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Direct Observations of Recent Climate Change

Changes in Temperature ,Sea Level
and Northern Hemisphere Snow Cover
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Fo=S(1-A) /4 =235 W m?

31% A =0.31(Albedo

Reflected Solar
Radiation
107 Wm™

Reflected by Clouds, ‘
Aerosol and
Atmospheric

100%

Absorbed by
67 Atmosphere

S/4=342W m2, S =1368 W m2 (KI5

235 W m™
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Incoming 235
Solar

Radiation

342 Wm*=

->254K=-19C

Outgoing
Longwave
Radiation
235 Wm™

’/,012%
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Emitted by
Atmosphere

Emitted by Clouds

Greenhouse
Gases

350 324
Back

Radiation
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Absorbed by
Surface

IPCC (2007)
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Anthropogenic

Natural

Global-average radiative forcing estimates and ranges

Radiative Forcing Components

RF Terms RF values (W m™®) |Spatial scale| LOSU
: , '.
‘ : | 1.66 [1.49 to 1.83] Global High
Long-lived | i :
greenhouse gases | ﬁl | 0.48 [0.43 to 0.53]
| .
‘ : =+ Halocarbons Global High
. : I I
| |
| | I -0.05 [-0.15 to 0.05]] continental
Ozone Stratospheric Tropospheric Med
i s : 0.35 [0.25 to 0.65] | toglobal
[
Stratospheric water ' |
vapour from CH, : | 0.07 [0.02 to 0.12] Global Low
| |
Land use I -0.2 [-0.4 to 0.0] Local to Med
Surface albedo Black carbon | . L
: il | 0.1 [0.0 to 0.2] continental ow
I | [ .
( Direct effect | I I -0.5 [-0.9 to -0.1] Continental Med
: | | to global - Low
Total i : | |
Aerosol | cloud albedo | I I Continental
. effect [ | | 0.7 [-1.8 10 -0.3] to global —
I [ |
I [ [
Linear contrails I { | I 0.01 [0.003 to 0.03] | Continental Low
I | |
I [ [
Solar irradiance ' E—! ' ' 0.12 [0.06 to 0.30] Global Low
I [ |
Total net ! : 1.6 [0.6 to 2.4]
anthropogenic | |
1 M 1 M 1
-2 -1 0 1 2 28

Radiative Forcing (W m2)

IPCC (2007)




Gt 5RH 1 (Radiative Forcing)

Instantaneous RF

RF = net flux imbalance
at tropopause

temperature fixed

Stratospheric-
adjusted RF

Stratospheric tem-
peratures adjust

temperature fixed in

Zero-surface-
temperature-change RF

Equilibrium
climate response

No flux imbalance
Atmospheric
temperatures adjust Femperatures
adjust everywhere
temperature

everywhere troposphere and at
surface
fixed at surface >
ATs
IPCC (2007)
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- Increased markedly since 1750 1500} Lf‘““’j
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Relatively little variation before
the industrial era
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Nitrous Oxide (pphb)
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Warmest 12 years:
1998,2005,2003,2002,2004,2006,

Difference (°C) from 1961-90

2001,1997,1995,1999,1990,2000
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Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Changes in
Solar Inputs -
Clouds
Atmosphere T
fFrr 7/ ;f /
/7 /
N, O, Ar, Vol Acti S0
H,0,C0, CH,N,0,0, efc. ' . omchctiviy A
Aerosols Atmosphere-Biosphere
Atmosphere- Interaction
Ice Precipitation
Interaction Evaporation
Terrestrial
Heat  Wind . Radiation _‘4,man Influences Ice Sheet
Exchange Stress

| Sealce =
Hydrosphere:
Ocean

Ice-Ocean Coupling

Land Surface

Changes in the Cryosphere:
Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Hydrosphere:
Rivers & Lakes

Changes in the Ocean:
Circulation, Sea Level, Biogeochemistry

Changes in/on the Land Surface:
Orography, Land Use, Vegetation, Ecosystems
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Attribution
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Understanding and Attributing Climate Change

Global and Continental Temperature Change
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Most of the observed increase in global average
temperatures since the mid-20th century is very likely due
to the observed increase in anthropogenic greenhouse
gas concentrations. This is an advance since the TAR’s
conclusion that “most of the observed warming over the
last 50 years is likely to have been due to the increase in
greenhouse gas concentrations”. Discernible human
influences now extend to other aspects of climate,
including ocean warming, continental-average
temperatures, temperature extremes and wind patterns.
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IPCC: Intergovernmental Panel on Climate Change
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(UNFCC: United Nations Framework Convention on Climate Change)
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