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Outline: 
!    Space-time scales is a key thing: need for the accurate  
       description of surface flux distributions for all probabilities 
!    Comparison of modern era reanalyses and satellite products  
        – means, parameters of PDFs, extreme fluxes 
!    VOS based fluxes: parameterizations and sampling uncertainty 
!     Is it a time for CAGE-2? 

CLIVAR CONCEPT-HEAT, Exeter, 28.09-01.10.2015  

Assessing and improving surface flux  
products across space-time scales 



Idea of Sarah Gille 



Balmaseda et al. 2012 

Global 
heat content: 
0.4-0.8 W/m2 

Willis et al. 2004 

1993-2003 heat content change Locally 
   ~10 W/m2 

Sea level rise ! Qe = 1 W/m2 annually = 12 mm MSL 



Data products: time coverage 

Reanalyses: 
NCEP-DOE, NCEP-CFSR, MERRA, ERA-INTERIM, JRA-55 

Satellite products: 
HOAPS, IFREMER, JOFURO, SEAFLUX 

Blended: OA-FLUX, CORE 

2000-2007 

VOS: 
SOC-99, SOCtun-03, NOC-09 back to 18th century 

0.25 deg 
daily 



SH  ~  Ch  (SST    –  Taγ) V 
LH  ~  Ce  (q0 (SST) – qa)  V 



Flux climatologies for NCEP-CFSR 



Mean fluxes: differences with CFSR  



Concept of intercomparison: probability distributions  

Labrador Sea 

Gulf Stream 



Statistical distribution of turbulent fluxes 

NAC Qh+Qe " January 1979 and January 1991 
Mean (Jan 1979) = 347 W/m2 

Mean (Jan 1991) = 351 W/m2 

2-parameter MFT PDF (Gulev and Belyaev 2012) 

How accurately captured by  
parameterizations and different data? 
How can be accounted in large-scale  
integrations? 



Differences in means and  
differences in extremes 



Integration of fluxes  
at α,β- diagrams 

CFSR - latent 

CFSR - IFREMER 

CFSR - MERRA 



Relative extremeness 



Relative extremeness 
Winter (JFM) Summer (JAS) 

DOE 28 42 
MERRA 24 36 
CFSR 38 59 
ERA-Interim 29 40 

JRA 24 36 
OAFLUX 22 38 
HOAPS 27 42 
IFREMER 18 33 
JOFURO 17 35 
SEAFLUX 23 (36) 39 (49) 



Regional comparisons 

cfs  – CFSR 
mrr – MERRA 
oaf  – OAFLUX 
doe  – NCEP-DOE 
int   – INTERIM 
hop – HOAPS 
jof   – JOFURO 
sea – SEAFLUX 
ifr    - IFREMER 



A lot of variance is behind the reanalyses resolution 

" WRF-ARM-3   NA,   9 km resolution, 41 level, forced by ERA-Interim  
    (hindcast is available for 1979 – 2013) 



Turbulent flux parameterizations: 
what we do and do not account for  

observations 

COARE NCEP Large & Yeager 

ECMWF 

Observational mean 

Wind speed, m/s 

Ch, Ce ×10-3  

Bourassa et al. 2013 

COARE-3.0 

Severe weather conditions 

Calm conditions 



Spray flux 

Andreas et al. 2008, JPO 

Bianco et al.  
2011 

Extreme heat fluxes: sea spray 

Fairall et al. 2014 



Importance of HR fluxes (Ma, Chang et al. 2015): 
Coupled WRF+ROMS 

Simulated anomalies of wind 
speed (color) and SST 
contours) 

Simulated anomalies of SST 
and total turbulent heat flux 

Ma et al. 2015 



Broken clouds 

Nearly clear sky conditions 

Sub-mesoscale variability of radiative fluxes 
and impact of the cloud optical thickness 

8 octa NS " 380 W/m2 

8 octa St " 520 W/m2 



White caps and albedo 

Paget et al. 2014 

< 10 m/s 

10-15 m/s 

15-20 m/s > 20 m/s 

Sun: 40 deg 

30% 

For 500 W/m2:  25-30 W/m2 " 70+ W/m2 

Snitsyn et al. 2015 



Revisiting “cage” concept 
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SST-Tair –MFT-PDF 

Minimization of sampling uncertainty 



Regionally integrated fluxes 

SST-Tair – MFT PDF 
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Sampling uncertainty of  
the regionally integrated surface flux 1 2 
Real VOS sampling 0.35*1014 W 0.57*1014 W 
1-D reconstruction (MFT) 0.22*1014 W 0.43*1014 W 
2-D reconstruction (W+MFT) 0.11*1014 W 0.37*1014 W 



Sampling errors amount to 80 W/m2 in poorly sampled regions and where  
synoptic-scale variability is strong, being of about few W/m2  in well sampled  
areas and in the regions of small magnitudes of synoptic variability  Besides the means, reanalysis and satellite fluxes strongly differ in PDFs, 

differences in extreme fluxes amount to several hundreds Wm-2 and are not 
consistent with the differences in means 
CFSR and HOAPS show the highest extreme fluxes in reanalyses and 
satellite products. SEAFLUX shows the highest relative extremeness. Scaling 
from 3-hr to daily fluxes (SEAFLUX) results in 10-30% decrease of extremes 

Much of variance of surface fluxes on mesoscales is unexplained in 
reanlayses: going to mesoscales is important, also for understanding 
feedbacks  
Closure (both global and regional) remains a problem, parameterizations still 
do not account for critical effects 
CAGE: Sampling uncertainty can be partly minimized, but the problems of 
closure will remain 

Summary 



Sampling errors amount to 80 W/m2 in poorly sampled regions and where  
synoptic-scale variability is strong, being of about few W/m2  in well sampled  
areas and in the regions of small magnitudes of synoptic variability  

Implied fluxes from atmospheric  convergences  

HR fluxes  

Using buoys and SAMOS for validation (co-location problem) 

Satellite retrievals for state variables 

Challenges 



Sampling errors amount to 80 W/m2 in poorly sampled regions and where  
synoptic-scale variability is strong, being of about few W/m2  in well sampled  
areas and in the regions of small magnitudes of synoptic variability  



Session 3 – Air-sea fluxes 
Session convener: S. Gulev 

Principal scientific question:  

“How can we better constrain the surface energy fluxes and their 
spatio-temporal variations at regional scale?”  

Overview 

•  The present level of uncertainties in global ocean estimates of heat 
and moisture fluxes is not adequate for many applications, including 
global and regional mass and energy budget closure and variability on 
different time scales.  

•  Biases in surface fluxes lead to the systematic errors in climate 
models and preclude their efficient use in climate simulation. Without 
accurate estimates of surface fluxes it is difficult to engage the 
predictive potential of the ocean in weather and climate prediction.  

•  Improvements in all aspects of producing surface flux estimates, 
including parameterizations, measurement techniques and post-
processing are required for further progress.  


