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Donald Rumsfeld: Former USA Secretary of Defense




Eating Bacon

Is eating bacon bad for you?
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Eating Bacon

Harvard University Study
e 28-yearslong, 120,000 people
e Eating one serving of:

O unprocessed red meat (e.g.,
steak, pork chops) daily
increased risk of dying by 13%

O processed red meat (e.g., bacon)
daily increased risk of dying by
20%




Eating Bacon

Harvard University Study

e 28-yearslong, 120,000 people

e Eating one serving of:

O unprocessed red meat (e.g.,
steak, pork chops) daily
increased risk of dying by 13%

O processed red meat (e.g., bacon)
daily increased risk of dying by
20%

e Consistent with Harvard 2010 study
showing people who eat processed
red meats daily are at much higher
risk of developing coronary heart
disease and diabetes




Longest Living Person

Susannah Mushatt Jones

Lived 116 years

Loved bacon

Ate 4 strips per day

A sign in her kitchen read

“Bacon makes everything
better.”

Sources: Live Science,

Another Live Science article



https://www.livescience.com/52406-oldest-person-eats-bacon.html
https://www.livescience.com/18996-red-meat-premature-death.html
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Scaling Risk Information

Approx. Distance Scale ({ Statute Hiles )

h00

The depiction of tropical cyclone
risk went through a scaling
evolution.

Hurricane Wilma
October 20, 2005
10 AM CDT Thursday
MWS TPCiMational Hurricane Center
Advisory 21
Current Center Location 184 M 85.5 W
Max Sustained Wind 145 mph
Current Movement WHNW at 7 mph
(® Current Center Location
& Forecast Center Positions
H Sustained wind = 73 mph
E\;\_ Potential Day 1-3 Track Area
B Hurricane Warning
Hurricane Watch
mmm [ropical Storm Warning




Scaling Risk Information
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The depiction of tropical cyclone
risk went through a scaling
evolution.

Cuba

=

-

Tropical Depression Ten Current information: x Forecast positions:

Saturday August 26, 2023 Center location 21.1 N 86.1 W @ Tropical Cyclone (Q Post/Potential TC

4 PM CDT Advisory 1 Maximum sustained wind 30 mph Sustained winds: D < 39 mph

NWS National Hurricane Center Movement: Stationary S$39-73 mph H74-110 mph M = 110 mph

Potential track area: Watches: Warnings: Current wind field estimate:
Day 1-3 Day 4-5 Hurricane Trop Stm [ Hurricane Il Trop Stm  [Hurricane Trop Stm




Scaling Risk Information

L . @thTh,
@\ Hurricane-Force Wind Speed Probabilities

H For the 120 hours (5.00 days) from 8 PM EDT TUE AUG 29 to 8 PM EDT SUN SEP 03
|

2; —— ;ff B
. e e
The depiction of tropical cyclone . | -

: e S
risk went through a scaling : : '
evolution.
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Probability of hurricane-force winds 1 -minute average >= 74 ph)from all tropical cyions

O indicates Hurricane Idalia center location at 8 PM EDT TUE AUG 29, 2023 (Forecast/Advisory #14)
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Scaling Risk Information

Pamlico and Punge: )
Rivers...2-4 ft
Rivers. 2.4 fre |

LA P Lt Llh e

The depiction of tropical cyclone
risk went through a scaling
evolution.

Hurricane Idalia User Notes: Water levels along the immediate coast could reach the following heights above ground
Tuesday August 29, 2023 level within the indicated areas. Elevated water levels will likely be accompanied by large and
11 PM EDT Advisory 14 destructive waves. Colors are determined by the highest values in the associated forecast peak surge

NWS Mational Hurricane Center range. Values shown on this graphic are inclusive of fide.




Scaling Risk Information
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The depiction of tropical cyclone
risk went through a scaling
evolution.

A similar scaling evolution is
happening now to depict tropical
cyclone risk in a changing
climate.

Hurricane Idalia User Notes: Water levels along the immediate coast could reach the following heights above ground
Tuesday August 29, 2023 level within the indicated areas. Elevated water levels will likely be accompanied by large and

11 PM EDT Advisory 14 destructive waves. Colors are determined by the highest values in the associated forecast peak surge
NWS National Hurricane Center | range Values shown on this graphic are inclusive of tide.
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Known Knowns



Known Knowns

Atmosphere and 01
Ocean Warming




The Atmosphere is Warming Globally

IPCC 6th Assessment Report
e The warming is unequivocal and
human influenced

e |ast four decades have been
successively warmer

1.0

0.2

e
2.0

1.0

0.0 §

Warming is unprecedented
in more than 2000 years

Warmest multi-century
period in more than

100,000 years

reconstructed

1000

observed )

1500 1850 2020

Source: IPCC




The Atmosphere is Warming Regionally

Type of observed change
in hot extremes

Amnerica

. Increase (141)
f/
‘ Decrease (0)

P
U Low agreement in the type of change (?)

- . \ Central
O Limited data and/or literature (2) Kpnariea

Confidence in human contribution
to the observed change

eee High
: South -
ee Medium America
® Low due to limited agreement
O Low due to limited evidence

Source: IPCC



The Ocean is Warming Globally

Hurricanes get their energy from
the ocean

Increase in tropical cyclone intensity
is consistent with potential intensity
theory (observation + theory
support)

Projected changes in regional ocean
patterns are highly uncertain.

OCEAN HEAT COMPARED TO AVERAGE

Heat content anomaly (10* Joules)

25

20

15

10

5

0

-5

-10

-15

20

-25

1960 1970 1980 1990 2000 2010 2020
Years

Source: NOAA




Warmer Ocean = Stronger Tropical Cyclone Intensity

® Increased proportion of the
strongest hurricanes (Categories 4
and 5)

e Strongest winds expected to
increase between 1-10%




Warmer Ocean = Stronger Tropical Cyclone Intensity

® Increased proportion of the

strongest hurricanes (Categories 4

and 5)

e Strongest winds expected to

increase between 1-10%

® Image: Summary of 50 studies
projecting intensity change globally
and by basin.

O Global increase, regions have
more variability but still show an
Increase

® Among 29 Caribbean islands, 22
were affected by at least one

Category4 or 5TCin 2017

(o=

Percent Change

10 | | | | |

b) Tropical Cyclone Intensity Change Projections: By Basin

Median; interquartile range; 10th/90th percentiles: range
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Source: WMO
Taskforce



Hurricane Intensification

Frequency of rapid
intensification has increased
Intensification rate has
increased (~29% increase
between 2001-2020
compared to 1971-1990)

A (
v}
26 Sep 2022 21:00Z NOAA/NESDIS/STAR GOES-East ABI Sandwich

W o
5




Hurricane Intensification

Frequency of rapid
intensification has increased
Intensification rate has
increased (~29% increase
between 2001-2020
compared to 1971-1990)
Connects to potential
intensity theory

Potentially less time for
coastal communities to
prepare for severe hurricanes




Known Knowns

Atmosphere and 01
Ocean Warming

Stronger winds,
More rapid intensification
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3 g Atmosphere and 01 More Moisturein 02
Ocean Warming the Atmosphere

Stronger winds,
More rapid intensification




Moisture in the Atmosphere Globally

Clausius Clapeyron Equation

45

® Clausius-Clapeyron relationship:
Warmer atmosphere holds more
moisture (observation + theory
support)

L e
o o

)
o

i
o

water vapor amount
o S

=
o

n

0

250 255 260 265 270 275 280 285 290 295 300 305 310
Temperature (K)

Source: Penn State



Moisture in the Atmosphere Globally and Regionally

b) Tropical Cyclone Precipitation Change Projections: By Basin

Median: interquartile range; 10th/90th percentiles; full range

e Clausius-Clapeyron relationship: i(:_ | | | | | T L
Warmer atmosphere holds more m— ) * -
moisture (observation + theory 2k t § ;
support) % 20F 1 | | *“ -

e Image: Based on 21 studies, I t ]
rainfall rates globally projected to [g ol E _'
increase between 6-22%. 5 5 i I ;
O More variability regionally but of . H |

still increases sk [

® Impact: Heavier rainfall and more 10} 21 studies | ﬁ
inland flooding 15 ﬂ | | | ‘ | |

Global N. Atl. NW Pac. NE Pac. N.Ind. S.Ind. SW Pac.
n= 16 44 16 13 10 10) 10

Source: WMO



Moisture in the Atmosphere Regionally

Type of observed change
in heavy precipitation North

America |

. Increase (19)
-

O Decrease (0)

(j Low agreement in the type of change (8)

Small
- Islands

o ) Central [
O Limited data and/or literature (18) America
Confidence in human contribution |S'|na|:1
to the observed change R
eee High Stk
ee® Medium America

® Low due to limited agreement
O Low due to limited evidence

Source: IPCC



Known Knowns

i Atmosphere and 01 More Moisture in 02
Ocean Warming the Atmosphere
Stronger winds, Heavier rainfall

More rapid intensification More inland flooding
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Ocean Warming the Atmosphere
Stronger winds, Heavier rainfall
More rapid intensification More inland flooding

Sea Level Rise and
Sinking Land




Sea Level Rise Globally

® Glaciers and ice sheets are
melting, and seawater is
expanding as it warms

e As of 2017, an estimated
22 million people in the
Caribbean live below 6-m
elevation

GLOBAL SEA LEVEL

100
50
0
-50
-100
-150

-200

Change in sea level compared to 1993-2008 average (mm)

-250
1880 1900 1920

1940
Years

1960

1980 2000 2020

Source: NOAA




Sea Level Rise Regionally

120°E  100°E

® Glaciers and ice sheets are
melting, and seawater is
expanding as it warms

e As of 2017, an estimated
22 million people in the
Caribbean live below 6-m
elevation

Sea Level Rise
(mm yr™)
0.03-1.00
1.01 - 2.00
2.01 - 3.00
3.01 -4.00

@
B
® 4.01-1000




Sinking Land Regionally SesvioridGity Y Atlantic City, N.J.

® Entire U.S. east coast is
sinking due to groundwater
depletion

® Some locations are sinking
over 10 cm per decade (faster
than average global sea level
rise of 3.3 cm per decade)

Source: Dangendorf (2019), National Oceanography Centre, NY Times



Sea Level Rise + Land Subsidence = Increased Storm Surge Inundation

e WMO Taskforce: “projected
increases in sea level, average TC
intensity, and TC rainfall rates will
each generally act to further elevate
future storm surge risk”

® Observation and theory support for
increased storm surge inundation

® Anticipated to rise by about 2 to 3
feet (0.4 to 0.8 meters) by 2100

e Coastal inundation exacerbated in
the Caribbean

Storm surge during Hurricane lan (2022)



Known Knowns : Tropical Cyclone
hazards are getting more severe

Atmosphere and 01 More Moisturein 02

Ocean Warming the Atmosphere
Stronger winds, Heavier rainfall
More rapid intensification More inland flooding

Sea Level Rise and 03
Sinking Land

‘More storm surge flooding ‘
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Number of Storms: Globally and Regionally

® |mage: Summary of 63 studies b) Tropical Cyclone Frequency Change Projections: By Basin
- - Median; interquartile range; 5th/95th percentiles; full range
showing global and regional o0 F , . | [ | I | .
uncertainty in TC frequency ool . ;
changes. sl 1
., 60 . .
- - ' + : ' 1
S 40 . : ' -
o ot ', i -
= 201 H | ‘ H .
N I | g i :
~ i : . i
ol i 8§
-40 |- - i H '. + ~
-601-63 studies * N Jr -
C | | | l | | ]
Global N. Atl. NW Pac. NE Pac. N.Ind. S.Ind. SW Pac.
n= 140 141 140 120 120 115 122

Source: WMO
Taskforce



Number of Storms: Globally and Regionally

e Image: Summary of 63 studies b) Tropical Cyclone Frequency Change Projections: By Basin
. i} Median; interquartile range; 5th/95th percentiles; full range
showing global and regional N . . | | | -
uncertainty in TC frequency ok ' |
changes. Hard to determine trends 20l i j

due to other factors: sol
O Multi-decadal variability in

I : e

2 40 | = + e n
ocean temperatures, vertical z ol I : T . i

wind shear, decrease in aerosols, £ o | 4 | g & 1 =
Saharan dust variability 20[- H % ] 0 %] -
e Regardless, the proportion of 40l ; P S
strongest storms is increasing 6063 studies : i ]
(known known) ~ Global N, At NW Pac. NE Pac. N.Ind. S, Ind. SWJ[Pac. q

n= 140 141 140 120 120 115 122

Source: WMO
Taskforce



Number of Storms: Globally and Regionally

e From IPCC: Likely that “the
global frequency of TCs over all
categories will decrease or
remain unchanged”.

e What about the Atlantic Basin?
Scaling problem

Tropical cyclones Severe convective storms
Decreased Increased Slower Longer
exposure  exposure  motion season

|

equator

30°5

60°S

Source: IPCC



Known Unknowns
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Storms Shifting Location




Strongest Storms Shifting Location Globally

® |mage: Observed global poleward
shift

® Theoretical reasoning for the
shift is unclear, so lower
confidence

e United States may have
increasing risk of significant
impacts, especially on the east
coast

43307 1y Global ) ©
4250~ ‘ ‘
—~ I
£ 4150 '\ ‘
=3 ® ¢
% O . / ,
UC'.;_ 4050 @ ‘ ’ \‘g'o
e LR
8 3950 ® : w, b
o ¢ O o &
R ¢
E 3850~ | II"I 5
i o
o) & W
fo LT
3650 - ‘I " :
T —o— Best-Track
3550 - —o— ADT-HURSAT |-
1980 1985 1990 1995 2000 2005 2010
Year

2015

Source: Kossin et al. (2014)
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Number of 01 Strongest Storms 02
Storms Shifting Location

Movementof 03
Storms Changing




Movement of Storms Changing Globally

Global

|

® Image: Observed global decrease in T
translation speed

e Limited observational and modeling
evidence, so lower confidence

® Longer storm duration means:

19

7
/

Translation speed (km h‘1]

O Increased rainfall-induced S
flooding i

O Increased storm surge flooding

O Increased wind damage .| N \

1950 1960 1970 1980 1990 2000 2010
Year

Source: Kossin (2018)
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Media Spin



yahoo/movies | & i

Movies News Trailers Interviews Video

IHUFFPOSTI HuffPost

Climate Change Deniers Find An Unlikely Hero In Joe Biden's Top Hurricane Expert

Hurricane lan Hits Florida

TRENDING
X .
Another hot inflation reading fans fears
Fed will push back rate cuts
=

The Mikel Arteta tweaks that brought
Arsenal to life against Bayern Munich

Where to watch the 2024 Grand
National live: TV channel and streaming

Why auto insurance costs are rising at
the fastest rate in 47 years

EPA Imposes First Limits on ‘Forever
Chemicals’ in Drinking Water

> Pl ) 001/ 135




Q X NEW YORK POST Sers Page Six

LATEST IN US NEWS

Rep. D'Esposito calls Civil rights groups call Cruise ship dancer Bags of antisemitic Trump Organization's
on House to condemn for collapsed Baltimore from NYC arrested in flyers, suspected rat former chief financial
cop killer Assata... bridge to be... Florida on child porn... poison found in... officer Allen...

OO QO (®=commes ) TRENDING NOW

NOAA director shuts down CNN’s Don —
Lemon for linking Hurricane lanto
climate change

By Allie Griffin
Published Sep. 28, 2022 | Updated Sep. 29, 2022, 9:26 a.m. ET

‘Killer squatter’ leads cops to skeleton
of 19-year-old farmer who vanished
after phone call with grandma in 2022

Missouri death row inmate executed
18 years after killing cousin, her
husband: '‘Deeply, overwhelmingly
sorry'
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e PROUECT

< Return to Our Work

Press Release | October 3, 2022

Gina Raimondo: Fire Acting Director of NOAA’s National Hurricane Center (VHC) Jamie Rhome

Toni Aguilar Rosenthal Share W £ hd

GINA RAIMONDO
Commerce Secretary




Realtime attribution

* Let’s steer clear from realtime attribution.
IPCC WG1 Chapter 11 on attribution:

o “Quantifying the effect of climate change on extreme storms is challenging,
partly because extreme storms are rare, short-lived, and local, and individual
events are largely influenced by stochastic variability.”

o “The high degree of random variability makes detection and attribution of
extreme storm trends more uncertain than detection and attribution of trends
in other aspects of the environment in which the storms evolve (e.g., larger-
scale temperature trends).”

o “Projecting changes in extreme storms is also challenging because of constraints
in the models’ ability to accurately represent the small scale physical processes
that can drive these changes.”



Other Reasons Why Detection and Attribution are Difficult

No clear centennial-scale trends or do not cover enough years to assess century-
scale trends.
Difficulty obtaining accurate and temporally consistent measures of TC properties
for climate studies, particularly in the pre—satellite era.
Regional TC activity changes are strongly affected by projected changes in SST
warming patterns, which are highly uncertain.
Lots of internal variability that affects TCs:
* intra-seasonal (e.g., the Madden—Julian and Boreal Summer Intraseasonal
oscillations and equatorial waves)
* interannual (e.g., the El Nino—Southern Oscillation and Pacific and Atlantic
Meridional Modes)
* inter-decadal (e.g., Atlantic Multidecadal Variability and Pacific Decadal
Variability)
e Aerosol forcing



Attribution Case Study (takes time to complete)

Hurricane Harvey

* Climate change was estimated to
have increased the rainfall of
Hurricane Harvey by about 15% to
20%: ' 20-30@ 103 382 AR

e The impacts of Hurricane Harvey 33 50 ¢ ’ r
were exacerbated by extensive ;
residential development in flood-
prone locations.

e Racial and ethnic disparities were
shown to impact post-disaster needs,
ranging from household damage to
mental health and recovery.

o

: Houston

Up to 0.1 inch
0.1%0 0.25 inches
0.25 10 0.5 inches

BN 0.5 t0 1.0 inches

B 10t 1.5 inches
15t 20 inches |
2010 3.0 inches

N 3010 4.0 inches

B 4.0 to 6.0 inches

BN G0 to 8.0 inches

EE 30 to 10.0 inches

Bl 10.0 to 15.0 inches

Bl 150 to 20.0 inches

Bl 20.0 to 30.0 inches
Greater than 30 inches|



Refute Media Hype

Watches and
.~ irricane Wan

Hurricane Watt

B Tropical Storm

ropical Storm




Recommendations

e Stick to known-knowns (consensus findings)
O Hazards-first approach (i.e., focus on the hazards), not on changes to storm
strength, numbers of storms, or potential attribution to climate change



Recommendations

e Stick to known-knowns (consensus findings)
O Hazards-first approach (i.e., focus on the hazards), not on changes to storm

strength, numbers of storms, or potential attribution to climate change
® During a storm, focus on the storm, not on potential link to climate change

O Be the calm, trusted voice
O Example: “The science is clear that climate change can influence storms. To

what extent (storm name) was influenced will be a focus of future
research. Today I'm focused on getting life-saving warnings into the hands

of people in harm's way.”



Summary assessments
e |PCC 2022: The Physical Science Basis: Working Group | Contribution to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change
e |PCC 2022: Impacts, Adaptation, and Vulnerability: Working Group Il Contribution to the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change
* National Academy of Sciences 2023: Fifth National Climate Assessment
* NOAA 2023: State of the Science Fact Sheet on Atlantic Hurricanes and Climate Change
« WMO Working Group: Tropical Cyclones and Climate Change Assessment
e Part 1: Detection and Attribution
e Partll: Projected Response to Anthropogenic Warming
e GFDL: Global Warming and Hurricanes
Other literature
* NOAA Climate reports:
* QOcean Heat Content
e Sea Level Rise
* NOAA Office for Coastal Management
* Kossin et al. 2014: The poleward migration of the location of tropical cyclone maximum intensity
* Kossin 2018: A global slowdown of tropical cyclone translation speed.
e Dangendorf et al. 2019: Persistent acceleration in global sea-level rise since the 1960s
e Garner 2023: Observed increases in North Atlantic tropical cyclone peak intensification rates
 OFDA/CRED International Disaster Database



https://www.climate.gov/news-features/understanding-climate/climate-change-ocean-heat-content
https://www.nytimes.com/interactive/2024/02/13/climate/flooding-sea-levels-groundwater.html?campaign_id=190&emc=edit_ufn_20240221&instance_id=115700&nl=from-the-times%C2%AEi_id=78826210&segment_id=158750&te=1&user_id=08248e4dde3780a0d1e2937926421c7f
https://coast.noaa.gov/states/fast-facts/economics-and-demographics.html
http://www.emdat.be/

Extra Slides



What we Know: Risk Equation

. Risk: the potential of gaining or losing
something of value

Risk = Probability x Consequence x Vulnerability
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What we Know: Risk Equation

. Risk: the potential of gaining or losing
something of value

Risk = Probability xx Vulnerability



nown Knowns (vulnerability)




More People Along the Coast

40% increase in coastal
population from 1970 to 2010
(34.8 million people)

40% of population (128 million
people) live on the coast even
though it is less than 10% of the
land mass

10,000,000
County
population

INTERICR

1,000,000 =

‘sooooo~\

100.000 3"

Source: US Census



More Infrastructure Along the Coast

380% increase in damage from tropical
cyclones since 1970

Population and infrastructure are
dominant over hurricane changes in
explaining the increase over the past
century

High confidence that islands are already
reporting losses and damages from
hurricane changes

Global Damage/World GDP
= oY e —
(3] N ()] [ 2] o £ [ =)

-

0.5

x107

Global Normalized Damage from Tropical Cyclone Disasters
I I I T I

1900

1920

1940

1960
Year

1980 2000 2020

Graph Source: Kerry Emanuel
Data Source: OFDA/CRED
International Disaster Database



Vulnerability of Caribbean Islands

Risk is highly modulated by structural,
economic, and social vulnerabilities. 0.

* Entire islands are exposed 90 - Rainfall flooding [l
80 - Coastal flooding [
70 -
60
50 +
40 -
30
20 -

Infrastructure at Risk of Flooding in the US Virgin Islands

Facilities impacted (%)

10 _ I l
0 . | =
Ports Airports ~ Water plants Power plants Majorroads  Schools  Hospitals

Source: National Academy of Sciences



Vulnerability of Caribbean Islands

Risk is highly modulated by structural,
economic, and social vulnerabilities.
* Entire islands are exposed
* Large concentration of utility, public
services (e.g., hospitals), and
transportation routes in flood-prone
areas
 Lack of food, water, medicine,
fuel
e (Cascading public health
conseqguences

Rappaport and Blanchard, 8/7/2015



High Vulnerability: Hurricane Maria

Hurricane Maria

Uneven access to information and
resources

In Puerto Rico, excess mortality was
highest for lower socioeconomic
status

Nearly all of Dominica’s
infrastructure and losses amounted
to over 225% of the annual GDP

Excess Mortality from Hurricane Maria in Puerto Rico

Relative excess ratio

1.7

1.6

15
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1.2

1.1

1.0

7

Sep
2017

Oct

SEI| = Socioeconomic
Development Index

SEI 1 (Lowest)

SEIl 3 (Highest)

Nov Dec Jan Feb
2018

Source: National Academy of Sciences



Hazards-First Approach

. Hurricane Warning

D Hurricane Watch | S

. Tropical Storm Warning H(J PM Eri
D Tropical Storm Watch ||
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Hazards-First Approach

Total Rainfall with Potential Tropical Cyclone
Twenty-Two (Experimental)

i - g
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-
Caymani S
Islands /
Islas c:ie la
4 Bahia
Hondbras
15N ........... P o e D
Provigencia
‘
San Andrés
10N |

WPC International Desks Storm Total Amounts
Issued: 17 Nov 2023 at 11 UTC
Valid Times: From 12 UTC 17 Nov to 12 UTC 20 Nov

=

Forecasters: Galvez / Acosta / Alamo

75W

70W

\_““""”e
\Jm R
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S '*,. - oy
Rainfall
inches mm

. 812 200-300
68 150-200 \
4-6 | 100-150 |
24 50-100
. 12 2550
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NOTE

This forecast is for
planning purposes. A
detailed official forecast

will be issued by the
respective National
Hydro Meteorological
Services.
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Hazards-First Approach

 Mention anything about Spanish translation of graphics
* Mention anything about expansion of storm surge in the
Caribbean?
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