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1900 Galveston Hurricane  Sept 8, 1900.
• Deadliest natural disaster in US history.
• Estimates of the death toll range from 6,000 to 12,000 
• Category four hurricane; >135 mph winds.

• Massive flooding and storm surge, Gulf covered the island. 

• Destroyed > 3,600 buildings 



1900 Hurricane  Sept 8, 1900.
• First detected over the tropical Atlantic on August 27.
• Limited use of non-USA warnings and science (Cuba; ships at sea): 

Barometric pressure readings.
• The U.S. Weather Bureau got the forecast completely wrong
• Tragically, the magnitude of the disaster could’ve been lessened if the 

U.S. Weather Bureau hadn’t implemented such poor communication 
policies.

• The bureau’s director, Willis Moore, “was so jealous of the Cubans 
that he shut off the flow of data from Cuba to the U.S”.

• Popular account: Larson, E. 2000. “Isaac’s Storm” 
• Isaac Monroe – Chief meteorologist Galveston, TX 1889-1901. Lost his 

wife in the storm.

https://www.history.com/news/how-the-galveston-hurricane-of-1900-became-the-deadliest-u-s-natural-disaster



https://celebrating200years.noaa.gov/magazine/galv_hurricane/galveston_1900_map.html





1900 Hurricane  Sept 8, 1900.
• At the turn of the century, Galveston was booming. It was the nation's 

biggest cotton port, its third-busiest port overall, and the second-
most-heavily-traversed entry for immigrants arriving from Europe, 
nicknamed the "Western Ellis Island." 

• The city had more millionaires, street for street, than any other in 
America.

• The storm caused such complete destruction and killed so many 
residents the survivors decided to abandon the town Galveston 
declined in stature and commerce.

• This hurricane along with the further dredging of the Houston Ship 
Channel to Houston, and the development of major rail lines to 
Houston changed the economic landscape of Texas.

https://www.1900storm.com/isaaccline/isaacsstorm.html







Galveston Seawall built – (1904-1963).



Recent Major Hurricanes in Texas 
Ike 9/13/2008 

Storm Surge - primary 



Hurricane Ike - 2008

Storm Surge - primary 



Hurricane Ike - 2008

Storm Surge - primary 



Ike & Galveston Seawall (2008).

On September 13, 2008, ‘Hurricane Ike’s large waves over-topped the seawall. As a result, a commission was established 
by the Texas governor to investigate preparing for and mitigating future disasters.



Recent Major Hurricanes in Texas: Harvey Aug 2017



Recent Major Hurricanes in Texas: Harvey

• Primary cause of damage – rainfall, inland and coastal flooding.

• Dropped salinity in bay to near freshwater levels!

• Dolphin and oyster impacts. Changes in species composition.











Freshwater Flooding 



Caimee Schoenbaechler – TWDB 2017



Fazioli & Mintzer 2022





Fazioli & Mintzer 2022



Known and Potential Effects of Climate 
Change
1. Rising sea level – well documented.

2. Change in precipitation

3. Stronger tropical storms (storm surge & rainfall, wind)?

4. More frequent tropical storms?



Sea Level Trends - Galveston

https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?id=8771450



Role of Subsidence in apparent SLR
Since 1908, the tide gauge at Pier 21 on Galveston Island 
recorded a rise in relative sea level of about 2 feet. Roughly 1 
foot of this rise is due to the global increase in sea level 
caused by climate change, and the remainder was caused by 
local land subsidence. 

LIVING WITH SEA LEVEL RISE ON THE UPPER 
TEXAS COAST
https://gomaportal.tamucc.edu/SLR/Ch1_Intro/

https://gomaportal.tamucc.edu/SLR/Ch1_Intro/


Subsidence + SLR



Sea Level Trends Extremes - Galveston

https://tidesandcurrents.noaa.gov/est/est_station.shtml?stnid=8771450



Projected SLR

• Scientists at the 
Virginia Institute of 
Marine Science 
measured sea-level 
rise at 32 tide-gauge 
stations along the U.S. 
coastline. Rockport 
and Galveston had the 
second- and third-
highest rates of rise in 
2019.

Dawson 2/6/2020 Texas Climate News



Galveston Relative Sea Level Rise

Liu et al.. 2020



Projected SLR

• The U.S. Interagency Sea Level Rise Taskforce concluded in 
2017 that, averaged globally, the planetary sea level “is very 
likely to rise at least 12 inches (0.3 meters) above 2000 levels 
by 2100 even on a low-emissions [of climate-altering pollution] 
pathway,” NOAA’s November 2019 report said.

• The 2050 projections for sea-level rise are 0.51 meters (1.67 
feet) at Galveston.

• Note: Actual SL during Hurricane events = SLR + Storm Surge + 
Rainfall runoff

Dawson 2020 Texas Climate News







Wetlands Retreat



Intergovernmental Panel on Climate Change's 5th Assessment Report 2013 Representative Concentration Pathways 8.5. 

https://www.ipcc.ch/report/ar5/




Combating Storms

• Structural

• Natural Land buffers (e.g. wetlands)

• Policy/Behavioral – zoning, set back, sticks and carrots.







Texas City Levee



Proposed “Ike Dike” – part of 
Coastal Texas Plan



“Ike Dike” – part of the Coastal Texas Plan 

• A “Multiple Lines of Defense” strategy was used in the Coastal Texas 
study to design cost-effective, environmentally friendly solutions that 
will reduce risks of storms impacting the coastal communities and 
restore important wildlife habitat at the same time. 



Recommended Coastal Texas Plan

• The entire proposed plan that was presented in the Coastal Texas 
Study include the: 

1. Gate systems (i.e. Ike Dike at Bolivar Roads) 
2. Galveston ring barrier (bay defenses), 
3. Ecosystem Restoration, 
4. Gates at Clear Lake & Dickinson, 
5. + all necessary mitigation.



Recommended Coastal Plan (RP)
• Coastal Barrier

• Surge gates across the Bolivar Roads inlet including two 650’ sector gates for 
ship traffic, two 125’ sector gates for other vessels, 15 vertical lift gates and 
shallow water gates for water flow

• Tie-in structures consisting of floodwalls and levees
• Beach and dune systems along the front of Bolivar Peninsula and Galveston 

Island to reduce storm surge
• Galveston Ring Barrier System, including improvements to the Seawall, 

floodwalls, levees, pumping stations, and a gate system at Offatts Bayou
• Storm Surge Gates Systems(with pump stations) at Clear Lake and Dickinson 

Bayou
• Non-structural improvements along West side of Galveston Bay
• South padre island beach nourishment and sediment management measures.

• 8 ecosystem restoration projects along areas of Texas coast





Current Status
• The latest update is that the Coastal Texas Program was authorized under 

WRDA 2022 in December.
• The USACE has not received any dedicated funding as of yet, so no new 

work has been started.
• There is no updated timeline yet.
• The website has not been updated. The USCOE may issue a press release if 

and when funded. 
• The TGLO does have a Coastal Texas Study website, Story map, & USACE 

links are posted below.
• https://coastalstudy.texas.gov/
• https://coastal-texas-hub-usace-swg.hub.arcgis.com/
• https://www.swg.usace.army.mil/



Gulf Defenses

• With a focus on redundancy and robustness, the first objective is to 
keep the storm surge in the Gulf. 

• The “Gulf Defenses” meet this challenge with a combination of surge 
gates at Bolivar Roads, seawall modifications on Galveston, and dune 
and beach systems on Galveston Island and Bolivar Peninsula. 



“Ike Dike”



Bay Defenses

• However, a combination of water from Galveston Bay and Gulf surge 
that could overtop the front-line defenses must be addressed through 
a second line of defense.  

• The “Bay Defenses,” comprised of a ring barrier system on Galveston 
Island, surge gates (and pumping stations) on the mainland, and 
nonstructural measures such as flood-proofing and the raising of 
buildings on the mainland, offer this second line defense.



With Project                              Without



Coastal Resilience

• To further ensure Coastal Resilience and support the multiple lines of 
defense strategy, the 

• Recommended Plan includes the restoration of 6,600+ acres of critical 
fish and wildlife habitat to provide a third buffer against coastal 
storms and erosion processes.



Potential negative effects

• Construction activities and operations
• Sound – construction
• Channel velocities.
• Change in bay circulation
• Lower salinities 
• Sediment transport
• Impacts on marine mammals, sea-turtles, fish, shellfish andbirds.
• Migration of fish, larval transport
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Questions?



Acronyms

• USACE – U.S. Army Corp of Engineers
• TGLO – Texas General Land Office
• NOAA – National Oceanic Atmospheric Administration


	Hurricanes, Barriers and Climate Change: Galveston Bay Case Study
	1900 Galveston Hurricane  Sept 8, 1900.
	1900 Hurricane  Sept 8, 1900.
	Slide Number 4
	Slide Number 5
	1900 Hurricane  Sept 8, 1900.
	Slide Number 7
	Slide Number 8
	Galveston Seawall built – (1904-1963).
	Recent Major Hurricanes in Texas �Ike 9/13/2008 
	Hurricane Ike - 2008
	Hurricane Ike - 2008
	Ike & Galveston Seawall (2008).
	Recent Major Hurricanes in Texas: Harvey Aug 2017
	Recent Major Hurricanes in Texas: Harvey
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Freshwater Flooding 
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Known and Potential Effects of Climate Change
	Sea Level Trends - Galveston
	Slide Number 27
	Subsidence + SLR
	Sea Level Trends Extremes - Galveston
	Projected SLR
	Galveston Relative Sea Level Rise
	Projected SLR
	Slide Number 33
	Slide Number 34
	Wetlands Retreat
	Slide Number 36
	Slide Number 37
	Combating Storms
	Slide Number 39
	Slide Number 40
	Texas City Levee
	Proposed “Ike Dike” – part of Coastal Texas Plan
	“Ike Dike” – part of the Coastal Texas Plan 
	Recommended Coastal Texas Plan
	Recommended Coastal Plan (RP)
	Slide Number 46
	Current Status
	Gulf Defenses
	“Ike Dike”
	Bay Defenses
	With Project                              Without
	Coastal Resilience
	Potential negative effects
	Slide Number 54
	References
	References
	Questions?
	Acronyms

