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“We didn’t think 
we were at risk… 
we are not in 
FEMA’s flood 
zone…”





• This home would have absolutely 
flooded in:
• Unnamed Storm (1915)
• Hurricane Betsy (1965)
• Hurricane Isaac (2012)
• Hurricane Ida (2021)

• They flooded 4 times since 1900 
(around every 30 years!)
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Part 1 
Knowing Our Local Extreme Weather History



Major Hurricanes (Cat 3+) in South Florida
1966 – 2003 (38 Years)

Hurricane Andrew (1992)



Population of Miami-Dade County

1966: 1.7 million          2003: 5.1 million

That’s a 300% increase in 38 years!



14 Major (Cat 3+) Hurricane Landfalls
1916-1965 (50 Years)

“Florida Keys” (1919)
“Tampa Bay”    (1921)

Storm Names and Dates



Hurricanes and Tropical Storms Passing within 75 
nautical miles of Hilton Head, SC



Hurricanes and Tropical Storms Passing within 75 
nautical miles of Hilton Head, SC



8 Hurricanes 
in 11 Years!



8 Hurricanes 
in 11 Years!

0 Hurricanes 
in 48 Years!







Base Flood Elevation (BFE)



60 years of history



120 years of history









#1 Mental Mistake:

“I’ve lived here for (20, 30, 40) years and I’ve never 
flooded before… so I don’t need to think about floods…” 



How Do We Visualize Local Extreme Weather Data?



Method #1: Time Series



Method #2: Histogram



Method #2: Histogram



Insights on Extreme Weather Statistics

• Focus on extremes, not averages

• Large sample size needed to 
capture most extreme events

• The highest-magnitude events are 
much higher than most events

• This pattern is observed for all 
types of data



Top 100 All-Time NFL Passing Leaders

Source: pro-football-reference.com/
Updated: Nov 13, 2023



Top 100 All-Time NFL Passing Leaders

Source: pro-football-reference.com/
Updated: Nov 13, 2023



#1: Tom Brady #2: Drew Brees

#3: Peyton Manning #4: Brett Favre



Top 100 All-Time NFL Passing Leaders

Source: pro-football-reference.com/
Updated: Nov 13, 2023



Hurricane/ Flood Drought

Fire Snow/ Cold



https://www.twdb.texas.gov/publications/
reports/other_reports/doc/Drought-in-
Texas-Comparison-1950s-2010s.pdf



SNOW







Power/ Utility Line





Power/ Utility Line







Snowfall records since 1946

#1 Season: 1951-1952 812” (~ 68 feet)
#2 Season: 2022-2023 715” (~ 63 feet)
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Part 2 
Take A Look Around The Neighborhood



Roll a die six times…

What will you see?





Hurricane Ian (2022)



Know Your Regional Disaster History
Hurricane Irma (2017)

Source: NHC Report 
on Hurricane Irma



Know Your Regional Disaster History
Tampa Hurricane of 1848



Brown, Canter Jr. (2018) ""The Most Terrible Gale Ever Known" - Tampa 
and the Hurrican of 1848," Sunland Tribune: Vol. 24 , Article 6.



June 2011 August 2012

April 2021 November 2023
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Part 3 
How Environmental Change Shifts 

Data-Driven “Baselines”



Climate Change

Population Change



Climate Change

“True Climate Change Is Tied To A 
Physical Process”



Higher Temps and Drought

• Lower Relative Humidity
(If water content unchanged)

• Higher Evapotranspiration



Higher Temps and Drought

• Lower Relative Humidity
(If water content unchanged)

• Higher Evapotranspiration

Look into:

Changes in atmospheric circulation?
Changes in precipitation patterns?



Tropical Weather

• Sea Level Rise

• Rapid Intensification of Hurricanes

• Slower-Moving Hurricanes and Tropical Storms

• Increased Moisture = More Rain

• But NOT necessarily more named storms



Sea Level Rise

Photo: Dr. Hal Needham







Rapid Intensification of Hurricanes



Rapid Intensification Over the Past 7 Years
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157+ MPH

130-156 MPH
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96-110  MPH

74-95   MPH

Hanna (2020)
40 MPH

Harvey (2017)
40 MPH

Laura (2020)
45 MPH

Michael (2018)
45 MPH

4 4

Ida (2021)
55 MPH

3

Idalia (2023)
45 MPH



Since 1950, the greatest 24-hour intensification rates prior to a U.S. landfall: 

Humberto (2007):   65 mph increase
King (1950):  60 mph increase
Eloise (1975): 60 mph increase
Ida (2021):  55 mph increase
Danny (1997): 50 mph increase
Michael (2018): 45 mph increase
Laura (2020): 45 mph increase
Idalia (2023):  45 mph increase
Cindy (2005): 40 mph increase
Harvey (2017): 40 mph increase
Hanna (2020): 40 mph increase

2017-2023 = 6 times in 7 years

(List adapted from CAT-6 Weather Blog)





“How a Warming World May have Caused 
Hurricane Florence to Stall”

https://www.pbs.org/newshour/show/how-a-warming-world-may-have-caused-hurricane-florence-to-stall

https://www.pbs.org/newshour/show/how-a-warming-world-may-have-caused-hurricane-florence-to-stall


Our Approach:

1. Build a data-driven baseline

2. Look at regional “neighborhood”

3. Consider environmental change 
and build buffers



Our Ultimate Goal:

Align Our Analysis with Reality 
As Much As Possible
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Part 4 
Winter Weather Outlook



U.S. Drought Monitor: Sep 26, 2023

Level     9/26   
D1+    81%
D2+    60%
D3+    38%
D4    13%



U.S. Drought Monitor: Nov 7, 2023

Level     9/26     11/7   
D1+    81%     65%
D2+    60%     36%
D3+    38%     11%
D4    13%       2%



NOAA Climate Prediction Center



NOAA Seasonal Climate Outlook



NOAA Climate Prediction Center
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Geo-trek.com



Episode 59: The Sinkhole That Gobbled Up Eight Corvettes



Episode 58: Sinkholes and Caves in West Virginia



Contact Info

Hal Needham, Ph.D.

Extreme Weather and Disaster Scientist
GeoTrek/ Flood Information Systems

Based in Galveston, Texas

409-502-4672
halneedham@cnc-resource.com

Geo-trek.com
Floodinformationsystems.com

Check out GeoTrek Podcast! 

mailto:halneedham@cnc-resource.com
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