
Chapter	  1	  

Characteris-cs	  of	  the	  
atmosphere	  



What	  is	  Ch1	  about?	  

•  Chemical	  composi3on	  of	  the	  atmosphere	  and	  
key	  physical	  proper3es	  of	  air.	  	  

•  Equa3on	  of	  state	  of	  air	  (the	  connec3on	  between	  pressure,	  
density,	  and	  temperature)	  

•  Key	  proper3es	  of	  moist	  air	  (warm	  air	  is	  generally	  more	  moist	  

than	  cold	  air	  -‐>	  implica3ons	  for	  the	  climate	  of	  the	  planet)	  



The	  circula-on	  of	  the	  atmosphere	  and	  oceans	  involves:	  	  
•  the	  transfer	  of	  radia,on	  through	  a	  semi-‐transparent	  medium	  of	  variable	  composi3on,	  
•  phase	  changes	  between	  liquid	  water,	  ice	  and	  vapor,	  
•  interac,ons	  between	  phenomena	  on	  scales	  from	  cen3meters	  to	  the	  globe,	  and	  

3mescales	  from	  seconds	  to	  millennia.	  

Focus:	  large	  scale	  circula3on	  of	  atmosphere	  and	  ocean	  and	  fluid	  
dynamics	  principle	  that	  shape	  it.	  

DLA Fig.10.2 
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Characteristics of the Atmosphere 

•  Thin film of fluid, under influence of 
–  Gravity 
–  Earth’s rotation 
–  Differential solar radiation 



Adiabatic expansion 

Absorption of UV  
radiation by ozone layer 

TEMPERATURE CHANGES WITH ALTITUDE 
Credit NASA 



Vertical Structure – Troposphere 

•  Decreasing T with height 
•  A layer of vigorous vertical 

mixing 
•  Atmospheric composition 

relatively constant 
•  Contains virtually all of the 

atmosphere’s water vapor 
and most of its mass 

•  Most ‘weather’ 
phenomenon occur in the 
troposphere 

Troposphere means  
‘region of mixing’ 



The Troposphere 

•  T in the troposphere decreases at 
a lapse rate of about –6.5 oC per 
km:  –50 oC (T at 10 km) - 15 oC (T 
at surface) = –6.5 oC / km 

•  The average pressure is about 
1000 mb at the bottom of the 
troposphere, and about 200 mb at 
the top of the troposphere. 

•  The troposphere contains most of 
the atmosphere’s mass.  Half of 
this mass lies below 500 mb, and 
80% lies below 200 mb (I.e., 80% 
lies within the troposphere).   

 
•  The troposphere contains almost 

all of the atmosphere’s water 
vapor, clouds, and precipitation Oakland, 12z Aug. 5, 2013 



Ozone and Its Role in the  
Stratospheric T Structure 

DLA Fig. 2.17 
 

UV radiation is intercepted 
and absorbed, thus 

warming the atmosphere 



Vertical Structure – Thermosphere 

•  Increasing T with height due 
to absorption of UV radiation 

•  Extremely high T 
•  Density so low, collisions are 

few 



Atmosphere Characteristics 

•  Density decreases ~ exponentially with altitude 

•  Falling by a factor e every ~7km (scale height) 

•  ~80% of the mass contained below 10km 
 
•  Atmosphere does not have a top -  Atmosphere fades rapidly away 



THE ATMOSPHERE IS NOT CONFINED TO BASINS,  
UNLIKE OCEANS 



•  Note well: Spatial distribution of ocean regions and continents is 
unevenely arranged accross the Earth surface.  

–  Land covers ~30% of the globe 
–  NH covers ~70% of total land 
–  Thermal contrasts + topography 

 



Implications: In SH large ammount of water has effects on the enviroment. 
  
SH climate is more moderate compared to similar places in the NH due to 
large ammount of heat energy stored in ocean. 



AIR IS A MIXTURE OF GASES 

‘PERMANENT’  

Air composition depends on supply of elemens from Earth’s interior and presence of 
life on the surface, 
02 photosinthesis from plant 
N2 from metabolism of leaving compounds 



NOTE WELL:  
1.  amount of some constituents is variable in space and time (not well distributed - 

especially H2O) 
2.  H2O, CO2, O3 small concentrations, sensitive to anthropogenic activities. 

Few key aspects: 
•  accumulation of CO2 in the  
atmosphere continues to rise  
over time 
 
•  Over the long term, just over 

half of the CO2 we add to the 
atmosphere remains there 
for as long as a century or 
more. 

•  About 25% is absorbed by 
oceans 

Data are reported as a dry air mole fraction defined as the number of 
molecules of carbon dioxide divided by the number of all molecules in air, 
including CO2 itself, after water vapor has been removed.  
 
The mole fraction is expressed as parts per million (ppm).  
Example: 0.000400 is expressed as 400 ppm. 



When the global economy weakens, emissions from human activities can actually 
drop slightly for a year or two, as they did in 2009. When the economy rebounds, so 
can emissions.  
 
Yet in either case, the accumulation of CO2 in the atmosphere continues to rise 
over time, as shown in the graph to the right. 

•  CO2 emissions absorbed by 
plants varies from 30% to - 
80% from year to year.  

•  Large scale phenomena 
such as el nino la nina 
influnce plant growth in 
different places. 

 
•  Decrease in atmospheric CO2 

during northern spring and 
summer, when plants are 
absorbing CO2 as part of 
photosynthesis.  

 
•  Increase in atmospheric CO2 

during northern fall and winter.   
 

http://www.esrl.noaa.gov/gmd/ccgg/trends/ 



•  A column of air with the surface density 
and ~7-8km thick will excert a pressure 
equivalent to 1 atmosphere 

Atmosphere Characteristics 



What is Ch1 about? 

•  Chemical composition of the atmosphere 
and key physical properties of air.  

•  Equation of state of air (the connection between pressure, 
density, and temperature) 

•  Key properties of moist air (warm air is generally more 

moist than cold air -> implications for the climate of the planet) 



•  Below ~80km 
– The mean free path short and molecular 

collisions frequent 
– The atmosphere can be regarded as  

•  a continuum fluid  
•  in local thermodynamic equilibrium (LTE) 

Atmosphere Characteristics 



DRY	  AIR	  
local	  thermodynamic	  equilibrium	  	  



DRY	  AIR	  

•  State	  variables:	  p,	  ρ,	  T	  
– Necessary	  to	  know	  only	  two	  of	  them	  



Layer Thickness, Temperature & Wind(defined by slope) 

DLA	  Fig.	  7.22	  

Ideal	  Gas	  Law	  
	  

P	  =	  ρRT	  
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•  Air is compressible (as opposed to liquids) 



MOIST	  AIR	  



Equilibrium 
Rate Evaporation = rate Condensation 
AIR SATURATED pressure by saturated 
vapore =es 



MOIST	  AIR	  



•  Moisture content decays rapidly with height 
•  The tropics more moist than polar regions 
•  Clouds form and precipitation occurs when 

moist air is cooled  
–  Rising air (clouds) 
–  Radiative cooling (fog) 

MOIST AIR 



The process of condensation of vapor to 
form a water droplet requires 
condensation  nuclei, which are small 
particles on which the vapor can 
condense. 



Dependence of es on T: radiational cooling of a shallow, moist layer of air 
near the surface 



Example dependence of es on T: 
condensation of water is caused 
by the rapid expansion and 
subsequent adiabatic cooling of 
air parcels induced by the 
shock waves resulting from the jet 
going through the sound barrier. 




