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Why gridded flux time series ? 

•  Forcing component models of the ocean, 
sea-ice, atmosphere and land  

•  Assessing flux errors in coupled climate 
simulations 

•  Estimating and understanding large scale 
(global)  trends 

•  Investigating coupled feedbacks (clouds) 
and remote responses  



Challenges of sea-ice (snow) cover 
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   Ocean Surfaces Fluxes 

Qocn     =   fo  Qas   +   fi   Qio  +  QR

Focn     =   fo  Fas    +   fi   Fio  +  Runoff

τocn    =   fo  τas     +   fi   τio

  fo   =    1  -   fi   

For a fractional sea-ice coverage, fi, there are 
   air-sea {Qas, Fas, τas }   and 
ice-ocean {Qio, Fio, τio }  fluxes 



Air –Sea (Ice)  Flux Components 

Qas =  QS(SW↓↑)   →   QI(insolation)  [1 -αs (albedo) ] 

       +  QL(LW↓↑)   →    QA(LW ↓)  - ε σ (SST)4 

       +  QE(latent)   →   E  Λ(latent heat of vaporization) 

       +  QH(sensible)  

       +  QP(heating/cooling of P to SST and snow melt)

Fas  = E(evaporation)  +  PR(rain)  +  PS(snow)



Known  (not certain about much) 
 ΔU = U(h) – Uo   from satellites gives
 τas   ,but neither τai  nor  τio  , to within about 10%      

Scatter in Southern Ocean Westerlies,
 may reflect phase of AAO
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Known  (not certain about much) 

<Qocn>  = <fo Qas>  + <fi Qoi>

             <  2 W/m2  ~ 2%   of  QE

 ΔU = U(h) – Uo   from satellites gives
 τas   ,but neither τai  nor  τio  , to within about 10%      
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Depth Integrated Heat Budget  :  Labrador Sea 
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Lab Sea column heat Budget  (W/m2) 

Region Mean 
Advection

Eddy 
Advection

Surface 
Heat Flux

Residual

WGC          488          -412            -78             -2            

LC   90  -36   -55   -1

Interior   -12    96   -79    4

Lab  Sea   53    -1   -57   -5



Known  (not certain about much) 

<Qocn>  = <fo Qas>  + <fi Qoi>      
             <  2 W/m2  ~ 2%   of  QE

< Focn - Runoff >   ~  .1%  of  E

             BIG  PROBLEM     

 ΔU = U(h) – Uo   from satellites gives
 τas   ,but neither τai  nor  τio  , to within about 10%      
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Figure 4: Zonally averaged climatological ocean precipitation from 
various sources,as described in Large and Yeager (2008). 
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Northward freshwater transport (Sv)  
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Coordinated Ocean Research Experiments 
(CORE) :  

Hypothesis : With similar forcing, different coupled
 ocean-ice models will give similar solutions.

                         FALSE  !!!



CORE : AMOC 



Coordinated Ocean Research Experiments 
(CORE) :  

Focn  =  fo Fas + fi  Fio  + Runoff   +  Fr

 Fr =  Vp [S(1) – SSSobs]  · { fo; 1-H(fi); (fo+fi) } 

 Vp = { 0 ;  50m/4y ; 50m/1y ;  50m/ 30d } 
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Bulk turbulent fluxes : 

E =   ρ      CE(h)   |ΔU(h) |    [ q(h) - qsat(SST)]  

           U(h),   wind velocity              at z = h (10m)          
           θ(h),    potential temperature at z=h
           q(h),     specific humidity        at z=h
             ρ   ,     air density
           SST,     sea surface temperature
            Uo ,     sea surface current  
 ΔU = U(h) – Uo  ,  Surface Vector Wind (satellite) 

QH = ρ Cp   CH(h)   |ΔU(h) |    [ θ(h)  -    (SST) ] 

τas = ρ     CD(h)   |ΔU(h) |        ΔU(h) 



Labrador Sea,  T(182m), Year 10 
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  e.g  Ocean (Ice) surface fluxes  
Qocn,  the net surface heat flux into the ocean

 Focn,  the net  freshwater flux into the ocean

τocn =   (τλ,τφ)ocn,   the horizontal stress, or 
momentum  flux  vector   into the ocean  (zonal, +ve 
east,  meridional, +ve north)  

All these fluxes are highly variable in time (weather, 
seasonal cycle) and space (tropics to high latitudes), 
with much less interannual (decadal) variability and 
small trends;   
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