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Urban Flooding Published Papers 1956 – 2018 (From Web of Science)

Urban 
Flooding is an 
increasingly 
discussed 
phenomenon 
both in 
national 
reporting and 
the academic 
literature.



Major	U.S.	Urban	Flooding	Events
Tropical Storm Harvey – Houston (2017)

• Southern, Central Coast, and Northern 
California were impacted

• 6K individuals ordered to evacuate 
• 200K homes and businesses lost power
• The flooding resulted in property damage and 

at least 22 fatalities

California Floods (2022-2023)

Photo Credit: MARK RIGHTMIRE/MEDIANEWS GROUP

• Some parts of Houston received more than 50 inches 
of rainfall 

• Total damages were estimated at $125 billion
• Directly responsible for 68 deaths, the largest 

number of direct deaths from a hurricane in Texas 
since 1919 

• 68% of flooded homes were outside of the 100-year 
riverine floodplain

Photo Credit: Paul Jordan Anderson/DoubleHorn Photography



Mid-Atlantic	U.S.	Flooding	–	Carolinas,	Virginia,	
D.C.,	Maryland,	&	Penn.	Et.	Al.	(Summ/Fall	2023)

• 8+ states impacted along the eastern seaboard of the U.S.
• Over 600K customers lost power in the Northeast
• In DC, 20 people rescued from under bridge on Rhode Island Ave. and 10 dogs drowned at District Dogs
• In Maryland, a flash flood emergency was issued for the entire Baltimore area as 3–5 in (76–127 mm) of rain fell. Several roads 

and highways, including portions of the Capital Beltway (I-495) and US 29 were closed due to floodwaters on the roadway, and 
flooding also stranded drivers on several roads in the city. More than 1,500 power outages occurred across the state.. Damage 
in Maryland totaled to $548,000.

Photo Credit: Jason Crighton Photo Credit: Photo by Lokman Vural Elibol/Anadolu via Getty Images



Global	Commonalities	Amongst	“Urban	
Flooding”	Events	

•Rainfall was a major contributing factor, spreading the impact out 
beyond coastal or river flood zones.
•The amount and location of impervious cover is most predominant in 

high density areas, increasing stormwater runoff.
•Stormwater infrastructure was unable to cope with the amount of 

stormwater runoff during the events, leading to further flooding.
•Social and physical vulnerability of communities located in flood-

prone areas. – New Explicitly Mentioned Factor

Alves, P. B. R., Amanguah, E., McNally, D., Espinoza, M., Ghaedi, H., Reilly, A., & Hendricks, M. D. (2024). 
Navigating the definition of urban flooding: a conceptual and systematic review of the literature. Water 
Science & Technology, https://doi.org/10.2166/wst.2024.351



What	is	the	infrastructure	crisis?	
1.From lead-lined pipes in Flint, 
MI to the failing water treatment 
facilities in Jackson, MI, systems 
are past their prime and 
decaying infrastructure is 
omnipresent.
2. The American Society of Civil 
Engineers gave the U.S. 
infrastructure a C- in their most 
recent report card, just shy of a 
failing score.
3. Phenomenon has been well-
documented 
4. Social stratification is inherent 



Disparities	within	the	
infrastructure	crisis
1.Attention to where and on 
whom the burdens of 
decaying infrastructure fall 
heaviest is relatively new for 
a long-standing problem.
2. The just implementation 
and on-going maintenance is 
TBD.



Environmental	Injustice	
and	Social	Vulnerability

1.the nation’s 
environmental laws, 
regulations, and policies 
have not been applied fairly 
across all segments of the 
population.
2.social stratification based 
on race, income, disability, 
gender, age, nationality, 
among others contributes 
to differential risks and 
impacts from disasters



Selected	mentions	of	infrastructure	in	the	environmental	
justice	literatures	

“The failure of municipalities to install up-to-code sewer and water infrastructure (i.e., underground sewage and drinking 
water pipes of the adequate size and material) can lead to vulnerabilities in the sewer and water systems, increased levels of 
harmful microbes and chemicals in residential drinking and surface water supplies, elevated exposure risks, increased 
occurrence of gastrointestinal (GI) and other illnesses, reduced neighborhood quality of life, and higher stress levels among 
poor people of color residents.”

      - Wilson et al., 2008

“The nation must redefine "environment" to include infrastructure problems that threaten the fabric of our 
cities and their inhabitants. An inadequate sewer treatment plant is an environmental and health threat. The 
repairing or replacing of decayed sewer lines and upgrading existing and building new sewer plants are 
investments in America”

       - Bullard, 1994

“The foundation of vulnerability analysis… generally focuses on a community’s exposure to hazard agents such as floods, etc. 
Such assessments identify the potential exposure of populations, businesses, and the built environment (housing, 
infrastructure, critical facilities, and so on). Also important are the physical characteristics of the built environment such as 
wind design features of buildings, the height of structures relative to potential floods, as well as natural and engineered 
environmental features such as wetlands, dams, levees or sea walls, because they can modify vulnerabilities and 
concomitant risk.”

       - Van Zandt et al., 2012







Discriminatory 
Planning

Ongoing 
Economic 

Disinvestment

Residential 
Segregation

Substandard 
Housing

Chronic 
Unemployment

Redlining & 
Racial Zoning

High Poverty 
Rates

social	forces/
phenomena
• how did we get here?
• development patterns 

shaped by power and 
privilege
• what contributes to 

environmental injustice and 
hazard vulnerability? 



infrastructural	
processes	
• why social and 

infrastructural processes?
• these same forces instruct 

the provision of 
infrastructure (newer areas 
get more attention), as well 
as the designation of 
maintenance and upkeep 
funding in the Capital 
Improvements Program 
(CIP) of each city.

M&R Decision 
Trees

Materials and 
Equipment

InventoryDistribution

Condition

Type





Environmental Justice 
Race (e.g. racism)

Class (e.g. classism)
National Origin (e.g. nationalism)  

Social Vulnerability
Race/Ethnicity (e.g. racism)

Class (e.g. classism)
Gender (e.g. sexism)

Education 
Poverty 

Housing Tenure 

Hazard Risks, Exposure, 
and Recovery

Social Vulnerability and 
Environmental Justice 

Physical Vulnerability and 
Critical Infrastructure

Neighborhood Factors and 
Inequalities 

Water Systems  

Transportation Systems  

Interconnectedness

Interdependencies

Inequalities 
• Distribution of neighborhood 

investment
• Distribution of planning 
• Distribution of material wealth
• Distribution of employment 

opportunities
• Distribution of land uses
• Distribution of political 

influence

Neighborhood Factors
• Residential Segregation
• Racial Zoning & Development 

Patterns
• Disinvestment 
• Discriminatory Planning

Hazard Risks, Exposure, and 
Recovery 

• Natural/Climate 
• Environmental
• Technological 
• Public Health   

Public Health Systems  

Energy Systems  

Hendricks, Marccus D. & Van Zandt, S. (2021). “Unequal Protection 
Revisited: Planning for Environmental Justice, Hazard Vulnerability, & 
Critical Infrastructure in Communities of Color.” Environmental Justice. 













1. effects of infrastructure on the 
natural, built, and social environment

2. the role of infrastructure in modifying 
hazard risks and public health outcomes

3. infrastructure design, resilience (e.g. 
adaptation) and sustainable 
development

4. equity and environmental justice 
issues in infrastructure and public works 
management (e.g. procedural, 
distributive, and restorative justice)

5. civic participation, action, and 
community science in overseeing and 
provisioning infrastructure

Stormwater	Infrastructure	
Resilience	and	Justice	(SIRJ)	Lab

the	nexus
Infrastructure	
Planning	

Environmental
Planning	

Hazard	Mitigation	
and	

Disaster	Recovery	
Planning Participatory		

Planning	
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Table 2. Regression Results 
  
Sample size: 450       
      

  Coefficient 
Standard 

Error t statistic 
Dependent variable: length of sewers       

F-statistic: 59.97 / p-value: < 2.2e-16 
Adjusted R-squared:  0.5661       

Constant* 11.5000 0.2090 55.0281 
Impervious Rate* -0.9520 0.2452 -3.8800 
Building Height 0.0121 0.0369 0.3300 
Slope -0.0945 0.0581 -1.6262 
Elevation* -0.0604 0.0134 -4.5000 
Residential use -0.1734 0.0614 -2.8241 
Commercial use 0.2416 0.1332 1.8143 
Federal use -0.2715 0.1306 2.0801 
MS4 sewer shed 0.0436 0.0590 0.7390 
Population density* -2.54E-05 1.91E-06 -13.2870 
Social Vulnerability* -0.0160 0.0039 -4.1239 
        
Dependent variable: Area of sewers       

F-statistic: 36.45 / p-value: < 2.2e-16 
Adjusted R-squared:  0.4412       

Constant* 15.1034 0.3376 44.7330 
Impervious Rate* -0.8874 0.3960 -2.2408 
Building Height 0.0249 0.0592 0.3711 
Slope 0.0271 0.8754 -0.2890 
Elevation* -0.1442 0.0202 -6.6491 
Residential use -0.0285 0.0952 -2.8690 
Commercial use 0.0105 0.1999 0.4987 
Federal use -0.2647 0.2015 1.2551 
MS4 sewer shed -0.1816 0.0887 -1.9050 
Population density* -3.06E-05 3.09E-06 -9.8872 
Social Vulnerability* -0.0169 0.0058 -2.6974 
        
Dependent variable: The Number of GSI       

F-statistic: 19.84 / p-value: < 2.2e-16 
Adjusted R-squared:  0.2955       

Constant* 11.5634 1.1870 9.7374 
Impervious Rate* -3.3203 1.3920 -2.3010 
Building Height -0.4280 0.2083 -2.0551 
Slope -1.0610 0.3299 -3.2160 
Elevation* 0.2156 0.0762 2.8288 
Residential use 0.2837 0.3487 0.8140 
Commercial use 1.4360 0.7536 1.8977 
Federal use 0.3459 0.7413 0.4670 
MS4 sewer shed -0.2099 0.3510 -0.6261 
Population density* -8.88E-05 1.09E-06 -8.1800 
Social Vulnerability* -0.0542 0.0220 -2.4620 
*Statistically significant at the 99 percent confidence level 

 





A Smart, Connected, and Sustainable Campus Community: Using the 
Internet of Things (IoT) and Low-Cost Sensors to Improve Stormwater 
Management at UMD/Greater College Park

Qianyao Si*, Priscila B. R. Alves*, Mitchell A. Pavao-Zuckerman, … and Marccus D. Hendricks

Stormwater Infrastructure Resilience and Justice (SIRJ) Lab, School of Architecture Planning and 
Preservation, University of Maryland, College Park, United States

Abstract

To lessen the challenges from growing urban hazards, adaptive management has been 
named as an opportunity to ensure the resilience of urban systems. Internet of Things (IoT) 
technologies may facilitate urban adaptive management via shared, continuous monitoring 
data and multi-stakeholder collaboration. This article details the pilot implementation of an 
IoT Stormwater Monitoring Framework at the University of Maryland.



Built Surfaces and Shallow Waters: Simulating Urban Flood Risks and 
LULCs in Washington, D.C., USA

Higor C. Brito*, Priscila B. R. Alves*, Iana A.A. Rufino, … and Marccus D. Hendricks

Stormwater Infrastructure Resilience and Justice (SIRJ) Lab, School of Architecture Planning and 
Preservation, University of Maryland, College Park, United States
Abstract
Cities, are global centers of socio-economic, financial, and industrial development, and with 
high population density, face hydrological changes resulting from urban land use, which 
makes them vulnerable to flooding. With climate change, the frequency of flood events and 
the number of communities at risk will likely increase. This leads to a deeper understanding 
that it is impossible to eliminate flooding completely and that traditional structural 
protection measures are insufficient to ensure the resilience of communities against these 
natural disasters.

Year Scenario 
Return 
period 
(years) 

Rainfall 
duration 

(min) 
Max water 
depth (m) 

Average 
water 

depth (m) 

Area of 
water 

accumulati
on (km²) 

2019 

1 5 60 3.229 0.010 0.982 
2 25 60 3.514 0.010 1.232 
3 100 60 3.859 0.010 1.574 
4 5 180 3.537 0.012 0.822 
5 25 180 3.806 0.012 0.997 
6 100 180 3.897 0.013 1.105 

2045 

7 5 60 3.272 0.013 1.059 
8 25 60 3.326 0.013 1.482 
9 100 60 3.727 0.012 1.869 

10 5 180 3.536 0.011 0.837 
11 25 180 3.806 0.012 1.012 
12 100 180 3.896 0.012 1.117 

2045 -2019 

- 5 60 0.043 0.003 0.077 
- 25 60 -0.188 0.002 0.250 
- 100 60 -0.132 0.002 0.295 
- 5 180 -0.001 0.000 0.016 
- 25 180 0.000 0.000 0.015 
- 100 180 -0.001 0.000 0.013 

 



Source: Getty Images/iStockphoto



Urban	Planning,	Water,	
and	Environmental	Health	
Share	Historical	Roots

19th Century – Public health was 
part of  municipal planning; tackled 
infectious diseases (e.g., water, 
sanitation, rodent, mosquito control) 
20th Century – Injury and disease 
prevention (e.g., building permits 
and zoning for ventilation, exposure 
to toxic substances, development, 
separating residences from industrial 
areas)
21st Century – Need to consider 
chronic health problems AND/OR 
infectious disease???







Source: Review on 
Antimicrobial 
Resistance 2016

Antimicrobial	
and	Antibiotic	
Resistant	
Bacteria	Death	
Projections	2050





The	Water	Emergency	(WET)	Team:	
Environmental	and	Community-Driven	
Methodology	



Community	Engagement



Environmental	and	Community-
Driven	Methodology	



Household Sampling Kits, 
Equipment, and Protocol





Reporting Back to 
Households – Report 
Cards





Environmental Justice, 
Vulnerability, & Infrastructure 
– Takeaways 
• Equity in infrastructure includes 

procedural, distributive, and restorative 
justice. 

• The built environment (e.g. stormwater or 
public health infrastructure) must be 
recognized as a continuation of social 
circumstances.

• Infrastructure dynamics have direct 
implications for risk exposure, ecological 
and public health outcomes (e.g. water 
quantity and quality).

• Community science, civic participation, and 
university-community partnerships are a 
pillar in planning, engineering, and public 
health and the democratic gateway to a 
more informed, healthy,  just, and resilient 
society.





• Water Emergency Team: Community-Driven Rapid Response to 
Sanitary Sewer Overflows, Household Backups, and 
Environmental Contamination

• A Historical Content Analysis and Photo Elicitation Approach to 
Examine Racialized Topographies and Contextualize Flood Risk in 
North Brentwood, MD

• Urban Flooding and Infrastructure: A Place-based Study in 
Washington D.C.

• Internet of Things (IoT)  Enabled: A hyper-local stormwater living 
laboratory at UMD

• Water Security of Paraíba Municipalities: An Integrated 
Modeling of Climate Variability and Natural and Anthropogenic 
Dynamics

• Exploring the environmental justice and equity context and 
ramifications of the adoption of anaerobic digestion, input cover 
crops, and the production of renewable natural gas in the 
Delmarva peninsula, including the resilience of switch grass 
specifically to sea-level rise and saltwater intrusion

Current/Recent Projects
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