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Global Climate Change

What has changed.

What will change.
What must change quickly !

Robert Kandel

Laboratoire de Météorologie Dynamique
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The state of the planet ?

Planet Earth ? ... orrather
Planet Ocean, Planet Cloud

__Today, > and since more than

three billion years.

Venus — torrid greenhouse

Mars — ice and dust
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The water cycle

Climate change (« glabal warming ») necessarily entails ¢ =~ hanges in
the water cycle

Evaporation, Precipitation, Runoff
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« Global » Climat
Sun, Parasol, Green

Sun
« Human activities have no e
» Does solar activity affect cli

Parasol

e Clouds, snow, ice

~ + Volcanic eruptions
* Visible Pollution

Greenhouse !

- Invisible Pollution !
- Anthropogenic emissions 0
- Anthropogenic Perturbation
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The Sun — spectacular activity
but nearly constant irradiance
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Reinforcement of the Parasol ?
Aerosols (solid particles or liquid droplets suspended in the air) -

s e

Volcanic Aerosols

1-2 years residence in the stratosphere

(10-20 km altitude)
— temporary global cooling, or a

pause in the warming

Anthropogenic aerosols
(pollution)
in the troposphere (0 — 10 km altitude)
Short residence times — regional effects

- Reflecting aerosols cool the surface
- Black aerosols (soot...), warm the air
but reduce sunlight reaching the surface

- Indirect effects on clouds ?!

B.N.F. - 5 March 2009 R. Kandel - Global Climate Chang 13



Intensification of the greenhouse effect

Controls the escape of energy (heat)
to space by infrared radiation.

Infrared absorption/emission only by
the air's polyatomic molecules and
clouds.

Nitrogen (N,), oxygen (O,) and argon
(99% of the air) play no role.

Infrared radiation downward
warms the surface of the globe
and the lower atmospheric
layers.

Adding CO , molecules to
the atmosphere
Intensifies the
greenhouse effect.
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A prophecy from 1

Swedish scientist Svante Arrhenius :
If humans continue to burn more and more coal,
CO, in the atmosphere will eventually double,
and the world will warm up by 4.
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Global CO , emissions h
by nearly a factor 15 si

But does the amount of CO.
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Increasing CO, in the glo

340
’\l Nature

320 Ve Human activities!

1950 1960 1970 1980 1990 2000 2010

Bource: Dave Keeline and Tim Whorf (Scrippe Imstitution of Oceanoeraphy
B.N.F. - 5 March 2009 R. Kandel - Global Climate C



How does this compare to
of the recent p

Since 1958, enormous Increase
of the past, recorded in the ice

e Access to Greenland, Antarctic
- the post-IGY Antarctic Trea

e Development of tools using iso
determine temperatures o

» Extraction and analysis of air tr
and ice up to 700,000 ye
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Atmospheric CO,

2008
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Strongly increased CO, - Strong warming ?!

: Projection
Since 1958, for 2100

atmospheric CO, concentration has already
risen well above the range of natural
variability of the last 700,000 years
(Vostok and EPICA data), indeed probably 250
the last few million years .
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Global Climate

The climate Is

This results from an
greenhouse inten

Converging
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Warming over practicall
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The Scientific Analys

Human activities, especially t
fossil fuels, cause the observe
Increase in concentrations of C
greenhouse gases in the global

The resulting intensification of t
greenhouse effect is now the
forcing climate change.

Observations from space, in th
sea, and in the ice and sea, tog
simulations based on physical |
that this explains most recen



Converging

The observed changes in
principally from anthropogen
the greenhouse

1) This « forcing » Is the str
2) Predicted changes are o

« Warming at the surface o
 Warming of the lower atm
e Cooling of the stratosphe
 Warming of the ocean
e Melting of the ice
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Global Climate Forcings

| — All Greenhouse Gases

| — Black Carbon (BC)

| — Solar Irradiance

| Snow Albedo (BC effect)
. — Stratospheric Aerosols

| — Reflective Tropospheric Aerosols

. --—— Aerosol Indirect Effect
| —— Land Use

—

Hansen et al.
2005Science
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CO, CH,
etc.

EA/ISun?‘

<—| Land Use ?

‘ Aerosols ‘

: \ ‘ Volcanoes ‘
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Physically based climate m
warming only if anthropo
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Physically based climate models give the
warming only if anthropogenic forcing
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The oceans are warming
and only the greenhouse forcing can account for it

North Allanilc North Indian Pailﬂc
1of RN wf UB) & o
. 30f A = sof R L e
E 750 AN E 757 "
£ 125/ £ 1251 Aol N
Ezm; 200p AdERIY 3
300 300} |
SGDE 500 _La
TODL__ \ofiees | FOOL e | i
D2 00 02 04 D2 DO D2 04 02 00 02 04
Signal strength (C) Signal strengtn (C) Signal strength (Ch
h Atlinﬁc South Indian South Pacific
- of TR | o3 AR | o ey
£ 125 Ty = 125] ar S 12504 NS
200¢ g 200} 2005 0a
300 300} 300 o
SGDE 500} 500F ¢
?{“} i i ?{}D' i i i i ?m i 1 i i
02 00 02 04 0.2 00 02 04 02 00 02 04
Signal strenath (C) Signal strengtn (G) Signal strength [Ch
[ o
=@== Observations WNatural Variabilit y \\§
NN

B.N.F. - 5 March 2009

R. Kandel - Global Climate Chang

De m

fad

=

=]
ETTTTITTTITTYITIERT

I,E 0.2 DI,E
Signal strength (C)

World: HadCM3

A TTTTITTITTIETLR

2 02 06
Signal strength (C)

Forced warming

33



%ﬂ mer |

Russia

Source:
NSIDC

80 |
2005 2007

End-summer Trend (%) " Toward an ice-free Arctic Ocean
(Septembers, 1978 — 2003) in September 2050 ?

B.N.F. - 5 March 2009 R. Kandel - Global Climate Chang 34



Disintegration of Antarctic ice shelves
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Most mountain glaciers are retreating.

The Rhone glacier
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Global Climat

The risks of m
change In comi
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Dramatic climate change
in the 21st century ?!

Global warming accelerates 21

After over ten centuries of relative stability
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Risks of greenhouse effect intensification

Not only Global Warming
But also, and rapidly,

Modification of the water cycle
and a new distribution of fresh water

Consequences : Consequences for :
Changed risks of:

 prolonged drought » Agriculture

e strong rainfall, floods » Water supply for people
e violent storms » Hydroelectric resource
e tropical cyclones * The natural biosphere
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Intensification of the wa

rapidly

The warming
climate

rapidly

New distribution
Of fresh water
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Conseqguences :
Increased variability ?

Modification of the distribution of
risks for

* heat waves, drought

e torrential rain, floods

e storms and cyclones

R. Kandel - Global Climate Cha

Conseguences pour :
e agriculture and forestry
 hydroelectric resource
o water supply

 the natural biosphere




Precipitations en Europe

Precipitation: change in annual amount [%]
Source : PRUDENCE project / / ,'I ||




Changes in runoff —

avallable fresh water
Scenario A1B : (2041-2060) — (1900-1970) 70

+40
+30
+20
+10

Milly, Dunne, & Vecchia, Nature, 17/11/05
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Rising sea level

More or less
slowly

The warming
climate

Infiltration of coastal aquifers
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Accelerated melting in Greenland ?!
More rapid sea-level rise ?

s Source: R. Huff & K. Steffen,
Univ. of Colorado, CIRES

- --i:- ‘
3 2005 Melt Extent
Pl 1 992 Melt Extent

\L > 000M'Elsvation

Zone of melting 2005

Courtesy Russell Huff and Konrad Steffen
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Major Risk

Invasion of the Norwegian Sea by fresh water coming fro m increased
precipitation as well as melting of Greenland ice.

COLD

ﬂﬂ%

Less cold water

Very cold,

salty,
dense
water

Rapid blocking Consequences :
Extremely cold winters in Europe;
of the .NOF'[.h and elsewhere ?7??
Atlantic drift Extended drought in the
mid-latitudes ?7??
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Global Climate
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Global warming
Limit of the « danger z
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Emission
Scenarios for
2000-2050

and what is
needed to
avoid the

danger zone
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Reality (2007): Accele
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The Kyoto Protocol —a sm
Inadequate commitments, not
GHG emissions trend 1990 - 2005
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EU-15: Kyoto
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EU Targets for 2020 et 2050
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Growth (or its opposite) will depend more
and more on innovation and finding
solutions to the problems of :

The imminent (?) end of cheap oil ;
but there still is ( too much) coal.

The absolute necessity of reducing
greenhouse gas emissions. :

The constraint of adaptationto  unavoidable =
climate change. 1 CRRL L
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The crucial que

When, and at what level,
concentrations be stabilize

Can global net GHG emis
reduced by a factor 2 by 2

Can the technologically ad
countries reduce their GH
a factor 4 by 2050 ?

Can carbon intensity be re
factor 10 (to 0.1 kg CO , p
production) in this century
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