
•  	
  
MY	
  picks	
  on	
  KEY	
  concepts	
  Chap	
  1-­‐2:	
  
	
  
	
  
	
  
Earth	
  Energy	
  balance	
  	
  
	
  Black	
  body	
  radia3on	
  
	
  Infrared	
  emission	
  
	
  Equilibrium	
  Calcula3ons	
  of	
  Earth’s	
  radia3on	
  energy	
  balance	
  

	
  
	
  
Earth	
  Temperature	
  

•  Assump3on	
  that	
  Earth	
  emits	
  at	
  the	
  same	
  temperature	
  everywhere	
  
•  Neglected	
  geothermal	
  energy	
  
•  Assumed	
  steady	
  state	
  





	
  incoming	
  solar	
  energy	
  flux	
  	
  
S0	
  =	
  1367	
  Wm−2	
  



Incoming	
  solar	
  energy	
  flux	
  =	
  S0	
  
S0	
  depends	
  on	
  Sun	
  diameter,	
  Sun	
  Temperature	
  (see	
  Bolzamann	
  Law)	
  and	
  distance	
  
from	
  a	
  planet	
  



λmT = 2897.9[µmK ]

Hp:	
  All	
  the	
  sphere	
  emits	
  equally	
  



Steady	
  state	
  
Assump>on	
  no	
  atmosphere	
  

•  Absorbed	
  Earth	
  radia3on	
  =	
  emiUed	
  Earth	
  radia3on	
  (2.1	
  +	
  2.3)	
  

Te	
  =	
  255	
  K	
  =	
  	
  -­‐	
  18	
  °C	
  

with	
  the	
  assump3on	
  that	
  a	
  frac3on	
  αp	
  =	
  0.30	
  of	
  the	
  incoming	
  solar	
  radia3on	
  at	
  the	
  
Earth	
  is	
  reflected	
  back	
  to	
  space	
  

PreUy	
  low	
  ..	
  What	
  is	
  missing?	
  



Atm	
  is	
  opaque	
   Atm	
  is	
  
transparent	
  

IR	
  wavelengths	
  
Absorbed	
  by	
  atm	
  
compounds	
  
(greenhouse	
  gases)	
  
	
  
Not	
  100%	
  abs	
  	
  
	
  



A	
  leaky	
  greenhouse	
  



Close	
  to	
  measurements!	
  

A	
  leaky	
  greenhouse	
  



My	
  picks	
  KEY	
  concepts	
  Chap	
  3	
  	
  
hydrosta3c	
  equa3on	
  
	
  
Pascal	
  discovers	
  that	
  the	
  pressure	
  at	
  each	
  level	
  has	
  to	
  push	
  up	
  
to	
  support	
  the	
  weight	
  of	
  the	
  air	
  above!	
  
	
  
	
  
	
  
	
  
	
  
	
  

hUps://climate.ncsu.edu/edu/k12/.AtmStructure	
   hUp://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/prs/hght.rxml	
  



Air	
  has	
  weight	
  
•  Hydrosta3c	
  balance/sta3c	
  system:	
  	
  (applied	
  to	
  fluid	
  –	
  no	
  ver3cal	
  

accelera3on).	
  At	
  rest,	
  or	
  when	
  the	
  flow	
  velocity	
  at	
  each	
  point	
  is	
  constant	
  
over	
  3me	
  

Column	
  of	
  air	
  

Sea	
  level	
  

Above	
  the	
  atm	
  

Pbottom − Ptop = ρgΔz



What	
  is	
  total	
  atmospheric	
  mass?	
  

Hydrosta3c	
  balance:	
  	
  
Weight	
  of	
  air	
  column	
  =	
  pressure	
  force	
  on	
  a	
  surface	
  

where	
  
M=total	
  atmospheric	
  mass	
  
g=accelera3on	
  const.=9.8	
  m/s	
  
P=Pressure	
  at	
  the	
  surface=101300	
  Pa	
  
A=surface	
  area	
  of	
  Earth	
  =4pir2	
  
	
  

In	
  one	
  square	
  meter	
  10tons	
  of	
  air!	
  
Total	
  mass=54*1017	
  

Mg = pA
M / A = p / g

Top	
  atm	
  

BoUom	
  atm	
  



 
 a.  air parcel theory, adiabatic processes 
 b.  how do we define/determine atmospheric stability? 
  

MY	
  picks	
  on	
  KEY	
  concepts	
  on	
  Chap	
  4	
  



UPWARD MOTION AS A COOLING MECHANISM 

DLA Fig. 5.4 

air parcel = small portion 
of air characterized by its  

 T, p and ρ 

adiabatic process = no 
exchange of heat energy 
between air parcel and 

surrounding environment 

Important Terms: 



UPWARD MOTION AS A COOLING MECHANISM 

DLA Fig. 5.4 

1.  Same characteristics as 
surrounding air 

2.  Parcel expands, density 
decreases 

3.  Thermal energy is used 
to expand the volume 
of the air parcel è  
T decreases 

4.  Expansion stops once 
air parcel pressure is 
equal to surrounding 
air and expansion 
ceases 

dry adiabatic lapse rate = 
9.8 °C / km 





MY	
  picks	
  on	
  KEY	
  concepts	
  on	
  Chap	
  5. 

Understand the concept of radiation balance between intake and 
loss of energy by the earth and atmosphere 

•  Observed climatology of atmospheric temperature, pressure, 
humidity, ad wind. 



Energy	
  density	
  max	
  at	
  EQ	
  

Energy	
  density	
  min	
  at	
  NP	
  

hUp://www.ces.fau.edu/nasa/module-­‐3/why-­‐
does-­‐temperature-­‐vary/angle-­‐of-­‐the-­‐sun.php	
  



The General Circulation 

The	
  role	
  of	
  the	
  general	
  circula3on	
  is	
  to	
  redistribute	
  energy	
  from	
  
the	
  tropics	
  (surplus)	
  to	
  the	
  poles	
  (deficit)	
  



Meridional transport -> local energy balance -> transport of energy  



The General Circulation - Tropics 

DLA Fig. 10.27 
 
(Fig. 5.18 and 5.19 Marshall and Plumb) 

The	
  Hadley	
  circula3on	
  
describes	
  a	
  large	
  (almost	
  half	
  
the	
  surface	
  of	
  the	
  Earth)	
  

thermal	
  circula3on	
  	
  

Ferell	
  cell	
  

Polar	
  cell	
  

•  With	
  updram	
  air	
  became	
  saturated	
  -­‐>	
  
producing	
  precipita3on	
  

•  Top	
  cloud	
  -­‐>	
  lower	
  T	
  than	
  ground	
  -­‐>	
  
lost	
  most	
  its	
  water	
  





hUp://earthobservatory.nasa.gov/IOTD/view.php?id=39848	
  



MY	
  picks	
  on	
  KEY	
  concepts	
  first	
  part	
  of	
  Chap	
  12	
  

•  El	
  Niño	
  Southern	
  Oscilla3on	
  (ENSO)	
  
•  North	
  Atlan3c	
  Oscilla3on	
  (NAO)	
  
•  How	
  do	
  they	
  affect	
  climate?	
  



NORMAL CONDITIONS 
	
  

Normally	
  a	
  warm	
  pool	
  of	
  ocean	
  water	
  builds	
  up	
  in	
  the	
  western	
  equatorial	
  Pacific	
  Ocean,	
  kept	
  at	
  bay	
  
from	
  the	
  trade	
  winds,	
  blowing	
  east	
  to	
  west	
  
	
  
The	
  easterly	
  trade	
  winds	
  are	
  driven	
  by	
  surface	
  pressure	
  paUern	
  of	
  lower	
  pressure	
  in	
  the	
  western	
  Pacific	
  
and	
  higher	
  pressure	
  in	
  the	
  eastern	
  pacific.	
  	
  

Darwin	
   Tahi3	
  
	
  



 El Niño – Southern Oscillation (ENSO) 

•  The	
  warmer	
  water	
  causes	
  
the	
  thermocline	
  to	
  sink.	
  

•  without	
  the	
  upwelling	
  of	
  
nutrient	
  rich	
  boUom	
  water	
  
the	
  fish	
  popula3on	
  is	
  
greatly	
  reduced.	
  	
  






