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Energy Flows Back Into the Atmosphere
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Question 1.1, IPCC 2007



Energy Flows Back Into the Atmosphere
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^^^ HEAT ^^^

Cool Air

Randall - Page 58



Widely Spaced Towers
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Mass Flow Equation:   �̇�𝑚 =  𝜌𝜌𝜌𝜌𝜌𝜌
                    (Density * Velocity * Area)

• Mass Flow Up = Mass Flow Down
• Assuming density is constant, an 

increase in area means a decrease 
in velocity and vice versa



Turbulent Mixing
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HEAT
Surface

Why is this important?



Conserved Variables

6

Randall - Pages 64 -65

“Conserved” =
No change with 
respect to time 

or space



Stratification
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On Page 70:
“In Chapter 1, I asked, ‘If buoyancy 
pushes warm air up and cold air down, 
then shouldn’t we find the warm air on top 
and the cold air below?’ Now you see that 
the warm air actually is on top”



Static Stability and Instability in Dry Air
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• Buoyancy forces in a stratified 
column of air create static stability

• Stratification inhibits vertical motion
• A displaced parcel will experience a 

buoyancy force opposite of the 
displacement

• The concept of being “stably 
stratified” is based on two 
assumptions:

1. _________________________________

2. _________________________________



Cumulus Instability

9

Water condensing puts more energy into a 
parcel of air, making it positively buoyant 
and dry static energy no longer 
conservative

New Conserved Value, Moist Static Energy:

ℎ ≡ 𝑠𝑠 + 𝐿𝐿𝐿𝐿
                          (Dry static energy + Latent energy)

𝜌𝜌
𝐷𝐷ℎ
𝐷𝐷𝐷𝐷

= 𝑄𝑄𝑟𝑟𝑟𝑟𝑟𝑟

Given that Qrad = 0, moist static energy is 
conserved even through phase changes



Cumulus Instability

10



Cumulus Instability
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• Dry / Moist / Saturated Moist static energy 
curves are for the environment

• Red line is the moist static energy of an 
ascending parcel of air

• Blue dotted line is the Level of Neutral 
Buoyancy, which is approximately at the top 
of the troposphere / start of stratosphere

• Energy increases in stratosphere due to O2 
and O3 absorbing radiation

• Level of free convection is the point where a 
parcel becomes positively buoyant 

• Point where parcel MSE > environmental SMSE

• The area between the parcel’s moist static 
energy curve and the environmental 
saturation moist static energy curve is 
proportional to _____________.



What Determines Intensity?
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CAPE – Convectively Available 
Potential Energy

How do you generate CAPE?

What analogy did Randall use 
and why?



Cumulus Fluxes of Energy
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From: https://eos.org/research-spotlights/tropical-rainfall-intensifies-while-the-doldrums-narrow 

https://eos.org/research-spotlights/tropical-rainfall-intensifies-while-the-doldrums-narrow


Next Lecture: Energy Flows and Climate Feedback
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• Next Reading: 
• Randall Ch. 4 “How Energy Travels from the Tropics to the Poles” (56 Pages)
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