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When we think of tropical cyclones, we usually think of systems with a
compact structure and a well-defined eye...
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...but over landfall, its structure changes, covering large areas away from
the center

Hurricane Helene (2024)
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...but over landfall, its structure changes, covering large areas away from

the center
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To further complicate the matter, predecessor rain events can impact large

areas ahead of the storm, as was the case during Hurricane Helene
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poleward of recurving tropical cyclones.
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We can clearly see the signature of orographic enhancement in the storm
total rainfall during Hurricane Helene
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Tropical cyclones are responsible for 10-20% of all annual maxima in the

western Carolinas, including one of the top-2 events on record at many sites
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This area is no stranger to extremes...remember the 2004 hurricane season

Hurricane Frances (2004)
September 3-11, 2004




This area is no stranger to extremes...remember the 2004 hurricane season

Hurricane Ivan (2004)
Ao September 13-26, 2004




This area is no stranger to extremes...remember the 2004 hurricane season

Hurricane Jeanne (2004)
September 25-30, 2004




The broad region of western North Carolina that was impacted by Hurricane
Helene was also impacted by three hurricanes during September 2004

Hurricane Frances, :
lvan and Jeanne % Hurricane Helene
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heavy tail distribution
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The characteristics of the precipitation distribution in this area point to a
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The heavy tail of the precipitation distributions leads to larger values across

the eastern Appalachian Mountains and along the coast

Annual exceedance probability = 0.1
(Return period = 10 years)

Annual exceedance probability = 0.01
(Return period = 100 years)

Annual exceedance probability = 0.002
(Return period = 500 years)

13

400
380
360
340
320
300

260
240
220

180
160

120
100
80
60
40
20



The upper tail characteristics for flood peaks are consistent with what found

for precipitation
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It is important to consider the role of different flood-generating mechanisms

in controlling the upper tail of the flood peak distribution

Entire series After removing tropical cyclones
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It is important to consider the role of different flood-generating mechanisms

in controlling the upper tail of the flood peak distribution
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The occurrence of an event like Hurricane Helene leads to a heavier tail in

the impacted areas
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The impacts of storms we may not have experienced before lead to major

changes in flood estimation

Prior to Hurricane Helene After Hurricane Helene
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Key Points

Tropical cyclones over land can impact areas far away from the center of the storm.

Orography plays a major role in terms of heavy rainfall and flooding across the
Appalachian.

The distribution of extreme precipitation and flooding has a heavy tail, pointing to the
need to move away from a deterministic upper bound (i.e., Probable Maximum
Precipitation) toward extremely low annual exceedance probabilities.

Model-based approaches (e.g., high-resolution climate model simulations) can

produce events with extremely low annual exceedance probabilities under current
and future conditions.

Questions?
gvillari@princeton.edu
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