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2021 WAS THE SIXTH HOTTEST YEAR ON RECORD,
E&E NEWS, 1/13/2022



What are the top climate threats to your country? N.Y.
Times, 1/28/21 In the United States in 2040, the

major climate hazard may be wildfires

n the U.S. in 2040, the major climate hazard may be

and water stress. Other high risk
climate hazards include heat stress,
flooding, cyclones and sea level rise.

CLIMATE THREATS TO U.S.

Flooding @ Heat Stress ® Water Str
@ Cyclones Sea Léy



U.S. ANNUAL TEMPERATURE COMPARED T0 20™-CENTURY AVERAGE
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[+] Annual U.S. temperature compared to the 20th-century
average for each U.S. Climate Normals period from 1901-
1930 (upper left) to 1991-2020 (lower right). Jared Rennie,
North Carolina Institute for Climate Studies/NCEI/NOAA
Climate.gov

Figure 3. Change in Precipitation in the United y
States, 1901-2020

U.S. IS HEATING UP



INTERGOVERNMENTAL PANEL ON
climate chan

Bleagtried coral reef

IPCC ASSESSMENT
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Ref: Climatg’Change:
A short Intffoduction,
Mark Maslin




Annual total CO2 emissions, by world region O Vel

in Data

qr Statistical
35 billion t ~ differences

. Asl and Pécific
30 billion t " (othen)

25 billion t

20 billion t

B —— India

| W Africa
15 billion t AL Middle East

Americas (other)

10 billion t
—— United States

5 billion t Europe (other)

0t
1751 1800 1850 1900 1950

Source: Carbon Dioxide Information Analysis Center (CDIAC); Global Carbon Project (GCP)
Note: The difference between the global estimate and the sum of national totals is labeled “Statistical differences”,
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions « CC BY

GLOBAL CO2 EMISSIONS CONTINUE
TO INCREASE: GUTERRES IS CORRECT ~ Siobd! Carbon Project,




G) Long-wavelength infrared light

@ Short-wavelength infrared light

GREENHOUSE EFFECT IN A
GREENHOUSE

« Glass is fransparent to

incoming solar (visible)
energy

« Glassis opaque to

outgoing long-wave
infrared energy and
reflects that energy

back into the
greenhouse, warmin




@5heri Amsel
www_exploringnature.org

The Greenhouse Effect

1. Sunlight (Solar Radiation) makes its way to Earth.

2. About half the sunlight makes it through the atmosphere to reach Earth.

3. Heat is then radiated back up to the atmosphere and absorbed by
greenhouse 5es.

4, Heat is then bounced back (re-radiated) to Earth, which warms the
planet.
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EARTH'S PRESENT-DAY ENERGY
BALANCE




F-gases 2%

Global Warming Potential of Primary Greenhouse Gases

Greenhouse Gas ‘ Chemical | Global Warming Potential [ Time Horizon| Methane
3 16%
el A 1 [P :— -: VEArs
formula 20 years | 100 years = b
(fossil fuel and industrial
processes)

Carbon Dioxide
(forestry and other

Carbon Dioxide €05 1 it A 65%
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Methane CHy 16-26

Nitrous Oxide N5O 280 310

\'v; US Environmental Protection Agency

HyerﬂUﬂrﬂ[aThDHS HFEE 4‘5{] = 9,1 Dﬂ 14{}‘! 1,:”.}[’ Global Greenhouse Gas Emissions

Data | US EPA

Perfluorocarbon PFCs 4 400-6,200 6,500-23,900

So CO2 emitted this year ,//i'//

Sulphur Hexafluoride SFg 16,300 23,900 remain in the atmospherefo
hundreds of years

Average lifetimes of/GHGS
CO2 - 300-1,000 years
CH4 - 10-12xears
. . NOx - > 100 years
GWP and GHG lifetimes HFCs - 15.29 years
PFCs — 50-200 year
SF6 — 3,200 years
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Temperature change (light blue) and carbon dioxide change (dark blue) measured from the EPICA Dome C ice core in Antarctica
(Jouzel et al. 2007; Lathi et al. 2008).

CORRELATION OF GLOBAL

TEMPERATURES AND CQO2

https://www.ncdc.noaa.gov/global-
warming/temperature-change

CO, today

S
Pt % DO
;‘i : / EH *-2*24&;» g1
& -2 / riev Ingiuk 2200
) . P
F 3 il 8 0
—4 T T I R : l. "I ‘,|
20,000 15,000 O/Q00T TS
Years before present
10. Global temperatures and carbon dioxide
e oy TS

20,000 years ¢

The “hockey stick”

From Mark Maslin,
“Climate Chan



What are the RCPs?

RCP stands for ‘Representative
Concentration Pathway”. To understand
how our climate may change

in future, we need to predict

RCP8.5 — Business as usual
how we will behave. emissions are
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@TheClimateService

RCP8.5 — Business as usual

RCP6.0 — Emissions peak 2080
RCPA4.5 -- Emissions peak 2040-2050
RCP2.6 — Emissions peak in 2020

RCP — Representative /
Concen’rrc’rion

1 Gt = 1,000 megatonnes
1GT =1 billio'tonnes

p =3
::;"
23
58
88
5 3
E
S

CLIMATE MODELING SCENARIOS: RESULTS




Energy-related carbon dioxide emissions by sector and fuel

SOUrce
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RAISING THEALARM

Evidence that tipping points are under way has mounted in the past decade.
Domino effects have also been proposed.

A. Amazon rainforest D. Boreal forest H. Permafrost

Freguent droughts Fires and pests Thawing
changing

B. Arctic sea ice I. West Antarctic

Reduction in area F. Coral reefs ice sheet

Large-scale die-offs Ice loss accelerating
C. Atlantic circulation

In slowdown since G. Greenland ice sheet  J. Wilkes Basin,
1950s Ice loss accelerating East Antarctica
Ice loss accelerating

@nature
.Tipping points _
— Connectivity - Other potential tipping points:
Methane hydrates melting and relegge

Tipping Points Have Points of No Return

Point of No Return |

Tipping Point

CLIMATE CHANGE TIPPING POINTS

https://www.nature.com/articles/d41586-019-03595-0 Tipping Point Developmental Process Over Time




> Domino effects

TIPPING POINTS (CONT.)
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GULF STREAM SLOWS DOWN




> Poster for Day
After Tomorr

GULF STREAM (CONT.)
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An Arctic landscape of snow, ice and meltwater extends

beneath partly cloudy skies. NOAA Ocean Exploration &
Research/Flickr
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o EMLEEXTREME WEATHER & CLIMATE CHANGE

Temperature Water + Temperature

Temperature

Water +
Temperature

1‘;..( SEVERE EXTRENE COASTAL HEAT

DROUGHTS PRECIPITATION
Al FLOODING WAVES /
Strong Strongest /
Evidence Evidence

WEATHER EVENTS AND CLIMATE CHANGE

https://globalchange.umich.edu/globalchangel/curfent
/lectures/dangerous_climate/dangerous_climate.himl




Causes of Sea Level Rise

Sea Level
-- Thermal expansion plus land ice
Thermal expansion (warmer water expands, is less dense)
Total land ice
Greenland land ice
e

ountain glaciers

-

Equivalent Sea Level (mm)

Sea Level

Thermal
expansion +
land ice

Total land ice

Thermal
expansion

eenland
tarctica

1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Local sea level can “appear” to drop if the land is rising faster (rebound from glacier weight)

Figure 5. The main causes of sea fevel rise are the thermal expansion of water in the ocean as the ocean warms, and the melting of glaciers and ice

sheets on land that contribute water to the oceans..

CAUSES OF SEA LEVEL RISE

200 mm = 7.9 inches

fromm Mark Maslin, “Climate Change/

https://globalchange.umich.edu/globalchangel/curren
t/lectures/dangerous_climate/dangerous_climate.html




SEA LEVELS MAY RISE A FOOT BY 2050




Antarctica

ICE SHEET MELTING
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https://climate.nasa.gov/news/3038/the-anatomy-
of-glacial-ice-loss/
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GLACIAL ICE LOSS (CONT.




DROUGHT AND CLIMATE CHANGE

Research Institute

https://www.drought.gov/drought/news/climate-change-and-
%E2%80%9 Catmospheric-thirst%E2%80%9D-increase-fire-danger-and-drought-
nevada-and-california




U.S. Drought Monitor March 30, 2021

(Released Thursday, Apr. 1, 2021)
Valid 8 am. EDT

» % 5 Intensity:

[ Itone [ 02 Severe Drought
[T oo Aonomaityory [ 03 Extreme Drought

'S g [ D1 Modsrate Drought [ D4 Exceptional Drought
The Drough Wonior focuses on broad:scale condions
Local conditions may vary For more information on the
Drought Monitor, 6o to tps:/roughtmonitr unl.edu/Abot aspx
Author:

= Brad Pugh
» 3 ‘ CPCINOAA

USDA
==

droughtmonitor.unl.edu

DROUGHT AND THE WEST
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FRESH WATER




FRESH WATER (CONT.)

JOHN MARSHALL EVERGLADES

SYMPOSIUM

A NIRTUAL CELEBRATION DECEMBER 11TH

4
COMPREHENSIVE EVERGLADES
RESTORATION PLAN

Historic 7 Current
Flow : -4 Flow




CLIMATE CHANGEAND
HURRICANES  hricanes more dongerocs

Yaleclimateconnections.org, 7/8/19

o
1970

Hurricane
Category Chart

[ ] : 74 - 95 mph
® .06-110 mph
; :111 - 130 mph
: 131 - 155 mph

: over 155 mph

Atlantic Hurricanes Grow Stronger

P R st T W N S Sy S B |
1975 1980 1985 1990 1995 2000 2005 2010



GEADA em 18/07
Minas - Cerrado e Mogiana

Trees: Brazil

CLIMATE CHANGE AND FOOD SUPPLY




MELTING PERMAFROST?

NY Times
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Beridd Sea ice

3 SIGNS OF THE "NEW ARCTIC’

* EandE News, 12/9/20
Based on NOAA report
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THE GOOD NEWS: THE PARIS CLIMATE
AGREEMENT GOAL IS STILL WITHIN REACH
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CLIMATE CHANGE
MODELING

(‘3 PRINCETON
UNIVERSITY

Surface uptake From 1871 to 2017 for heat stored in the:

[y} x10% B Atlantic Ocean
ﬁ 4 . — i ——

- 0 0
180W 120W 60W 0 60E 120E 1BOW 180W 120W 60W 0 60E 120E 180W

Fig. 2. Cumulative heat uptake from 1871 1o 2017 (joules per year) shown for sach patch (numbered hede and shown in § Appendic. Fig. 51}, contributing
10 the Integisted pascie hest toisge (A) globally and () bn the Atlantlc Doean. Note the diffesent scales for the two panels




Oppenheimer
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U.S. Billion-dollar event frequency, type, annual cost, 5-year cost average
(January 1980-September 2020)

United States Billion-Dollar Disaster Events 1980- 2020 (CPI-Adjusted)
B Oroughn Count B Floodmng Count B Freeze Count B Severe Storm Count Tropical Cyclome Cownt
W Wildfire Cownt B Winter Storm Count B Comiswaed Disaster Cost B Costs 95%5C1 B 5-Year Avg Costs

Frequency | "R | l ’ Number of disasters
|
e

i /
) (ARARRIR 1
| SERRRERAR

S-year cost avergge

+ 2020: above average annual costs (>$50 0 billion) vs. the CPi-ad}usted 1980-2019 annual average ($43.9 bllllon)
+ 2020: Costs (TBD) for the Western wildfires, Western/Central Drought/Heat Wave and Hurricanes Sally, Deilta, Zeta, etc.
« 5-year annual v $106.3 billion, a record; costs over last § years (2016-2020) >$550 billion - a record

E -
December 10, 2020 I U.S, Billion-dollar Weather and Climate Disasters — 2020 in Context @a

U.S. FREQUENCY OF CLIMATE-RELATED
$1B-DISASTERS IS INCREASING

CBS News, 12/10/20




CORRELATION IS NOT CAUSATION!

I ICE CREAM SALES
B SHARK ATTACKS

JAN MAR MAY JuL SEP NOV

Both ice cream sales and shark attacks increase when the weather is hot
and sunny, but they are not caused by each other (they are caused by
good weather, with lots of people at the beach, both eating ice cream

and having a swim in the sea)

CLIMATE CHANGE: CORRELATION VS§
CAUSATION

https://ec.europa.eu/jrc/en/publication/correlation-
or-causality-drivers-earth-climate , 2015




CLIMATE CHANGE MODELING
U P DATE IPCC - Intergovernmental

Panel on Climate Change
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Ry g
< L | MAT E < H A N < E M O D E Ll N < A model of clouds in current and future atmosph95 qOZ
concentrations, showing a shift from stratocumulu¥ clouds
to scattered cumulus clouds, which would result in strong
(‘ O NT ) warming. SCHNEIDER ET AL. NATURE 2019
([ ]
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CLIMATE CHANGE MODELING (CONT.)




g The National Academies of
SCIENCES - ENGINEERING - MEDICINE

CLIMATE MODELING (CONT.) Ml Siobal Champe
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CLIMATE CHANGE THRESHOLD
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Trapped energy
from water vapo

WATER VAPOR: GOOD OR BAD
ACTOR IN CLIMATE CHANGE?

https://www.nasa.gov/topics/earth/features/vapor_
warming.html




CLIMATE CHANGE IN THE NEWS (CONT.)
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Greenland = -281 Gt yr”

. A 1,000 Gt =1 ftrillion tonnes
Antarctica = -118 Gt yr

—

Antarctica mass anomaly [Gt]
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Figure 3. The mass loss of ice from Greenland and Antartica ice sheets since 2002, Dashed lines show the ice loss predicted by different models starting
in 2007 under the scenaric of "business as usual” in terms of our continued greenhouse gas emissions. The mass loss is measured by the GRACE

MELTING OF GREENLAND AND
ANTARCTIC LAND-BASED ICE SHEETS

https://globalchange.umich.edu/globalchange1/current/le
ctures/dangerous_climate/dangerous_climate.html
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ANTARCTIC ICE AND THE
SOUTHERN OCEAN




|ICE SHEET CALVING

Crack in Brunt ice sheet /
7
/




www.recipesforfamilylife.com

Heading into
Challenging
Territory -
Challenge A

/

Antarctic ice speet
7

melting

UNCERTAINTIES IN ANTARCTIC
ICE MELTING




Ice velocity from Rignot etal., 2011. |, / Ice streams of Antarctica
Value / www AntarcticGlaciers.org

W High : 350284

ICE SHEETS (CONT.




PERMAFROST

I.w .
Alaska’s permafrost shown here in By 2050, much”of this frozen ground,
2010,-is’no longer permanent. It is a sto;ehouse of ancient carbon, could
startmg to thaw. >begone.

MELTING PERMAFROSTe (CONT.)

NY Times, 8/23/17




(nv. Dist.” Interp.)
'WFAS-MAPS Graphics FIRE BEHAVIOR RESEARCH MISSOULA, MT

Drought and fire danger

DROUGHT AND THE WEST (CONT.) M




The U.S. Drought Monitor (USDM) is a map that shows the
location and intensity of drought across the country. The datais
updated each Tuesday and released on Thursday. This map
shows the drought conditions on December 15, 2020.

Learn more about the US Drought Monitor

DO - Abnormally Dry
«Short-term dryness slowing 165% 577%

plant\.ng, g_row‘th ofcrops_ of LS. DO-D4
«Some lingering water deficits

=Pastures or crops not fully recovered

D1 - Moderate Drought
sSome damage to crops, pastures 127% 412%

*Some water shortages de?rel.oplng of US. D1-D4
sVoluntary water-use restrictions
requested

D2 - Severe Drought
«Crop or pasture loss likely 10.1% 28.5%
»Water shortages common of U.S. D2-D4

«Water restrictions imposed

D3 - Extreme Drought

«Major crop/pasture losses 101% 184%
«Widespread water shortages or of U.S. D3-D4
restrictions
D4 - Exceptional Drought
n «Exceptional and widespread 8.3%
crop/pasture losses of U.S.
’:‘a'!f «Shortages of water creating water

emergencies

DROUGHT MONITOR

Contiguous US Alaska Hawaii Puerto Rico |

https://www.drought.gov/drought/

N\ #




FRESH WATER STATISTICS

https://blog.nationalgeographic.org/2014/03/28/to-
understand-water-learn-the-math/




Country Water use per person
(gallons/day)

United States 1,002

Australia 481

France 329

Germany 226
U.K. 92

FRESH WATER USE PER PERSON

https:.//www.worldometers.info/water/
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Millions of people in seven states and Mexico rely on the
Colorado River for drinking water and growing crops.

U.S. Drought Monitor
West

FRESH WATER

IEhoenix




FRESH WATER (CONT.)

Map: Saltwater intrusion in South Florida
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Figure 1

Long-term average groundwater recharge (in mmyear) and aress of intensive groundwater use (26).

FRESH WATER (CONT.)




Hurricane Eta
> Approaching Nicaragu
with 145 mph wind

CLIMATE CHANGE AND HURRICANES




Satellite image of North America showing where plants are
greening the terrain. Credit: NASA

Latitude

CARBON UPTAKE BY K3
PLANTS DURING GLOBAL cop v G m

A map of the world shows the changes in global gross primary

WA R Ml N G productivity (GPP), an indicator of carbon uptake, from 1982—

Climg’re.nqsg.gov 2016. Each dot indicates a region with a statistically significant
trend. Credit: NASA/Nima Madani
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> Thawing Siberian
permafrost

MELTING PERMAFROST




SURFSIDE CONDO
COLLAPSE LINKED TO SALT
WATER INTRUSION

lllustration of
Saltwater intrusio

water

freshwater » =
aquifer \ ”--" \\\\\
R\\\\




