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*  What is the greenhouse effect?

*  What are greenhouse substances? E.g. gases, clouds, and aerosols

* Importance of water. Ice, liquid water, and water vapor

*  Why we are concerned about CO2?

+ “Feedbacks” and “direct” climate forcing. Water cycling and carbon cycling
*  Clouds, rain, and storms.

* How much do human activities contribute?

*  Where does about half of it go?

*  How will this change in the future?

« Big questions about future climate change?
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And with apologies ...
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Remember for later ...
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What if the Earth had a shiny surface ...
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What if the Earth had a “real” surface ...
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... at night
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... remembering that it is still really cold
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Add clouds
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A greenhouse effect
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Clouds make for complicated effects
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Add gases
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And greenhouse gases
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A US Pioneer: Eunice Newton Foote

Bell jars filled with different gases
exposed to sunlight

“Secondly: The action of the sun’s
rays was found to greater in moist
air than in dry air.”

https://www.nytimes.com/2020/04/21/obituaries/eunice-foote-
overlooked.html

382 On the Heat in the Sun’s Rays.

Arr. XXXL— Circumstances affecting the Heat of the Sun’s Rays;
by EuNice Foore.
(Read before the American Association, August 234, 1856.)

My investigations have had for their object to determine the
different circumstances that affect the thermal action of the rays
of light that proceed from the sun.

Several results have been obtained.

TFirst. The action increases with the density of the air, and
is diminished as it mes more rarified.

The experiments were made with an air-pump and two cylin-
drical receivers of the same size, about four inches in diame-
ter and thirty in length. In each were placed two thermometers,
and the air was exhausted from one nug condensed in the other.
After both had acquired the same temperature they were placed
in the sun, side by side, and while the action of the sun's rays
rose to 110° in the condensed tube, it attained only 88° in the
other. T had no means at hand of measuring the degree of con-
densation or rarefaction.

2 l'II‘he observations taken once in two or three minutes, were as
follows :

| i ‘Condensed Tube.

| To shade, Tn sun.
3 50
'm 95
80 100

| 82 106
85 110

. This circumstance must affect the power of the sun’s rays in
different places, and contribute to produce their feeble action on
the summits of lofty mountains.

. Secoutlly. The action of the sun’s rays was found to be greater
in moist than in dry air.

. In one of the receivers the air was saturated with moisture—
in the other it was dried by the use of chlorid of calcium.

1?o:h were placed in the sun as before and the result was a8

ows :
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Marcow’s Geological Map of the United States. 383

The high temperatiire of moist air has frequently been ob-
served. Who has not experienced the burning heat of the sun
that precedes a summer’s shower? The isothermal lines will, I
think, be found to be much affected by the different degrees of
moisture in different places.

Thirdly. The highest effect of the sun's rays I have found to
be in carbonic acid gas.

One of the receivers was filled with it, the other with com-
mon air, and the result was as follows :

In Common Air. [ Tn Carboalo Acid Gas. |

To ahade. | o s, | To shade, | ln sun, |
80 %0 ) 8 | w0
81 9 8 100
80 % | 81 ‘ 110
81 100 85 120

The receiver containing the gas became itself much heated—
very sensibly more so than the other—and on being removed, it
Was many times as long in cooling. P

An atmosphere of zkac gas would give to our earth a high
temperature; and if as some suppose, at one period of ifs his-
tory the air had mixed with it a{uger proportion than at lﬁa:,es-
ent, an increased temperature from its own action as well as
increased weight must have necessarily resulted. :

On comparing the sun’s heat in different gases, T found it to
be in hydrogen gas, 104°; in common air, 106°; in oxygen
8, 108°; and in carbonic acid gas, 125°.

ARt, XXXIL—Review of a portion of the Geological Map of the
United States and. I;ﬁ:m{. }‘f::"‘lwex by Jules Marcou * by Wi
LiAM P. BLAKE.

GROLOGICAT, maps of the United States published in:E?m‘;w
and widely cireulated among Furopean geologists, are necessarily
led by us with no small degree of attention and curiosity.
i is more especally true, when such maps embrace regions of
which the geography has only recently been made known and
geology has never before been laid down on a map with
any approach to acouracy.
e recent geological map and
bas appeared in the Annales des
* Carte Géologiquo des Etats-Unis et des Provinces Anglaises de 1
Nord e it S Al do Alne, 5 S . 7 p-3¥
with the following : 2
Résumé expli logique des Etats-Unis et des provinces an-
s do 1‘?3““3&{%‘1"&?&'.5: ‘o profil_géologique allant ;L-M e du
insippi aux cotes du Pacifique, et une planche de fossiles, par les Marcor
de la Sociith Giologique de France. M, 1865, p. 813.

srofile by M. J. Marcou, which
‘Mines and in the Bulletin of

de TAmérique du
9. Published

Page from America Journal of Science, 1857

https://www.climate.gov/news-features/features/happy-200th-birthday-eunice-foote-hidden-climate-science-pioneer
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1859 and John Tyndall

Heat Thermapile, Galvanometer Braas tube with rock-salt plugs at each end. Heat
HReE Wil oy The tube contains the gas that is under study. I0Urce
reflectors:

a3 entera tube

Circulating cold 'ater
s0lves a heat conduction
isaue

|
|
|
J manometer
1

k" The gas or gas mixture can
Container of gas or gas | pass through some filtration
mixture to be studied process beforehand
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Influence of CO, on climate - 1896

THE
LONDOX, EDINBURGH, axo DUBLIN
PHILOSOPHICAL MAGAZINE

AN

JOURNAL OF SCIENCE,

— =

[FIFTH SERIES,]

AFPRIL 1808,

XXX1. On the Influense of Carbonis Aesd in the Ai
the Tomperasure g e A it Al o
ARREENITS ®,

L. Introduction : Observations of Langley on
Atmospherizal Absorption,
GREAT Jdeal has boen wobten on e iofluosnce of
the abaarption of the atmosphers apon the olimele.

Svante August Arrhenius, born February 19, 1859
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With numbers

The Greenhouse effect

Some solar radiation is Some of the infrared
reflected by the aimosphere radiation passes through
and earth’s surface the: almusphevg and Is

G

o

Solar radiation passes through
the clear atmosphere.
Incoming solar radiation:

J\rnndal
i

Swm Okanuwudwrﬁlycdlowhoamw peonraghy, Uinteersty of Codoed, sohool of peograghy; UMedMsEnmanPmme (EPR), Washirgion; Clmate change
imta GhEnge, o wioeking grous 1 1o the secand repar ol e o climele charge, UNEP and W0, Gambridge wiversity press, 1896,
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The Terrestrial Planets

By Mercury image: NASA/JHUAPL

Venus image: NASA/JPL-Caltech

Earth image: NASA/Apollo 17 crew

Mars image: ESA/MPS/UPD/LAM/IAA/RSSD/INTA/UPM/DASP/IDA

Public Domain, https://commons.wikimedia.org/w/index.php?curid=92818238
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What is challenging about water?
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The Blue Marble from Apollo 17

Public domain; Wikipedia; original uploaded by M. Manary
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The Water Cycle

W,

Condensation

: Tran*}ion
Evaporation !
from Oceans, fm ants
Lakes & Streams

https://gpm.nasa.gov/education/water-cycle
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Big questions

Climate feedbacks from water

* How will the water cycle change?
* More precipitation?
* Increased storm intensity?
» Reduced snow/ice cover
« Surface get even warmer?
* How will clouds change?
* High clouds? — trap heat?
* Low clouds? — reflect more
sunlight?
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Snow from the nscrmshp dh ough Southern California cover the San Gabriel Mou , serving a:
County i navwewfcm the hills in Orange, on Friday, December 72018 (Photo by Mark Rightmire, O g C tng er/SCNG)

a beautiful backdrop to homes in north Orange

Water availability
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The Big Three
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The Big Three
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What about carbon dioxide?
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Keeling Curve

Atmospheric CO, at Mauna Loa Observatory
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https://www.esrl.noaa.gov/gmd/ccgg/trends/mlo.html
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Big questions (again)

MuLn-MobpeL AVERAGES AND AsseEsSED RANGES FOR Surrace WARMING
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Global Carbon Cycling

FROMTHE 2017 CLIMATE SCIENCE SPECIAL REPORT

Fossil fuels are the leading source of CO, emissions,
which then go into the atmosphere, land and oceans.

40+
= 30 Are the assumptions
ﬂt::_\ —— Fossil fuels correct?
‘é 201 and industry
u . .
5 10 Land-use What is happenlng
g . =— change on the regional
o
3 Land sink scale?
S -10-
S
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C -30 Ocean sink
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SOURCE: U.5.Global Change Research Program InsideClimate News
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OCO-2 Launched July 2, 2014
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One year smoothed map of CO,
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Rainforests — Lungs of the Planet?

By Andyb3947 - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=90146764
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Changes in the Tropics (2015 relative to 2011).
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Figure from Schwandner et

al., Science, (2017)
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Takeaways

* Instead of greenhouse gases, we should think greenhouse substances
* Aerosols
* Clouds
« And not just gases
-+ Climate change is forced by changes to atmospheric carbon dioxide
* How much will it increase
« How much can be taken up by the oceans and land

* The exact climate change response is tied to changes in the water
cycle
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