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Recent disasters show how climate change
is making winter storms, flooding rains
and summer heat waves more extreme

By Jennifer Francis
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The 11 hottest days on
Earth over the past

100,000+ years all
occurred since July 3%.



Global Weather Mega-Disasters Costing $20+ billion, 1980 - 2021

Weather
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*Adjusted to 2021 dollars Jeff Masters, Yale Climate Communications



2023 has already been jam-packed with extremes...
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A brutal heat wave
(T struck Mexico and
: Texas in June...
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...with devastating
impacts on agriculture,
utilities, and ecosystem:s.



2023 has already been jam-packed with extremes...

- 8 5 Fires are raging across Canada,
. , s..;.;. fueled by persistent heat and
iy * | drought since May...

G

...smoke blanketed the
Midwest and Eastern Seaboard.
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These events were
connected by a
crazy jet stream

!

crazy weather!

Graphics by Jeff Berardelli, WFLA-TV



Record-breaking snow and rain in western states:
...bringing an abrupt reprieve to

U.S. FORECAST
Sharp Weekend Contrast
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EXTREME WINTER PATTERN

PARADE OF STORMS
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Why was this
cold spell so
extreme?



What is the polar vortex, anyway?

stable
polar vortex (winter only)

10-30 mi
above

\» surface

5-9mi
above
surface

farther north,
strong west-to-east flow




The Big Picture: 20,000 Years of Global Temperatures
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https://twitter.com/SafeClimate




Ocean Heat Content Anomalies (x 1022 Joules) - Annual

DATA: Mauna Loa, Hawaii CO2 record starting in 1958 and ice-core CO2 record before 1958
REFERENCES: Keeling et al. 2001, Luthi et al. 2008; Rubino et al., 2019

SOURCE: https://keelingcurve.ucsd.edu/permissions-and-data-sources/

CODE: https://github.com/sio-co202/keelingcurve notebooks/
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ATMOSPHERIC CARBON DIOXIDE FOR OVER 800,000 YEARS!
And we

This is 20004

1800,000 -

know why.

CHANGE IN GLOBAL OCEAN HEAT CONTENT SINCE 1955

NOW!
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This older data is derived from ice cores.
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~90% of heat trapped
by greenhouse gases is
absorbed by the oceans

DATA: Japan Meteorological Agency (Ishii et al. 2017)

SOURCE: https://www.data.jma.go.jp/gmd/kalyou/english/ohc/ohcglobalen.html
STATISTICS: blue shading is 95% confidence level and red dashed line is a 30-year lowess fit
-5 GRAPHIC: Zachary Labe (@ZLabe)
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Water Vapor

Total Precipitable Water 2023-07-01 2100 UTC
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The atmosphere is gaining moisture...

Seasonal Mean ERA5 Precipitable Water -90S-90N;0E-360E Jan to Dec Average
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...creating a stronger
gréenhouse effect,
. proeviding more fuel to
ize storms,
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Temperature change relative to global average
Arctic
warming
greatly
exceeds

global-mean
warming

Slower than global average Faster than global average Since mid-1900s
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Arctic
sea ice
thickness in
May
1979-2023

DATA: PIOMAS v2.1 (Zhang and Rothrock, 2003)
SOURCE: hitp://psc.apl.uw.edu/research/projects/arctic-sea-ice-volume-anomaly/

GRAPHIC: Zachary Labe (@7Labe)
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Bensidensdayeaofexipaasishdre kyetdhitigdkenhleeed anitis to the
Arctic.(cold)

Air flows down this “hill”, turns to
-— the right as the Earth spins, and
creates the Jet Stream

As the Arctic warms faster, the
hill flattens...

the west winds of the jet
stream weaken,

And a weak jet meanders more.



Why do we care
about these
waves?

They make our
weather

Small waves travel
fast, large waves
move slowly

Dry and Wet and
settled stormy



by NASA's Science Visualization Studio



GFS 250hPa Jetstream (kt), MSLP (hPa) ClimateRean aiyzer
1—day A\."g | Tue, Jul 18, 2023 Climate Change Institute | University of Maine
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7/18

Jet stream

GFS 2m T Anomaly (°C) [CFSR 1979-2000 baseline] ClimateRean alyzer
1'da}’ A"U"g | Tue, Jul 18, 2023 Climate Change Institute | Universily of Maine
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Extent Departure (million square kilometers)
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DATA: National Snow & Ice Data Center, Boulder CO (1981-2010 Baseline)

SOURCE: ftp://sidads.colorado.edu/DATASETS/NOAA/ (5-day running mean)
GRAPHIC: Zachary Labe (@ZLabe)
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North Atlantic Sea Surface Temperature on June 21
1982-2023
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What are the main concerns for
coastal New England?

» Sea-level rise = erosion, storm flooding,
coastal infrastructure, saltmarsh
degradation

» Rising ocean temperatures = fisheries, toxic
algae blooms, stronger storms

» Increased heavy precip events -
stream/river flooding, heavy snows

» More intense droughts = agriculture,
freshwater supplies, wildfires

» Tropical storms = Tracks farther north,
longer season, more erratic paths




Good newsl! But still a long way to go...

Renewable power is on course to shatter Global primary energy consumption by source
Global primary energy consumption here is measured by the 'substitution' method which takes account of the inefficiencies of fossil fuel production.

more records in 2023, led by solar PV & wind -

Annual renewable power capacity additions, 2017-2023 . G l O b a l e n e rgy
consumption
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International
Energy Agency




What can we do?

» Personal choices: transportation, home
efficiency, appliances, conservation

» Community government: identify and address
vulnerable property/infrastructure, plan
proactively, support municipal energy
transition and conservation, join committees,
run for office!

» State/national government: VOTE for leaders
who “get it,” replace fossil-fuel subsidies with
renewable incentives, price carbon emissions
appropriately, stop deforestation

» Educate yourself and speak up!




“Avoid the unmanageable, manage the unavoidable.”
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OUR BESPONSE
SOFAR.

Woodwell
Climate
Research
Center

Jennifer Francis
jfrancis@WoodwellClimate.org




Extras




Summer Sea Ice Extent: Past, Present, and Future

How can we stay on the green line?

Emit less heat-trapping gases

Create more gas absorbers

1920 1960 2000 2040 2080

The Carbon ‘Bathtub’ and its Components

SOURCES OF CARBON = “FAUCET” - :

* Fossil fuel combustion Right now, size of

* Deforestation “faucet” is much
larger than “drain.”

As global temperature SINKS OF CARBON = ‘DRAIN’
increases, size of * Land uptake
“drain” decreases. * Ocean uptake

from EPA.gov




How can we stay on the green line?

Emit less heat-trapping gases




Observed changes in climate over the last 2020 years

Variations in atmospheric carbon dioxide levels and global average temperature 414 ppm
400 -
[ ] Invention of the
Ppm steam engine
|
350 :
|
.. : - +1.5
Carbon dioxide levels ,
300 Atmospheric concentration [ppm] : [°C]
S == 1.1°C
1 Observed - +1.0
1
250 -~ I
1
|
Reconstructed : — +0.5
: \J
; /
Wi - 0.0
|
I
|
1
Global temperature change ! - -0.5
Relative to pre-industrial levels [°C]
[ I | [ |
1 500 1000 1500 2020

Year (CE)




What happens in the Arctic doesn’t stay in the Arctic

Half of the sea ice cover has disappeared,

71979 S

Ice volume has declined by 75%... e

In less than a generation.

The Arctic surface is darker now.

Sea-ice loss is key to feedback loops: e o Ao

> Global warming 25-40% stronger* s
‘SeajlcelCover,

» Greenland melt accelerating Fo %
» Permafrost thaw accelerating '

» Jet-stream winds disrupted
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darker = no change .
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*Pistone et al (2014), Duan et al (2019)



