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Organization of the talk 

ÅClimate change and global warming 

ÅThe long term perspective 

ÅCausative factors and evidence 

ÅWater resources 

ÅImpact of climate change 



Å²ƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŦǊŜǎƘ ǿŀǘŜǊ ǊŜǇƻǎƛǘƻǊȅ 

ÅAtmospheric temp variations in the past and 
future predictions 

O-isotopic results from Ice Core Drilling 

Water resource management practices  

 



What have we been hearing? 

Climate Change 



IƛǎǘƻǊȅ ƻŦ 9ŀǊǘƘΩǎ /ƭƛƳŀǘŜ 

ÅEarth formed ~4.6 billion years ago 

ÅOriginally very hot 

ÅLiquid water appeared ~4.3 billion years 



IƛǎǘƻǊȅ ƻŦ 9ŀǊǘƘΩǎ /ƭƛƳŀǘŜ 

ÅLife appeared ~3.8 billion years ago 

ÅPhotosynthesis began 3.5-2.5 billion years ago 
ïProduced oxygen and removed carbon dioxide 

and methane (greenhouse gases) 

ï9ŀǊǘƘ ǿŜƴǘ ǘƘǊƻǳƎƘ ǇŜǊƛƻŘǎ ƻŦ ŎƻƻƭƛƴƎ όά{ƴƻǿōŀƭƭ 
9ŀǊǘƘέύ ŀƴŘ ǿŀǊƳƛƴƎ 

ÅEarth began cycles of glacial and interglacial 
periods  



Global Warming - Definitions 

Å Global warmingΥ  ƛƴŎǊŜŀǎŜ ƛƴ ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘκƻǊ 
Oceans, thought to be caused by green-house gases. 

Å An overall increase in world temperatures which may be caused by additional heat 
being trapped by greenhouse gases (increased fossil fuel burning). 
  

Å A process that raises the air temperature in the lower atmosphere due to heat 
trapped by greenhouse gases, such as carbon dioxide, methane, nitrous oxide, CFCs 
and ozone. 

Å   

Å ! ǘŜǊƳ ƻŦǘŜƴ ǳǎŜŘ ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅ ǿƛǘƘ ΨŎƭƛƳŀǘŜ ŎƘŀƴƎŜΩΣ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƎǊŀŘǳŀƭ 
changes in global weather patterns observed by researchers that suggest mean 
temperatures are rising planet wide. 

 
 



Global warming 

ÅGlobal warming : increase in the average temperature of the 
Earth's near-surface air and oceans since the mid-20th 
century 
 

ÅGlobal surface temperature increased 0.74 ± 0.18 °C during 
the last century.  
 

ÅThe IPCC concludes that increasing greenhouse gas 
concentrations resulting from human activity such as fossil 
fuel burning and deforestation caused most of the observed 
temperature increase since the middle of the 20th century. 
 

ÅVariations in solar radiation and volcanoes produced most of 
the warming from pre-industrial times to 1950 
 

http://en.wikipedia.org/wiki/Instrumental_temperature_record
http://en.wikipedia.org/wiki/Celsius
http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Anthropogenic
http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/Deforestation
http://en.wikipedia.org/wiki/Attribution_of_recent_climate_change
http://en.wikipedia.org/wiki/Solar_variation
http://en.wikipedia.org/wiki/Volcano
http://en.wikipedia.org/wiki/Pre-industrial
http://en.wikipedia.org/wiki/Pre-industrial
http://en.wikipedia.org/wiki/Pre-industrial
http://en.wikipedia.org/wiki/Climate_model


GHE#1 - natural 

Earthôs Natural Greenhouse Effect 



GHE#2 - humans 
Human-caused Global Warming 



GHE#3 - text 
There are now 40% more greenhouse gases in 

the atmosphere than there were a few hundred 

years ago. Is it entirely due to human activity? 

The Earth has already warmed as the 

consequence of this, and scientists expect that 

the next 20 to 100 years the world will warm a lot 

more! 



Å Carbon dioxide (CO2) and other greenhouse 
gases warm the planet 

 

Å Human activities have increased the 
concentration of the major greenhouse gases 
since 1750.  

 

Å Average global temperature has increased 
1.3ÁF since 1906. Warming since the 1950s 
very likely (>90% chance) due to human 
increases in GHG 

 

Scientific Consensus on 

Climate Change 
+35% 

+142% 

+18% 

Figure source: IPCC 



Ice Ages in the Geological Past 

Ice age: Ice Ages are intervals of time when large areas of the 

surface of the earth are covered with ice sheets 



DID PLANET EARTH EXPERIENCE GLOBAL WARMING / 
CLIMATE CHANGE IN GEOLOGICAL PAST?  



Ice Ages & Warming 

Å Current phase of Global warming began 18,000 years ago after the Pleistocene Ice Age-- a 
time when much of North America, Europe, and Asia lay buried beneath great sheets of 
glacial ice. 

Å Earth's climate and the biosphere have been in constant flux, dominated by ice ages and 
glaciers for the past several million years. We are currently enjoying a temporary reprieve 
from the deep freeze. 

Å Approximately every 100,000 years Earth's climate warms up temporarily. These warm 
periods, called interglacial periods, appear to last approximately 15,000 to 20,000 years 
before regressing back to a cold ice age climate. At year 18,000 and counting our current 
interglacial vacation from the Ice Age is much nearer its end than its beginning. 

Å Global warming during Earth's current interglacial warm period has greatly altered our 
environment and the distribution and diversity of all life. For example: 

Å Approximately 15,000 years ago the earth had warmed sufficiently to halt the advance of 
glaciers, and sea levels worldwide began to rise. 

Å Since the end of the Ice Age, Earth's temperature has risen approximately 16 degrees F and 
sea levels have risen a total of 300 feet! Forests have returned where once there was only 
ice. 

http://mysite.verizon.net/mhieb/WVFossils/ice_ages.html


Orbital Parameters 

Milenkovitch  Cycle 

Cause variations in 

solar radiation with 

times scales <100,000 

years 



There are three major components of the Earth's orbit 
about the sun that contribute to changes in our climate.  
1. Earth's spin on its axis is wobbly, This wobble amounts 

to a variation of up to 23.5 degrees to either side of the 
axis. As a result of a wobble in the Earth's spin, the 
position of the Earth on its elliptical path changes, 
relative to the time of year. This phenomenon is called 
the precession of equinoxes. The cycle of equinox 
precession takes 23,000 years to complete 

2.  The amount of tilt in the Earth's rotation affects the 
amount of sunlight striking the different parts of the 
globe. The greater the tilt, the stronger the difference in 
seasons (i.e., more tilt equals sharper differences 
between summer and winter temperatures). The range 
of motion in the tilt (from left-of-center to right-of-center 
and back again) takes place over a period of 41,000 
years.  

  



Playing with numbers 

ÅGlobal climate and temperature cycles complex interplay 
between a variety of causes.  

ÅThese cycles and events overlap, sometimes compounding 
one another, sometimes canceling one another out,  

Å it is inaccurate to imply a statistically significant trend in 
climate or temperature patterns from just a few years or a few 
decades of data. 

ÅDuring the last 100 years there have been two general cycles 
of warming and cooling recorded in the U.S. We are currently 
in the second warming cycle. Overall, U.S. temperatures show 
no significant warming trend over the last 100 years. This has 
been well - established but not well - publicized  



Holocene Warming 

Man-made pollution is responsible for global warming is not fully 

supported by historical fact.  

Holocene Maximum is a good example - hottest period in human 

history, occurred approximately 7500 to 4000 yrs before 

present, long before industrial revolution 



Warm 

Cold Related to complex interactions 

between  atmosphere, hydrosphere, 

and lithosphere 

Short - Term Climate 
Changes 
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Short-Term Changes 

Possible Causes 

1. Orbital Parameters of the Earth 

 

2. Changes in Atmospheric composition 

 

3. Changes in Ocean Circulation 

 

4. Sunspot Activity 

 

5. Changes in Reflectivity (albedo) 



Causes 
ÅFluctuations in insolation (incoming 

solar radiation) are the most likely 
cause of large-scale changes in 
Earth's climate during the 
Quaternary. Variations in the 
intensity and timing of heat from the 
sun are the most likely causes of the 
glacial/interglacial cycles.  



CO2 in atmosphere 

ÅCO2 in atmosphere has been increasing for the last 18,000 
years-- man played no role in the pre-industrial increases. 

Å Ice Core data from the Soviet Station Vostok in Antarctica, 
CO2 concentrations in earth's atmosphere move with 
temperature. Both temperatures and CO2 have been steadily 
increasing for 18,000 years. Earth's temperature and CO2 
levels today have reached levels similar to a previous 
interglacial cycle of 120,000 - 140,000 years ago, the Eemian 
Interglacial Period and the earth returned to a full-fledged ice 
age immediately afterward. 

http://rainbow.ldeo.columbia.edu/ees/climate/labs/vostok/


ÅTotal human contributions to greenhouse gases 
account for only about 0.28% of the "greenhouse 
effect". Man-made CO2 comprises about 0.117% of 
this total and methane, NOx and other misc gases 
contribute another 0.163%.  
ÅApproximately 99.72% of the "greenhouse effect" is 

due to natural causes -- mostly water vapour and 
traces of other gases, which we can do nothing at all 
about. Eliminating human activity altogether would 
have little impact on climate change.  



Uplift of Himalaya and Tibetan Plateau 

Indian 

Plate 
(continental) 

Eurasian 

Plate 
(continental) 

Exposure of large volume of crust 

increases chemical weathering 

and lowers atmospheric CO2 





Risks of future climate change 

Source: IPCC 2001a 

Possible threats: 

ÅEcosystem 
change 

ÅFlooding of 
coastal 
communities  

ÅSpread of 
diseases 

Å Increase of 
extreme 
weather events 
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