
Clouds and feedbacks



Which of the following gases would 

EMIT radiation

A. Water vapour (H2O)

B. Carbon dioxide (CO2)

C. Ozone (O3)

D. All of the above

E. None of the above

Final answer



Reminders

ÅRadiative equilibrium temperature

solar in = longwave out
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Typical albedo (a)

Surface a Surface a

Snow (fresh) 0.8-0.95 Average cloud 0.23

Snow (old) 0.4-0.6 Cumulonimbus 0.9

Ice 0.6 Stratocumulous 0.6

Water (ocean) 0.05-0.20 Cirrus 0.4

Sand 0.3

Lava 0.1 Rainforest 0.07-0.15

Soil 0.06-0.25 Conifer forest 0.05-0.15

Burned forest 0.3

Grass/crops 0.2 Tundra 0.15-0.20

Roads 0.15 Rice paddy 0.12

Concrete 0.3

Buildings 0.09 Global mean 0.31





Which of the following gases would 

ABSORB radiation

A. Water vapour (H2O)

B. Carbon dioxide (CO2)

C. Ozone (O3)

D. All of the above

E. None of the above

Final answer



Energy balance and greenhouse
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Notice at the surface there is now both shortwave radiationfrom 

the sun and downwelling longwave radiation.

More energy, leads to warmer temperature



Absorption by water vapor

(longwave)



(longwave)





Each flux (arrow) changes energy 

of the atmosphere/climate system



Recall feedbacks

Three important ones we need to consider

Ice albedo feedback (Winnie the Pooh)

Warmer 

world

Melt ice

Lower 

albedo

Positive



Equilibriumé.in the bath

When flow of water into the bath equals 

the flow out of the bathé

The water level remains constant, and is in equilibrium and 

at steady state:   in = out



The Greenhouse bathtub

With the out flow restricted, the water level 

begins to rise (water is trapped in the bath!)

At some point, the increase in depth allows the water to be 

forced out the drain. 

Just as the longwave emission will eventually return to up as 

the temperature increases.

Solar radiation
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Longwave

emission E = sT4



Boltzmann feedback

(cooling)

Surface 

temperature

More 

emission

Negative: so gives rise to equilibrium

sT4



Energy balance 

and greenhouse

In = out

( )
4

1
S

I a-=

No atmosphere

E=sTs
4

E=sT4

E=sT4

In greater than out

In = out

Requires warmer surface

absorption

Warmer
E=sT4

Same as 

original



Cirrus cloud

High altitude, made of ice crystals



Stratus (layer) cloud

Lower altitude, made of water droplets



Cumulous cloud

Fluffy, made of water droplets. 

Big ones can develop in to thunderstorms (cumulonimbus)


