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CLIMATE: HOW DOES
GLOBAL CLIMATE CHANGE?
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« HOW DO WE KNOW IT IS
HAPPENING?

« HOW DO WE FIX IT?
« HOW DO WE LIVE WITH IT?
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" CLIMATE CHANGE

e’

« WHAT ARE THE SIMILARITIES AND DIFFERENCES BETWEEN WEATHER AND
CLIMATE ?

- WHAT ARE THE MAJOR COMPONENTS OF THE EARTH'S CLIMATE SYSTEM?
« WHAT FACTORS FORCE A PLANET'S CLIMATE TO CHANGE?

« HOW IS CLIMATE CHANGE STUDIED?

« WHY SHOULD OUR CLIMATE BE STUDIED, WHY IS IT IMPORTANT?



Current conditions at

Waterloo, Waterloo Municipal Airport (KALO)
Lat: 42.55°N Lon: 92.4°W Elev: 873ft.

Humidity 52%
Wind Speed SE 14 mph

Barometer 3022 in (1023.5 mb)
Dewpoint 36°F (2°C)
Visibility 10.00 mi ®

Wind Chill 49°F (9°C)
Last update 27 Apr 8:54 am CDT

Extended Forecast for

Cedar Falls |I1A

Today Tonight Monday Monday Night Tuesday Tuesday Night

)

-

G 30% || 30 %
High: 65 °F Low: 55 °F High: 79 °F Low: 49 °F High: 64 °F Low: 44 °F
Mostly Sunny Mostly Cloudy Windy. Chance Severe Mostly Sunny Partly Cloudy
then Partly then Chance Showers then Thunderstorms and Breezy
Sunny and T-storms and Severe and Windy then Mostly
Breezy Breezy Thunderstorms Sunny

Detailed Forecast

Today Partly sunny, with a high near 65. Breezy, with a southeast wind 14 to 16 mph, with gusts as high as 23 mph.

Tonight A 30 percent chance of showers and thunderstorms after 1am. Mostly cloudy, with a low around 55. Breezy, with a
south southeast wind 15 to 17 mph, with gusts as high as 23 mph. New rainfall amounts of less than a tenth of an

WEATHER

More Information:
Local Forecast Office
MMaore Local Wx

3 Day History

Hourly Weather Forecast

CLIMATE

Wednesday

Wednesday
Night

Thursday

50%
High: 66 °F Low: 50 °F High: 68 °F
Chance Chance Chance
Showers then T-storms Showers
Chance
T-storms

Basemap Options

Topographic v

Click map to change the forecast location

Denver



H, and He
Sunlight  escape into space. Secondary atmosphere

Earth traps gases for (H,0, CO,, SO,, etc.)

protoplanetary disk.

Volcanic gases accumulate.

N _* Oceans form

Primary atmosphere

4.57 Ga (H, and He)

Origin of Earth 3.8 Ga

~_Origin of life
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AT A GLANCE

Indicators of a Warming World

Different types of climate data recorded by many different

research groups around the world all show the world is warming.

The following data were assembled by NOAA’s National Centers Glacier Mass
for Environmental Information and include data from

Most mountain glaciers are retreating.
researchers around the world. The graphs show measurements £ =

of (1) anomaly (changes above and below an expected level s balan_ce |s.the_ dlfferer_me betwe_en
indicated as 0); (2) ch in size: or (3) ch . U d loss and gain of ice in a glacier. Negative
indicated as 0); change in size; or (3) change in area. Up an measurements mean shrinking glaciers.
down arrows signal the overall trend in data. 1 -
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Snow Cover

Arctic Sealce

The area covered by snow in the Northern The area covered by seaicein the
Hemisphere in the spring is starting to shrink. Arctic each summer is shrinking.
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Presenter Notes
Presentation Notes
AT A GLANCE (Part 1)
Indicators of a Warming World



Air Temperature over Land 0 Humidity Temperature of the
Increased evaporation of Lower AtmosPhere

warming waters Ie.ads to The air temperature of the lower
more water vapor in the air. atmosphere is getting warmer.

Average air temperature is rising.
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Sea Level ¢ Air Temperature over Oceans

Sea level is rising The air just above the ocean surface
is warming, allowing more water to evaporate.
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Year

Ocean Heat Content Sea-Surface Temperature

The heat energy stored in the top The water on _the surface of the
half-mile of the ocean is increasing. ocean is getting warmer.
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Presenter Notes
Presentation Notes
AT A GLANCE (Part 2)
Indicators of a Warming World




Our World

#8% World population growth, 1700-2100 A4
-/\\ Annual growth rate of the world population g
2050

in 1963 10.43 Billion
__M World population
9.7 billion

in 2086

9.7 Billion
in 2050

& Billion
in 2023

2025
8.3 billion

5 Billion
in 1987

2 Billion
in 1925

0.04% was the average

Eopulat-on growth rate
atween 10,000 BCE

and 1700

600
in 1700

1 billion
in 1805

1700 1750 1800 1850 1800 2050
Projection -0.1%
i AN Madium Fotility Variant)
Data sources: Our World in Data based on HYDE, UN, and UN Population Division [2022 Revision] -
This is a visualization from QuriworldinData.org, where you find data and research on how the world is changing. Licensed under CC-BY by the authors Max Roeser and Hannah Ritchie.




CHANGES IN THE ENERGY
RECEIVED FROM OUR SUN




Greenhouse gases - -
(CO,, CH,, H,0v) o =
L

The nuts and bolts of
our climate system

Plate motion

a0° Latitude 0°
CAUSES CLIMATE SYSTEM CLIMATE VARIATIONS

(external forcing) (internal interactions) (internal responses)

Changes in

Incoming energy
1368 W/m?

Changes

Changes in
Earth's orbit

Changes in
Sun's strength




Incoming solar
radiation

1368 W/m?

1368 W/m? =+

4

Non-rotating disk
surface area = 7tr?

average radiation

at surface:
1368 W/m?

= 342 W/m?

Rotating sphere
\ surface area = 47tr?
average radiation

at surface:
342 W/m?




Shortwave solar radiation Longwave radiation and heat transfer

30% reflected
and scattered

70% radiated

342 W/m2 x 0.7
= 240 W/m?

65 % radiated
109% absorbed

(342W/m?2)

26% reflected
and scattered

96% radiated

Earth's 23% absorbed 5% lost back down
to space
atmosphere
29% lost
as latent
4% reflected Greenhouse an_d
effect sensible

heat

Back
radiation

Earth's
surface 47% absorbed




-~ CALCULATING THE AVERAGE TEMPERATURE OF EARTH

DATA FROM SATELLITES AND THE SPACE STATION
e -16°C (257K OR 3°F)

TEMPERATURE DATA FROM THE EARTH’S SURFACE
(AVERAGED OVER THE PAST 80 YEARY) =

® 15°C (288K OR 59°F)



Longwave radiation and heat transfer

70% radiated

GREENHOUSE EFFECT

* WATER VAPOR (H,O,)

65 % radiated
109% absorbed

» CARBON DIOXIDE
(CO,)

96% radiated
8 METHANE (CH4) t?{; lost back down
pace

29% lost
4 \ as latent

Greenhouse an.d
effect sensible

heat

Back
radiation



MILANKOVITCH CYCLES

THREE CYCLES;

1.ORBITAL ECCENTRICITY 100,000 YEARS
2.AXIAL TILT / OBLIQUITY 41,000 YEARS
3.PRECESSION 26,000 YEARS
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Eccentricity




Pre Cess | O n 26,000 Year Precession Period
.

—
26,000 years




OBLIQUITY (TILT)

* EFFECT OF TILT: CHANGE IN TEMPERATURE RANGE

* AT MINIMUM TILT = HIGHER ANGLES =
DECREASING THE GLOBAL TEMPERATURE
VARIATION.
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WHY IS IT HOT AT THE EQUATOR?

|
Q
The axis PQ is perpendicular |
to Earth’s orbital plane.

WHY ARE THE POLES COOL?

As an analogy, a straight flashlight
beam pointed down produces a
narrower, but more intense light
spot than does an oblique beam.




Sea surface

femperatures
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Desert belt

Rain-forest
belt

GLOBAL AIR
PRESSURES
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A rocket flying north
curves to the right.
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Polar cell St

6-cell image
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Deﬂ; wa’fe—r forma’rlon\ ;

< Deep water
\ fétrma’rlon

London\%

Gulfof /o
Mexico

Surface current

 Deep current —=

nll

Deep water formation—
Adapted from NASA (2009) —


Presenter Notes
Presentation Notes
FIGURE 11.11a  Thermohaline Conveyor  
(a) Differences in salinity and temperature affect the density of water and cause deepwater currents to circulate around the globe. In turn, these currents affect climates, in particular moderating the climate of northern Europe. The thermohaline circulation moves around the globe with warmer surface currents (red) and colder deepwater currents (blue). These currents only mix in certain areas. 
Adapted from NASA (2009).



Adapted from Church (2007)


Presenter Notes
Presentation Notes
FIGURE 11.11b  Thermohaline Conveyor  
(b) This closeup of the North Atlantic shows how surface waters traveling north cool and then sink, forming deep currents traveling back to the south. 
Adapted from Church (2007). 
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Vegetation
less l | more

Chlorophyll
less | more
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“ DRIVING FORCES BEHIND CLIMATE CHANGE
* CHANGES IN THE STRENGTH OF THE SUN

* HUMANS

* TECTONIC PROCESSES

* ENERGY AND CARBON TRANSFERS IN OUR OCEANS



PREPARING FOR THE FUTURE







INVASIVE SPECIES
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-~ Approx. Half a Billion Animals Perished.
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OKJOKULL GLACIER
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"Charleston

?

= l T

New Orleans

II
Tamp — " 6-meter sea-level rise
\ ) l%)l# " B 70-meter sea-level rise

A

Adapted from Climate Central (n.d.) and Marshak and Rauber (2017)


Presenter Notes
Presentation Notes
FIGURE 11.20  Consequences of Sea-Level Change  
Significant sea-level rise would inundate many parts of the United States. This figure shows the areas that the US Geological Survey predicts would be flooded if (1) glaciers on Greenland melt, causing a 6-meter (about 20-foot) sea-level rise, and (2) if Antarctica’s glaciers also melt, causing a 70-meter (about 265-foot) rise.
Adapted from Climate Central (n.d.) and Marshak and Rauber (2017).



Environmental Racism Is Nothing New

Race is the most 1y ( —
significant predictor s o -
of a person living near
contaminated air,
water, or soil. Are
more likely to
of the population near live without
toxic waste s/tes are potable
people of color. water and
/ modern
nitrogen- sanitation.
dioxide ®

exposure.

(o |\ VA Of their claims against polluters
“ denied by the EPA.
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Y
)



Areas exposed to;
: hurricanes
: desertification or drought
: small Islands &
deltas subjected to extreme weather /
greater surf (some Islands will be completely
submerged)
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