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Hurricane Sandy
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Hurricane Irma
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Hurricane Maria
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Mexico Beach, FL - NOAA

Hurricane Michael
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Tuckerton, NJ - boston.com

Residential Vulnerability
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NASA and NHC

Will dangerous storms become

more frequent!?
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KERRY AMR2 Return Period Gauge-2
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Note: The cone contains the probable path of the storm center but does not show
the size of the storm. Hazardous conditions can occur outside of the cone.
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Can we protect ourselves!?
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FIGURE 17 - Potential Category 2 hurricane surge at South Ferry (Battery) Subway Station

US Army Corps 1995
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NASA Modis Satellite

Storm Surge Modeling
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Storm Surge
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Storm Surge + Sea-Level
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Shallow Flow

Regis Lachaume
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Shallow Water - Topography

Water Height t=0.0
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Storm Surge Model
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Storm Representation
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Holland Hurricane Model
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Holland Hurricane Model
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Surface at day O, hour -14.0
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Adaptive Mesh Refinement

Surface at 14.44 hours
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Adaptive Mesh Refinement

Hilo Harbor at 14.72 hours
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Adaptive Discretization
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Adaptive Discretization
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Manning's n coefficient regions Gauge 21401
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Approach

G(x9 t’ 5) ~ g(’x9 t’ 5)
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Polynomial Chaos Expansions

Quantity of Interest (simulation) Basis
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Spectral Galerkin Projection
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POD-Galerkin Method

(u(,ul),u(,ug), ,U(,us)) O(NdN)
SVD M = dim(V,;) < dim(V) = N

u" () = r(w(p), v (1) &) VEEV,,  O(MN)

Kyle T. Mandli 48 &5 COLUMBIA | ENGINEERING
y ) TN The Fu Foundation School of Engineering and Applied Science



Hyperbolic PDEs are Low-dimensional

1.50
1.25
1.00
0.75
0.50
0.25
0.00
—0.25

—0.50

Kyle T. Mandli

| (N

0.0 0.2 0.4 0.6 0.8
X

Snapshots are orthogonal

1.0

49

1.0 A

0.8 A

0.6 -

0.4 1

0.2

0.0 A

B—

g Ug

— t
Us -

g u,
R—

— t
U; -

— t
U, -

g Uy

0.0 0.2 0.4 0.6 0.8 1.0

Inverse CDFs are low-rank

&5 COLUMBIA | ENGINEERING

7 v The Fu Foundation School of Engineering and Applied Science



Low-Dimensional Transport Maps
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Example: Burgers’ Equation
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DEIM as a Solution
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Combining DEIM with Transport

DEIM basis (first 10)
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Advected Basis Points

time-step : 100
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Moving Basis
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Example: Translation and Dilation Parameters

DEIM basis (first 10)
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Outlook

Kyle T. Mandli 58



Storm Surge Computing
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Storm Surge Forecasting
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Multi-Fidelity Models
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Return Curve Sensitivities

KERRY AMR2 Return Period Gauge-2
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Two-Layer Shallow Water

Solution att = 0.00
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Global Internal Tide Forecasting

-5
Interface Displacement (m)

Simmons, H. L., Hallberg, R.W. & Arbic, B. K. Internal wave generation in a global baroclinic tide
model. Deep Sea Research Part ll: Topical Studies in Oceanography 51, 3043—-3068 (2004).
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Manning's n coefficient regions Gauge 21401
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Sraj, I, Mandli, K. T., Knio, O. M., Dawson, C. N., & Hoteit, |. Uncertainty Quantification and Inference of Manning’s Friction Coefficient using
DART Buoy Data during the Tohoku Tsunami. Ocean Modelling (2014).

UQ and Data Assimilation
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“Exotic” Computing
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Ongoing Work
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Burstedde, C., Calhoun, D.A., Mandli, K. & Terrel,A. R. ForestClaw: Hybrid forest-of-octrees AMR for hyperbolic
conservation laws. in ParCo 2013
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Ongoing
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Mandli, K. T. et al. Clawpack: building an open source ecosystem for solving hyperbolic PDEs. Peer] Comput. Sci. 2,
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Thanks!
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