructure 



Storm Flooding Fingerprints 
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Irene inundation extent (2011) Sandy inundation extent (2012)
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Increasing Trends 
in Precipitation
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Projected Trends 
in Precipitation

“Extreme precipitation intensities 
have increased in all regions of the 
Contiguous United States and are 
expected to further increase with 
warming at scaling rates of about 
7% per degree Celsius”
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National Academy study, 2016



 Interactive web tool

Community-level index: 
Flood risk, water quality, 
and public access











Waterfront Edge Design Guidelines

(WEDG)

• Menu of best practices for all types of waterfront; modeled 

after LEED program for green buildings

• Created with input from more than 100+ different 

stakeholders
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A five-block-long 
Artifact Walk 

integrates large-
scale historical 

objects with the 
waterfront park. 

Access and connections to 
the waterfront will be 

improved, with streets and 
view corridors reconnecting 
upland areas to the water. 

The waterfront park includes 
recreational fields, native 
plant gardens, gathering 

spaces a large lawn, and a 
play space to the north. 

The relieving platform 
supporting the 

waterfront public access 
area will be renovated 
and be elevated above 

the floodplain. 

Building footprints are 
set back, outside of the 
floodplain, as a resilient 
strategy to reduce the 

risk of flooding. 

The waterfront park is 43% 
vegetated with large areas of 

native and resilient 
vegetation, and there are 169 

new proposed street trees.

Residential Case Study: Domino Sugar
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