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Since radiation makes the surface hotter than the air just above it, the 

surface looses heat not only through radiation, but also through latent      

and sensible      heat transports (both upwards and polewards). 

A few assumptions:

1) A linear temperature 

dependence: C=aTg+b

2) A bulk flux formulation- C=a(Ta-

Tg)

3) Radiative-convective 

adjustment: set                      

(Tg-Ta)/z=G when unstable
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This yields colder Tg than with pure radiative surface cooling

C



Radiative convective equilibrium…

Manabe and Strickler, 1964





Overall, we get a surface temperature of 

T
g
=(390/σ)

1/4
=288°K=15°C



Surface temperature decreases, the larger C is. C is largest for lowest 

emission heights- makes sense since in this model T1 and Tg are fixed, so 

lapse rate larger, the smaller the emission height. 





Clouds complicate the picture:

Clouds affect short wave by reflecting it, and long wave 

by absorbing it. These are opposing effects on surface 

energy budget.

Different cloud types – high, middle and low. Thick and 

thin. Each has a  different net effect.



es=6.11exp(0.0067T) hPa (T in degrees C)







Effects of clouds on solar radiation 

– for idealized plane-parallel clouds: 

depends on solar zenith angle, 

liquid water content, and droplet 

size distribution.

LWC- effect saturates at high LWC, 

esp. at high SZA. More small drops 

reflects more.



Effects of clouds on long wave radiation – depends on liquid water content –

for quite small values fully absorbing and can be treated as black body

Saturation with LWC for LW occurs much before it occurs for SW















Incoming Solar (Shortwave) at TOA
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Daily mean incoming solar radiation at  top of the atmosphere (W/m2)
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Reflected Solar at TOA
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Planetary Albedo
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Net Shortwave (Solar) Radiation
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Net daily incoming solar radiation

Daily incoming radiation at top of 

atmosphere during December – ozone 

heating distribution
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Outgoing Longwave (IR) at TOA

December March

June September



Net Incoming Radiation (LW and SW)

December March

June September



Outgoing longwave radiation  (OLR)              Net Shortwave (Solar) Radiation           

Net incoming Radiation (SW-LW)          



Latitudinal Radiation Imbalance

adapted 
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Trenberth 

and Caron 

(2001)
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Meridional heat transport

Trenberth 
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(2001)
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The surface looses heat through radiation, and latent and sensible heat 

fluxes. 

C








