
EARTH SYSTEM SCIENCE: 

Weather and Climate 

 

 Greenhouse and Trace Gases 

 

 

N. Mihalopoulos 
IERSD/NOA Director 

Professor University of Crete 

 



Composition of the atmosphere 
(remote areas) 



Vertical distribution of  atmosphere 

 Composition 

Omoiosphere (0-100 km) 

Heterosphere (>100 km) 

     Thermosphere (100-400 km) 

     Exosphere (>400 km) 

 Tempereature 

Τroposphere (0-12±4 km) 

Stratosphere (Τropopause -50 km) 

Μesosphere (Startopause-80 km) 

 Other criteria 

Ιonosphere (70-300 km) 

Μagnetosphere (1000 km-10 RΓ) 

 





Greenhouse gases 

Infrared radiation emitted 

from the Earth is absorbed in 

the atmosphere by just a few 

gases – the greenhouse 

gases. 

Warming of the atmosphere 

by naturally occurring 

greenhouse gases makes 

the surface of the Earth 

about 33oC (59oF) warmer. 

However - The amount 

of key gases has risen 

dramatically since the 

Industrial revolution. 



http://www.ipcc.ch 



Greenhouse gases (GHG) 

Gases which behave as electrical dipole e.g.  CO2, H2O, 

N2O, CH4, CFCs, Ο3 





O3 





Industrial revolution and the atmosphere 

The current concentrations of greenhouse gases,  

and their rates of change, are unprecedented. 



Last Ice Age 

Humans are ‘forcing’ the system in a new way.    CO2 increases due 

to fossil fuel burning are the dominant cause of global warming.  

CO2 has not been this high in more than half a million years. 

Last interglacial 

Ice ages 

are not 

random. 

They are 

'forced' 

(by 

earth’s 

orbital 

clock…. 

changes 

in the 

sunlight 

received). 
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[Adapted from Figure 6.3, ©IPCC 2007: WG1-AR4] 



Human and Natural Drivers of Climate Change 

1.6 W m-2 warms 

like 1.6 xmas tree 

lights over every 

m2 on Earth. 

 
Carbon dioxide is 

causing the bulk 

of the forcing, 

and it lives a long 

time in our 

atmosphere so 

every year of 

emission means 

commitments to 

climate change 

for future 

generations. 

 



Water vapor responds to 

changes in climate, but it 

doesn’t drive changes in 

climate.  It’s a major 

feedback that amplifies 

global climate change (by 

about 50%)……  

New in IPCC (2007):   

Observed trends that 

demonstrate this, in both 

the upper troposphere and 

at the surface. 

 

Water Vapor Feedback 



Explosive Volcanic  

Eruptions: Proof of 

Fast-Response Climate 

Change Due to Forcing 

 

 

Changing forcing 

changes the 

temperature (and 

water vapor, etc.).   

   

If volcanoes can cool, 

then GHG must 

warm…. 



Ice Age Forcing and Response 

Last  

Ice  

age 

Last 

interglacial 

[After Figure 6.3, ©IPCC 2007: WG1-AR4] 



  
 
Rising atmospheric 

temperature 

Rising sea 

level  

Reductions in NH 

snow cover 

And oceans.. 

And upper 

atmosphere…. 

Warming is 

Unequivocal 



Vostoc 4 glacials 



Changes in atmospheric 

composition (4 greenhouse gases) 



                          Radiative forcing induced by greenhouse gases 



% contribution of greenhouse gases 

(GHG) to radiative forcing 

Contribution of each GHG is not equal :  



CO2  budget in the environment (Gt-C = 1015 gC) 

Carbon cycle 





Energy consumption in US 1850-2000 



CO2 Emissions  





 Atmospheric CO2 trends  

Seasonal variability 



Increase in CO2 

emissions from 

fossil fuel 

Increase in 

atmospheric CO2 



Photosynthetic activity 



Chl-a 



Global biosphere 


