
Surface Energy Balance
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Radiative fluxes at the surface under clear skies

How does the upward SW and LW fluxes change during the day?

toward surface 
(downward)

away from surface 
(upward)

Steve Krueger




Upward SW flux
The upward shortwave flux depends on the
downward solar radiation Fs# and on surface
albedo ↵s:

Fs" = (1� ↵s)Fs#.
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How does the upward SW flux change during the day?
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Net radiation at the surface
The net radiation RN is due to the difference between downwelling and upwelling shortwave

plus longwave radiative fluxes. The net shortwave flux depends on the incident solar radiation Rs!
and on surface albedo as. The net longwave flux depends upon the downwelling longwave radia-
tion RL! , the surface emissivity "s, and the radiating temperature Ts:

RN = Rs! - Rs# + RL!  - RL# = (1 - as)Rs! + RL!  - {(1- "s)RL! + "s$Ts
4}

Thus, the surface characteristics critically influence RN. A table of typical surface radiative char-
acteristics is given below.  Albedos are quite diverse, while emissivities are usually near, but not
equal, to 1.
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Upward LW flux
The upward longwave flux depends on the
downward longwave flux FL#, the surface
emmisivity ✏s, and the radiating temperature, Ts:

FL" = (1� ✏s)FL# + ✏s�T
4
s ,

where � = 5.67⇥ 10�8 W m�2 K�4 is the
Stefan-Boltzmann constant.
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How does the upward LW flux change during the day?

Steve Krueger
5.67e-8 * (19+273)^4 = 412

Steve Krueger


Steve Krueger
5.67e-8 * (41+273)^4 = 552

Steve Krueger
change is 140 W/m^w



Soil tempeature at various depths under a grass field

How does the surface temperature change during the day?



Calculate upward LW for the minimum and maximum surface temperatures



Soil Heat Flux

The upward ground heat flux
depends on the temperature
gradient:

FG = �k
dT

dz
,

where k is the thermal
conductivity.
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