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Student Learning Outcomes (SLOs)

At the completion of today’s section, students should be able
to:

1.

2.

Summarize components of the Earth’s solar Energy budget

lllustrate a generalized atmospheric circulation model &
relate to surface water salinity

. Describe the role of cryosphere in global energy budget

Demonstrate the relationship between atmospheric CO,
and temperature.
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Three-cell model of atmoespheric circulation
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vs.
evaporation (E)
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ldealized vs. actual zonal pressure belts

Polar easteﬁjgs Polar high

UCI

(@) (b)

Non-uniform surface = uneven heating
Unstable windflow = eddies
Sun doesn’ t remain over the equator year-round = 23.5N-23.5S






Ihe annual circulation of H,O/Is the largest mevement of a

chemical substance at the surface of the Earth

Total Global
Water

2.5% of Total Global
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The distribution of water at the
Earth's surface
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Total 100 %




Net evaporation from the surface ecean affects surface water




The maxima in
evaporation-precipitation
results in the highest
surface water salinities
INn the mid-latitudes
around 30 N and 30S
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Fig. A2-1. Annual mean salinity {PS5) at the surface.

Minimum value= 357

Longitude

& @t e Y

Maximum value=

39.78

L

Contour Interval:

n.20

AOOOOO0O

Abowe 374
B.e-374
B85
I5.3-382
IEA-353
3E0-354
#.A-354
M.2-348

Below 342



Three-cell model of atmospheric circulation
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A “topographic map” of a layer in the atmosphere

(Height of a Constant Pressure Surface)
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Back-to-Back Record Warm Arctic Temperature

Anoemalies Fall/AWinter, 2015-1.6 and 204.6-1:/

HCEF /MGAR Raonalyeis HCEF/MGAR REaonalyeis
825mb air {C) Compoaite Snomaly 1981-2010 clima 826mb air {C) Compeoaite Anomaly 1981-2010 clima

Cct ko Dec: 2016

Nearly Twice as high as Previous Record



Different Jet Streams and (lower. atmosphere) Polar. Vortex

November 14-16, 2013 January5, 2014
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The Cryosphere Is a Critical Component of Heat Budget

1 Light colored ice reflects back the Sun’s energy |
efficiently.

2 Exposed land is darker and absorbs more energy;
warming.

3 As the ice melts, more land is exposed. This
absorbs more heat, melting more ice, and causing @
further warming.

4 The altitude of the melting ice is reduced so it
becomes harder for new ice to form (esp for

Greenland).

Positive Feedback can cause
Runaway Warming,
by darkening originally-light
surfaces.

Melt water flows
to the base of the
Greenland ice
sheet.

Ice is melting MUCH
faster than
glaciologists had
forecast

The climate system is
full of feedbacks




Sea Ice Change: Small but

significant changes in the winter

Sea Ice Extent, Jan 2017

‘i Average Monthly Arctic Sea Ice Extent
January 1979 - 2017

----- Missing Extent
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Mational Snow and Ice Data Center

13
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Year

Total extent = 13.4 million sq km

Source: http://www.pmel.noaa.gov/arctic-zone/detect/ice-seaice.shtml
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Area (103 km?)

JPL

Loss of Multiyear Sea Ice

(from Satellite Scatterometers)
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Sea Ice Change

LOSS OF VERY OLD ICE OVER TIME

March 1985 March 2016

Sea ice age (years)

6 7+

Source: https:/mwww.climate.gov/news-features/videos/old-ice-arctic-vanishingly-rare



Even ifiglobe stabilizes at +2 €, Arctic dGES not stabilize
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Decline in Arctic Sea Ice Extent
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Larsen B ice shelf

In 2002, a plateau of ice
measuring 1,250 square
miles — an area bigger than
Rhode Island — collapsed
into pieces in 2.5 months,
shattering like the safety
glass of a car’s windshield.



The LLoss ofiSea lce has little Impact en sealevel,
putitheice shelves hoeld backiglaciers that.are en

landiand dercontibute torsealevel rise

1. Stable glacier and ice shelf 3. Unstable glacier front after ice shelf collapse

Glacier flow driven by gravity As shelf retreats past grounding line
buoyant support decreases at front
but glacier flow continues and
glacier front calves rapidly

Buoyant (hydrostatic) force
at ice shelf front partially
supports ice shelf mass

- Water Level

Water Level

Grounding Line Hex Grounding Line
2. Two effects of warmer temperatures 4. Glacier acceleration
Old Surface Lower part of

a) Meltwater percolates through glacier;
glacier speeds up (summer only)

b) Water-filled fractures
carve through ice shelf;
shelf disintegrates

Water Level l I Water Level
e

O Grounding Line

. / New Surface glacier steepens,
accelerates, and

loses mass.

Calved Icebergs

Grounding Line




The Earth’s temperature is set by a Radiation Balance:
If more heat arrives from the sun than can escape as infrared
(IR) rays, the Earth gets warmer.

1. Sunlight 2. Earth’s surface radiates 4. When greenhouse gases—
penetrating the heat to the atmosphere, and and heat—build up, ocean
atmosphere some escapes into space. surface temperatures rise

and the temperature of the

warms
Earth's surface. 3. Greanholias gases inihs atmosphere increases.
atmosphere absorb some
of the heat and trap it near
Earth’s surface.
= R /1
X Ay ! i ‘ IIJ

:

CO, and other greenhouse gases absorb IR, so an increase in CO, causes an
Increase in temperature.
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Are global temperatures linked to atmospheric CO; ?

Vostokice Core CO; Concentration and lemperature Variation Record

Carbon dioxide and the temperature of our planet
w0 from 800,000 years ago until the present day

375 /

The year “0” corresponds to the year 2020 In 2014, CO, is about 400 ppm
Carbon dioxide concentrations are in units of parts per million

Temperature is the difference compared to the average temperature of the past 1000 yearsin units of degrees Celsius

Figure compiled from the following data sources

325 Ice core records from Antarctica: http://www.ncdc.noaa.gov/paleo/icecore/antarctica/domec/domec epica data.html

Current carbon dioxide measurements from NOAA: http://www.esrl.noaa.gov/gmd/ccgg/trends/

Current temperature from NASA: http://data.giss.nasa.gov/gistemp/graphs v3/

350

300
275

8
250

4
225

0
200

-4
175

-8

800,000 700,000 600,000 500,000 400,000 300,000 200,000 100,000 0

Years Before Present Day Figure created by B. Magi

IPCC: “Global mean surface temperature has increased more than 0.5°C since the

beginning of the 20th century, with this warming likely being the largest during any
century over the past 1,000 years for the Northern hemisphere.”




What can we learn from these records?

Earth's precession
19, 22, 24 thousand years

Inclination of the Earth's axis = Variations in
41 thousand years Earth’s tilt

Eccentricity of the Earth's orbit How oval the
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Solar forcing
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What about warming oever the last two centuries?
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Student Learning Outcomes (SLOs)

At the completion of today’s section, students should be able
to:

1.

2.

Summarize components of the Earth’s solar Energy budget

lllustrate a generalized atmospheric circulation model &
relate to surface water salinity

. Describe the role of cryosphere in global energy budget

Demonstrate the relationship between atmospheric CO,
and temperature.




