Climate and Climate Change




Weather vs Climate

»Weather is the state of the
atmosphere at a particular time and
place.

» Climate is an aggregate of weather
over time particular to a region.
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Letter Symbol
1st 2nd 3rd

A H‘um\d Tropxlca

Ve .

Potential evaporation exceeds precipitation. The dry-humid boundary is
defined by the following formulas: (Note: R is the average annual
precipitation in cm, and T is the average annual temperature in °C.)
When R is less than the calculated value the climate is dry.

R < 2T + 28 when 70% or more of rain falls in warmer 6 months.
R<2T when 70% or more of rain falls in cooler 6 months.

R < 2T + 14 when neither half year has 70% or more of rain.

Steppe
Desert
h  Average annual temperature is 18°C or greater.
k Average annual temperature is less than 18°C.

The BS-BW boundary is 1/2 the dry-humid boundary.

=w

C Average temperature of the coldest month s under 18°C and above C Humid Middle-Latitude Climates

: -3°C. : : : (Mild Winters)

w At least 10 times as much precipitation in a summer month as in the
driest winter month,

s At least three times as much precipitation in a winter month as in the
driest summer month; precipitation in driest summer month less than
4 cm.

T Criteria for w and s cannot be met.

a Warmest month is over 22°C; at least 4 months over 10°C.

b No month above 22°C; at least 4 months over 10°C.
¢ One to 3 months above 10°C.
D Average temperature of coldest month is —3°C or below; average
temperature of warmest month is greater than 10°C.
w Same as under C.
s Same as under C.
f Same as under C.
a Same as under C.
b Same as under C.
¢ Same as under C,
d Average temperature of the coldest month is -38°C or below.
E Average temperature of the warmest month is below 10°C.
T Average temperature of the warmest month is greater than 0°C

and less than 10°C.
F Average temperature of the warmest month is 0°C or below.
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Letter Symbol
1st 2nd 3rd
A Average temperature of the coldest month is 18°C or higher.
f Every month has 6 cm of precipitation or more.
m Short dry season; precipitation in driest month less than 6 cm but
han 10 — R/25 (R is annual rainfall in cm).

equal to or greater-
w Well-defined winter dry season; precipitation in driest month less
than 10 - RI25.

s Well-defined summer dry season (rare).
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Letter Symbol
1st 2nd 3rd

B Potentlal evaporation exceeds prec:pltatlon The dry-humld boundary is | M EHECS
deflned by the followmg formulas (Note R |s the ava'age annual

When R is less than the calculated value the cl |mate is dry
R < 2T + 28 when 70% or more of rain falls in warmer 6 months.

R< 2T when 70% or more of rain falls in cooler 6 months.
R < 2T + 14 when neither half year has 70% or more of rain.
S Steppe | __ . ,
: The BS-BW boundary is 1/2 the dry-humid boundary.
w Desert ' o b 4

h Average annual temperature IS 18°Corgreater
k Average annual temperature is less than 18°C.

® 2018 Pearson Education, Inc.




Letter Symbol
1st 2nd 3rd
C Average temperature of the coldest month is under 18°C and above C Humid Middle-Latitude Climates
-3°C. (Mild Winters)
w At least 10 times as much precipitation in a summer month as in the
driest winter month.
S At least three times as much precipitation in a winter month as in the
driest summer month; precipitation in driest summer month less than
4 cm.
f Criteria for w and s cannot be met.
a Warmest month is over 22°C; at least 4 months over 10°C.
b No month above 22°C; at least 4 months over 10°C.
¢ One to 3 months above 10°C.
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Letter Symbol
1st 2nd 3rd

D

Average temperature of coldest month is -3°C or below; average
temperature of warmest month is greater than 10°C.

w Same as under C.
S Same as under C.
f Same as under C.

Same as under C.

Same as under C.

Same as under C.

Q o T o

Average temperature of the coldest month is —-38°C or below.

®© 2018 Pearson Education, Inc.




Letter Symbol
1st 2nd 3rd

E Average temperature of the warmest month is below 10°C.

! Average temperature of the warmest month is greater than 0°C
and less than 10°C.

2 Average temperature of the warmest month is 0°C or below.

E Polar:Climates
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The 98t" Meridian

https://www.youtube.com/watch?v=wwJABxjcvUc&t=13s
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https://www.youtube.com/watch?v=wwJABxjcvUc&t=13s
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Climate Change




Take a Quiz

https://climate.nasa.gov/climate_reso
urces/16/quiz-global-warming/



https://climate.nasa.gov/climate_resources/16/quiz-global-warming/
https://climate.nasa.gov/climate_resources/16/quiz-global-warming/

and Space Administration

eartn's energy buaget

The Earth’s energy budget describes the

various kinds and amounts of energy that

enter and leave the Earth system. It includes

reflected by _ both radiative components (light and heat),

clouds & reflected by  total outgoing that can be measured by CERES, and other

) ) atmosphere surface infrared radiation components like conduction, convection,

Incoming 77.0 22.9 239.9 and evaporation which also transport heat

solar radiation from Earth’s surface. On average, and over

340.4 the long term, there is a balance at the top

of the atmosphere. The amount of energy

coming in (from the sun) is the same as the

amount going out (from reflection of sunlight
and from emission of infrared radiation).

total reflected e—— atmospheric

solar radiation . window
99.9 emitted by —e 40.1 latent heat
atmosphere (change of state)

169.9
itted by

absorbed by ' back
surface rf ' 3 radiation
163.3 . 340.3

evapotranspiration

Loeb et al., J. Clim. 2009
Trenberth et al., BAMS, 2009

Wwww.nasa.gov ~ S : : NP-2010-05-265-LaRC



Solar Radiation Spectrum
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Atmospheric carbon dioxide amounts and annual emissions (1750-2021)
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Melting Ice

The Antarctic Ice Sheet measures nearly 4.9
kilometers (3 miles) at its thickest point and
contains about 30 million cubic kilometers
(7.2 million cubic miles) of ice. If the entire
Antarctic Ice Sheet melted, sea level would
rise about 60 meters (200 feet).
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atmosphere

calcium
carbonafe
mineral

surface Ca
(Calcitying plankion,
e.g. foraminifera)




Feedback Loops

Positive Global Negative

Feedback Warming Feedback

Speeds up Slows down

warming warming
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Increased cloudiness reflects more incoming solar
radiation

As ice sheets melt, this could increase cloudiness with
more water vapor in the atmosphere. \

Because clouds reflect 1/3 of incoming solar radiation ,
there would be less heat absorption on Earth’s surface.
Thisis a (positive, negative) feedback
loop.




Permafrost melt sparks methane release

In the Arctic tundra, permafrost melt will trigger methane
release in the atmosphere. Because methane is a more
potent greenhouse gas than CO.,.

This type of (positive, negative) feedback loop
could be a tipping point for our climate. Currently, there
are only about 5 gigatons of methane in the atmosphere.

But the amount of methane in the Arctic Is In the
hundreds of gigatons.




Wetland Methane Release

Wetlands are the largest natural source of methane In
the world. Climate change is concerned with their health
because heating can cause bogs to release methane.

;I'his creates a (positive, negative) feedback
oop.

The amount of methane production is dependent on a
number of factors: soil temperature, oxygen availability,
and average temperatures.




'A
NES

Y, &

Net primary productivity increase

As higher concentrations of CO, enter the il
atmosphere, plants have more material to PO
photosynthesize. If you isolate a single plant in a
laboratory, then adding CO, makes Earth greener

for now. But this fertilization effect diminishes with

time. This is an example of (positive,
negative) feedback.

PHOSPHORUS

But plants can’t grow indefinitely with rising CO,,.
This is because plants require other factors like

nitrogen in the nutrient cycle. And if temperature
rises, this can negatively influence plant growth.




More Examples

Air Pollution
Wildfires
Deforestation (Tree cutting)

Volcanic Eruptions




https://www.noaa.gov/climate

https://climate.gov

https://www.youtube.com/watch?v=pEté-
JA2UE4 (84 minutes)

https://www.youtube.com/watch?v=uynhvHZ
UOOo (16 minutes)



https://www.noaa.gov/climate
https://climate.gov/
https://www.youtube.com/watch?v=pEt6-jA2UE4
https://www.youtube.com/watch?v=pEt6-jA2UE4
https://www.youtube.com/watch?v=uynhvHZUOOo
https://www.youtube.com/watch?v=uynhvHZUOOo
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