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Chapter 4  Elementary Applications of the Basic Equations 
 
4.4 Thermal Wind 
      Observations show: Westerly jets formed around 200mb. 
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Global model simulations (NOAA FV3 Model etc.): http://fim.noaa.gov/FV3 
(=> Exp 13km FV3 => 10m wind, 850mb wind, or 250mb wind.) 
 
Compared the 10m, 850mb, and 250mb wind patterns, what have you 
observed? 
 
Questions: 
 

1. Why does the jet stream form at the tropopause? 
2. What is the formation mechanism of the jet stream? 

 
 

(A) Concept of Thermal Wind 
 

Geostrophic wind magnitude is proportional to the slope of 
isobaric surface 
 

 
 
 
  

  

http://fim.noaa.gov/FV3
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(a) No temperature variation on an isobaric surface  
(Barotropic Atmosphere) 
 

 
 

(b) Temperature varies on an isobaric surface 
(Baroclinic Atmosphere) 
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(B) Basic theory of the thermal wind  
 

 

 
Eq. (3.30) is called the “Thermal Wind” equation. In fact, thermal wind 
is the vertical wind shear between geostrophic winds at two levels. 
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Eq. (3.30) may be integrated from po to p1 (po < p1), 
 

 

 

 

 
 

 
 
Thermal wind equation is an extremely useful diagnostic tool, which is 
often used to check analyses of the observed wind and temperature fields 
for consistency. 
 
 
  



 
 
 

 
 
 

6 

(C) Effects of Thermal Wind 
 
(1) Determine warm or cold advection from a sounding: 

   
Veering with height => warm advection 
Backing with height => cold advection 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                (Loaded-Gun Sounding) 
 
  

http://www.theweatherprediction.com/thermo/soundings/gun/
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(2) Warm (cold) low weakens (strengthens) with height. 
 
 
 
 
 
 
 
 
This helps explain why the strongest wind associated with a hurricane or 
typhoon is near the surface, thus more dangerous than the midlatitude 
cyclones. 
 

(3) Formation of jet stream 
 

 
 

 
 
 
 
 
 
 
 
Jet stream forms over the area of strong surface baroclinicity (temperature 
gradient), thus co-located with surface polar front. 
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(4) Developing low tilts westward with height 

 
   [Holton and Hakim, 2013] 
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