
OUTLINE   PART  II

• Satellite Flux Estimates                                  
- wind stress                                                   
- radiation                                                      
- precipitation

• A Merged Flux Climatology                                       
- corrections                
- mean balances                                                  

• Variability of  Ocean Surface Fluxes                            
- annual cycle                                                   
- interannual to decadal                      



Satellite Wind Stress 

Passive microwave :   wind speed (direction ??)

Active radars  -- Altimeters    :  wind speed 

-- Scatterometer : vector wind               

Empirically relate backscatter σo to buoy  UN              
(-.3m/s bias ;  1.3 m/s rms difference)                         
wind direction either very good or very bad 
(“ambiguity” errors)                         



Scatterometer wind, US,  to  stress

A: u*2 =  CDN (US)    US
2

B: u*2 =  CDN (US , waves)    US
2



Scatterometer wind, US,  to  stress

because  σo varies with wind stress more 
than wind speed.

A: u*2 =  CDN (US)    US
2

SST 
front

wind
Stress, σo

CDN < .0010 CDN > .0015

warm cold



Satellite Radiation incoming

satellite

outgoing

Atmospheric State  
clouds, aerosols, 
absorbers, scatterers, 
surface albedos, SST

RTE

QI,QA



Satellite Precipitation  (Rain)

• CMAP  ;   Xie and Arkin (1996)
• GPCP   : Global Precipitation Climatology Project
• MSU    : Microwave Sounding Unit
• TRMM : Tropical Rainfall Measuring Mission 



NWP  Radiation and Precipitation

Refs:  Beranger et al. 1999 ;   WGASF (2000)



6. Merged Flux Climatology

“ …. There is presently no one flux climatology which 
does not exhibit significant errors in one region or another 
in each of the various flux components.”       (WGASF,   
2000)

Large, W.G. and  S.G. Yeager,  2004:  Diurnal to 
Decadal Forcing for Ocean and Sea-Ice Models: 
The Data Sets and Flux Climatologies,  NCAR 
Tech. Note, NCAR/TN-460+STR,  105 pp.



Data Sets SST

Air

Radiation

Precipitation

Ice Cover 



R



Corrections
none wind humidity All

QS 173 165
QL -52 -52
QE -76 -84 -89 -97
QH -13 -14
Qas 31 23 18 1
E -30.5 -33.4 -35.6 -39.0
P 30.4 35.4
R 3.5 3.5
Fas 3.4 0.5 -1.7 -0.1



U10  QSCAT   :   U10  NCEP



Corrections
none wind humidity All

QS 173 165
QL -52 -52
QE -76 -84 -89 -97
QH -13 -14
Qas 31 23 18 1
E -30.5 -33.4 -35.6 -39.0
P 30.4 35.4
R 3.5 3.5
Fas 3.4 0.5 -1.7 -0.1



γNCEP - γSOC



Corrections
none wind humidity All

QS 173 165
QL -52 -52
QE -76 -84 -89 -97
QH -13 -14
Qas 31 23 18 1
E -30.5 -33.4 -35.6 -39.0
P 30.4 35.4
R 3.5 3.5
Fas 3.4 0.5 -1.7 -0.1



NWP  Radiation and Precipitation

Refs:  Beranger et al. 1999 ;   WGASF (2000)

1m/yr

ERA15

ISCCP-FD

ERA-15

•   
HOAPS

G  ⌧ X   ⌧ G ⌧
X  ⌧ S



Corrections
none wind humidity All

QS 173 165
QL -52 -52
QE -76 -84 -89 -97
QH -13 -14
Qas 31 23 18 1
E -30.5 -33.4 -35.6 -39.0
P 30.4 35.4
R 3.5 3.5
Fas 3.4 0.5 -1.7 -0.1



NWP  Radiation and Precipitation

Refs:  Beranger et al. 1999 ;   WGASF (2000)

1m/yr

ERA15

ISCCP-FD

ERA-15

•   
HOAPS

G  ⌧ X   ⌧ G ⌧
X  ⌧ S



CMAP P gives 
March model 

salinity 
comparable to 

WOCE (P18) and 
WOA98

P18

WOA

model



Corrections
none wind humidity All

QS 173 165
QL -52 -52
QE -76 -84 -89 -97
QH -13 -14
Qas 31 23 18 1
E -30.5 -33.4 -35.6 -39.0
P 30.4 35.4
R 3.5 3.5
Fas 3.4 0.5 -1.7 -0.1



Qas:   ci =  25 W/m2



Qas



Northward Heat Transport (PW)



F



Northward Freshwater Flux  (Sv)



Stress



Stress



Q



F



Indices NAO



τλ



τφ



Q

Atlantic

Pacific

Indian
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Indian

Pacific
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