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What is our physical understanding of how
tropical cyclone responds to climate change?

Potential Intensity —> How strong a tropical cyclone’s winds can get, all other factors optimal.
Depends on two primary factors

1) Ocean surface temperature (and heat content).
2) The temperature and moisture state of the atmosphere.

Well-mixed greenhouse gas warming warms the oceans and increases potential intensity.
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A small shift in the mean
often occurs with a very
large change in the
extremes

J. Kossin, WMO Workshop, 2022

0.016

0.014

0.012

0.01

Probability Density
© O
o )
o -
(0>} (00)

0.004

0.002

Mean intensity increases
by just a few knots

- Early Period
- |_ater Period

intensity more than doubles

Potential intensity
shifts to the right

é

40 60 80 100 120 140 160
Wind Speed (knots)
@TheClimateService

Probability of exceeding Category 5



Increased likelihood of major tropical cyclone intensity
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Globally, it's about 25% more likely now that a tropical cyclone will be at major
intensity (Category 3, 4, 5) than four decades ago.

In the Atlantic the proportion has more than doubled.
Most mortality and damage is caused by major tropical cyclones.

Kossin, et al. PNAS (2020)
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Tropical cyclones are intensifying more rapidly
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What is our of how
tropical cyclone respond to climate change?

Tropical cyclone rain-rates increase with warming of the atmosphere.

Warmer air holds more water vapor, which increases by about 7% per °C of warming.
Tropical cyclones are very good at turning this additional water vapor into rain.

Measuring past changes in rain-rates is difficult for several reasons and this signal has not

been confidently observed yet. Based on simple physics though, it's likely that rain-rates
have increased.
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What is our of how tropical
cyclogenesis responds to climate change?

Increasing greenhouse gas concentration warms the ocean.
This, by itself, would increase formation rates.
However, it also tends to stabilize and dry the atmosphere, which tends to suppress formation.
The consensus is that greenhouse gas warming does not increase tropical cyclone frequency.
When a tropical cyclone exists, it is more likely now to

1) be at major tropical cyclone intensity

2) rapidly intensify

3) have greater rainfall rates

but there may not be more of them. This makes it difficult to assess changes in risk.
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Physical understanding: a not-so-subtle subtlety

The atmosphere responds to warming differently, depending on what caused the warming.

Ocean warming by increased globally well-mixed greenhouse gas
VS
Regional warming by other factors

Internal / Natural: Atlantic meridional overturning circulation (AMOC) variability
External / Natural: Saharan dust concentration, volcanic eruptions

External / Anthropogenic: Sulfate aerosol pollution concentration

Regional warming generally causes increased genesis frequency. This has likely contributed
substantially to the increased hurricane activity in the Atlantic since the mid-1990s.

Ramsay and Sobel, J. Climate (2011)
Emanuel and Sobel, JAMES (2013)
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We’'ve discussed tropical cyclone intensity, frequency and rain-rate changes.

Track changes can also substantially alter the risk landscape,
perhaps even more than frequency and intensity changes.

Tropical cyclones have migrated poleward in some regions,
most notably in the western North Pacific
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This can increase hazard exposure in less prepared populous regions.

Kossin, et al. Nature (2014)
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Poleward track shift in the western North Pacific
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Tropical cyclones appear to be moving more slowly
over land and they are “stalling” more often.

Kossin, Nature (2018)
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TCs are “stalling” over the United States more often

Slow-Moving Hurricanes The increase In frequency of stalling

Lhe U.S. Atlantic Coast h;s;eendanhinc;easein slower,lnnger-liasﬂnl% events over the US is linked to
urricanes. A recent study found that from 1944 to 2017, nearly ha : :

of the 66 hurricanes that stalled for more than two days over a Increased ramfa”-

coastal region occurred in the last third of that period.Only 17
occurred in the first third.

HURRICANES STALLING FOR TWO DAYS OR MORE Recent examples:
Near U.5. coasts, by percent, 1944-2017
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Questions / Comments for Discussion?
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Projected changes in tropical cyclones

» Very confident that average TC intensity will increase, and the
Increases will manifest more clearly in the stronger TCs.

» Very confident that TC rain-rates will increase.

» Confident that total TC frequency will decrease or not change.

» Confident that the proportion of major TCs will increase.

» Less confident that the frequency of major TCs will increase.

» Confident that TCs will migrate poleward in some regions.

» Becoming more confident that TCs over land outside of the tropics
will move more slowly and stall more frequently.

J. Kossin, WMO Workshop, 2022 @TheCllmateSerwce
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