Virtual Lecture Series

Lecture 1:
The science of
climate change

May 20, 2020



Wh_y a lecture * A community of learning
series? and action

— Moving forward amid covid

e Aresource
— for teachers and learners

* A challenge

— Additional resources and
Information

— Interactive elements



Over\{lew of * |Intro to energy
today's talk — Earth’s energy budget

— Greenhouse effect and
feedback cycles

* Climate change vs weather
vs variability

 Past and future climate
change in Squamish




Where to begin? “E = ability to do stuff”
What 1S energy? -Alvin Einstein




POP QUIZ

HOTSHOTS Besides from the sun, where does
- Earth get most of its energy:

a) The moon

b) Earth’s inner core

c) Other stars

d) Background cosmic radiation




POP QUIZ

HOTSHOTS Besides from the sun, where does
: Earth get most of its energy:

a) The moon

b) Earth’s inner core

c) Other stars

d) Background cosmic radiation

http://needtoknow.nas.edu/enerqgy/enerqy-sources/



http://needtoknow.nas.edu/energy/energy-sources/

Challenge:

How much does
the sun warm the
earth?




Information

« Earth is a sphere* with a radius of about 6,371km .

« Satellites measure energy arriving at earth at: 1,361 W/m2/v
» the whole surface of the sphere is not receiving that energy

« Earth does not absorb all of this energy, some is reflected
away (this is ‘albedo).

« The albedo of earth is approximately 0.3 (meaning that 70% of
energy gets absorbed) P . ¢
« Earth emits absorbed energy from surface of whole sphere
« The Stefan-Boltzmann law reflects that the amount of Energy In =

radiation that an object emits depends on the temperature
of the object. The law is: j = oT#

« 0 = Stefan Boltzmann constant =5.670373 x 108 watts / _‘

m? K# (m = meters, K = kelvins)

*it really is!



...earth’s average temperature
should be:

T =temp
Ks =
4| Kg X (1 —albedo) [l

T _ energy

=253.7k =-19.5°C

No source provided so that teachers can assign this problem to students!



POP QUIZ
HOTSHOTS

The most abundant molecules that
make up earth’s atmosphere (in order)
are:

a) Nitrogen Oxygen, CO,, CH,
b) Oxygen, Argon, Nitrogen, CO,

c) Nitrogen Oxygen, Argon, Water
vapour

d) CO, CH,, Oxygen, Nitrogen
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a) Nitrogen Oxygen, CO,, CH,
b) Oxygen, Argon, Nitrogen, CO,

c) Nitrogen Oxygen, Argon, Water
vapour
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https://royalbcmuseum.bc.ca/exhibits/living-

landscapes/thomp-ok/env-changes/atmos/ch2.html



https://royalbcmuseum.bc.ca/exhibits/living-landscapes/thomp-ok/env-changes/atmos/ch2.html

Composition * nitrogen » 7/8.08%

of Earth’s + oxygen . 20.95%
atmosphere » argon + 0.934%

e water vapor « ~0.3%

« CO, * 0.0390%

* CH, * 0.000172%

What are these gases up tol?



Greenhouse gases

See video at:
https://www.youtube.com/watch?v=AF1JPg20amY



https://www.youtube.com/watch?v=AF1JPg20amY

The
greenhouse
effect
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Earth’s energy
budget

https://earthobservatory.nasa.gov/features/EnergyBalance
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https://earthobservatory.nasa.gov/features/EnergyBalance

Earth’s energy
budget -
challenge

A outgoing heat
radiation: 71%

incaming solar
radiation: 100%
340 W/m?

reflected solar ~~emitted by clouds: 9%

radiation: 29% emitted by

atmosphere: 50% 0 4

reflected by clouds
& armosphere: 23%

atmospheric window: 12%

absorbed in
b atmosphere: 23%

r
radiation:
A 1 00%
surface
radiation:
[175%

COMVECTIon: EVaporation:
O £33

How does 340W/m? (incoming energy) relate to the
earlier measurement of 1,361 W/m?
Convert the %s to W/m? throughout.
figure out (sum) the balance at three levels of the
diagram

— Top

— Atmosphere

— Earth’s surface
IS earth currently in equilibrium? If not, what does
this mean?

Think about how human activities are changing this
energy balance — what arrows are getting bigger?
Smaller?
Consider the carbon cycle. How is does carbon get
iInto (And out of) the atmosphere via the:

— Biosphere

* Anthrosphere (humans — part of the biosphere)
— Lithosphere

— Hydrosphere
» Cryosphere (ice — part of the hydrosphere)

— Pedosphere (soil)



Temperature
and CO,
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https://www.ncdc.noaa.qgov/global-warming/temperature-change



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

The Keeling Latest CO, reading: 416 .9() ppm

curve

May 18, 2020

Carbon dioxide concentration at Mauna Loa Observatory

420 | | | I | I | I | | I |
Full Record ending May 18, 2020

: ﬂf,ffff"”’m
" ™

350

rams/keelingcurve/

—
£
Q.
Q.

S
o

S

N
@
p-—

E
c
()]
(&)
c
O

(&

N

o

(&

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020



https://scripps.ucsd.edu/programs/keelingcurve/

The Keeling Latest CO, reading: 416 .9() ppm

curve

May 18, 2020
Ice-core data before 1958. Mauna Loa data after 1958.
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Thousands of Years Ago



https://scripps.ucsd.edu/programs/keelingcurve/

The other half
of the story:
feedbacks

C Body temperature rises Body shivers

Body sweats Body temperature drops




Discussion Think of a positive and a negative
feedback cycle that occurs:

1) In nature
2) In your own life (work/school/home)

Negative Feedback Positive Feedback




Coffee — my
positive
feedback
cycle




POP QUIZ
HOTSHOTS

d) Atmospheric water vapour

Which of these Is the biggest positive

feedback cycle that effects earth’s
climate:

a) Forest fires

b) Snow-ice albedo (snow/ice vs water)
c) Use of air conditioning

e T K



POP QUIZ
HOTSHOTS

Which of these Is the biggest positive
feedback cycle that effects earth’s
climate:

a) Forest fires

b) Snow-ice albedo (snow/ice vs water)
c) Use of air conditioning

d) Atmospheric water vapour

https://climate.nasa.gov/nasa science/science/

More info on Albedo and the Arctic:
https://climate.nasa.gov/resources/education/pbs modules/lesson2Engage/

More info about water vapour:

https://www.nasa.qov/topics/earth/features/vapor warming.html



https://climate.nasa.gov/nasa_science/science/
https://climate.nasa.gov/resources/education/pbs_modules/lesson2Engage/
https://www.nasa.gov/topics/earth/features/vapor_warming.html

Weather

Climate
Change

Ciimate
Variability

https://archive.ipcc.ch/pdf/special-reports/srex/SREX-

Annex Glossary.pdf



https://archive.ipcc.ch/pdf/special-reports/srex/SREX-Annex_Glossary.pdf

November

2010
temperature

anomaly

Image from: http://www.ncdc.noaa.gov/

Temperature Anomalies November 2010

(with respect to a 1971-2000 base period)
National Climatic Data Center/NESDIS/NOAA
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http://www.ncdc.noaa.gov/

https://www.ncdc.noaa.gov/sotc/global/202001

January 2020 |l s
temperature
anomaly

Data Source: NOAAGIobalTemp v5.0.0-20200206
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https://www.ncdc.noaa.gov/sotc/global/202001

Observed globally averaged combined land and ocean
surface temperature anomaly1850-2012

Te m pe 1 atu re Annual average
change since
1850

Decadal average
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http://www.ncdc.noaa.gov/

Climate In
Squamish




Past
temperature
change In
Squamish
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Historical summer (A) and winter (B) temperature trends for the
Squamish region (PCIC, 2013)

https://www.pacificclimate.org/sites/default/files/publications/Climate Summary-South Coast.pdf


https://www.pacificclimate.org/sites/default/files/publications/Climate_Summary-South_Coast.pdf

POP QU|Z Over the past 100 years, precipitation
HOTSHOTS IN Squamish has:

a) Increased In winter but decreased In
summer

b) Increased in summer but decreased In
winter

c) Increased
d) Decreased

See next slide for answer



Past
precipitation
change In
Squamish
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https://www.pacificclimate.org/sites/default/files/publications/Climate Summary-South Coast.pdf


https://www.pacificclimate.org/sites/default/files/publications/Climate_Summary-South_Coast.pdf

IPCC 2013:
https://www.ipcc.ch/site/assets/uploads

Future climate 12018/02/WG1AR5 SPM_FINAL.pdf
projections

Global average surface temperature change

e historical
- RCP2.6
- RCP8.5



https://www.ipcc.ch/site/assets/uploads/2018/02/WG1AR5_SPM_FINAL.pdf

Projected
changes In
Squamish

2050s temperature change

* Median: +1.7°C
* Range: (1.1 to 2.5°C)

2050s precipitation change

* Median: +6%
* Range: (-2 to +11%)

https://www.pacificclimate.org/sites/default/files/publications/Climate Summary-South Coast

.pdf



https://www.pacificclimate.org/sites/default/files/publications/Climate_Summary-South_Coast.pdf

Other Sea Level:

Changes- *BC Government recommends planning for 1m of
' SLR for 2100.

Extreme weather and events

lower mainland projections:

# of hot days (>30°C) projected to increase from
2 (current) to 12 (2050)

*\Wettest day of year projected to deliver 11%
more precipitation in 2050

https://bcgreencare.ca/system/files/resource-files/VCH ClimateReport%2BAppendices Final 181025.pdf



https://bcgreencare.ca/system/files/resource-files/VCH_ClimateReport%2BAppendices_Final_181025.pdf

Questions We « How do our actions affect future

haven't climate

answered: » How do we respond to climate
change?
— Globally
—In Squamish

« How do we frame, or think about,
climate change

 Covid and the climate



Final quiz
CURTSWVES
are correct!)

Climate change is:
a) Happening

b) Human-caused
c) Natural

d) Related to the heat reradiating properties of
greenhouse gases

e) Amplified by positive feedback cycles

f) Hard to discern from variability and weather
g) Related to both shifts in means and extremes
h) Projected to increase Iin the future

) Something that has significant implications
for Squamish




Virtual Speaker Series

Questions and
discussion

Thank you!

lan Picketts
Ipicketts@squamish.ca



mailto:ipicketts@squamish.ca

