THE GLOBAL GREENHOUSE

FEEM Nov 27, 2014

°recent heating and reliability of measurements
*carth heat balance and greenhouse effect
*past and future of atmospheric CO2

*are we the cause

*the new commandment




Temperature recent history

Temperature Anomaly (°C)

+ 0.8 °C in the last century
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Should we trust the measurements?
Satellite and land measurements agree

14 Surface and Satellite Temperatures

Direct Surface Measurements |
0.81 satellite Measurements |
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Difference from 1961-=1990 (mm)

1.8 e 3 mm/year (NOAA)
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IPCC ARS

UNEQUIVOCALLY WARMING
Anthropogenic cause extremely likely (95%)


http://www.ipcc.ch
http://www.ipcc.ch
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EARTH

5 billion years

8 min-light from sun
Radius = 6,000 km
99% T>1000 C

crust (5 to 50 km, < 1%)
mantle (3000 km, water, 500 C to 4000 C)
molten metal core

oceans

atmosphere




the crust

* mostly solid - good insulator

* tens of 10”9 years to cool

* radioactive decay 30 TW

* 44 TW or 65 mW/m? &100 mW/m?
* Psolar ~ 340 W/m?

* Primary Energy Usage ~16 TW or
2.5 KW/person

* Pgeo ~ .08 mW/m? or 6 W/head
* P metabolism ~50W




the biosphere

* soll

* seas .023% of the earth

* atmosphere (10 km) <10 of earth mass

* the most crucial layer for our survival

* 20% O2, nicer temperatures, less radiation



SOLAR RADIATION

* Tsun = 5000 °C

* Sun diameter .5 deg

* in free space 281 K (8 °C)

* average temperature on earth 287 K (14 °C)
* think indeg Knot °C,noneg T

* liguid H,O In a narrow orbit radius range




EQUILIBRIUM

visible light heating
(A~ 1 micron)
iInfrared cooling
(A~ 10 micron)
AN~1/T

P «T% Stefan-Boltzman




THERMOSTAT

. Stefan-Boltzmann P «T*

* Max sun power = 1300 W/m?

* Average on earth = 340 W/m?
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Greenhouse

visible light heating

(A~ 1 micron) \\ ﬂ
infrared cooling sunlight IR to space
(A~ 10 micron)

atmosphere H,0, CO,
.Joseph Fourier 1824

Svante Arrenius 1896




_ ) outgoIng neat
incoming solar radiation: 71%
radiation: 100%

340 W/m?

reflected solar itred b rmitted by clouds: 9%
radiation: 29% emitied by
atmaosphera: 50%
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a complex picture
no greenhouse T < 30 C - imbalance 0.58 W/m?2



GREENHOUSE GASES

* water vapour and H20 36-72%
* CO2 carbon dioxide 10-25%

* CH4 methane 4-9%

*Oz0zone 3-7%

non gases:
* clouds

® aerosols
* clouds critically T dependent



VOLCANIC ASH

Mauna Loa Observatory Atmospheric Transmission

Mount Pinatubo (Philippines) 1991
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HYDROCARBONS and DEFORESTATION

, [ | 390
Atmospheric CO2ppm |1 7" 380

S REEEEE R REEELYY) | Sl 370

[ | [ I

[ | [ !
I Foooo oo P MY 17 360
R I .Y LA S 350
1y o Annual Cycle 1 340

[ |

| | ]

R e L AALSTEEEEEE /\/ [ 330
m T T[S -'-i--———---‘l“------- . J ] 1 320
| : | Jan Apr Jul Oct Jan
: ' ' ' ' 310

1970 1980 1990 2000 2010

1960
Manua Loa Record

* yearly oscillation = northern hem metabolism

e average CO2 mol lifetime = 12 years



CO: history
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Our responsibility?
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chservations

models using only natural forcings

rmodels using both natural and anthropogenic forcings

only a complex model can answer

details validate models:

*|localised heating, like lower atmosphere vs high
*higher latitudes vs lower

°land vs seas

*nights relatively warmer than days



* electricity
* transports
* industry

* agricolture
°* commerce

* domestic

CO2 emission
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a new entry in the 10 commandments

http://austin.zerofootprint.net/one minute/austin



http://austin.zerofootprint.net/one_minute/austin
http://austin.zerofootprint.net/one_minute/austin

the future

The West's Carbon Emmissions Are Irrelevant
Growth in CO; emissions, in billions of tons per year
following Copenhagen agreement
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