


Gas Concentrations In the
Atmosphere

Composition of Dry Air

Gas Concentration
Hame Symbol | Volume % PRy

Mitrogen ) 78054 780,840

- Air has mass: a 1cm? column h
from the earth to the top of the Oneygen o 20947 | 200470
atmOSphere WeighS =10]0]10).@ Argon Ay 0.934 9,340
1.04 kg . Carbon dioxide | CO3 0.033 330

Meon e 0.001520 15.20

HeliLim He 0.000520 5.20
- Air concentrations (like the el -
i A Lrypton uy
Ocean) are flgured In ppm Sulfur dioxide
(parts per million) Hydrogen
Mitrous oxide
. Temperature and water vapor
content affect the density of air Nitragen dioxide | NOg

Hotes:

In the Atm Osphere -- ppmv = Farts per million parts by walume

- Wratervapoar waries up to maximum of 4 wolume percent

-- The total wvolume percent of the listed gases does not

equal exacthy 100 percent due to rounding numbers
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Distribution of Energy
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Lets first dispel of some misinformation
Intergovernmental Panel of Climate Change

But who Is the IPCC?

IPCC (1995): “The balance of evidence suggests a discernible human
influence on global climate.”

IPCC (2001): “Most of the warming of the past 50 years is likely (>66%) to be
attributable to human activities.”

IPCC (2007): “Warming is unequivocal, and most of the warming of the past

50 years is very likely (90%) due to increases in greenhouse gases.”




The IPCC (Intergovernmental Panel on Climate
Change) Sequence of Key Findings......

IPPC 2018 Report

A.1 Human activities are estimated to have caused approximately 1.0°C of
global warming:-above pre-industrial levels, with a likely range of 0.8°C to
1.2°C. Global warming is likely to reach 1.5°C between 2030 and 2052 if it

continues to increase at the current rate. (high confidence)

A.2 Warming from anthropogenic emissions from the pre-industrial period to
the present will persist for centuries to millennia and will continue to cause
further long-term changes in the climate system, such as sea level rise, with
associated impacts (high confidence).

A.3 Climate-related risks for natural and human systems are higher for global
warming of 1.5°C than at present, but lower than at 2°C (high confidence). These
risks depend on the magnitude and rate of warming. geographic location. levels
of development and vulnerability, and on the choices and implementation of
adaptation and mitigation options (high confidence).




Scientific consensus: Earth's climate is warming

GLOBAL WARMING
THE DEBATE

SCIENTIFIC EVIDENCE

Are scientists convinced?

of climate scientists

YES think global warming
T

U.S. Agencies
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There’s a consensus of scientists
because there’s a consensus of evidence
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https://www.opr.ca.gov/s_listoforganizations.php
http://www.opr.ca.gov/facts/list-of-scientific-organizations.html
http://climate.nasa.gov/scientific-consensus/#footnote_1

Now . .. Itis true that scientific
consensus does not equal "truth".

However, In science, a consensus Is reached when the

preponderance of evidence supports a particular
position over others.
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Beyond the Natural Cycle
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Why do we always hear about CO> when discussin

Global Warming?

Temperature and Carbon Dioxide (CO>) levels are

very closely linked




Atmospheric (02

Dec. 2011 391 .80
Dec. 2010 389.68
Dec. 2009 387.27

data posted Jan. 5, 2012
150 350 3507350 3

Concentration of Atmospheric CO, (ppm)

2010 2015

Industrial revolution



Beyond the Natural Cycle
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Nothing this high over the last 1 million years (ice core records).
Need to go back 15-20 million years to find equivalent levels
(estimated at ca. 400 ppm — and the world was very different!)




So, the question Is not whether or not climate
change/global warming is happening because it is a
SCIENTIFIC FACT thatitis. . .

A better questionto ask Is . . .
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To answer and understand this question we must first
discuss . ..

- 1) ...how scientists gather data on an ancient
earth

- 2)...the natural processes on Earth that
control climate (i.e. solar radiation, albedo,




How do we gather data. (i.e. how do we know
the CO*- levels, oxygen levels, temperatures etc.
of the earth — present, past and distant past?)

Jenereal of Farth Science, Vel. 23, No. 1, p. 1932, Febrary 2002 ISSN 1674487
Primted in China
DOL: 10, 10607/512583-012-0230-0

e Lower Cambrian formation of
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A Mid Cretaceous origin for the Galapagos hotspot :
volcanological, petrological and geochemical evidence
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Ocean-wide stagnation episodes in the Late Cretaceous

With 16 figures
Received: 29 July 1996/ Accepted: 22 September 1996




Proxies

Paleoclimate indicators for temperature

* A climate proxy Is something that records
or reflects a change in temp or rainfall but




- In dry environments rain fall is the

For more recent temperatures (~1000 yrs)
we can utilize tree ring data

- In the tropics there Is no
difference in growing seasons
thus tree rings are not well
developed.

- In cold regions temperature Is the
limiting factor for tree growth.

main driver for tree growth




Rock types as proxies for climate

Temperate: Coal (Fos -.~11
E.E!.'-_-l - |:3'I'| |"|I|||'1']'_|_ F' 1:“.“ o1 |

FPolar: Tillitez, Striations




Stable Isotopes as Proxies

Stable isotopes of oxygen: a proxy for temperature
but now considered almost a direct measurement

Stable isotopes. do not decay over time.
EX, O and Oqs.

Light oxygen trapped in ice




If we collect a shell made out of Ca(PO,3, we can analyze
the O,5:045¢ ratio by the following formula:

delta O.5= [(O15/01 SaMple/O,5/0,5 standard) -1 | x1000

The standard that your sample is compared to
IS either one prepared from ocean water or
from a fossil standard.

Positive delta O,g values mean that your
sample is enriched in the heavy O isotope
(warm periods); negative delta O, values
mean it's depleted in the heavy O;5.(cold
periods)

TUG 16264



Oxygen Isotopes Reveal Higher Frequency Variation

Interglacial; 2.5
warm

Glacial;
cold

1.0 1.9 2.0
Age (m.y. ago)
Copyright © 2004 Pearson Prentice Hall, Inc.

+ delta O3 values mean that your sample is enriched
In the heavy O Isotope =

- delta O,4 values mean that your sample is depleted

In the heavy O Isotope = cold periods (Glacial)



a proxy for salinity/rainfall (evap. vs ppt)

Leaching of Podern Continental - 071
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Not proxies, but direct measures
Sr:Ca ratios In aragonite: a measure of
seawater temperature
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The Earth’s surface temperature
depends on three factors:

(1) The solar flux




Greenhouse gases warm the planet’s surface by absorbing
Infrared radiation and reradiating some of it back toward the
surface.

'/ The Greenhouse Effect
-

Some sunlight that hits
the earth is reflected.
Some becomes heat.

D2 and other gases
in the atmosphere

trap heat, keepmg
earth



Without our Greenhouse Effect, our
average surface temperature would
be about 33°C (59°F) colder.
0°F

~ The Earth would be icy and desolate.%_{:.‘i;::'



The three most abundant components in the
atmosphere—nitrogen, oxygen, and argon.
(these are not greenhouse gases)

Other less abundant gases exert strong greenhouse

effects.
TABLE 3-2
Major Constituents of Earth’s Atmosphere Today
The defining Name and Chemical Concentration
property of a | Symbol (% by volume)
greenhouse gas Is _
its ability to absorb |RAGRNRZEIE /8

Oxygen, O, 21
Argon, Ar 0.9

Water vapor, H,O 0.00001 (South Pole)—4 (tropics)
Carbon dioxide, CO, (57

and (re)emit
Infrared radiation.

*In 2002

Copyright © 2004 Pearson Prentice Hall, Inc.



Trace Gases / Greenhouse Gases
TABLE 3-3

Name and Chemical Concentration
Symbol (ppm by volume)

Water vapor, H,O 0.1 (South Pole)—40,000 (tropics)
Carbon dioxide, CO, 409 in 2017
Methane, CH, 1.7

Nitrous oxide, N,O 0.3

Ozone, O, 0.01 (at the surface)
Freon-11, CCIl;F 0.00026

Freon-12, CCl,F, 0.00054

Copyright © 2004 Pearson Prentice Hall, Inc.



Oxygen Carbon Oxygen
atom atom atom

Different gases absorb efficiently at different
wavelengths (beyond those dominated by CO, and
H,0O)—thus increasing the importance of the low
concentration gases. Nevertheless, the Earth’s surface
emits strongly in CO, wavelength region.

CO, Is a critical greenhouse gas.



Concentrations and contributions of the main greenhouse gases in
the atmosphere.

Relative molecular efficiency Is also given, relative to that of CO..

0.00018 | 0.00003 | 0.000003




Natural and Unnatural
Drivers of Climate
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Oxygen Isotopes Reveal Higher Frequency Variation

Interglacial; 2.9
warm

Glacial;
cold
0.5 1:0 1.5 2.0

Age (m.y. ago)

Copyright © 2004 Pearson Prentice Hall, Inc.

Tracking Temperature and Ice Volume

But what drives glaciation?



Milankovitch Cycles
(The Heartbeat of Glaciation)

Tilt =  va L
Viega Morth Star
(13,000 years from now)
Maximum un :, < I
Tadays tikt 1.<35™
Manimurn Bl 1 .225 &

Hiamna of

Period = 100,000 yrs Period = 41,000 yrs Period = 26,000 yrs

Copyright © 2004 Pearson Prentice Hall, Inc.

This natural phenomenon drives glacial patterns on earth.




.. . based on where the Earth is In these
Miankovitch cycles global temperatures should be
much lower.

Parallel Climate Model Ensembles

Gilobal Temperature Anomalies
from 1890-1919 average

1900 1920 1960 1980 2000




Equilibrium and Feedbacks




Equilibrium

It IS the state In which a system will
remain unless something disturbs it.




Feedbacks

Feedback:
A response to a change in a system

Feedbacks can enhance or buffer changes that occur in a
~system. Positive feedbacks enhance or amplify changes;

this tends to move a system away from its equilibrium state
and make it more unstable Negative feedbacks tend to

; a Ipen or buffer changes; this tends to hold a system to

te making it more stable.
A5 ,,. HES I i

-




Negative feedback:

A response to a change in a system that tends to reverse the
direction of the change—thus moving the system back to its
original (equilibrium) state.

Since this process tends to keep things constant, it is a
stabilizing influence. It reduces the deviation from an initial state.




Positive feedback:

A response to a change in a system that tends to
enhance/magnify the direction of the change—thus
moving the system further away from its original
(equilibrium) state.

ThIS IS a destablllzmg mfluence WhICh Increases the




Glaclal and Ice Short-Term




Glacial Ice and Shelf Nutrient Feedback

(+) Positive Feedback

Interglacial sea level

Phosphorus-rich sadifiante’ Sr eI T A T
of the continental shelf

Glacial sea level

Copyright © 2004 Pearson Prentice Hall, Inc.




lron Fertilization

(+) Positive Feedback

Windblown iron "fertilizer"

Arid land
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Coral Reef Feedback

(+) Positive Feedback




lce Albedo Effect

(+) Positive Feedback

lce with Snow

0.5 0.94



Terrestrial Blomass

(—) Negative Feedback

Summer Ice Extent in the Northern Hemisphere

Last Glacial Maximum

Source: Zurich University of Applied Sciences Srce: NASA




The growth of the terrestrial biomass
during deglaciation and its destruction
during the Iinitiation of a glacial interval

represent the only neqgative feedbacks
that we know of for changing CO, In the
atmosphere on glacial timescales
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So ... based on what we now know so far

Given the feedbacks associated with long term
climate patterns . . .

So, what happens when temperatures on Earth go
up? (naturally assuming no humans on earth)




Ocean Llfe an

Fast (0 - 100 years)
I Slow (1004 years)

Time for 20 Gigatons of carbon (1 billion tons) to move between regions
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Understanding the
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The recycling of essential elements (C, P, N, S, etc) --
nutrients.

This recycling is linked to the global
processes of plate tectonics.
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The link between tectonic activity and the C cycle is
Important to the regulation of carbon dioxide in the
atmosphere and thus climate over geologic time scales.




- the Ocean

Carbon
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The dominant primary producers in the ocean

are the free-floating, photosynthetic marine
microorganisms— _Phytoplankion

Live In nhotic zone (uppermost part of the
ocean where there is sufficient light to support

photosynthe3|s) Usually upper 100 m |n the
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The Biological Pump.

rocesses: Photosynthesis
Fecal-pellet production
Oxygen production

002 ar HQO —>“CH20” T 02

Much of the organic matter
produced In surface waters
by phytoplankton is
consumed by zooplankton

Only about 1% of primary production survives the
trip to the seafloor where it Is further decomposed,
resulting in burial of only about 0.1% of export
production.


https://www.youtube.com/watch?v=U03MUHFuO2o
https://www.youtube.com/watch?v=U03MUHFuO2o

eological processes exert the most contro

on atmospheric CO, on longer time scales
(1.e. storing carbon for extremely long

periods of time and weathering processes)




Calcium carbonate forms and dissolves in the
ocean, but some Is buried. This represents leakage
from the short-term cycle of inorganic carbon.
Some of this is weathered on the continents.




Rocks exposed at the surface undergo
chemical dissolution from rain with dilute acid.




Carbonate and silicate rocks weather chemically; carbonates

dissolve more rapidly. Chemical weathering neutralizes the
acid

CaCO5; + H,CO5 = Cazt + 2HCO5™

(carbonate weathering)
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WY =




Continental Margin Surface Area

When continental masses on earth are spread out more surface
area Is available to weather, thus carbon dioxide levels in the
atmosphere noticeably decrease.




So why then are we deviating from the natural cycle?
What are we doing that has caused this?

Parallel Climate Model Ensembles

Gilobal Temperature Anomalies
from 1890-1919 average

Observalions
Natural (voicssolarn)

Aniheopogant + Nalural (voic+solar«ghg+sull«0z0one)

1900 1920 1960 1980 2000




Short-Term
Terrestrial Biomass Feedback

Summer Ice Extent in the Northern Hemisphere

Last Glacial Maximum

Source: Zurich University of Applied Sciences Srce: NASA



Long-Term
Rock Weathering Feedbac
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Bottom Line

1) Is climate change natural?
YesS

2) Is the climate change we are
currently experiencing part of that NO
natural cycle?

The climate of Earth changes fluctuates, but
the RATE of change we are currently
experiencing Is different than anything we

have ever seen.



... for the first time in earth’s history one of a species is
hindering the natural feedbacks and “sinks” that operate In
response to this temperature change.
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Understanding all of this how is it
that scientists predict what
temperatures will be like In the
future?



https://www.youtube.com/watch?v=JrJJxn-gCdo
https://www.youtube.com/watch?v=JrJJxn-gCdo

- “What's the use of having developeda
“science well enough to make predlctlons if, in
the end, all we're willing to do is stand around

and wait for them to Come true
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https://www.youtube.com/watch?v=8MqTOEospfo

