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Qnet = Qsw �Qlw �Qlat �Qsen

see Cronin et al 2019



Global mean radiation budget

IPCC, AR4



Incoming shortwave radiation
always adds heat (av. rate ~ 175 Wm-2)

Simple parameterization:

QI0 incoming radiation under cloudless conditions, a function 
of sun’s position

nc fraction of sky covered by cloud
αS surface albedo. Depends on angle of incidence and spectral 

distribution of solar radiation, and ocean surface texture.

QI = QI0(1� ↵s)(1� 0.7nc)



Wikipedia



NASA (MODIS)



Longwave radiation
removes heat (av. Rate ~ 65 Wm-2)

Simple parameterization:

ea vapor pressure of water in atmosphere at standard height. 

QB = 0.985�T 4(0.39� 0.05
p
ea)(1� 0.6n2

c)





Qs = ⇢acpCh|U10|(Ts � Ta)

cp specific heat of air, Ch heat transfer coefficient



QL = LvE E = ⇢aCE |U10|(qs � qa)

Lv latent heat of evaporation, qs saturation humidity at SST, qa specific humidity at 10m



Talley et al, 2011



Talley et al, 2011

Annual mean fluxes with latitude 



Trenberth and Fasullo GRL 2017



Taking ITF into account
Trenberth and Zhang JC 2019



Heat budget
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Salt
(fresh water flux)



Precipitation: TRMM





Salt budget
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http://www.salinityremotesensing.ifremer.fr
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