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The Earth System – an overview

•• Earth Earth isis uniqueunique amongamong thethe planetsplanets of of ourour solar systemsolar system

•• AbundanceAbundance of of waterwater in in threethree phasesphases

•• AtmosphericAtmospheric compositioncomposition and and climateclimate areare intimately intimately 
tiedtied to to biologicalbiological processesprocesses

I) I) physicalphysical climateclimate and ii) and ii) biogeochemicalbiogeochemical systemsystem
linked bylinked by thethe global global hydrologicalhydrological cyclecycle

•• Earth System Earth System isis regardedregarded as as twotwo subsystemssubsystems::



University of Cologne University of Bonn
M
S
W
F

•• NaturalNatural changechange in in thethe Earth system Earth system isis acceleratedaccelerated byby
human human interventionintervention

•• Planet Earth Planet Earth facesfaces thethe possibilitypossibility of rapid of rapid 
environmentalenvironmental changechange --> > profoundprofound impactimpact on all on all 
nationsnations

•• WeWe do do notnot fullyfully understandunderstand thethe shortshort--termterm effectseffects of of 
ourour activitiesactivities -- oror theirtheir longtermlongterm implicationsimplications

•• National and international National and international scientificscientific researchresearch
communitycommunity is is on on the the way to way to establishestablish a a soundsound
scientific basisscientific basis to to addressaddress thesethese criticalcritical issuesissues (e.g. (e.g. 
IGBP, IHDP, WCRP, HELP, etc.)IGBP, IHDP, WCRP, HELP, etc.)

The Earth System – an overview
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The Earth System – an overview

•• DevelopmentDevelopment an an understandingunderstanding of of howhow thethe Earth Earth 
system system functionsfunctions inin responseresponse toto interactions amonginteractions among
land,land, oceansoceans andand atmosphereatmosphere

•• CriticalCritical challengechallenge thatthat mustmust bebe met ifmet if wewe areare to to 
predictpredict thethe impactsimpacts of human of human activitiesactivities on on locallocal, , 
regional and global regional and global climateclimate changechange

•• NaturallyNaturally occuringoccuring and humanand human--inducedinduced global global 
climate changesclimate changes mustmust bebe understoodunderstood to to determinedetermine
howhow to alter human to alter human behaviour approriatelybehaviour approriately to to avoidavoid, , 
mitigatemitigate, , oror adaptadapt to humanto human--inducedinduced global global climateclimate
changeschanges..
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Human ImpactsHuman Impacts

•• SinceSince 1850 1850 atmosphericatmospheric carboncarbon dioxidedioxide has has 
increasedincreased byby aboutabout 30 %, 30 %, atmosphericatmospheric methanemethane byby
moremore thanthan 100 %.100 %.

•• ChangesChanges in land in land useuse managementmanagement, , waterwater pollutionpollution, , 
and and industrial inputsindustrial inputs in in thethe atmosphere haveatmosphere have
affectedaffected cyclescycles of essential of essential elementselements withinwithin
ecosystemsecosystems..

•• NinetyNinety percentpercent of of thethe populationpopulation in in thethe developingdeveloping
countries livescountries lives in urban in urban areasareas whichwhich will will tripletriple in in 
polulationpolulation in 2025 in 2025 accordingaccording to to the latethe late 1990s.1990s.
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IPCC  - Key Questions:

• Has the Earth’s climate changed as a result of 
human activities?

• In what ways is climate projected to change in 
the future?

• What are the technical, economic, and market
potential of options to adapt to climate change
or to reduce emissions of the gases that
influence climate?

• How vulnerable are agriculture, water supply, 
ecosystems, coastal infrastructure, and human 
health to different levels of change in climate
and sea level?



University of Cologne University of Bonn
M
S
W
F

(IPCC, 2001)
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(IPCC, 2001)
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Vulnerability as a Concept

(IPCC, 2001)



University of Cologne University of Bonn
M
S
W
F

Kasperson et al. 
(1995)

Schellnhuber
(2001)

IPCC 
(2001)

UNEP 
(1999)

Timmerman
(1981)

Cutter(1996) 
Bohle (2001)

Cutter 
(2000)

Blaikie et al. (1994) 
Downing (1991)

Adger (2000)

Bohle et al. 
(1994)

SFB389 –
TP B7

D
yn

am
ic

St
at

ic

Specific 
Perturbation 

Multiple/Sequential
Perturbations

Hum
an

En

[er
gä

nz
t n

ac
h: 

Kas
pe

rso
n & Kas

pe
rso

n 20
03

]

Gully Erosion

vir
onm

en
t



University of Cologne University of Bonn
M
S
W
F

IPCC Conclusions:

I. Natural Systems are Vulnerable to Climate
Change, and some will be Irreversibly Damaged.

II. There are Preliminary Indications that Some
Human Systems have been Affected by Recent
Increases in Floods and Droughts.

III. Many Human Systems are Sensitive to Climate
Change, and some are Vulnerable.

IV. Recent Regional Climate Changes, particulary 
Temperature Increases, have Already Affected
Many Physical and Biological Systems.
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V. The Potential for Large-Scale and Possibly
Irreversible Impacts Poses Risks that have yet to 
be Reliably Quantified (e.g. temperature, 
precipitation, drought, floods, etc.).

VI. Adaptation is a Necessary Strategy at All 
Scales to Complement Climate Change 
Mitigation Efforts.

VII. Those with the Least Resources have the Least 
Capacity to Adapt and are the Most Vulnerable.

VIII. Effects on and Vulnerability of Natural and Human 
Systems (Agriculture and Food Security, ... , Ecosystems, 
Human Health & Settlements, ..., Energy, Hydrology and 
Water Resources, Insurance and other Financial Services) 
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(IPCC, 2001)

Change in Annual Runoff 
Vulnerability in the Context of Water Supply
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Indicators of regional agricultural vulnerability in Africa (WRI, 2001)
- > vulnerability in the context of food security
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Integrated Modell Concept for „Satisfaction of food demand on 
the local scale in Benin“
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Future Needs
Data Needs

Current impact assessment models are limited by input data, 
limiting their use to fairly general questions.

Human Capacity
There is great need for increased African capacity to study
the more fundamental science issues of global change and 
its impacts. 

Integrated Analysis
It is becoming increasingly clear that most environmental
problems such as climate change require integration of many
disciplines and methods of analysis. 
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