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What climate change means?
How do we know is happening?

Climate change refers to a statistically significant variation 
in either the mean state of the climate or in its variability, 
persisting for an extended period (decades or longer).

Climate change is coming at us faster, with larger impacts
and bigger risks, than even most climate scientists 
expected as recently as a few years ago.



 Extreme weather conditions (hot & cold/wet & dry 
snaps +);

 Ice caps are retreating & Sea-level rise;

 Increased storm activity & changes in storm tracks;

 Ocean acidification;

 Reefs are bleaching;

 Ecosystems are turned upside down

What climate change means?
How do we know is happening?



What is the evidence that climate is now 
changing in unusual & threatening ways?

 We know -- from thermometer records in the 
atmosphere and the oceans, and from many more 
proxies that Earth’s climate is now changing at a pace 
far outside the range of expected natural variation, and 
in the opposite direction from what the known, natural, 
cyclic influences on climate would otherwise be causing 
at this time. 

 We should be cooling, but we are warming up: by ~0.8 C 
in Tavg in the last 125 years, more over the continents, 
several times that over the continents at high latitudes.

 On a worldwide average, the 12 warmest years of the 
last 125 have all occurred since 1990; the last 50 years 
appear to have been the warmest half century in 6000 
years.



Extreme weather conditions 



Ice caps are retreating Source: NASA

Iceberg calving in Antarctica 



Broecker, 2006

Atlantic conveyor

The rapid cooling at the end of the last ice age was 
triggered when freshwater from melting glaciers 
altered the ocean's salinity and slowed the overturning 
rate. That reduced the amount of heat carried 
northward as a result and the sea ice expanded greatly.

Cyclic changes in the overturning may be warming 
and cooling the whole North Atlantic over the course
of several decades and affecting rainfall patterns across 
the United States and Africa, and even the number of 
hurricanes in the Atlantic.



Sea-level rise

1/3 of world’s population are living along low-lying coastal areas

Substantial societal and economic impact



Increased storm activity

SCL = solar cycle length
ACE = acc. cyclone energy



Additional possible outcomes

 Other possible outcomes for which evidence is 
growing include…
 drastic changes in ocean circulation patterns, with large 

impacts on regional climates and on fisheries;
 rapid increases in sea level (2-4 meters per century?) 

from melting, slumping, disintegration of Greenland & 
Antarctic ice sheets;

 accelerated emissions of CO2 and CH4 from warming 
northern soil & melting permafrost, sharply increasing 
the pace of expected impacts and the possibilities for 
unexpected ones. 



The choices

Facing these dangers, we have 3 options:
 Mitigation, meaning measures to reduce the pace & 

magnitude of the changes in global climate being caused by 
human activities.

 Adaptation, meaning measures to reduce the adverse 
impacts on human well-being resulting from the changes in 
climate that do occur.

 Suffering the adverse impacts that are not avoided by either 
mitigation or adaptation.



Objectives of climate change science

The scientific consensus is clearly expressed in the reports of the Intergovernmental 
Panel on Climate Change (IPCC). Created in 1988 by the World Meteorological 
Organization and the United Nations Environmental Program, IPCC's purpose is to 
evaluate the state of climate science as a basis for informed policy action, primarily on 
the basis of peer-reviewed and published scientific literature. In its most recent 
assessment, IPCC 2007 states unequivocally that the consensus of scientific opinion is 
that Earth's climate is being affected by human activities: “Human activities … are 
modifying the concentration of atmospheric constituents … that absorb or scatter 
radiant energy. … Most of the observed warming over the last 50 years is likely to have 
been due to the increase in greenhouse gas concentrations”.

drivers of climate change (natural and anthropogenic);
changes observed in the climate system;
cause-and-effect relationships, and 
projection of future changes.

Understand: 



Social consequences of climate change

Climate change alters:

 Crop yields & productivity in farms & fisheries;

 heat waves are causing increasing devastation from droughts 
and wildfires;

 rapid spread of diseases that are temperature- or moisture-
dependent;

 major damages from storms & floods;

 property losses from sea-level rise

 the tropical forests and coral reefs biodiversity is heavily 
threatened. 



Challenges in climate change research!

 Find more/new continuous (complete), long (time wise) 
sequences for extracting climate information. Place to look:
New ice cores (including caves)
 Speleothems (stalagmites, flowstones) from climate-

sensitive regions
 Deep-sea and lake sediments  

 Potential new archives (?) or proxies
 Better age-depth models (precise chronology)
 More complex/accurate computer models on climate 

variability



Cave ice core studies






