
Atmospheric Dynamics 2 / 3rd Year/ Dept. Atm. Sci.    Lecture (5)       Dr.  Thaer Obaid Roomi    

(1 - 3) 

 

z 

p2 

p1 

x1 x2 
x 

y 
Fig. 5.1 

Lecture 5 

  The Thermal Wind 

5.1 The Thermal Wind 

If the geostrophic wind is increasing with height, then the horizontal pressure 

gradient must also be increasing with height. If the pressure gradient is increasing in 

positive x-direction, the temperature gradient must be increasing in the direction, then 

there must be horizontal thickness gradient, which means that the pressure surface not 

be parallel and will have different slopes, so that the geostrophic wind will differ on 

two pressure surface. From Fig. 5.1, the thickness 

of atmosphere at point x2 is greater than the 

thickness at the point x1. 

 The mean temperature between pressure levels p1 

and p2 must be greater in the x2 column than the x1 

column. This causes the horizontal pressure 

gradient to change rapidly over x2 as height 

increases, resulting in stronger geostrophic wind 

(dark arrows). 

 The thermal wind is defined as the vector difference between the geostrophic 

winds at two levels. 

 The thermal wind is not really a wind; it is the shear of the geostrophic wind. 
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 The vector 
𝜕�⃑⃑� 𝑔

𝜕𝑧
 is parallel to the isothermal with cold air to the left and warm air 

to the right (see Fig. 5.2). 

 

 

 

 The thermal wind equation is very important because we may calculate the 

wind increase in the vertical direction from the temperature gradient and vice 

versa. 
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5.2 The Thermal Wind Equation 

𝑝 = 𝜌 𝑅 𝑇                 (5.1)       𝑠𝑡𝑎𝑡𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 

𝜕𝑝

𝜕𝑧
= −𝜌 𝑔               (5.2)      ℎ𝑦𝑑𝑟𝑜𝑠𝑡𝑎𝑡𝑖𝑐 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 

𝑓 𝑉𝑔 =
1 

𝜌

𝜕𝑝

𝜕𝑥
            (5.3)      𝑔𝑒𝑜𝑠𝑡𝑟𝑜𝑝ℎ𝑖𝑐 𝑤𝑖𝑛𝑑 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 

From equation (5.1), 

𝜌 =
𝑝 

𝑅 𝑇
 →

𝜕𝜌

𝜕𝑧
=

1

𝑅 𝑇

𝜕𝑝

𝜕𝑧
          (5.4)       𝑎𝑛𝑑 𝑓𝑟𝑜𝑚 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (5.2), 

𝑝 = 𝜌 𝑅 𝑇 →    
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+ 𝑅 𝑇 

𝜕𝜌

𝜕𝑥
                           (5.5)    𝑎𝑛𝑑 𝑓𝑟𝑜𝑚 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (5.3) 
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) 
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By using equations (5.2) for the first right term and (5.4) for the second right term: 

𝑓
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By substituting for 
𝜕𝑝

𝜕𝑧
  from equation (5.2), and substituting for 

𝜕𝑝
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 from (5.5) we get: 
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𝝏𝑻

𝝏𝒙
      , is the thermal wind equation   
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Question. Is the thermal wind stronger at the pole (90
o 
N) or at 30

o
 N?  

Sol.  

𝜕𝑉𝑔
𝜕𝑧

=
𝑔

𝑓𝑇
 
𝜕𝑇

𝜕𝑥
 

at the pole,  𝑓 = 2 Ω sin 90 = 2Ω 

at 30
o
 N,     𝑓 = 2 Ω sin 30 = Ω 

�⃑� 𝑇(𝑝𝑜𝑙𝑒) =
𝑔

𝑓𝑇
 
𝜕𝑇

𝜕𝑥
=

𝑔

2Ω 𝑇
 
𝜕𝑇

𝜕𝑥
        (1) 

�⃑� 𝑇(30𝑜) =
𝑔

𝑓 𝑇
 
𝜕𝑇

𝜕𝑥
=

𝑔

Ω 𝑇
 
𝜕𝑇

𝜕𝑥
        (2) 

�⃑� 𝑇(𝑝𝑜𝑙𝑒)

�⃑� 𝑇(30𝑜)
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𝑔
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𝑔
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=

1
2
1

=
1
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∴  �⃑� 𝑇(𝑝𝑜𝑙𝑒) =
1

2
 �⃑� 𝑇(30𝑜) 

∴  �⃑� 𝑇  𝑖𝑠 𝑠𝑡𝑟𝑜𝑛𝑔𝑒𝑟 𝑎𝑡 30𝑜 

 


