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Integration of natural features as part of stormwater management to enhance 
environmental, health and economic co-benefits 
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•Green infrastructure uses plants, 
soils, and other media to capture and 
treat stormwater at its source. It 
relies on the natural processes of 
filtration, infiltration, and 
evapotranspiration to manage 
stormwater.

•Green infrastructure can be 
implemented at multiple scales.

The U.S. Clean Water Act (Section 502(27); 33 U.S.C. 1362(27)) defines “green infrastructure” (GI) as “the range of measures that use 
plant or soil systems, permeable pavement or other permeable surfaces or substrates, stormwater harvest and reuse, or landscaping 
to store, infiltrate, or evapotranspire stormwater and reduce flows to sewer systems or to surface waters.”

What is green infrastructure?



Green Infrastructure Practices

• Are designed to meet multiple 
stormwater management 
objectives, including runoff 
volume reduction and water 
quality protection

• Can be constructed individually, 
or as part of a larger scale 
approach

• Should be part of a 
decentralized management 
strategy that uses multiple 
localized controls, which 
combine into a ‘treatment train’ 
to provide comprehensive 
stormwater treatment



https://www.cocity.se/om-oss/urban-ecosystem-services/

Integration of Nature-based features (including green stormwater infrastructure; GSI) can create more 
value from flood mitigation projects

From 2015 to 2020, GSI construction in the DC metropolitan region created (Galvin and BenDor 2023):
• $91M in average annual economic output
• $45 million in labor income
• $60M in value added
• 437 jobs
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Green Infrastructure Benefits 

Keeler et al., 2019. Social-ecological and technological factors moderate the value of urban nature. Nature Sustainability



Research & Monitoring
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HOW DOES FUNCTION VARY BY GSI FORM?

Driscoll et al. 2015 Science Policy Exchange report – Data Sources http://www.bmpdatabase.org, EPA, EWRF & peer-reviewed lit

http://www.bmpdatabase.org/


Floating flowers: Screening cut-flower species 
for production and phytoremediation on floating 
treatment wetlands (FTW) in South Florida

Locke-Rodriguez, J, T. Troxler, M. Sukop, L. Scinto, K Jayachandran. 2023. 
Environmental Advances.

• Artificial ecosystems designed to mimic the nutrient 
removal of natural wetlands through the hydroponic 
cultivation of plants on floating rafts.

• Hydroponic cultivation growth of 
commercially-valuable could promote biomass 
harvesting and replanting efforts (and subsequent 
potential for nutrient removal).

• The study aimed to assess the growth success and 
nutrient remediation capacities of five cut-flower 
species on FTWs in controlled mesocosm systems 

Dr. Locke deploying FTW (above) and pics of the 
experiment and cut blooms (below)



Floating Treatment Wetland nutrient removal 
and economic potential 

Accumulated Mass Removed plotted for marigold and 
control treatments over time and nutrient removal rates

• Compared with Zinnias and sunflowers, Marigolds 
grew well in floating wetland mats

• Total phosphorus (TP) and total nitrogen (TN) removal 
rates were 0.062 g m2 day-1 and 0.321 g m2 day-1 , 
respectively

• Marigolds removed 52% more TP and 33% more TN 
compared to controls.

• Costs can be recovered after 1.5 harvests (selling 
price~$64 m-2 vs. supplies cost~$97 m-2)

Locke-Rodriguez et al. 2023. 



Modeling dynamic performance of urban infiltration 
trench systems: Methodology and a case study in 
Philadelphia 

Ebrahimian, A., N. Sokolovskaya, B. Wadzuk. 2021. Journal of Hydrology 594. 

• Popular in dense urban areas primarily due to their small 
footprints that cope with the limited available space and 
subsurface utility conditions. 

• The event-based modelling can lead to the most conservative 
design. 

• However, GSI systems behave dynamically over seasons and 
under variable rainfall conditions. 

• The study incorporated GSI dynamic performance into a simple 
modeling approach, simulated and compared both 
event-based and continuous simulation models were 
developed using SWMM, and calibrated/validated output 
against observed data. 

Stone trench with embedded tree pits (i.e., 
tree trench) underneath a sidewalk on North 
7th Street in Philadelphia, PA



Ebrahimian, A., N. Sokolovskaya, B. Wadzuk. 2021. Journal of Hydrology 594. 

• Three years of infiltration trench observational data 
showed a seasonality and a head-dependency.

• Monthly adjustment factors were developed for saturated 
hydraulic conductivity (Ksat) and a head-dependent 
component for infiltration in the model. 

• The model with adjustment factors corresponded well 
with observed data for number and duration of overflow 
events.

• The methodology can be extended to other generalized 
sets of monthly adjustment factors for different 
conditions or different infiltration trench systems. Longer 
time series of observed data can improve the accuracy 
of the results. 

Modeling dynamic performance of urban infiltration 
trench systems: Methodology and a case study in 
Philadelphia 





A Complete Water Balance of a 
Constructed Stormwater Wetland

• A novel and comprehensive water budget model was 
developed stormwater management capabilities of a 
constructed stormwater wetland (CSW) in Villanova, 
Pennsylvania. 

• The CSW of interest was retrofitted from an existing 
retention basin with the hypothesis that under a 
wetland configuration, the system could manage a 
comparable amount of incoming flow and provide 
more ecosystem services. 

McGauley, M., G Zaremba, and B. Wadzuk. 2025. Water 
Resources Research.

A. The areas draining into the Constructed Stormwater Wetland 
(CSW) (outlined and labeled in blue) B. Flow path and direction 
indicated by blue arrows.



McGauley, M., G Zaremba, and B. Wadzuk. 2025. Water Resources Research.

Effective urbanization 
(imperviousness) reversal by 
the constructed stormwater 
wetland in terms of:

a) A change in the land cover 
of the pervious area, but 
the same percentage of 
impervious surfaces and 

b) A change in the amount of 
imperviousness, but the 
same land cover in the 
pervious area.

In other words, the 
hydrological signature of the 
large receiving area mimics 
that of an area with lower 
impervious surface with the 
constructed wetland in place 
(CN flow is similar).

A Complete Water Balance of a Constructed Stormwater Wetland

NRCS curve number (CN) flow described in Woodward et al. (2003)



Constructed wetland GSI monitoring

A. Ebrahimian, FIU Department of Civil and Environmental Engineering 

FIU Wetlands Preserve



Building a Community-Driven Coastal Watershed 
Resilience Plan to Maximize Flood + Wildlife 

Benefits in Miami-Dade County



‘Urban design is a collaborative venture involving 
landscape architects, planners, architects, civil 
engineers, scientist, artists, developers, politicians, 
and residents.’ 
(Modified from University of Maryland’s Landscape 
Architecture Program)

Urban design studios required for landscape 
architecture degrees can offer opportunities for 
envisioning new, alternative approaches to 
stormwater management planning that are more 
transformative (e.g., innovative, restructuring, 
multi-scale, system-wide, anticipatory, 
multi-functional).

2018

19

Sea Level Solutions Interdisciplinary Research and Design Studio in 
North Beach, Miami Beach: graduate course cross-listed across College 
of Communications, Architecture & the Arts; College of Arts, Sciences & 

Education, College of Engineering & Computer Sciences, School of 
International & Public Affairs

Envisioning and implementing transformative, stakeholder-driven projects 
leveraging interdisciplinary, multi-institutional collaborations 

Fedele et al. 2019. Environmental Science and Policy; 
Swart et al. 2023. Social Sciences.



 

 

What barriers are you facing in 
designing, implementing, maintaining 
or scaling green stormwater 
infrastructure?

If so, how are you overcoming them?

Discussion Questions


