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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)




Flood risk in the Susquehanna River Basin is managed by 140+
levee systems
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With 45%
nitrogen, 25%
phosphorus, and
25% sediment
pollution, the
Susquehanna is

the Chesapeake
Bay’s top
pollution source
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Developed a modeling system framework to assess
nature-based and engineered infrastructure solutions




Nature-based adaptations offer multiple benefits beyond flood
control yet remain underutilized in flood risk management
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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 detalil
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Standalone parallel computing

and routing module
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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.
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NHDPIlus-scale model integrates nature-based and
engineered infrastructure to improve flood risk assessment

» ~ 60,000 stream reaches > ~ 140 levees and floodwalls

» ~ 700 reservoirs and ponds > Highly distributed wetlands
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Model was calibrated/validated for crop growth, streamflow,
sediment, and nutrient loading

200001 M Simulated B20| | @ siriatad
¥ UsGs A £ || WRTDS
[0
: <
15000 g15
) L
E £
~ ]
10000 Eno
[} e
5 8
L —
a 205
[0
2 : a1 1 |I inl
©
NSE > 0.7 3, inniinlninial s
OO\ NSNS IS KN AT ANACAE

Q)%Q %%Q)%%QQQ
T T T N U A TR R

R >0.85
. 1 5 Legend Legend
[l Simulated [ Simulated
_ M WRTDS 3| | WRTDS
= ?
I T
3 B
g1 2
3 3
o o
b | |
z 5 o
T 5
! ! I II I I I I III I
: MsniRANNNEN il [

'\

Cb WP CbQ\‘L'bvb%
°.> QO.)O.)O.)O_)Q)O.) QQQQQQQQ\'\'\\'\'\’\ Q (1/ ) DD O Q(LQ%Q“QQQQQ'\Q\\'\"L\%\D"\@\@
B S S A S S S S B e o S S S S S s R T B s i

N N




Case Study 1: We use the modeling framework to study flood
teleconnections from levees
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Source: Knox, R. L., Morrison, R. R., & Wohl, E. E. (2022). A river ran through it: Floodplains as America’s newest relict levees
landform. Science Advances, 8(25), eabo1082.
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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




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

A,
j ¢

\‘" Mean Annual Precipitation (mm)
) 800 - 900
» Moderate Global Warming Baselinx 900 - 1000
1000 - 1100
(SSP245) B 1100 - 1200
» High Global Warming

B 1200 - 1300
(SSP585) 4 J
» Moderate Global Warming +

B 1300 - 1400
B 1400 - 1500
Mean Annual Maximum
Precipitation

Bl 1500 - 1600

Moderate Urbanization
» High Global Warming + High

Urbanization

'
NPT S e A
ML BN

2090 DR L
Land Use
% Change ] Grain Crops
L 1-5-0 :] Hay
C10-10 [ Water
B 10-20 B Developed
= gg ] ig Bl Forest
[ Pasture

40 - 50




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

Improving flood risk modeling through
improved levee characterization,
!Lgeophysial test

ML approach for flash flood forecasting
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