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GREEN STORMWATER INFRASTRUCTURE 

Source: Philadelphia Water Department  

Source: US Environmental Protection Agency 



DEFINING RESILIENCE  

•  “Infrastructure resiliency is the ability to gracefully degrade and subsequently 

recover from a potentially catastrophic disturbance that is internal or external 

in origin 

– Source: American Society of Civil Engineers (ASCE) and National Science Foundation (NSF) researchers under the Resilient and 

Sustainable Infrastructure (RESIN)  

 

• In the context of flooding, resilience is the capacity of a system (community, 

society, or environment), to adapt, resist, and/or recover from the flood in order 

to maintain or achieve an acceptable level of functioning. 

– Source, Pelling, (2003) 

 

• In the context of resilience building: resilience is the potential to absorb and 

cope with impacts of climate shocks and extremes in the short-term, and to 

reorganize, and redevelop, preferably to an improved state in the longer term 

– Source: Engel, et. al. (2014) 



FRAMEWORKS FOR RESILIENT 
INFRASTRUCTURE 
 

 

• United Nations International Strategy for Disaster Reduction’s 

(UNISDR) 2005 Hydogo and 2015 Sendai Framework:  

• UNISDR’s Making Cities Resilience campaign of 2013 

• World Bank’s Global Facility for Disaster Risk Reduction - 2013 

• United Kingdom Department for International Development’s resilience 

framework 



EXAMPLES OF RESILIENCE INDICES  
 1. Coastal Resilience Index 

2. Argonne National Laboratory Resilience 

Index 

3. Social Vulnerability Index 

4. Baseline Resilience Indicator for 

Communities (BRIC)  

5. Community Assessment of Resilience Tool 

(CART) 

6. Resilience Capacity Index (RCI) 

7. Community Disaster Resilience Index 

(CDRI) 

8. Center for Risk and Economic Analysis of 

Terrorism Events Economic Resilience 

Index (CREATE – ERI) 

 

 

1. United Nations Development 

Program (UNDP) Disaster Risk 

Index (DRI) 

2. Inter-American Development Bank 

Disaster Deficit Index (DDI) 

3. Interagency Standing Committee 

(IASC) In-Country Team Self-

Assessment Tool for Natural 

Disaster Response Preparedness  

4. United Nations University Institute 

for Environment and Human 

Security, World Risk Index  

 



100 RESILIENT CITIES  

Source: 100 Resilient Cities 



100 RESILIENT CITIES  

Source: 100 Resilient Cities 



ARUP – CITY RESILIENCE INDEX  

Source: 100 Resilient Cities 



Source:  Atlanta Resilience Strategy, 

2017  

100 RESILIENT CITIES – EXAMPLES – LA, ATLANTA 

Source: Resilient Los Angeles, March 

2018  



• Vision 3 – Building our future city - today 

EXAMPLES FROM 100 RC – ATLANTA 

Source: Resilient Atlanta: Actions to Build an Equitable Future 



EXAMPLES FROM 100 RC - NEW YORK CITY 
At the stormwater greenstreet located on Nashville 

Boulevard between 116th Avenue and 209th Street in 

Queens (Nashville), 100% of stormwater runoff entered 

local catch basins and ultimately the combined sewer 

system prior to installation in 2011 

Over our 2012 monitoring season (April - November), we 

found that 21 out of 24 storm events were 100% retained 

within the site.  

 

Furthermore, our data suggests that the Nashville site can retain 

100% of the flow directed to it during all storms with less than 1.6 

inches of rainfall. 

 

 
In addition, Nashville was closely 

monitored during both Hurricane Irene and 

Superstorm Sandy, and it captured much 

more stormwater runoff than anticipated. 

Source: Landscape Architecture Foundation News 

Source: Google Maps 



100 RESILIENT CITIES - NYC 

Source: One NYC 2017 Update 



Sewage and stormwater management 

Source: St. Louis, MO – Clean Rivers Healthy Communities Program Illustration  

MAJOR MOTIVATIONS FOR GSI -LEGAL 

Decentralized 

systems for 

resilience 

 



MAJOR MOTIVATIONS FOR GSI - 
ECONOMY 

Source: Resilient Greater Miami and the Beaches 
Source: Climate Ready Boston, 2014  



1. Greenhouse gas emissions △🔥 

2. Temperature (urban heat island 

effect) △T 

3. Flooding △V🌧 △$ 

4. Real estate △$ 

5. GW recharge - △H 

6. Economy (jobs created/added) - 

△J 

7. Water use/reuse - △V, △$ 

8. Building energy costs - △🌧🌧 

9. Wildlife habitat - △🌧🐾 

10. Recreation - △🏊🌧 

11. Soil erosion/subsidence △⌥ 

12. Water quality △💧 △$ 

MAJOR MOTIVATIONS FOR GSI – THE  
“RESILIENCE DIVIDEND”  

Source: Department of Homeland Security  



MEASURING METRICS 

 

•Citizen participation (similar to lay monitoring 

programs) 

•Public private partnerships 

•Partnering with universities 

•Real time sensor based data collection and analysis 

to develop trends  

 



CONCLUSIONS 

• GSI practices are true examples of a “resilience 

dividend” – one feature, multiple benefits 

• Designing for resilience rather than risk allows not 

only robustness and redundancy – but also 

increases flexibility 

• GSI practices allow progress toward Sustainable 

Development Goals – offering more metrics 
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