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Climate Model Simulations

Benefits of High-Resolution Modeling
Dynamical Sea-Level (DSL) & Wind Stress

Model Bathymetry
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Ocean Currents and Temperature

Sea-Surface Temperature (SST) and Surface Velocity
2005-2017

Li et al. (2023)

Observations (WOA) Standard Resolution Model High Resolution Model



Sea Level Variability and Extremes

Sea Level Extreme Values – 99th Percentile
Relative to the 1993-2012 Mean 

Satellite Data Standard Resolution Model High Resolution Model
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CESM-LR CESM-LR CESM-LR

Future Extreme Sea Level Events
Present (1993-2012) Mid-Term (2041-2068) RCP8.5 Long-Term (2081-2100) RCP8.5

CESM-HR CESM-HR CESM-HR 

All Based on 50-yr Return Values of Yearly Maximum of 5-day Mean Sterodynamic Sea-Level (SDSL) Anomalies
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All Based on 50-yr Return Values of Yearly Maximum of 5-day Mean Full Sea-Level using a 30-year sliding window

Courtesy of Gaopeng Xu

Future Extreme Sea Level Values

Near-term Mid-Term Long-Term



Sea-Level at Grand Isle, LA
5-day Mean DSL Probability Density Function (PDF)

RCP8.5 2081-2100

Method of processing tide-gauge data follows Dangendorf et al. (2023)

Tide Gauge

Standard 
Resolution

High Resolution

Percentage Occurrence Frequency of 5-day Mean DSL 
Events Exceeding 20 cm in 20-year Windows
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Predicting Recent Rise in Gulf Sea Level
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Tide Gauge Stations along Gulf Coast
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Summary

Higher resolution climate models: 

• Outperform the standard resolution IPCC-class simulations, simulating notably improved 

representation of the Gulf’s sea-level statistics, encompassing mean, variance, and 

extreme sea-level rise values.

• Project accelerated sea-level rise due to density changes in the ocean and ocean dynamics 

along Gulf coast compared to the standard resolution IPCC-class simulations

• Are more skillful in predicting the rate of short-term (1-5 years) dynamical sea-level rise 

than the standard resolution, but it remains unable to fully encapsulate the post-2010 rapid 

rise

• Provide more detailed coastal sea-level rise projections, reducing uncertainties in assessing 

coastal vulnerability to sea-level rise



Future Direction: Regional Downscaling

Horizontal resolution:
10 km in the open ocean
2.5 km on average on the shelf
40 m at the Houston Ship Channel

Semi-implicit Cross-scale Hydroscience Integrated System Model (SCHISM)

SCHISM solves hydrostatic, Boussinesq, primitive equations on a hybrid triangular-quadrangular 

unstructured grid in the horizontal and hybrid localized sigma coordinates with shaved cells 
grid in the vertical (Du et al. 2019).  It realistically simulates tides and storm surges.
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