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Climate Change: from observations of current trends to future climate projections
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OutlineOutline
• Observed historical trendsObserved historical trends
• Attribution
• Climate projections
• Key uncertainties

N t t• Next steps



Ob dOb dObservedObserved
Hi t i l T dHi t i l T dHistorical TrendsHistorical Trends



Variation of greenhouse 
gas concentrationgas concentration
in the atmosphere

CO2CO2CO2CO2
The greenhouse gas concentrationThe greenhouse gas concentration

is higher than in the last 650000 years is higher than in the last 650000 years 
and continues to increaseand continues to increase

CH4CH4

and continues to increaseand continues to increase
mostly due to fossil fuel burning andmostly due to fossil fuel burning and

agricultural activities.agricultural activities.
CH4CH4

N2ON2O

N2ON2OCH4CH4

CO2CO2



Anthropogenic and natural forcingsAnthropogenic and natural forcings
from 1750 to 2005from 1750 to 2005from 1750 to 2005from 1750 to 2005

Anthropogenic forcings are estimated
to be much higher than natural forcingsto be much higher than natural forcings



Observed global temperature changeObserved global temperature change
Warmest 12 years:

1998,2005,2003,2002,2004,2006, 
2001,1997,1995,1999,1990,2000

Last 50 years warmestLast 50 years warmest
during the last 1300 yearsduring the last 1300 years

, , , , ,

50    0.128 0.026
Period      Rate

100   0.074 0.018
Years  /decade



Temperature anomaly reconstructions 

for the last 1000 years
The last 50 years are warmest in the last millenniumThe last 50 years are warmest in the last millenniumThe last 50 years are warmest in the last millenniumThe last 50 years are warmest in the last millennium



Other evidence of warming:
Decrease of snow cover, sea ice,

and glaciers, sea level rise
Melting of glaciers Sea level rise

AlpsAlps

Decrease of snow cover Warming of the oceans



Melting of the Arctic capMelting of the Arctic capg pg p
15 September 1980 15 September 2005 15 September 2007

15 September 2008



Other observed changes
T t tTemperature extremes

Warmer and more hot days,
warmer and fewer cold days

Increased frequency of
heat wavesea a es



Other observed changes
I t ifi ti f th h d l i lIntensification of the hydrologic cycle

Increase of 
precipitation intensity

I f d ht“It rains less often“It rains less often Increase of droughtIt rains less oftenIt rains less often
but more intensely”but more intensely”



IPCCIPCC 20072007IPCCIPCC--20072007
Warming of the climate system isWarming of the climate system isg yg y
unequivocalunequivocal, as is now evident , as is now evident 

f b ti f i if b ti f i ifrom observations of increases infrom observations of increases in
global average air and oceanglobal average air and oceanglobal average air and oceanglobal average air and ocean

temperatures, widespread melting temperatures, widespread melting 
f d i d i i l b lf d i d i i l b lof snow and ice, and rising globalof snow and ice, and rising global

mean sea levelmean sea levelmean sea level.mean sea level.



Is the observed globalIs the observed globalIs the observed globalIs the observed global
warming due to increasedwarming due to increasedwarming due to increasedwarming due to increased
anthropogenic GHG or toanthropogenic GHG or toanthropogenic GHG or toanthropogenic GHG or to

natural factors?natural factors?atu a acto satu a acto s
(Attribution issue)(Attribution issue)( )( )



VolcanicVolcanic
activityactivity

GreenhouseGreenhouse
gasesgasesHumanHuman NaturalNaturalactivityactivitygasesgasesHumanHuman

factorsfactors
NaturalNatural
factorsfactors

AtmosphericAtmosphericAtmosphericAtmospheric
aerosolsaerosols The earth’s climateThe earth’s climate

can change because can change because 
of anthropogenic orof anthropogenic or

Variations ofVariations of
Solar radiatiosSolar radiatios

of anthropogenic orof anthropogenic or
natural factorsnatural factors

Natural variability
(ENSO NAO)

LandLand--use changeuse change

(ENSO, NAO)



“Fingerprinting” of the“Fingerprinting” of the
anthropogenic effectsanthropogenic effectsanthropogenic effectsanthropogenic effects

h GHG• other GHGs
• aerosols
• volcanic
• solarsolar
• natural internal

Climate models



Identification ofIdentification ofAll ForcingsAll Forcings Identification ofIdentification of
the anthropogenic the anthropogenic 

effects oneffects oneffects oneffects on
global warmingglobal warming

Natural ForcingsNatural ForcingsNatural ForcingsNatural Forcings



IPCCIPCC--20072007
Most of the observed increaseMost of the observed increaseMost of the observed increaseMost of the observed increase

in globally averaged temperaturein globally averaged temperature
i th idi th id 2020thth t it isince the midsince the mid--2020thth century iscentury is veryvery

likely (90likely (90--95%)95%) due to the observed due to the observed 
increase in anthropogenic increase in anthropogenic 

greenhouse gas concentrations.greenhouse gas concentrations.g gg g
Discernible human influences now Discernible human influences now 
extend to other aspects of climateextend to other aspects of climateextend to other aspects of climate,extend to other aspects of climate,

including ocean warming, continental including ocean warming, continental 
average temperaturesaverage temperaturesaverage temperatures,average temperatures,

temperature extremes and wind patterns.temperature extremes and wind patterns.



Projections of futureProjections of futureProjections of futureProjections of future
climate changeclimate changeclimate changeclimate change



IPCCIPCC –– 2007: Global temperature2007: Global temperature
change projections for the 21change projections for the 21stst centurycenturychange projections for the 21change projections for the 21stst centurycentury

Corresponding changes in sea level rise are 19-58 cm



Regional distribution of projected 
temperature and precipitation changetemperature and precipitation change

(A1B scenario, 2090-2100)
Precipitation change DJFTemperature change DJF

BOREAL WINTERBOREAL WINTER
BOREAL WINTERBOREAL WINTER

Precipitation change JJATemperature change JJA

BOREAL SUMMERBOREAL SUMMER BOREAL SUMMERBOREAL SUMMERBOREAL SUMMERBOREAL SUMMER



Changes in precipitation and temperatureChanges in precipitation and temperature
characteristicscharacteristics



August 2010: 
A “ li t h ” A tA “climate change” August



Other projected changes for theOther projected changes for the
2121stst CenturyCentury

-->> Poleward shift of midPoleward shift of mid--latitude storm trackslatitude storm tracksPoleward shift of midPoleward shift of mid latitude storm trackslatitude storm tracks
--> Greater intensity of tropical and extratropical cyclones> Greater intensity of tropical and extratropical cyclones

--> Increase of heat> Increase of heat--waves and droughtswaves and droughts
--> Greater intensity of precipitation> Greater intensity of precipitation

--> Increased warm season interannual variability > Increased warm season interannual variability 
F th id d lti f l i d iF th id d lti f l i d i--> Further widespread melting of glaciers and sea ice> Further widespread melting of glaciers and sea ice

--> Slow down (but not collapse) of the MOC> Slow down (but not collapse) of the MOC



Focusing on theFocusing on theFocusing on theFocusing on the
e ropean regione ropean regioneuropean regioneuropean region



A1B Scenario, 20 AOGCMs

Winter Winter

Temperature ChangeTemperature Change Precipitation ChangePrecipitation Change
Winter Winter

Summer Summer



Change in seasonal temperature distributionChange in seasonal temperature distribution
CMIP3 Ensemble (%, 2071CMIP3 Ensemble (%, 2071--2100 minus 19612100 minus 1961--1990),1990),(%,(%, ),),

N. Europe, DJFN. Europe, DJF N. Europe, JJAN. Europe, JJA

Mediterranean DJFMediterranean DJF M di JJAM di JJAMediterranean, DJFMediterranean, DJF Mediterranean, JJAMediterranean, JJA



Change in seasonal precipitation distributionChange in seasonal precipitation distribution
CMIP3 Ensemble (%, 2071CMIP3 Ensemble (%, 2071--2100 minus 19612100 minus 1961--1990),1990),(%,(%, ),),

N. Europe, DJFN. Europe, DJF N. Europe, JJAN. Europe, JJA

Mediterranean, DJFMediterranean, DJF Mediterranean, JJAMediterranean, JJA



The summers we can expect in Europe? The summers we can expect in Europe? 
Summer of 2003Summer of 2003Summer of 2003Summer of 2003



Some keySome keySome keySome key
uncertaintiesuncertaintiesuncertaintiesuncertainties



Effects of clouds, aerosols Effects of clouds, aerosols 
and tropical convectionand tropical convection



Land use change and Land use change and 
carbon cyclecarbon cycle



Sea level riseSea level rise



Greenhouse gasGreenhouse gasGreenhouse gasGreenhouse gas
emission scenariosemission scenarios



Projections at regional to local scalesProjections at regional to local scales

GlobaleGlobale

Projections at regional to local scalesProjections at regional to local scales

GlobaleGlobale

ContinentaleContinentaleContinentaleContinentale
RegionaleRegionale

LocaleLocale



Next stepsNext steps

• Work for the IPCC AR5 just under way• Work for the IPCC AR5 just under way,
reports to be released in 2013/14

• Large coordinated modeling efforts to 
support the IPCC processpp p
– CMIP5
– CORDEXCO

• Some new areas of emphasis
D d l li t di ti– Decadal climate prediction

– Geoengineering options 



Thank YouThank You



Summary of changes 
l t f li irelevant for energy policies

• Increase in intensity of storms and 
windswinds

• Increase in dry and wet extremes
• Increase in interannual variability
• Increase in heat waves• Increase in heat waves
• Large regional variability of changes 



Mitigation potential of different 
alternative energy sources



Some consequences for the 
tenergy systems

• Demand side• Demand side
– Greater demand in summer, decreased demand in 

winter
G t k d d d i h t– Greater peak demand during summer heat waves

– More spatially and temporally “variable” demand  
• Supply sidey

– Adaptation to more intense extremes
– Safety of plants
– Adaptation to higher temperatures (e g for reactorsAdaptation to higher temperatures (e.g. for reactors

cooling)
– Adaptation to more temporally variable supply of 

renewable energy sources (hydropower, wind)renewable energy sources (hydropower, wind)
– Regional changes of power sources (renewables)



Projected changes in the hydrologic cycleProjected changes in the hydrologic cycle
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