Reduced Caribbean
Hurricane Activity during the
Maunder Solar Minimum

Valerie Trouet

Sun Climate Symposium

29 January 2020



A.E. Douglass (1867-1962)

Founder of Modern Dendrochronology
&
Laboratory of Tree-Ring Research (1937)

98/ 1113 2 =2 2]



Tree-ring data are available on time-scales that are
linked to human history (~2K years)
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Presenter
Presentation Notes
Tree-ring data are some of the most prevalent climate proxies and they have very distinct advantages in the context of extreme events and their societal impacts.  
We develop tree-ring chronologies by measuring the ring width patterns in samples and then pattern-matching – or cross-dating –between samples taken from living trees and dead trees, but also from the wood from buildings, archeological wood, and even subfossil wood preserved in lakes and bogs.  This allows us to go further back in time than the age of the living trees.  Mostly, tree-ring based paleoclimatology is focused on the last ~ 2000 years, which is also the period that is both well-documented and relevant in terms of human history and societies.  (This allows us to compare past climate and societal changes).  The photos on the bottom are an example of such a time-line/chronology, where we used tree-ring samples from Central Europe to link the Fall of the Roman Empire to climate variability.
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Presenter
Presentation Notes
Another advantage of tree-ring data is their annual resolution: trees form a ring each and every year and that allows us to extract climate information for each year and sometimes for specific seasons.  Not many proxies provide that kind of precision: most proxies have decadal- to centennial-scale resolution. Yearly data are very important when you’re interested in extreme climate events, (for which decadal or even century-scale averages are not as useful)
Here, I’ll talk about three examples from my research where I have used tree-ring data to look at climate extremes and their past drivers.  I’ll start by talking about hurricanes in the Caribbean – the ‘wind’ part of the title - and then I’ll move over to California where we’ve looked at snowpack and wildfire.


NH temperature anomaly (°C from 1881-1880)

NH temperature over the past 2,000 years
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During the Little Ice Age, average temperatures

NH temperature anomaly (°C from 1881-1880)
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In particular during the Maunder solar Minimum
(1645-1715 CE)

Louis XIV “The Sun Klng of France (1643-1715 CE)


Presenter
Presentation Notes
There is one well-documented period in particular that is often used as a benchmark for climate models: the Maunder solar Minimum.  From sunspot counts we know that there was a period during the late 17th century when the amount of energy that the Sun sent out to the Earth was at a minimum. As a result of this radiation Minimum, global temperatures got colder.  The Maunder Minimum is thus one of the drivers of the ‘Little Ice Age’, a period roughly from 1500-1850 when global temperatures were cooler than before and after.
If we could thus reconstruction tropical cyclone activity back to the Maunder Minimum, that could help us understand how they respond to these kind of large radiative changes.  



Johns Hopkins
University Press
April 2020




Trouetlab.arizona.edu

Human Societies ‘ Forest Ecosystems

Extreme events /

Atmospheric Circulation Pattern
Climate Reconstruction

Climate Change

Carbon Cycle
& disturbance




Tree-ring based reconstruction of

Human Societies

extreme events

—

Extreme events
Atmospheric Circulation Pattern
Climate Reconstruction

Climate Change

!

Carbon Cycle
& disturbance

Forest Ecosystems

/"




4

‘Hurricane Fran, September 5,1996
L5 . : : o S

- T L e g i



Presenter
Presentation Notes
I believe Sol will talk about this more in the next talk, but tropical cyclones are one of the most destructive climate forces to livelihoods and the economy in the Caribbean region.  It is therefore very important to know how tropical cyclones will be affected by future climate change.


215t century model simulations
generally agree that globally:
Higher Tropical Cyclone intensity
and lower frequency*™

*but large uncertainties exist



“We find that for North Atlantic Tropical Cyclone

frequency ... the largest uncertainties are driven

by the chaotic nature of the climate system and
by the climate response to radiative forcing™”

*e.g. COZ, the sun Villarini and Vecchi (2012) Nature Climate Change



Can we use paleoclimate records to
reconstruct Caribbean hurricanes back to
the Maunder Minimum?
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First Spanish West Indies voyage in 1492
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Tropical storms were the primary cause of shipwrecks
in the 16" through 18t centuries
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Presenter
Presentation Notes
The idea for this study came about when I was talking to a colleague at a tree-ring conference.  She’s an archeologist and she was talking about the work that she did where she dives for shipwrecks to study the wood that was used for building those ships.  I was thinking about tropical cyclones at the time and we put one and one together and came up with the idea to use past documentary shipwreck data to look at hurricanes.


Can Spanish shipwreck rates
be used as a proxy for Caribbean
hurricane activity?



Shipwrecks (n)
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Presentation Notes
This allowed us to develop a time series of how many ships wrecked every year from 1495 until 1825 after which the records stopped because of technological advances and increased competition and so forth.
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Calibration time line figure
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~ Slash pines on Florida Keys show suppressed
growth in years following storms
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Presentation Notes
This is how it works: in years when strong storms hit the Florida Keys, the pine trees that grow there lose their needles and a lot of their branches.  This results in reduced growth, which is visible as a sequence of very narrow tree rings.  The tree ring data from the Florida Keys can thus be used as a proxy for hurricane activity and combined with the shipwrecks data we, we were able to reconstruct hurricanes back to 1500.


% suppressed trees per year on Florida Keys
(1707-2009 CE)
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Tropical storms result in tree growth
suppression in year of storm + year after
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High shipwreck years result in tree growth
suppression (t0 and t+1)
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Reconstruction of Caribbean tropical cyclones (1495-
2010)
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We find 75% less Caribbean tropical cyclones
during the Maunder Minimum

Maunder Minimum
1645-1715 CE
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Less Caribbean tropical cyclones during Maunder
Minimum linked to lower sea surface temperatures
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Our results can help
by serving as a benchmark
and thus reducing their uncertainty.



Shipwrecks (n)

,Golden Age of Piracy”
1650-1680 CE
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SHIPWRECKS:
IN THE AMERICAS
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Time line shipwrecks


Cross Section of a Conifer

Pith Annual rings Bark
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400 Years of Sunspot Observations
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Sea level rise will increase storm surge



Ies

tal commun

©
Q
O
=

C B
O
d
nla E
=N
Q.
O |
Q =
(@)
28

-~ Increas







	Reduced Caribbean �Hurricane Activity during the Maunder Solar Minimum ��
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Can Spanish shipwreck rates �be used as a proxy for Caribbean hurricane activity? 
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Our results can help improve models of future tropical cyclone activity by serving as a benchmark and thus reducing their uncertainty. 
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44

