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1. Rising sea-level threatens many populated coastal regions, including Maryland

2. Deserts are expanding and permafrost is melting, threatening agriculture, Arctic habitat,
water supply to populated regions

3. World is becoming more “tropical”, including poleward migration of ecosystems, weather
patterns, fire risk and tropical diseases

4. Hurricane intensity is increasing, affecting populations that reside in coastal regions

5. Ocean is becoming increasingly acidic, threatening vast portions of the ocean ecosystem
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Kiribati
« Population about 120,000
« Undergoing intrusion of salt water into freshwater supplies

« Some farmers unable to grow food because of saltwater intrusion
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High tide keeps rising on the islands of the Republic of Kiribati — 33 coral atolls in the Pacific Ocean that rest only
a few feet above sea level. In Kiribati culture, Nareau the Creator scattered stones to the north and south to
create this mosaic of coral and rock. But, today, the effects of climate change are closing in and there’s no higher
land to move to. Even as the atolls shrink, Kiribati’'s population grows. The country is experiencing baki-aba:
“land hunger”. In 2014, Kiribati president, Anote Tong purchased 20 square km on Vanua Levu, a Fiji
island making this the first international land purchase intended for climate refugees.

For Kiribati, adapting to climate change might mean relocating entirely.

Pacific islanders’ identities are very much tied to their ancestral land, the physical islands on which they live.
Migration may mean a national and cultural loss, especially when most traditions are preserved orally.

https://www.nytimes.com/2016/07/03/world/asia/climate-change-kiribati.html

https://thewire.in/culture/kiribati-migration-climate-change
https://www.dw.com/en/fiji-sees-threat-of-coming-climate-exodus/a-41247402
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WAMU 555 Jakarta

ASIA

Indonesia Plans To Move Its Capital Out Of Jakarta, A City That's Sinking
& MERRIT KENMEDY

April 29, 2019 - 315 PM ET

The central business district skyline is seen at dusk on Monday in Jakarta, Indonesia

Indonesia has announced plans to build a new capital city as its current capital, Jakarta, struggles with pollution, traffic gridlock — and the fact that the city
is sinking.

After a Cabinet meeting on Monday, planning minister Bambang Brodjonegoro said President Joko Widodo has decided to move the capital out of
Indonesia's main island, Java.

It's not clear exactly when this will happen, or where the new capital would be located. The idea has been out there for decades, though previous leaders
have been unable to accomplish the ambitious plan.

"The idea to move the capital city appeared long ago. ... But it has never been decided or discussed in a planned and mature manner," Widodo said before
the meeting, according to The Associated Press.

Jakarta faces massive challenges. As the BBC has reported, it's the fastest-sinking city in the world, with almost half of its area below sea level.
"If we look at our models, by 2050 about 95% of North Jakarta will be submerged," Heri Andreas, an expert in Jakarta's land subsidence at the Bandung
Institute of Technology, told the broadcaster.

https://www.npr.org/2019/04/29/718234878/indonesia-plans-to-move-its-capital-out-of-jakarta-a-city-thats-sinking

Copyright © 2022 University of Maryland.
This material may not be reproduced or redistributed, in whole or in part, without written permission from Ross Salawitch.


https://www.npr.org/2019/04/29/718234878/indonesia-plans-to-move-its-capital-out-of-jakarta-a-city-thats-sinking

L

ower economic gﬁlwth at 2°C than at
1.5°C, particularly low-income countries

Lower yields and nutritional content
of cereal crops in tropical regions

Source: IPCC Special Report on 1.5°C global warming (2018)

https://wwf.panda.org/our work/climate and energy/cop24/
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Lower yields and nutritional content
of cereal crops in tropical regions

Source: IPCC Special Report on 1.5°C global warming (2018)
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Possible Impacts of Climate Change

 1°C (already committed to this)

— Loss of glacial waters in Africa & Asia, with regional declines in food production

— Tropical islands such as Tuvalu, Kiribati, Marshall Islands, and Maldives severely threatened
« 2°C (Paris Climate Agreement Upper Limit)

— Polar bear habitat under severe threat

Glacial melt rate doubles; disappearance of glaciers will create water shortages in places such as
India, Peru, Ecuador, and Bolivia

— Stability of Greenland ice sheet threatened

- - -

Australian
Academy of
Science

“Limiting warming to 1.5 °C is possible
within the laws of chemistry and

physics but doing so would require
unprecedented changes.”

PROFESSOR JIM SKEA
IPCC WORKING GROUP

> »l o) 208/226

https://www.youtube.com/watch?time continue=19&v=Yvkm9t7xRF4
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Consequences of Climate Change

1. Rising sea-level threatens many populated coastal regions,
including Maryland
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Compilation of paleo sea level data (purple), tide gauge data (blue, red and green), altimeter data (light blue) and
central estimates and likely ranges for projections of global mean sea level rise from the combination of CMIP5
and process-based models for RCP2.6 (blue) and RCP8.5 (red) scenarios, all relative to pre-industrial values.
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Volume of Antarctic and Greenland Ice Sheets

Volume of Antarctic Ice Sheet ~26.5 x 10% km3 and volume of cubic Greenland Ice Sheet ~2.85 x 105 km3

https://en.wikipedia.org/wiki/Antarctic ice sheet & https://en.wikipedia.org/wiki/Greenland ice sheet

Profiles of the Antarctic and Greenland Ice Sheets
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https://web.viu.ca/earle/geol305/The%20Greenland%20lce%20Sheet.pdf

Radius of Earth = 6371 km; Surface area of Earth = 510 x 108 km?
70% of earth, or 357 x 108 km? is covered by water.

The complete collapse of Greenland would lead to sea-level rise of
2.85 x 105 km3 /357 x 108 km?2 = 8 meters according to these numbers.
Since more area would be covered by water following the collapse,
the actual rise in sea level is closer to 7 meters ... or 23 feet!
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Volume of Antarctic and Greenland Ice Sheets

Volume of Antarctic Ice Sheet ~26.5 x 108 km3 and volume of cubic Greenland Ice Sheet ~2.85 x 106 km3

https://en.wikipedia.org/wiki/Antarctic ice sheet & https://en.wikipedia.org/wiki/Greenland ice sheet

Profiles of the Antarctic and Greenland Ice Sheets

South
Pole 4000 m
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https://web.viu.ca/earle/geol305/The%20Greenland%20lce%20Sheet.pdf

Radius of Earth = 6371 km; Surface area of Earth = 510 x 106 km?
70% of earth, or 357 x 108 km? is covered by water.

The complete collapse of Antarctica would lead to sea-level rise of
26.5 x 105 km3 /357 x 108 km?2 = 74 meters according to these numbers.
Since more area would be covered by water following the collapse,
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Greenland and Antarctica Ice Mass

GRACE AND GRACE-FO Observations ofF Polar Land Ice Mass Changes

Average Mass Loss:
Average Mass Loss: 151 Gigatons/year
277 Gigatons/year {
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https://svs.gsfc.nasa.gov/31166
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Berkeley Earth Animation of Global Warming

Relative to 1951-1980 Averages ) . www.BerkeleyEarth.org
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2021 was nominally the 6" warmest year of the modern instrument record

Work of Robert Rohde and the Berkeley Earth Team
http://berkeleyearth.org
Animation at https://twitter.com/RARohde/status/1331612773541941254
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Arctic In The News

Arctic Basecamp
A  @ArcticBasecamp

Alert! GREENLAND EARLY-SEPT HEATWAVE
DARKENS SNOW & ICE. As reported earlier this week
the exceptional heat episode in #Greenland brought
melting over more than 1/3 of the ice sheet, when it’s

normally hardly melting.

More

B arcticrisk.org/alerts

#ClimateChange #ArcticRisk

Greenland ice sheet albedo from Sentinel-3
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https://twitter.com/ArcticBasecamp/status/1574853969679159301
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Antarctica News: September 2020
Antarctica could melt 'irreversibly' due to climate change, study warns

By Brandon Specktor - Senior Writer 29 Sept 2020

The change will take thousands of years, but we only have a century to stop it

1 L5 A

A simulation shows Antarctica, totally stripped of ice.
(Image: © Garbe et al.)

Antarctica contains more than half of the world's freshwater in its sprawling, frozen ice sheet, but humanity's decisions over the
next century could send that water irreversibly into the sea.

If global warming is allowed to continue unchecked, Antarctica will soon pass a "point of no return" that could reduce the
continent to a barren, ice-free mass for the first time in more than 30 million years, according to a study published in the journal
Nature.

They found that, if average temperatures rise 7.2 degrees Fahrenheit (4 degrees Celsius) above pre-industrial levels for any
sustained period of time, much of the ice in West Antarctica will crumble, resulting in 21 feet (6.5 meters) of global sea-level rise;
that amount of rise would devastate coastal cities like New York, Tokyo and London. This scenario could be a reality within
decades; a global average temperature rise of 9 F (5 C) is currently considered the “worst-case” warming scenario if current
greenhouse gas emission levels are allowed to continue through the year 2100, according to the UN’s Intergovernmental Panel
on Climate Change (IPCC).

https://www.livescience.com/antarctica-ice-free-climate-change.html
https://www.nature.com/articles/s41586-020-2727-5
See also https://www.cnn.com/2020/09/30/weather/greenland-ice-sheet-melt-carbon-emissions-climate-change/index.html (yikes)
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Antarctica News: February 2022

Naticnal

Soot is accelerating snow melt in popular parts of 'Antarctica, a study finds

n r By Rebecca Hersher
D Publshad Februsry 22, 2022 at 207 AM FST

= LISTEM - 2-40

Tourets vih the South Shetlend lolands In Amtanchics In 20405, A new sbady sugpgests that towrtsm and resacrch aoivity In e most haavity
trafMickad part of T condinmt b kading to sigrificaniy more snow mat

Soot pollution is accelerating climate-driven melting in Antarctica, a new study
suggests, raising questions about how to protect the delicate continent from the
increasing number of humans who want to visit.

Researchers estimate that soot, or black carbon, pollution in the most popular and
accessible part of Antarctica is causing an extra inch of snowpack shrinkage every year.

The number of tourists visiting each year has ballooned from fewer than 10,000 in the
early 1990s to nearly 75,000 people during the austral summer season that began in
2019, according to the International Association of Antarctica Tour Operators.

"It really makes us question, is our presence really needed?” says Alia Khan, a
glaciologist at Western Washington University and one of the authors of the new study,
which was published in the journal Nature Communications. "We have quite a large
black carbon footprint in Antarctica, which is enhancing snow and ice melt.

https://www.kpbs.org/news/national/2022/02/22/soot-is-accelerating-snow-melt-in-popular-parts-of-antarctica-study-finds

Copyright © 2022 University of Maryland.
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Antarctica In The News

'Doomsday glacier," which could raise sea level by
several feet, is holding on 'by its fingernails,' scientists

say

By Angela Fritz, CNN
(@ Updated 7:31 AM ET, Tue September 6, 2022

(CNN) — Antarctica’s so-called "doomsday glacier” -- nicknamed because of its high risk of
collapse and threat to global sea level -- has the potential to rapidly retreat in the coming years,
scientists say, amplifying concems over the extreme sea level rise that would accompany its
potential demise.

The Thwaites Glacier, capable of raising sea level by several feet, is eroding along its underwater
base as the planet warms. In a study published Monday in the journal Nature Geoscience,
scientists mapped the glacier's historical retreat, hoping to learn from its past what the glacier

will likely do in the future.

https://www.cnn.com/2022/09/05/world/thwaites-doomsday-glacier-sea-level-climate/index.html
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Consequences of Climate Change

2. Deserts are expanding and permafrost is melting, threatening
agriculture, Arctic habitat, water supply to populated regions

3. World is becoming more “tropical”, including poleward migration of
ecosystems, weather patterns, and tropical diseases
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Connection to Climate Change
WWDD: Wet-gets-Wetter, Dry-gets-Drier (WWDD) paradigm

http://www.windows2universe.org/vocals/images/HadleyCell small.jpg
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As CO, and other GHGs rise:
Hadley Cell becomes more energetic
WWDD: Wet gets wetter, dry gets drier
Deserts expand poleward

REVIEW ARTICLE nature

https://doi.org /10.1038/541558-018-0246-2 C].ilTlthC Chﬂﬂg{:

Re-examining tropical expansion

Paul W. Staten’, Jian Lu®?*, Kevin M. Grise ©%, Sean M. Davis** and Thomas Birner®

'Indiana University Bloomington, Bloomington, IN, USA. *Pacific Morthwest Mational Laboratory, Richland, WA, USA. ®University of Virginia, Charlottesville,
WA, USA SMOAA ESRL Chemical Sciences Division, Boulder, CO, USA. *Cooperative Institute for Research in Environmental Sciences, University of
Colorado at Boulder, Boulder, CO, USA. *Ludwig-Maximilians-University Munich, Munich, Germarny. *e-mail: jian lu@pnnlgow
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Change in the latitudinal width of the tropics relative to 1981-2010 mean from satellite observations (red) and climate models
(thin black lines), along with the multi-model mean (thick black). The blue dashed lines show the 2o range of the width of the
tropics due to natural variability for pre-industrial levels of GHGs.

From Staten et al., Nature Climate Change, 2018. https://www.nature.com/articles/s41558-018-0246-2
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Water Supply

Emerging Trends in Global Freshwater Availability from GRACE (2002-2016)
M. Rodell, J. S. Famiglietti, D. N. Wiese, J. T. Reager, H. K. Beaudoing, F. W, Landerer and M.-H. Lo

Emerging Trends in Global Freshwater Availability
Nature, May 16, 2018, https://doi.org/10.1038/s41586-018-0123-1
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Water Supply

Satellite data collected by a uniqgue NASA Earth-observing mission called the Gravity Recovery and Climate
Experiment (GRACE), launched in 2002 and decommissioned in 2017, measured the space-time variations in
Earth’s gravity field, effectively weighing changes in water mass over large river basins and groundwater
aquifers—those porous, subterranean rock and soil layers that store water that must be pumped to the surface.

The data quantified the rates at which all regions on Earth are gaining or losing water, allowing scientists to
produce the map on the prior slide, which shows that water security—a phrase that simply means having access
to sufficient quantities of safe water for our daily lives—is at a greater risk than most people realize.

Perhaps the most concerning feature throughout the years of the map’s development has been persistent,
distinct patterns that define emerging classes of water “haves” and “have-nots” around the world.

« The world’s high-latitude regions, including the northern half of the United States, as well as the global
tropics, the low latitudes, are getting wetter.

« Simultaneously, the mid-latitudes—the arid to semiarid belt sandwiched in between—are getting drier.
This pattern of wet getting wetter, dry getting drier, has long been predicted in a series of Intergovernmental

Panel on Climate Change (IPCC) reports. However, IPCC-predicted changes extend through the end of the 21st
century. Our latest study, and an earlier report from our team, show that it is happening now.

https://www.pewtrusts.org/en/trend/archive/spring-2019/a-map-of-the-future-of-water
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Water Supply: Precipitation and Extraction

THE SAN Joaauin Valley floor has been sinking for decades. So much water has been

pumped out of wells in this arid agricultural zone that the land’s surface has
caved downward almost 30 feet in places. As groundwater pumping continues

amid the ongoing drought, it’s still sinking as rapidly as two inches per month.

On the surface, the subsidence is causing roads and canals to crack as the earth
collapses. Below the surface, much of the aquifer space is being lost and can

never be recovered.

Yet the federal government is encouraging the use of even more groundwater in
this severely impacted zone. The U.s. Bureau of Reclamation has used tens of
millions of taxpayer dollars to drill new wells in the San Joaquin Valley. Such
activity will likely contribute to further land subsidence and require more

taxpayer money to fix damaged infrastructure.

https://deeply.thenewhumanitarian.org/water/articles/2016/01/13/federal-policies-add-to-groundwater-strain
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Water Supply: Precipitation and Extraction

How Groundwater Extraction Can Cause Land to Sink

Well Subsidence

Land surface L o i_--
d
g S .
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’ Wet sand

and gravel

»

i Groundwater
|

In some areas known
as aquifers, water

saturates the ground
and fills the tiny spaces

If too much
groundwater is
extracted, the clay can
compact, causing

between sand, rock subsidence.
and clay particles.
Source: United States Geological Survey By Eleanor Lutz / The New York Times

https://www.hcn.org/articles/south-water-the-central-california-town-that-keeps-sinking
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Recent papers linking fires to climate change

RESEARCH ARTICLE

DIFECt and IndIrECt cllmate COFItI'D|S pI’EdICt Thomas Kitzberger' *, Donald A. Falk®®, Anthony L. Westerling®, Thomas W. Swetnam®

1 Laboratorio Ecatono, COMICET=INIBIOMA, Universidad Macional del Comahue, Quintral, Bariloche,

hete rogen eo U S Ea rly_m i d 2 'I st CE. ntu ry Wi I dfi re Argentina, 2 University of Arizona, Laboratory of Tree-Ring Besearch, Tucson, AZ, United States of America,

3 University of Arizona, School of Natural Resources and the Envirenment, Environment and Matural

burnEd area across WEStEFﬂ and b‘DreaI NDI’th Resources Building, Tucson, AZ, United States of America, 4 Sierra Nevada Resaarch Institute, University of

Califomia, Merced, California, United States of America
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Trends in temperature for:
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0188486
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Recent papers linking fires to climate change

Decreasing fire season precipitation increased recent
western US forest wildfire activity

Zachary A. Holden™', Alan Swanson®, Charles H. Luce®, W. Matt Jolly®, Marco Maneta®, Jared W. Oyler',
Dyer A. Warren®, Russell Parsons®, and David Affleck?

“US Forest Service Region 1, Missoula, MT 5%807; "Schoal of Public and Community Health Scences, University of Maontana, Missoula, MT 59812; “US Forest
Service Aguatic Science Laboratory, Rocky Mountain Research Station, Boise, 1D 83702; "US Forest Service, Fire Sciences Laboratory, Rocky Mountain
Research Station, Missoula, MT S8808; “Department of Geosciences, University of Momtana, Missoula, MT 59812; "Earth and Environmental Systems

Institute, Pennsylvania State University, University Park, PA 16802; and "Department of Forestry and Conservation, University of Montana, Missoula,
MT 54812

PMAS September 4, 2018 115 (36) EB349-E8357; first published August 20, 2018; hitps:idoi.orgM0.1073
/pnas. 1802316115

Linear trends in wetting rain days (left top),
the logarithm of area burned (left bottom), and

% wetting rain days versus logarithm of area burned (right)
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The New ork Times Forest Fires and Climate Change

Climate Scientists Warn of a ‘Global Wildfire Crisis’

Worsening heat and dryness could lead to a 50 percent rise in off- the-charts fires, according to a United Nations report.

q By Raymond Zhong

Feb. 23, 2022

Alandmark United Nations report has concluded that the risk of
devastating wildfires around the world will surge in coming
decades as climate change further intensifies what the report
described as a “global wildfire crisis.”

The scientific assessment is the first by the organization’s
environmental authority to evaluate wildfire risks worldwide. It
was inspired by a string of deadly blazes around the globe in recent
years, burning the American West, vast stretches of Australia and
even the Arctic.

A wildfire near Hillville, New South Wales, Australia, in 2019.

Matthew Abbott for The New York Times

The images from those fires — cities glowing under orange skies,
smoke billowing around tourist havens and heritage sites,
woodland animals badly injured and killed — have become grim
icons of this era of unsettled relations between humankind and
nature.

“The heating of the planet is turning landscapes into tinderboxes,”
said the report, which was published on Wednesday by the United
Nations Environment Program.

https://www.nytimes.com/2022/02/23/climate/climate-change-un-wildfire-report.html
https://www.unep.orag/resources/report/spreading-wildfire-rising-threat-extraordinary-landscape-fires
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Infectious Disease
How does climate change impact public health?

e Creates more favorable conditions for some disease-carrying insects, like mosquitoes
e Increases flooding, which leads to standing water and the contamination of water

sources
e Destroys habitats of animals, bringing them into contact with humans more frequently

Figure: Estimated effects of climate change on health

through number of Disability Adjusted Life Years

(DALYs) -- the sum of years of potential life lost due to

premature death, and the years of productive life lost

due to disability, associated with climate change.
Credit: WHO

https://www.who.int/globalchange/summary/en/index6.html
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Insect Vectors: Malaria

Impacts on insect host similar to Dengue
In warmer temperatures, mosquitoes take blood meals more frequently
e \Warmer temperatures cause the plasmodium parasite to digest blood and

reproduce more quickly
e Higher rainfall and humidity levels may allow for incidences of malaria in areas

where the parasite previously could not survive

Projection of precipitation changes by 2100 with aggressive growth of GHGs

Annual maximum daily precipitation change
(a) At 1.5°C global warming (b) At 2.0°C global warming

= > i

1 |
=20 =10 0 10 20 30 40
Change (%)
Fig 11-16, ARG High model agreement
7777 Lack of model agreement

Projected changes in annual maximum daily precipitation at (a) 1.5°C, (b) 2°C warming compared to the 1851-1900 baseline.

Results are based on simulations from the CMIP6 multié model ensemble under the SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0,
and SSP5-8.5 scenarios. The numbers on the top right indicate the number of simulations included. Uncertainty is represented
as follows: no overlay indicates regions with high model agreement, where = 80% of models 9 agree on sign of change;
diagonal lines indicate regions with low model agreement, where < 80% of models agree on sign of change

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC _AR6 WGI Chapter 11.pdf
See also https://www.preventionweb.net/news/explainer-what-new-ipcc-report-says-about-extreme-weather-and-climate-change
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Insect Vectors in North America

e Freezes in the winter usually cause massive decreases in insect populations

e The average freeze season in the United States was a month shorter in 2016 than
in 1916 (Weather.com)

e Higher external temperatures cause insects to have higher metabolic rates

e These two factors mean that with rising global temperature, more insects will
survive the winter and reproduce- with a need to take more meals

End of January End of February

) gt This year
‘” \ = Y ; ?
e Sy r. : 30-year
This year il average
FIRST LEAF INDEX : 30-year

Extent of spring leaves, by month average

Regions in the US that experienced blooming by the end of Jan (left) and Feb (right) 2017

https://www.nytimes.com/interactive/2017/03/08/climate/early-spring.html
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Insect Vectors: Lyme Disease

e Infects over 20,000 people annually in the US
e Transmitted by deer ticks
o Active in temperatures above 45 degrees F
o Thrive in 85% humidity or greater (EPA)
e Ticks are not being killed off as significantly due to shorter/milder winters
e Earlier arrival of spring extends their active period; warmer temperatures cause ticks to
feed on humans and deer more frequently
e Conditions favorable to deer ticks are becoming more frequent/widespread in the US

1996 2018

Distribution of reported cases of Lyme disease in 1996 and 2018. Each dot represents an individual case placed
according to the patient’s county of residence, which may be different than the county of exposure. Maps focus on the
parts of the United States where Lyme disease is most common. (EPA)

https://www.epa.gov/climate-indicators/climate-change-indicators-lyme-disease
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Consequences of Climate Change

4. Hurricane intensity is increasing, affecting populations that reside in

coastal regions

* Projection of the effect of global warming on hurricanes requires conducting
calculations on a ~20-km grid (“serious supercomputer”)

» Some simulations project that at end of century, rising GHGs will lead to:

a) ~ 30% decrease in annual mean occurrence number of tropical cyclones, due to larger
increases in T at 250 mbar than at surface, which causes a more stable atmosphere,
as well as a reduction in the mid-latitude to tropical temperature gradient

b) increase in maximum surface winds of the tropical cyclones that do occur:

i.e., hurricanes less frequent but more powerful

UDSEIrvalion 1vrey— 1200 1V ycals
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20N R o Future expt. 10 years
£Q 40N | .
i it ‘-'-".‘!:.1.-"."{‘,_.:};,553 4o ‘4‘1{{“ |, g Rl
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20 1; i AR ;5»_ T : -_ ;’.-iﬂtq
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I Fig. 2. Tropical eyclone tracks of the observational data (top), the present-day (middle), and the
20N+ Ao B = ‘%_ future climate experiments (bottom). The initial positions of tropical cyclones are marked with

. i “plus” signs. The tracks detected at different seasons of each year is in different colors (blue for
EQ i ¢ January, February, and March; green for April, May, and June; red for July, August, and Septem-
Rl ber; orange for October, November, and December).
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Oouchi et al., Journal Meteor. Soc. Japan, 2006
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4. Hurricane intensity is increasing, affecting populations that reside in
coastal regions

* Projection of the effect of global warming on hurricanes requires conducting
calculations on a ~20-km grid (“serious supercomputer”)

» Some simulations project that at end of century, rising GHGs will lead to:

a) ~ 30% decrease in annual mean occurrence number of tropical cyclones, due to larger
increases in T at 250 mbar than at surface, which causes a more stable atmosphere,
as well as a reduction in the mid-latitude to tropical temperature gradient

b) increase in maximum surface winds of the tropical cyclones that do occur:

i.e., hurricanes less frequent but more powerful
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4. Hurricane intensity is increasing, affecting populations that reside in
coastal regions

* Projection of the effect of global warming on hurricanes requires conducting
calculations on a ~20-km grid (“serious supercomputer”)

» Some simulations project that at end of century, rising GHGs will lead to:

a) ~ 30% decrease in annual mean occurrence number of tropical cyclones, due to larger
increases in T at 250 mbar than at surface, which causes a more stable atmosphere,
as well as a reduction in the mid-latitude to tropical temperature gradient

b) increase in maximum surface winds of the tropical cyclones that do occur:

i.e., hurricanes less frequent but more powerful

olelyi{elVsleliglsRi:Iw(eIel \iajor Hurricane History

Data from 1949 in the Pacific, from 1. Atlantic

http://www.c2es.org/science-impacts/extreme-weather/hurricanes
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Consequences of Climate Change
4. Hurricane intensity is increasing, affecting populations that reside in

coastal regions

Q Dr. Robert Rohde
@RARohde

Lead Scientist @BerkeleyEarth.

Physics PhD, data nerd, and cancer

survivor. Usually focused on climate

change, fossil fuels, and air quality

issues.

Following

Copyright © 2022 University of Maryland.

If you think the US has been hit by a lot of strong

hurricanes in recent years, you'd be right.

It has been the most intense b-year period on record.

Stmngest.Hurricane [ Tropical Storm to
" Impact the United States Mainland Each Year

Aiapied ko ROAA's HURDATZ Beul Tepzh Archive. Befon the wilsapnos use of srcrall and sabelites (~1570), dats & ess rebalie

1860 1880 1900 1920 1840 1860 1880 2000 2020

5:35 AM - Sep 29, 2022 - Twitter Web App

https://twitter.com/RARohde/status/1575418893547573249
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Consequences of Climate Change
4. Hurricane intensity is increasing, affecting populations that reside in

coastal regions

Q Dr. Robert Rohde
@RARohde

Y

Following

Dr. Robert Rohde @RARohde - 6h
Replying to @RARohde
Is this related to climate change? It might be.

However, the period around 2010 was one of the longest periods on record
without any major hurricanes hitting the USA.

These sudden changes in the observational data make it difficult to know
what to expect going forward.

Q 2 T 4 QO 39 3

Dr. Robert Rohde @RARohde - 6h

Most hurricanes form at ocean temperatures of at least 26 °C (79 °F), and
the maximum achievable wind speed increases by ~19 mph (30 kph) for
every extra 1°C (2 °F) in ocean temperature.

twitter.com/RARohde/status...

So global warming increases the potential for strong storms.

2 Dr. Robert Rohde @RARohde - Aug 30, 2021

Warm oceans are an essential ingredient in making the most powerful
Atlantic hurricanes.

80% of Atlantic tropical storms occur at water temperatures above 26
°C (79 °F), and the maximum possible wind speed grows by ~19 mph
(~30 kph) for every 1 °C (2 °F) of warmth above that.

Atlantic Hurricane Wind Speed vs. Water Temperature

200 - | —— Top 1% Wind Speed .0

Top 10% Wind Speed @_.__q"“

E 180 \@\
£ 160 Cat§
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18 20 24 26 28 30 52
Average Water Temperature at Core Location (Previous 30 Days, ° C)

T1630 otsorvations fom 1178 North Aslantic tropical cyclones from Jan. 1850 theough Jun. 2021, Wind speeds have
beon dithered + 3 mph 10 beler show the density of ponts. Trend knes are based on TS and stronger stonms only.
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https://twitter.com/RARohde/status/1575418893547573249
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Consequences of Climate Change
4. Hurricane intensity is increasing, affecting populations that reside in

coastal regions

q Dr. Robert Rohde
@RARohde

Y

Following

Dr. Robert Rohde @RARohde - 6h
However, ocean temperature is not the only consideration.

Circulation and moisture patterns also affect how many storms form and
how likely they are to reach land.

The impact of global warming on the number and distribution of hurricanes
remains a subject of uncertainty.

Q 3 m s Q 24 0

Dr. Robert Rohde @RARohde - 6h

The storms that do form will probably become more intense as global
warming progresses.

But it is unclear whether we should expect more storms or fewer to form,
and whether the storms that do form are more likely or less likely to reach
the United States.

QO 1 11 5 O 23 0

Leon Simons @LeonSimons8 - 5h

Replying to @RARohde

The spike in Sea Surface Temperature around the United States most likely
contributes to the record amount of strong Hurricanes impacting the US.

This is the June-Aug SST trend up to 2022:

A Sea Surface Temperature Anomaly ("C) [1982-2010]
Specily Area (20°N-50'N, 140'W-50'W)

https://twitter.com/RARohde/status/1575418893547573249
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Consequences of Climate Change

4. Hurricane intensity is increasing, affecting populations that reside in
coastal regions

f_“ Dr. Robert Rohde
@RARohde

N 4

Following
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Leon Simons @LeonSimons8 - 5h

Replying to @LeonSimons8 and @RARohde

This is the same region where cooling sulfur aerosol emissions from
shipping where reduced with 90% starting 2015 and further (outside
Emissions Control Areas) starting 2020:
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Consequences of Climate Change
5. Ocean is becoming increasingly acidic, threatening vast portions
of the ocean ecosystem

Future ocean uptake of atmospheric CO, will lead to ocean acidification
Bad news for ocean dwelling organisms that precipitate shells (basic materials)

Diminishing pH levels will weaken the ability of certain marine organisms to build their hard parts and will be felt soonest and
most severely by those creatures that make those parts of aragonite, the form of calcium carbonate thatis most prone to
dissolution. The degree of threat will vary regionally.

Before the Industrial Revolution [left), mostsurface waters were substantially "oversaturated” with respect to aragonite (light blue],
allowing marine organisms to form this mineral readily. But now [center), polar surface waters are only marginally oversaturated (dark blue).
At the end of this century (right], such chilly waters, particularly those surrounding Antarctica, are expected to become undersaturated
[purple), makingit difficult for organisms to make aragonite and causing aragonite already formed to dissolve.

Pteropods form a key link in the food
chain throughout the Southern Ocean.
For these animals [and creatures that
depend on them), the coming changes
may be disastrous, as the images at
the right suggest. The shell of a
pteropod kept for 48 hours in water
undersaturated with respect to
aragonite shows corrosion on the
surface (a), seen most clearly at high
magnification (b). The shell of a normal
pteropod shows no dissolution [c].

Doney, The Dangers of Ocean Acidification, Scientific American, March, 2006
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Possible Impacts of Climate Change
 1°C (already committed to this)
— Loss of glacial waters in Africa & Asia, with regional declines in food production
— Tropical islands such as Tuvalu, Kiribati, Marshall Islands, and Maldives severely threatened
« 2°C (Paris Climate Agreement Upper Limit)
— Polar bear habitat under severe threat

— Glacial melt rate doubles; disappearance of glaciers will create water shortages in places such as
India, Peru, Ecuador, and Bolivia

— Stability of Greenland ice sheet threatened

“COMPULSIVELY READABLE"

Fopre

Book: https://www.amazon.com/Six-Degrees-Future-Hotter-Planet
Summary: http://www.sustainablewoodstock.co.uk/onetwo%20degrees%20summary.pdf

OUR FUTURE ON A HOTTER PLANET
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Possible Impacts of Climate Change

« 3°C (occurs in ~2050 according to IPCC climate models using RCP 8.5)
— 80% of Arctic sea ice melted
— Loss of Himalayan glaciers threaten water supply of Pakistan & China’s hydro-electric industry

— Indian monsoon, essential to 60% or world’s population, more variable and possibly fails on a
persistent basis

— Many plant species become extinct if they can not adapt, an ecological catastrophe but also another
source of atmospheric carbon

* 4°C (occurs in ~2080 according to IPCC climate models using RCP 8.5)
— Mass displacement of populations from places such as Bangladesh, Egypt, etc
— Major flooding in Mumbai, Shanghai, Boston, New York, London, etc
— Australia supports little to no agriculture
— Stability of Antarctic ice sheet threatened
» 5°C (possibly end of this century)
— Stability of all of world’s ice sheets threatened, leading to drastic change in coast line geography

— Risk of methane release from hydrates, a strong positive feedback that is considered one of several
tipping points

— Possible massive decline in supportable, global population
* 6°C (next century)

— Sealevel rise could be 20 meters (65 feet!)

— Dystopian world

Six Degrees: Our Future on a Hotter Planet by Mark Lynas
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