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This presentation has two parts…

1) A modeling system framework for assessing nature-based and 
infrastructure solutions to flood risk and nutrient pollution 
management (Dr. Alfonso Mejia and Dr. Cibin Raj)

2) Levee challenges in Pennsylvania (Dr. Kaleigh Yost)
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Flood risk in the Susquehanna River Basin is managed by 140+ 
levee systems



4

Flood-related costs 
are approximately 
$150M annually, on 
average

Tropical Storm Lee, 2011

Hurricane Agnes, 1972

Flood of 1996
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With 45% 
nitrogen, 25% 
phosphorus, and 
25% sediment 
pollution, the 
Susquehanna is 
the Chesapeake 
Bay’s top 
pollution source

Sediment plum during Tropical Storm LeeFish kills

Algal Blooms

Cropland soil erosion Manure/Fertilizer Application
Concentrated Animal 

Feeding Operation
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Developed a modeling system framework to assess 
nature-based and engineered infrastructure solutions
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Nature-based adaptations offer multiple benefits beyond flood 
control yet remain underutilized in flood risk management

Yolo Bypass, California

Wetland restoration, Memorial 

Parkway, Wyoming

Levee setback on the Puyallup 

River, Washington
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Ecohydrology-hydrodynamic modeling framework
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Integration with NHDPlus enables high-resolution modeling, capturing 
local hydrology and small-scale features with unprecedented detail

High resolution routing of runoff, nutrient and sediment 

loads

2

> 80 km

~ 0.5 km

CAST HUC-12

NHDPlus

2
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Standalone parallel computing 
and routing module

Water flux between channel and wetland 

Nitrogen flux between channel and wetland 

Goes back to the channel after 

the flood recedes

Liu, Y., Yang, W., & Wang, X. (2008). Development of a SWAT extension module 

to simulate riparian wetland hydrologic processes at a watershed scale. 
Hydrological Processes, 22(16), 2901-2915.

Flood event

Channel-Wetland Surface Water Interaction
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NHDPlus-scale model integrates nature-based and 
engineered infrastructure to improve flood risk assessment

➢ ~ 60,000 stream reaches

➢ ~ 700 reservoirs and ponds

➢ ~ 140 levees and floodwalls

➢ Highly distributed wetlands
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Model was calibrated/validated for crop growth, streamflow, 
sediment, and nutrient loading

NSE > 0.7

R > 0.85
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Case Study 1: We use the modeling framework to study flood 
teleconnections from levees
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“Flood teleconnection” effect from levees can be 
visualized
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Case Study 2: We use the modeling framework to simulate 
and identify frequently flooded crop areas at a high 
mapping resolution

Frequently flooded agricultural land under 

climate change
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Case Study 3: We use the modeling framework to assess the impact of 
future climate and land use projections on flood risk and nutrient pollution

➢ Moderate Global Warming 

(SSP245)

➢ High Global Warming 

(SSP585)

➢ Moderate Global Warming + 

Moderate Urbanization

➢ High Global Warming + High 

Urbanization 

Mean Annual Maximum 

Precipitation

By 2090
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Reforestation reduces flood peaks and nutrient/sediment 
pollution under combined climate and land use projections
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Developing a web-based decision support tool to share 
scenarios (with Dr. Maurie Kelly’s team)
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Future Research

ML approach for flash flood forecasting
Improving flood risk modeling through 

improved levee characterization, 

geophysical testing, and geotech modeling
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