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Background 

• Storm surge from tropical 
cyclones (hurricanes) can lead to 
extensive material and human 
damages 

• Texas and the other gulf states 
are particularly vulnerable due 
to the frequency of storms in the 
Gulf of Mexico

• 1000s of deaths and billions in 
damage since record keeping 
began in 1829
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Source: https://www.weather.gov/hgx/projects_ike08_bolivar2



Background 

• Recent storms are accompanied by 
heavy rains

-> “Compound flooding” :

• Interaction between two or more 
sources of floodwaters 

• Example: Hurricane Harvey (2017) -
(minor) storm surge in Galveston 
Bay blocked drainage of rainfall 
runoff and amplified inundation
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Source:http://sites.utexas.edu/climatesecurity/2020/03/25/
flooding-from-all-directions-how-compound-flooding-threatens-urban-areas-in-oceania/



Motivation
• Develop ADCIRC models that cover the Texas coastal area with very high resolution:

- Rivers
- Floodplains
- Ocean

• Identify past hurricane events

• Data collection and processing of inputs to the model, including:
- Meteorology
- River flows

• Perform computations for each identified event:
- Storm surge only
- River flooding only
- Compound

• Post process results to identify the transitional zones between the 3 types of floods
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(2D) Shallow Water Equations
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Advanced Circulation Computer Model (ADCIRC)
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New Compound Flooding Mesh 



• Extreme resolution of the Texas 
coast (rivers and floodplains)

• 8 million nodes, 16 million triangular 
finite elements

• Validated for storm surge during 
past hurricanes (focus on Ike 2008)

• Flooding from rain induced runoff is 
modeled using river flows from 
major watersheds 

• “30m mesh” on the left
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New Compound Flooding Mesh 
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Some Mesh Details
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Some Mesh Details
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Some Mesh Details



Boundary Conditions
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Stress Test of the Model
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Hurricane Ike surge Hurricane Ike surge + 500,000cfs in all rivers (breaks old mesh)



“Goal”
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Selected Past events
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Tracks of 14 historic hurricanes



Results – Hurricane Harvey (2017)
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• Costliest hurricane on record 
(tied with Katrina)

• Maximum storm surge: 8 ft. near 
Port Aransas

• Rainfall in Houston up to ~50 
inches

• Simulation dates: August 17 - 
September 2, 2017



Results – Hurricane Harvey (2017)
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Results – Hurricane Harvey (2017)
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Results – Hurricane Ike (2008)
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Results – Hurricane Ike (2008)
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Results
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Hurricane Ike

Hurricane Harvey



Takeaways 
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• New ADCIRC mesh capable of incorporating riverine runoff in 
hindcasting and studies

• New ADCIRC mesh (hopefully) to be used for operational forecasting 
of storm surge and compound flooding

• Currently post-processing the results to ascertain the locations of the 
transitional zones 

• At present state, we have performed ~ 150 hurricane simulations for 
this project (hundreds more to come using synthetic storms and river 
flow data)
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