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Observed Temperature Change
Years 2000-2009 minus 1900-1 950

Aemprature (C)

http://data.giss.nasa.gov/gistemp/maps/




Probability of 2040-2060 summer
being hotter than hottest on record

Summers in 2040-2060 Warmer than Warmest on Record

percent (%)
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Fig. 3. Likelthood (in percent) that future summer average temper there is greater than a 90% chance that the summer-averaged tem

atures will exceed the highest summer temperature observed on record  perature will exceed the highest temperature on record (1900-2006)
(A) for 2050 and (B) for 2090. For example, for places shown in red  (22)
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Probability of 2080-2100 summer
hotter than hottest on record

percent (%)
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Fig. 3. Likellhood (in percent) that future summer average temper-  there is greater than a 90% chance that the summer-averaged tem
atures will exceed the highest summer temperature observed on record perature will exceed the highest temperature on record (1900-2006)
(A) for 2050 and (B) for 2090. For example, for places shown in red  (22)
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Fossil Fuel Emissions: Actual vs

CO, emissions (PgC y-')

7

CDIAC

IEAall

A1B(Av)

A1FI(AV)

A1T(Av)

A2(Av)

B1(Av) 2005
B2(Av) u
Projection

6.-.--

5

1990

2000

Updated Raupach et al. 2007, PNAS

. IPCC Scenarios

2010

Science Partnership

ocas @),..- WCRPa

flutasites CHANGE ‘



Fossil Fuel Emissions: Actual vs

CO, emissions (PgC y-')

7

CDIAC
IEAall
A1B(Av)
A1FI(AV)
A1T(Av)
A2(Av)
B1(Av) 2005 [
B2(Av) u
Projection

2006

6.-.--

5

1990

2000

Updated Raupach et al. 2007, PNAS

. IPCC Scenarios

2010

Science Partnership

ocas @),..- WCRPa

flutasites CHANGE ‘



Corbo_q

Fossil Fuel Emissions: Actual vs. IPCC Scenarios

CO, emissions (PgC y-')
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Economic Crisis Impact on World GDP Growth

8 -World Real GDP Growth =
- Average -
6 - Average 2010—14_
2003<Q7
4 il .
2 . -
0 2V
- -1.1% -
-2

1970 80 90 2000 10

% .a) IHDE WCRP 2

- CHANGE

International Energy Agency, October 2009 —>

nnnnnnnnn



Fossil Fuel Emissions: Actual vs. IPCC Scenarios
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future stabilization of
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We find that CO,
stabilization with continued economic growth will require inno-
vative, cost-effective and carbon-emission-free technologies that
can provide additional tens of terawatts of primary power in the
coming decades, and certainly by the middle of the twenty-first
century, even with sustained improvement in the economic
productivity of primary energy.

. The magnitude of the implied infrastructure transition
sux,x,ests the need for massive investments in innovative energy
research.




Anthropogenic CO, emissions exceed natural
emissions by about two orders of magnitude
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Distribution of corals and

ocean acidification
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Net growth of coral skeletons decreased

about 40% between 1975 and 2008-2009
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Most renewables are “energy farms”

POWER PER UNIT LAND AREA

Wind 2.5 W/m?
Plants 0.5 W/m?
Solar PV panels 520 W/m?*
Tidal pools 3 W/imn?
Tidal streamn 8 W/m*
Rain-water (highlands) 0.24 W/m?

Concentrating solar power (desert)  15-20 W/m?

Courtesy David MacKay
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energy consumplion per person (kWh/d/p)

Courtesy David MacKay
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ALTITUDE IN METER

High Altitude Wind Energy
Available Energy {(W/m2) = (1/2)ou’
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Elevation (km above ground)

Airborne
wind
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Estimating maximum power available
Idealized general circulation climate model results
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Estimating maximum power available
Idealized general circulation climate model results

Power
generated
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Estimating maximum power available
Idealized general circulation climate model results
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Estimating maximum power available
Idealized general circulation climate model results
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Temperature effects of massive deployment
1 m=~ / km3 (about 18 TW)
cooling of 0.04 °C




Temperature effects of massive deployment
100 m= / km? (about 84 TW)

cooling of 2.2 °C




Temperature effects of massive deployment

10,000 m= / km3 (about 2,010 TW)
cooling of 9.6 °C




At a turbine density of 1 m? / km?3, about
18 TWe are produced, more than enough
to power modern civilization, and with no
detectable adverse effects on climate.

If you interfere with geophysical flows beyond
the level of a few percent, unwanted side effects
are likely to manifest themselves.




Figure 1: Government RD&D expenditure in I[EA member countries, 1974-2009
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Billions of 2006 Dollars

Exhibit 3 — Comparison of Federal Expenditures for Energy Development, 1950-2006
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