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THIS TALK

What is ‘Climate’?

What is ‘Climate Change’?

What Causes Climate Change?

Climate vs. ‘Weather’

Actions That Can Be Taken




Ask Questions!




I’m not a Guru!! or a White Knight!!!!

Global Proposal Solutions




| AM a Scientist - Tough time for scientists
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Are ALL Scientists Ethical/Competent/Honest?

Not 100%, but ths

&1 million 1™

PRESS RELEASE

oveYr

Dentist Accys d .
Drugged ed of P Oisoning Wife Al
Ad d?g Her Ye ,egedly

ars Ago, H

ction ad Pornogrq,,hy

Yet, we still trust our Dentist, don’t we?7??

So let’s trust our Scientists!!
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My Goal Is to Stimulate Thought and Educate,
Not Preach or Scare
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A little bit about me....
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A little bit about me.... NOT a “Climatologist”
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NOT a “Tree Hugger”
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| AM an Environmental Biologist!




Studying Fishes Involves .....
Laboratory work

- |Field Work
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Studying Fishes Involves....
...CATCHING Fishes!
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My Journey as a Biologist Started in Canada....

Arctic Ocean Baffin Bayh s e onland
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...and Has Taken Me All Over the World

Sf' N
« Physiology — how they work!
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So Why Do | Care About Climate Change??
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WHAT |S ‘CLIMATE’?
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Definition of ‘Climate’

Climate is the general
weather over a long period.

Clouds

Includes rainfall, temperature,
snow or any other weather
condition.

Seaice Human

activity

S i
i

Region's climate defined over
of 30 year period.

Oceans

UK Met Office
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Components of Global ‘Climate’ System

The components of Earth’s Climate System

« 5 Components
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Components of Global ‘Climate’ System

The components of Earth’s Climate System

Cryosphere:

- polar ice-caps
sea-ice
permafrost
seasonal snow cover

mountain glaciers

« 5 Components
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Would That ‘Climate’ Be So Simple....

Circulation, Sea Level, Biogeochemistry

Changes in the Atmosphere:
Composition, Circulation

Atmosphere l

N, O, Ar,
H,0, CO,, CH, N,0, O,, etc.
Aerosols

Changes in the
Hydrological Cycle

l Clouds

! e B IS

Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

E——

Changes infon the Land Surface:

Changes in the Ocean: '
| Orography, Land Use, Vegetation, Ecosystems
) Bt |
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* Highly complex interactions

* Not fully understood!




WHAT IS CLIMATE CHANGE AND
WHAT CAUSES IT?
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21



We’ve Always had ‘Climate Change’

PRECAMBRIAN PALEOZOIC MESOZOIC CENOZOIC
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Changes in the Earth’s Orbit and Rotation
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Variations in Solar Activity New York City, March 13, 1089
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Solar Cycles
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Changes in the Earth’s Reflectivity

Low angle of
incoming sunlight

Sunlight strikes
most directl

Low angle of
incoming sunlight
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Volcanic Activity

Ancient Roman scholar Cassiodorus
reported “a winter without storms, spring
without mildness, and summer without
heat.”

Procopius wrote “the sun gave forth its
light without brightness.. .like the sun in
eclipse.”

12th-century scholar Michael the Syrian
said that “the sun shone feebly for a year
and a half.”

Others described lower temperatures,
harvest failure, famine, and disease from
Europe to the Middle East.

NUNT 6N Texas




Naturally Occurring Changes in Carbon Dioxide Concentrations

Current (&
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Climate Change Has Many Natural Causes

- -

Not our fault!!
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Climate Change Has Many ‘Culprits’

Not so fast!!
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Greenhouse Gas Emissions

“‘Greenhouse Gases = gases that trap Earth’s heat rather
than let it escape to Space \

Global Atmospheric Greenhouse Gas Concentrations Over Time
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Greenhouse Gas Effect

2. SOME SUNLIGHT IS
REFLECTED ...

3. ... WHILE THE REST IS
ABSORBED. THE GREEN-
HOUSE CASES TRAP HEAT,
WHICH WARMS THE y S
EARTH. 1. CREENHOUSE CASES LIKE
' CO; ACT LIKE A “BLANKET"
AROUND EARTH.

10 YEARS

50 YEARS —7\
100 YEARS ~

4. CO; PERSISTS IN THE
ATMOSPHERE FOR A LONG
TIME AND CONTINUES THE
WARMING EFFECT.
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Greenhouse Gas Emissions
Unusual ‘Suspects'....

Ruminant Emissions

(Methane)
CH,

(Nifrous oxide)
N,o
(Carbon dioxide)
co,

Cattle = #1 Methane Producer in the US!! — 10%!!
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Greenhouse Gas Emissions

o5

: | GREENHOUSE GAS EMISSIONS COUNTRIES 2024

§ 2 ,.. ‘@

CHINA (e 10,667.89 MT

UNITED STATES * 4,712.77 MT

INDIA 2,441,79 MT

RUSSIA 1,577.14 MT

JAPAN 1,030.78 MT
. IRAN 745.04 MT
GERMANY 644,31 MT
SAUDI ARABIA 625.51 MT
SOUTH KOREA 597.61 MT

INDONESIA 589.5 MT
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Reflectivity (‘Albedo’)

'Thin clouds
25-30%

i, //4\\\\\\
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clouds ~ Fores
70-80% 5-10%
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?% o= — (varies with sun angle "'91’33,_

N3
Albedo . iao'
] = Dark roof
0.0 0.5 1.0 AN 10-15%
-~ Sandy beach
o 2040% ..

Low Reflectivity High Reflectivity

Depends on angle of Sun’s rays!
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Land Use Changes

Human-driven changes in land use and land cover: deforestation,

urbanization, and shifts in vegetation patterns

+ -} Pre-agricultural landscape Modern agricultural landscape

= Land cover with lower surface albedo

Land cover with higher surf lbed
ﬁ ad eive JhRraiace dlbead © Encyclopaedia Britannica, Inc.
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Land Use Changes

UNIVERSITY
OF NORTH TEXAS

parking lot.

Joni Mctehell -
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Aerosols and Other Pollutants

Atmospheric aerosols containing sulfur compounds, organic compounds, and
black carbon - both warming and cooling effects on climate.

rrrrrrrnan
rtirrrrrrnana
rtrrtrrrrra
rirrirrrrnna

Aerosol direct effect Aerosol indirect effect

Scattering and absorption Decrease of cloud droplet size, increase of droplet number,
of solar radiation increased scattering of solar radiation, decrease of precipitation
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Ozone Depletion

Human-produced halocarbon gases, like chlorofluorocarbons (CFCs),
cause depletion of ozone layer In stratosphere, which protects Earth from
harmful ultraviolet radiation.
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Human and Natural Influences on Global Temperature

2.0 -

1.5 S

1.0 -

0.5 -

0.0

=09 -

™
)
o)
®
| .
S
<
E
o
“\_—-_
)
O
|
)
O
=
()]
v
—
o= |
Road
@
pa—
)
oY
5
l—

—10 , | [ | | I I I
1880 1900 1920 1940 1960 1980 2000 2020

NUNT 6N Texas



Human and Natural Influences on Global Temperature

Combined Human Drivers Natural Drivers

2.0 R Obsel'ved ﬂ :——_— NOLISE Jacec
Human Drivers /‘/ Ozone

1.5 Natural Drivers N Land Cover \yV<+—— Human Drivers

All Drivers

1.0 -

05 -
A <+«— Natural Drivers

=0.9 1 §

™
)
o)
®
S
2
<
E
o
' —
)
O
c
)
O
=
()]
v
—
=
Road
@
—
)
oY
5
'—

—10 : [ | | | |
1880 1900 1920 1940 1960 1980 2000 2020

NUNT 6N Texas



Anthropogenic (Human-Caused) Climate Change

Anthropogenic Global Warming Hijacked Natural Climate Change

. » AR do & T s0ve with ho
Northern Hemisphere Temperature Anomalies (22Year ave.) Carbon Dioxide Fails to move with the

HadCRUT4 (thermometer) versus Climate Reconstructions (proxy data)

L , |
Northern Hemisphere Temperature Oscillations

year MAV)

Anomaly (°C, 22

anomaly (deg.C)orange)

Temperature

(=}
(&

phere Temperature

NH-500Yr Smith NH-700Yr Heger

NH-500YT Hu .‘-1’|,1
NH-4Kyr Kobash

Northem Hemis

of an earlier starting Arctic / NH warming phase (starting 17-18" century)




CONSEQUENCES OF CLIMATE CHANGE

NUNT 6N Texas
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Rise Iin Average Global Temperature

Aguatic and Marine environments (and the animals living in them) will
be highly susceptile to Climate Change — especially temperature rise!!

Global Temperatures

—— Annual Average
— Five Year Average
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Warmer Ocean Surface Temperatures

— €M Weather Video Climate

This hurricane season is confounding experts
and defying forecasts. What the heck is going

on?
By Mary Gilbert, CNN Meteorologist Sept_ 6 y 2024

© 5 minute read - Updated 12:53 PM EDT, Fri September 6, 2024
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Sunday June 11, 2023
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Temperature Rise = Sea Level Rise

12

10 —— Trend based on tide gauges

- Satellite measurements
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Where IS the World,s ICe’) Acomparisonéfthesize

of Antarctica and the USA
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Antarctica Is enormous!!!




Temperature Rise in Antarctica

Antarctic Temperature Change
— NCEP R1 Reanalysis (60-90°5) Greenhouse Gas Forcing

Greenhouse Gas Forcing (w/m?)

Temperature Anomaly (°C) (1951-1980 Baseline)

'1 T T T T T T T T T T T T u
1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

NUNT 6N Texas




Thwalite Glacier = Sea Leve

vatemie

oome

Cnarine

N‘I’ UNIVERSITY
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Thwalite Glacier = Sea Level Rise

TARSAN Team Shattering of Ice:

Led by Pettit and Heywood Fractures propagating
§ rapidly through weak zones

downslope winds ,,»""- - A -
' s tropical Pacific influence

. g ';;o}emial
marine ice sheet 1 future cliff

Three ‘Drivers’ for | e e s |
collapse of = s, >

‘,\_.

Thwaite’'s Eastern s T e
ICe Shelf by 2030 Meltlng by Continental shelf :

Ocean:
increasing i
time, especially
where ice meets Losing Grip on Seamount:
rock. initiated in ~2004, will be gone by 2030
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Sea Level Rise from Thwaites (and other) Glaciers

2-10’ of sea level rise!

‘Hell’s Kitchen’,
Manhattan
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Sea Level Rise — New York City
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Sea Level Rise — Close to Home
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Sea Level Rise — Close to Home

isburg-Manchester Neighborhood

T 2

v

M'ulti‘-c‘entl'n\'y sea level rise
0°C of global warming
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Sea Level Rise

~ Southern cities
most £
at risk from

sea-level rise |

a0 New Orleans
*Houston E

Sea-level increase
of almost 5
inches (12.7 cm)
since 2010

CNN NEWSROOM
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WEATHER AND CLIMATE CHANGE
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Climate Change Extreme = \Weather Events
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Climate Change # Weather

“Climate is what we expect:
Weather is what we get”
Mark Twalin
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Extreme Temperature Excursions — Climate vs. Weather

(_-

M p RN
SN ) 170

January 19-24, 2021
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Extreme Temperature Excursions — Climate vs. Weather

Hypothetical species of

February, 2021 | - very limited distribution

Continental USA e ¥ Met). o o | - Alltime record

--- 10° Fahrenheit

 The freeze was Texas’ largest ever insurance event (>> worst hurricane)!!
 All-time heat records were set at 8.3% of all weather stations in US!!
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Extreme Temperature Excursions — Climate vs. Weather

Il Temperature (Max) B Temperature (Avg) Bl Temperature (Min)

Jan 01 Jan 04 Jan 07 Jan 10 Jan 13 Jan 16
10

AN

-30 1(L0?\\ 7—

January 2018, Saranac Lake, 45°C temperature drop
upstate New York, USA in <36 hours!!!

Temperature increases
as or more extreme!

P

~= B NN N |

7/

February 2018, Oklahoma  12:c temperature arop
C|t ’ Oklahoma, USA ....In 240 seconds!!!!
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LOCATION

HIGH TEMP LOWTEMP

DATE

LOCATION

HIGH TEMP LOWTEMP

Extreme Temperature Excursions — Climate vs. Weather
« US cities with same day Record Highs and Lows

DATE

Alamosa, Colorado

87° 30°

Aug. 25, 2002

88° 31°

Aug. 26, 2002

Miami, Florida

70°

Aug. 11,1984

Melbourne, Florida

%0

May 22, 1998

Astoria, Oregon

61° 28°

March 15, 1988

Austin, Texas

660

July 21,2000

Napa, California

25°

Jan. 11,2014

2

Jan. 5,2014

Bakersfield, California

230

Jan. 3,1930

Oklahoma City, Oklahoma

1 |

Nov. 11,1911

Coalville, Utah

July 10, 2003

Olympia, Washington

250

March 14, 2005

Corpus Christi, Texas

July 29,2014

Park City, Utah

%0

Aug. 11, 2002

Delta, Utah

July 10, 2003

39°

Aug. 15, 2002

Deeth, Nevada

Sept. 21,1954

Paso Robles, California

21°

Jan. 9, 1999

Eureka, California

March 15, 1988

no

Dec. 13,2017

Grand Canyon, Arizona

July 31, 2008

Pine Valley, Nevada

30°

July 30, 1989

Hilo, Hawai

May 25, 2003

Pueblo, Colorado

July 15, 1993

May 26, 2003

Safford, Arizona

Aug. 25, 2002

Juneau, Alaska

April 16, 2001

Sloux City, lowa

May 16, 1997

Springfield, Missourl

Nov. 11,1911

Kansas City, Missouri Nov. 11, 1911

Vero Beach, Florida Sept. 14, 2005

Weather Extremes a Global Phenomenon — not just the US!
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Variation in Temper

Temperature
(°C)

Denton TX Average

Highs and Lows

Nice, temperate climate
(iIf a bit warm), right??

NUNT 6N Texas

A between average daily high and
low a comfortable 10°C

X High X Low

0—9-0 00

X Difference

8 9 10 11 12
Dec




What About Largest Temperature Excursions?

Records

Temperature
(°C)

Record Low

9 10 11 12
Dec
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What About Largest Temperature Excursions?

Records
o 9

| Recog What will happen with more
' variable weather giving higher
highs and lower lows?

Temperature
(°C)

Record Low

o 1 2 3 4 5 6 7 8 9 10 11 12
Dec
Month




Extreme Weather Events Accelerating

900 ‘
Number of loss events 1980-2019
700 NatCatSERVICE MunichRE, 2019

800

600 -

500

. 1 1}
400 ' , ..
300 * 7
200 .
100 I
0 A

1980 1985 2000 2005 2010 2015

"l Geophysical events | Meteorological events B Hydrological events ' Climatological events

Earthquakes, tsunami, Tropical storm, extratropical storm, Flood, mass movement. Extreme temperature,
volcanic activity convective storm, local storm. drought, wildfire.
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Climate Change-Related Natural Disasters

Temperature B Disaster

('
-

(§)
n

b
-

[a—
-

)

[
N
Number of disasters per year

1951 1956 1961 1966 1971 1976 1981 1986 1991 1996 2001 2006

-
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Not Trivial - Potential Extinction Events!

i

' All-time record
- Q,,. SN ST e

ary

26 June
heat wave

cold snap

.... s o “ w '. = -=« 10° Fzhrenheit
. i .e 10

W«

emperature (Max) -Temperature (Avg) -Temperature (Min) :

Jan 04 Jan 07 Jan 10 Jan 13 Jan 16




Cold Weather Doesn’t Mean Climate Change and
Global Warmlng

* greater Weather vanabllltv
« overall global warming
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Climate Change Deniers |

To what extent do you agree or disagree? The climate change we are currently
seeing is largely the result of human activity

Dor'tknow I Disagree COZ
a ”UT\AM A

¥ Toal eclipse?ﬂﬂe‘ﬁﬁt
4 A

).~

>
@
(1]
4]

China
Argentina

Germany
Canada
Japan
Poland
Russia
Australia
GB

Us
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Climate Change Deniers

India
Bangladesh
Pakistan
China
Turkey
Mexico

Q U ESTI 0 N Indonesia

Colombia

How much do Nigerie

Italy

you trust what ==
Brazil

scientists say

Egypt

about the Romania

Spain

I South Africa
environment?
United Kingdom

Saudi Arabia

Morocco

Percentage saying Canada
na g!’eaf deaI” or Germany

Poland

“a lot” France
United States

Ukraine

Japan

Russia

0%
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WHAT CAN PEOPLE DO?

NUNT 6N Texas
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Getting Educated on Climate Change

 Coming to Discussions like this one!

« Reading, Watching

« Keeping an open mind
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Actions People Can Take About Climate Change

Vv + Make your voice heard by those in power. ...
¢ Eat less meat and dairy...
v+ Reduce your energy use, and bills. ...

« * Respect and protect green spaces. ...

« * Cut consumption and waste....
« ¢ Talk about the changes you made.

Pick a few!!!
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The Future of Climate Change??
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Who Cares Who/What’s to Blame — Let’s FIX it!!!
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‘GeoEngineering Proposals to Reduce GreenHouse Effects
GEOENGINEERING PROPOSALS -t shomiie

Increased reflectivity
o from aerosols pumped
Increased reflectivity Thinnigg high clouds into atmosphere

from low cloi (clouds act as¥aMmget, retaining heat)
(e.g. by spraying sea salt into the!

IncRgased
Biomass energy with e refleftivity
capture and storage reflectivity from d\serts
(using biomass for energy of crops Afforesiate ing highlyReflective

Ocean and capturing the CO,) (planting vast forests) erig
fertilisation . : s N
(increasing population of |

\% carbon-absorbing plankton) ®
= Biochar

I
1 (carbon-rich charcoal from
I burnt crops added to soil)

Increased reflectivity from the oceans

(microbubbles increase reflectivity) |

Credit: University of Leeds
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World Population Growth, 1700-2100

Total
Population
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TAKEAWAYS

‘Climate’ is a complex combination of factors

‘Climate Change’ has long occurred

‘Climate Change has both natural and human causes
Climate vs. ‘Weather’ — Weather may be biggest concern

We aren’t helpless - Actions can be taken!




QUESTIONS?
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