Climate Change
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Planets and atmospheres

Mars

Thin atmosphere

{Almost all CO2 in ground)
Average temperature : - 50°C

Earth
0,03% of CO2 in the atmosphere
Average temperature : + 15°C

Venus

Thick atmosphere

containing 96% of CO2
Average temperature : + 420°C
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Solar radiation passes through
the clear atmosphere.
Incoming solar radiation:
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The Greenhouse effect

Some of the infrared
radiation passes through
the nhnnupheru nnd Is

Some solar radiation is
reflected by the atmosphere
and earth's surface

; Some of the infrared radiation is
: 4 absorbed and re-emitted by the
greanhouse gas molecules. The
3 direct effect is the warming of the
y earth’s surtace and the tropesphere.
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Temperature and CO, concentration in the atmosphere over the past 400 000 years
(from the Vostok ice core)
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Greenhouse Gases

Source IPCC TAR WG | TS:38 and Ch 4:244




Atmospheric concentration
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a) Upper Troposphere Moisture: T2-T12 Trand 1982-2004

&) Column Watsr Vagaur, Ocean anly: Trend, 1588-2004

Increase
stopped since 1996

44 4T 012 d 4
0,1 " per ctads

Source trends
ill understood

o) Global-mean T2-T12 017 °C per decade
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Implications:
cooling
to warming?
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Figure 3.21. The radiative signaiure of upperfroposphenc moistening is olven
by ypward lngar frands in T2—T1.2 for 1982 bo 2004 (0.7 °C per decads; o) and
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Figure 3.20. Linear frends in precipitable walr il column waikr vapowr) in
% per decads (op and mondhly time series of anomalies relative b the 1988 ©
2004 period in % over the global oeean plus Nnear trend bottom), from RSS SSMT
jupdatad Fom Trenberth ot &, 2005)

mondhly time series of the globa-mean (80°N 1o 80=5) anomalies relative © 1982 ©
2004 {* and lingar fend {dashed boftom). Date are fom the RES T2 and MRS T12
{Soden ef &, 2005 The map & smoothed fo spectral truncation T31 resoubion.
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The cooling factors

Volcanic .
eruptions biomass buming
White upper afestfrce Burning of
side of clouds coal and ol
AEROS0OLS lee and
Deserts, and dust SNOW
from sandstorms A crosoLs
(Sulphates) Baen
lands
;:fss
AEROSOLS '
A
Aerosals: tiny particles of liquid or dust suspended in
Albedo: ahility of & the atmasphere {most important anthropogenic asrosols GRID
Energy reflected — urfag o reflect ght.  is sulphale produced from SO YT

(ARG DRSO - PRI FE REKACE T

Sources; Raditva foncing of climate change, the 1854 rapor of the sclentifs Basassment working group of IPCC, summany for poleymakara, WMO, UNER; L0, Danny Harvey, Climabs and global emronmental
changn, Prantice: Hal, pearson Edycation, Harlow, United Kingdom, 2000.



Comparison between modeled and observations of temperature rise
since the year 1860

Temperature anomalies in °C

Temperature anomalies in °C
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Current CC Impacts:
80 meters thinning
of Pasterze glacier,
Austria

But.

uncovering 5000 yr
old vegetation




Atmosphere
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Table 1 Global carbon emissions as estimated for 1990 per major source category and
uncertainty ranges (in Tg Cyear—')?

Net Gross Uncertainty range
Coal 2424
Qil (fuels) 2285
Oil (feedstocks) 324
Gas 1135
Cement 157
Gas flaring 60
Industrial 6061 6385 5800-7000
Fuelwood® 530
Traditional biofuelsP 630
BiofuelsP 1160 ?7-1600
Savannah fires® 1660
Other biomass ?7-1700
Tropical forests® 1100
Temperate forests® 0
Land-use change® 1100 0-2800°
Total 6061 8645 5800-=13100

2 Emission categories that are not balanced by (uncertain) biospheric carbon sinks or that are not
released to the atmosphere in the same year are listed as gross emissions, all others as net emissions
(see text). For land-use change related emissions, the net biospheric flux as estimated by IPCC (1995)
for the 1980s (the latest period for which global estimates are available) and the uncertainty range
as estimated by Houghton (1999) for the same period are given. (Data source: see text.)

b Emissions of biofuels and land-use change not necessarily entirely additive.

© Andreae (1991). Not included in total gross emissions.

d Estimated net biospheric flows (IPCC, 1995).

€ Upper range for net biospheric flux due to land-use change (Houghton, 1999), no estimates of gross
emissions available.
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Cement
production 1.4%

Temperate \
zones Coal

Fossil

fuel use
47.0%

Tropical
zones
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© land-use change
m coal

m oil

wgas

= cement+flaring

= Annex-l land
m Annex-| fossil
m non-Annex-| land

m non-Annex-| fossil
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{ CDzeqfcap

Annex I Non-Annex |:
Population 19.7% Population 80.3%

Annex I: Non-Annex I:

GHGs: 47.7% GHGs: 52.3%

Average Annex I:
16,1 tCO,eq/cap

Other non-Annex |: 2.0%

=]

JANZ: 5.2%

Average non-Annex [:
4,21 CO,eq/cap

Africa: 7.8%
|
2,000 3,000 4,000 5,000 6,000 7,000
Cumulative population in million

South Asia:13,1%




A

o5 _ ¢ World average Source: IIASA LUCC, 2000.

I Average and min/max for
industrialized countries

I Average and min/max for
developing countries
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< BASELINE WITH
FROZEN EFFICIENCY
AND TECHNOLOGY

SRES SCENARIO
(LRED
DEMAND REDUCTION

FUEL SWITCHING
SCRUBBING

—
550 STABILIZATION

1 0 T
2100 2000

2: With “frozen” efficiency and technology improvements
emissions grow “through the roof”. Even with continued improvements,
additional emission reduction is needed for climate stabilization




Carbon Intensity Improvement (Baseline)

Energy Intensity Improvement (Baseline)

Biomass (incl. CCS) W 1390 ppm
Nuclear W 1090 ppm
M 970 ppm
M 820 ppm
M 670 ppm
Fossil CCS = 590 ppm

Consevation & efficiency

CH4

Other renewables 520 ppm

Sinks 480 ppm
Switch to natural gas
N20O

I
F-gases | ‘

0O 500 1000 1500 2000 2500 3000 3500 4000
Cumulative contribution to mitigation (2000-2100), GtC eq.

2: Technological change in Baseline best hedging against target uncertainty




_ _ RF=0.7
Biomass (incl. CCS)

RF=0.1
Nuclear

RF =02 (0.9 incl. baseline) | W1390ppm
Consevation & efficiency H 1090 ppm

RF =0.3 B 970 ppm

W 820 ppm
RF=0.3 PP

RF=0.1
Other renewables 590 ppm

CH4

Sinks

Bl B2 A2 520 ppm
480 ppm

Switch to natural gas

N20O

F-gases

50 100 150 200 250 300 350
Cumulative contribution to mitigation (2000-2100), GtC eq.

RF = Robustness factor of options across scenario uncertainty is highest for:
F-gases and N20 reduction, energy conservation & efficiency,
and biomass+CCS “wildcard” (if feasible)
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Biomass+wastes
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Carbon intensity of:

wood =29.9

coal = 25.8

oil =20.1

gas =15.3
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CHINA
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DECARBONIZATION OF ENERGY
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Million tons C (CO2-equiv)
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Baselines (na mitigation)
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ENERGY RELATED CO, : OECD vs DCs

B oecp B DCs | 2020: stabilize total emissions

at 1990 levels

2020 -35% Carbon tax Cut backs Equal per
Base Case flat rate 170$/t C OECD  proportional ~ capita
reduction  85%/t C DCs to historical emissions

contribution
ENERGY-b.DRW
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How to strike a balance between
intra- and intergenerational transfers?
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