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Energy balance and the greenhouse effect

Reflected Solar
Radiation
( K\ 107Wm™

Incoming 235 Outgoing

Solar Longwave
Radiation Radiation
342 W m™ 235 W m™

........

..........

A dtmosphere g
' 77 » .f;ji:'-;:..t:; Emitted by © 165
L R T Atmosphere

...............

:‘ s 1 St irenssintis 40

.............

Atmospheric
Window

Greenhouse
Gases

\ ¥\ Absorbed by

T " oreiwy 2L
‘e si0ai i |
.- eiibcinna
- b
- P— .
.iie ro e 8 e
- o N bery s
L 0% 0% . 0" . A" .0 ‘'al ot . . . . . . — o
. 0 A, e S o P F o o — .
’ . ., 0 * : Nl » A S SIS N rwire -
' ' ' ' . ‘s Ceete P . - .
........................... i LY ALY A Y AYAYAY AY LAY A Y Y
.......
......................
...................................
.........................................................
......

........
.......

. . .

.............

............

. . .
...............
' s e, . Yo Fe Fg >~ r'Yr oS alaE M P o P27 97 92 22 279 9."92 "2 "N L . Y M ML R L B E BB seaE L 1 THHEE 1INy T e "

. .
.....
. . .

Thermals gyapo- Surface ' 4

transpiration Radiation Absorbed bY
Surface

Absorbed by Surface

FIGURE 9.4. Earth’s energy balance (from Trenberth, K.E., and D.P. Stepaniak, 2004: The flow of
energy through the Earth’s climate system. Q.J.R.Meteorol.Soc., 130, 2677-2701).

energy balance and greenhouse effect showing main fluxes
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Energy balance and the greenhouse effect
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Energy balance and the greenhouse effect
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NOtes

section 1, greenhouse

see following two slides
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Energy balance and the greenhouse effect

Incoming

(a) shortwave (b) Incoming

shortwave
Outgoing
longwave

Outgoing
longwave

Reflected
shortwave

Height
Height

Reflected
shortwave

Temperature Temperature

No atmosphere with atmospheric (nhatural)
greenhouse effect



Eli Tziperman

MINI-quiz surface temperature



The Anthropogenic Greenhouse Effect

add a continuous atmospheric temperature profile

Incoming
Outg()ing shortwave
long wave =
LW=0T* 15/
|
- \- ————+— SW=LW
. .)
= = /= Emission
> height
QD
(a)

Temperature

® | evel of last absorption: where most of the radiation emitted upward escapes to space without being absorbed again
® |ncreasing greenhouse gas = raising the emission level/level of last absorption = Earth radiates from a colder
temperature = Energy balance is broken: LW < SW = Temperature must adjust
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add a continuous atmospheric temperature profile
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MiNI-quiz emission level
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A calculation of the expected sea level rise due 1o ocean
warming

https://qgis2.harvard.edu/services/project-consultation/project-resume/sea-level-change-global-warming
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A calculation of the expected sea level rise due 1o ocean
warming

https://www.vanityfair.com/news/2006/05/warming200605

https://qis2.harvard.edu/services/project-consultation/project-resume/sea-level-change-global-warming
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A calculation of the expected sea level rise due to ocean
warming

https://www.vanityfair.com/news/2006/05/warming200605
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A calculation of the expected sea level rise due to ocean
warming
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Sea level rise due to ocean warming
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Sea level rise due to ocean warming
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Notes

section 2, sea level
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MiNi-quiz sea level
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On the deep exponential stratification: abyssal recipes
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On the deep exponential stratification: abyssal recipes

NOtES

section 3, abyssal recipes
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MINI-quiz abyssal recipes
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Evaporation—Precipitation and ocean salinity changes

https://www.wm.edu/news/stories/2009/study-shows-vims-professors-on-cutting-edge-001.php

https://earthobservatory.nasa.gov/blogs/fromthefield/tag/spurs-2/page/4/

measuring salinity: conductivity, temperature, depth (CTD) and sampling bottles
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Evaporation—Precipitation and ocean salinity changes

Salinity at 1000 m Depth

Potential Temperature at 1000 m Depth

WOCE atlas
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Evaporation—Precipitation and ocean salinity changes

https://www.youtube.com/watch?v=IAupJzH31tC
Brinicle, Underwater Icicle "Finger of Death”
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Evaporation—Precipitation and ocean salinity changes

https://www.youtube.com/watch?v=IAupJzH31tC
Brinicle, Underwater Icicle "Finger of Death”
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Notes

section 4, salinity
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Density, potential density, and the equation of state
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Density, potential density, and the equation of state
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Figure 2.4 Salinity, potential temperature, in situ temperature,Gy, G,, and Og 1, -for a station in the North Pacific at 17° N and 162° W. (See Table
for numerical values.)
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mini-quiz: calculate the T, S, p of a water mass that is a mix of two others.
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Notes

section 6, equation of state
(use following slides)



Density and the equation of state
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Mixing of three water masses
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Mixing of three water masses
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Mixing of three water masses
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