
ISENTROPIC ANALYSIS 

AOSC470 / AOSC600: Synoptic Meteorology I 

Lecture 15 (10/1/2012) 



Today’s goals 

• What is the isentropic surface? 

 

• How can we find the vertical motion (or 

“weather”) from the isentropic surface? 

 

• What is the main limitation of isentropic 

analysis? 



Isentropic surface 

The isentropic surface has the constant potential temperature: 𝜃 = 𝑐. 

This corresponds to the adiabatic process: 𝑑𝑞 = 𝐶𝑝𝑑𝑇 −
1

𝜌
𝑑𝑝 = 0 

Without diabatic forcing, atmospheric flow is constrained along the 

isentropic surfaces. 

Questions: 

 Where do we expect vertical 

motion? 

 How about the relationship with 

the pressure contours on the θ-

surface? 



Vertical motion on θ-surface 
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horizontal advection of p diabatic heating/cooling 

Consider the pressure contours on 

the θ-surface 

decreasing pressure to the right 

Positive pressure advection 

corresponds to the rising motion 



Geostrophy on θ-surface 

Geostrophy is expressed by the Montgomery stream function M: 
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M is analogous to geopotential on p-surface: 

𝑀 = 𝐶𝑝𝑇 + 𝑔𝑍 
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An example of isentropic chart 

Questions: 

 Can we relate pressure advection (vertical motion) to wind-vector crossing 

pressure contours? 

 Can we find the geostrophic balance using the M field? 



Storm-relative flow 

If we know the vector of the entire system’s motion, we can derive 

the storm-relative flow by subtracting the storm motion vector. 

storm motion vector 



Storm-relative flow 
Storm-relative isentropic wind Analyzed isentropic wind 

Question: 

Based on the pressure advection, where do we find vertical motion? 



500-hPa pressure surface charts 
absolute vorticity 

Q-vector divergence 

SLP 

700-hPa omega 

Question: do you agree that the storm-relative flow is more relevant? 



More isentropic charts in this case 

warm moist air 

950 hPa: low level 



More isentropic charts in this case 

warm moist air 

warm conveyer belt, or atmospheric river 

moisture disappearing 

due to condensation 



Diabatic process 

Diabatic process (condensation) changes θ, and such atmospheric 

motion does not follow isentrope. 

LCL: Lifting Condensation Level 
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