Global Warming and Climate
Change

Chapter 10: Climate Change



Definitions

* Climate Change — Natural
and anthropogenic

process resulting in HELLO |

changes in patterns of B e
wind, temperature, and -
precipitation %

* Global Warming - Long- TS COMPLICATED [
Term trends in rising .
averages of global ; '

temperatures



Measuring Climate Change

* Historic
* |ce Core Samples
* 800,000 years
* Dendrochronology (Tree Cores)
* 11,000 years
e 100,000s of years (petrified Forests)

* Historical records of temperature and
precipitation

First year growth

Rainy season

() Prese nt Dry season

 Winds, Surface Temperatures, Ocean e
Temperatures, Precipitation, Extreme
weather events, Biomass, Atmospheric
Composition




Millons of years ago
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Departures In temperature (°C)
from the 1961 to 1990 average
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Measuring CO2

Carbon Dioxide Variations
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The Industrial Revolution Has
350F caused A Dramatic Rise in C02
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CO2 Linkage to temperature increase

Global Temperature and Carbon Dioxide

126 - Temperature Anomaly

CO; Concentration




Temperature Change not Uniform

January 2019 L-OTI(° C) Anomaly vs 1951-1980
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Natural Causes of Climate Changes

* \Volcanic Activity

* Meteorite Activity

* Milankovitch Cycles

* Changes in Sun’s Behavior

* Natural Greenhouse Gas Emission



Volcanic Activity

Berkeley Earth Results i

post 1956 rise attributed | | /w
yearly by IPCC to humans
{emperatyre carbon dioxide
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Anthropogenic Causes of Climate Change

e Carbon Emissions
* Energy
* Transportation
* Heavy Industry
e Agriculture
e Buildings

e Deforestation

GREENHOUSE GAS SOURCES
UNITED STATES EMISSIONS BY SECTOR

% 29%

AGRICULTURE TRANSPORTATION

12% |—

COMMERCIAL &
RESIDENTIAL

22% 28%

INDUSTRY ELECTRICITY

Source: 1.5, EPA 2017 (released 2019) CLIMATE co CENTRAL




Global CO2 Emissions

European,,l
(27 member

CO, EMISSION
SOURCES (2014)

I Major sources
["] Other sources | -
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CO, emissions per unit power Cost of energy by fuel type
(kgCO,/G)) (S/G)J)
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Cost of producing electricity ($/GJ)
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Agriculture and Climate Change
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Livestock-Based Methane Emissions METHANE EMISSIONS

About a quarter of U.S. methane emissions come straight out of livestock, PER GRAM OF PROTEIN

most of it from belching. gloobal esﬁn;ates in grams,
»-equivalent

Buffalo

Microbes in the
cow’s stomachs
break down cattle
feed into useable
sources of energy

. and protein and
Manure collection ponds produce methane. )
generate about a tenth of Milk from
all U.S. methane emissions. cows

N \:er\\\\Ze‘
fixation /i

Pork

MNN

Chicken ' Soil respiration ﬂ ?Q ‘

Soil Carbon

SOURCES: EPA; FAO PAUL HORN / InsideClimate News



CO; # H,O =+ H,CO; =» H* 4+ HCO;

| Persistent Organic Toxic Metals
|l;::llutants (POPS) Industrial and il:ll&r:ﬂng Activities
Polychlorinated Biphenyls (PCB) Ve Dl
Bisphenol A (BPA)




Deforestation

B Commodity Driven Deforestation Shifting Agriculture M Forestry B wildfire M Urbanization Zero or Minor Loss

Deforestation by sector (2001-2015)

Earth Engine Partners:


http://earthenginepartners.appspot.com/science-2013-global-forest

Symptoms of Climate Change

Your results are back. It's climate change. Just how
many greenhouse gases have you been consuming?




Effects of Climate Change on Sea Level

* Sea levels have been imaes } losimmentalracond of o e
steadily rising at a rate
of 0.04 to0 0.1
inches per year since
1900

* Since 1992, new
methods of satellite
altimetry indicate a rate

of rise of 0.12
inches per year




Case Study: Miami
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Coral Bleaching
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Permafrost Melting




Methane Releases
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Arctic Sea Ice Decline

Arctic sea ice summer minimum 2020

median extent
\981 2010)

Sea ice concentration (percent)
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Sea Ice Decline since 2000
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Sea Ice Decline since 1980
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Natural Effects: Warmer Temperatures

Rising global temperatures

Increased moisture
in atmosphere

Shifts in air currents
and weather patterns /(1

S <
o
k2

plus a warmer
atmosphere

~ Ocean temperatures rise |

and water evaporates




- RCP8.5
- RCP6.0
- RCP4.5

—= RCP2.6 Mean temperature

- 20th century change for high
emission scenario
RCP8.5

Modeling
Warmer
emperatures |
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(@) Models suggest that the smallest amount of warming corresponds to the
lowest CO, emissions scenario (RCP2.6). Warming is greatest under the
RCP8.5 scenario, with the highest CO, emissions and strongest positive
radiative forcing of temperature.
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Natural Effects: More Powerful Storms

More powerful storms

Increased moisture
in atmosphere

Shifts in air currents
and weather patterns

Increased ocean temperatures




Annual Number of Named Storms and Major Hurricanes
Atlantic, 1944-2005
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Natural Effects: More Blizzards

Massive blizzards

Increased moisture

in atmosphere
Shifts in air currents /-. .

and weather patterns




Projected Change in Winter Precipitation

Change in Winter Precipitation (%)
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Source: University of Nebraska Lincoln




Human Effects: Health

* Humans are able to
adapt to their
environment fairly
well, but changes in
the climate can have
many adverse effects
on us directly and
indirectly

Impact of Climate Change on Human Health

Injuries, fatalities,
mental health impacts

Heat-related illness
cardiovascular failure
chikungunya

‘West Nile viru:

Increasing
Allergens

mental health impacts
Water and Food Water
Supply Impacts  Quality Impacts

Malnutrition,
diarrheal disease

ryptosporidiosis,
campylobacter, leptospirosis,
harmful algal blooms



|IPCC Projections

Virtually certain
(99-100% probability
of occurrence)

Hot days and nights will be warmer and
more frequent over most land areas.

The extent of permafrost Ocean acidification will increase as Global mean sea level will rise and
will decline. the atmosphere accumulates CO,. continue to do so for many centuries.




|IPCC Projections

Extremely likely
(90-100% probability
of occurrence)

The frequency of heavy
precipitation events will increase.

Arctic sea ice cover will continue to
shrink and thin; Northern Hemisphere
spring snow cover will decrease.

The ocean’s conveyer-belt
circulation will weaken.

The frequency of warm spells
and heat waves will increase.

Extreme high sea-level events will
increase, as will ocean wave heights
of midlatitude storms




Discussion

 What are necessary short term and long-term fixes to address the
issues of climate change?

* How are different entities responsible (corporations, organizations,
governments, individuals)



