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Chapter 5 

Outline 
•  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. 

Readings: Chapter 5  



Energy	
  is	
  transferred	
  by	
  	
  
•  radia%on	
  (no	
  mass	
  exchange,	
  no	
  medium	
  required,	
  radia8on	
  moves	
  at	
  the	
  speed	
  of	
  

light);	
  
•  	
  conduc%on	
  (no	
  mass	
  exchanged,	
  heat	
  transferred	
  by	
  vibra8on	
  and	
  collision	
  among	
  

atoms	
  and	
  molecules),	
  and	
  	
  
•  convec%on	
  (mass	
  exchanged,	
  fluid	
  parcels	
  with	
  different	
  amounts	
  of	
  energy	
  change	
  

places,	
  the	
  net	
  movement	
  of	
  mass	
  is	
  not	
  necessary	
  for	
  energy	
  to	
  be	
  transferred).	
  

Energy	
  density	
  max	
  at	
  EQ	
  

Energy	
  density	
  min	
  at	
  NP	
  



CONVECTION 



The General Circulation 

The	
  role	
  of	
  the	
  general	
  circula8on	
  is	
  to	
  redistribute	
  energy	
  from	
  
the	
  tropics	
  (surplus)	
  to	
  the	
  poles	
  (deficit)	
  



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

Flux	
  of	
  energy	
  in	
  
each	
  
hemisphere	
  is	
  
6x1015W	
  



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



Meridional winds - Hadley’s suggestion 



The General Circulation - Tropics 

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

The	
  Hadley	
  circula8on	
  
describes	
  a	
  large	
  (almost	
  half	
  
the	
  surface	
  of	
  the	
  Earth)	
  

thermal	
  circula8on	
  	
  

Ferell	
  cell	
  

Polar	
  cell	
  



The General Circulation - Tropics 

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

The	
  Hadley	
  circula8on	
  
describes	
  a	
  large	
  (almost	
  half	
  
the	
  surface	
  of	
  the	
  Earth)	
  

thermal	
  circula8on	
  	
  

Ferell	
  cell	
  

Polar	
  cell	
  

•  With	
  updraN	
  air	
  became	
  saturated	
  -­‐>	
  
producing	
  precipita8on	
  

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



The	
  distribu8on	
  of	
  atmospheric	
  water	
  vapor,	
  a	
  significant	
  greenhouse	
  gas,	
  varies	
  across	
  the	
  
globe.	
  During	
  the	
  summer	
  and	
  fall	
  of	
  2005,	
  this	
  visualiza8on	
  shows	
  that	
  most	
  vapor	
  collects	
  at	
  
tropical	
  la8tudes,	
  par8cularly	
  over	
  south	
  Asia.	
  

Credit:	
  NASA	
  

hXp://www.nasa.gov/topics/earth/features/vapor_warming.html	
  



	
  specific	
  humidity	
  mass	
  of	
  water	
  vapor	
  to	
  the	
  mass	
  of	
  air	
  per	
  
unit	
  volume	
  defined	
  thus:	
  



ZONAL	
  WINDS	
  



ZONAL	
  WINDS	
  



MERIDIONAL	
  WINDS	
  

DJF	
  air	
  raises	
  just	
  
south	
  of	
  the	
  equator	
  
and	
  sinks	
  in	
  the	
  
subtropics	
  (30N)	
  

JJA	
  air	
  raises	
  just	
  
North	
  of	
  the	
  equator	
  
and	
  sinks	
  in	
  the	
  
subtropics	
  (30S)	
  



TEMPERATURE	
  IN	
  THE	
  TROPOSPHERE	
  

Annual	
  mean	
  pole-­‐equator	
  temperature	
  difference	
  of	
  40	
  degrees	
  Celsius	
  



POTENTIAL	
  TEMPERATURE	
  
DRY	
  OR	
  SUPERSATURATED	
  CONDITIONS	
  

First	
  law	
  of	
  thermodynamics	
  

Perfect	
  gas	
  law	
  

Under	
  adiabaIc	
  condiIons:	
  

The	
  potenIal	
  temperature	
  of	
  a	
  parcel	
  of	
  fluid	
  at	
  pressure	
  is	
  the	
  temperature	
  that	
  the	
  parcel	
  
would	
  acquire	
  if	
  adiaba8cally	
  brought	
  to	
  a	
  standard	
  reference	
  pressure,	
  usually	
  1000	
  millibars.	
  

Cp:specific	
  heat	
  capacity	
  



Stability	
  

A`tude	
  to	
  convec8ve	
  systems:	
  Poten8al	
  temperature	
  is	
  a	
  useful	
  measure	
  of	
  the	
  	
  stability	
  
of	
  the	
  unsaturated	
  atmosphere	
  
	
  
If	
  the	
  poten8al	
  temperature	
  decreases	
  with	
  height,	
  the	
  atmosphere	
  is	
  unstable	
  to	
  
ver8cal	
  mo8ons.	
  	
  
	
  





EQUIVALENT	
  POTENTIAL	
  TEMPERATURE	
  
SATURATED	
  CONDITIONS	
  

Under	
  adiaba8c	
  condi8ons:	
  

Equivalent	
  poten8al	
  temperature	
  θe	
  	
  is	
  conserved.	
  
	
  

Temperature	
  of	
  a	
  parcel	
  of	
  air	
  that	
  would	
  reach	
  if	
  	
  
all	
  the	
  water	
  vapor	
  in	
  the	
  parcel	
  were	
  to	
  condense,	
  releasing	
  its	
  

latent	
  heat,	
  and	
  the	
  parcel	
  was	
  brought	
  adiaba%cally	
  to	
  stantdard	
  
reference	
  pressure	
  1000mbar	
  





TEMPERATURE IN THE TROPOSPHERE AND STRATOSOPHERE 





Isothermal	
  atmosphere:	
  
T&H	
  const	
  with	
  z	
  and	
  p	
  
z	
  varies	
  as	
  lnp	
  
p	
  varies	
  exponen8ally	
  with	
  z	
  

PRESSURE	
  COORDINATE	
  



Vertical Structure – Pressure / Height  

nonlinear relationship 
between pressure and 

geometric height 

DLA Fig. 2.16 



Geopoten8al	
  height	
  high	
  in	
  warm	
  condi8ons	
  
	
  
	
  

GEOPOTENTIAL	
  HEIGHT	
  



PRESSURE SURFACE 

	
  
Monthly	
  mean	
  



THICKNESS	
  OF	
  PRESSURE	
  LAYERS	
  



TILT	
  OF	
  PRESSURE	
  SURFACE	
  

Each	
  surface	
  8l8ng	
  steeper	
  

WARM	
   COLD	
  



Layer Thickness, Temperature & Wind(defined by slope) 

DLA	
  Fig.	
  7.22	
  

Ideal	
  Gas	
  Law	
  
	
  

P	
  =	
  ρRT	
  

less	
  
dense	
  

more	
  
dense	
  

thick	
  

thin	
  

thickness	
  between	
  
2	
  P	
  levels	
  varies	
  
with	
  the	
  mean	
  T	
  

COLD	
   WARM	
  

H	
  L	
  

westerly	
  wind,	
  increasing	
  with	
  height	
  

North	
   South	
  

Large	
  scale	
  slope	
  of	
  
pressure	
  surface	
  



Summary:	
  	
  
	
  
We	
  saw	
  how	
  warming	
  the	
  tropical	
  atmosphere	
  and	
  cooling	
  over	
  the	
  poles	
  leads	
  to	
  
large	
  scale	
  slope	
  of	
  pressure	
  surface	
  (EQ-­‐Pole).	
  


