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Main topics:

 Progress made in air-sea flux products in past 10 years

 Review of leading issues in present flux products 

– Heat fluxes

– Winds (added in response to one reviewer’s comment)  

 Actionable recommendations



Ocean-surface exchange processes 

Net heat flux Qnet = SW – LW – LH – SH 
Incoming solar energy is redistributed through the flux exchange between 
the ocean and the atmosphere 
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Progress made in improving Qnet

In 2007,  Qnet (1988-2000) In 2017,  Qnet (2001-2010)

In 2007, Qnet were available mostly from 6 products. 
The STD differences between the 6 mean Qnet products 
exceeded 25 Wm-2 over the tropical Indian Ocean.

In 2017, Qnet are produced by more than 10 reanalysis 
models in addition to satellite-based products. 
The STD differences between 6 most recent Qnet
products show much improved agreement.



Representation of meso- and frontal scale variability
Qnet mean pattern in the Indian Ocean

Away from the tropical basin, the products are generally 
doing well in capturing the flux variability associated the 
meandering pattern of the Agulhas current system. 
Nevertheless, the STD differences between the 6 mean 
patterns exceed 25 Wm-2 along the path of the current, 
reflecting largely the differences in products in representing 
the strength and width of air-sea fluxes on frontal scales. 



Representation of meso- and frontal scale variability

- Sponsored by NASA vector wind science team activities, the OAFlux project has a new vector wind product (daily, 
0.25°-gridded, 1988 – present) that is derived from 15 satellite sensors. Dissemination is planned later this year.

- Monthly-mean fields in 2003 in the two boxed regions are selected to examine meso- and frontal scale variability 
in satellite and reanalyses products.

Wind stress curl from OAFlux-HR
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Representation of meso- and frontal scale variability
Wind Stress Curl (10-7 N/m3) in July 2003BOX 1

Comments:
- CFSR is the best reanalyzed wind product followed by MERRA2. The two reanalyses, together with the other 

three products, JRA55, ERAinterim, and MERRA, have all assimilated QuikSCAT.
- OAFlux-HR and CCMP are all multi-sensor synthesis that includes not only scatterometers but also passive 

microwave radiometers. CCMP is 6-hourly based and OAFlux is daily based.
- QuikSCAT is composed of ascending and descending passes (so it is noisier). CCMP and OAFlux-HR have 

QuikSCAT passes and also wind speed retrievals from radiometer passes (so it is smoother).



Representation of meso- and frontal scale variability
Wind Stress Curl (10-7 N/m3) in July 2003BOX 2

- Reanalysis products need to improve the skills in simulating wind variability on meso and frontal scales.
- Satellite-based products, though using similar satellite sensors, need to improve the skills in retaining mesoscale

wind variability. 
- Since satellite-based products need to use auxiliary datasets to fill data gaps and remove random noises (e.g. 

single-point rain cells), their daily fields are smoother than the daily fields from the single QuikSCAT sensor. 



Surface wind products from reanalysis and satellite

The 10 products include:
NCEP1, NCEP2, CFSR, ERA20C, 
ERAinterim, MERRA, MERRA2, JRA55, 
20CR, OAFlux-HR



Role of RAMA
(a) (b) 

Buoy time series measurements can really help identify the leading 
uncertainties in surface flux components. For instance, the buoy 
comparison shows that reanalyses have a major problem in producing 
downward shortwave radiation in the tropical ocean.

We may need a flux reference site on the northwest shelf off Australia 
to validate the skills in models/products in producing latent and 
sensible heat fluxes.



Actionable recommendations 

i. Implement unoccupied flux reference sites in Arabian Sea and western
Indian Ocean and maintain established flux reference sites in the revised
RAMA-2.0 design (see McPhaden et al. white paper).

ii. Enhance a subset of the flux reference sites for direct flux measurements
to validate bulk algorithm flux computations

iii. Engage with the atmospheric reanalysis community to help evaluate and
guide the future improvement of tropical convective parameterizations (cf.
WCRP Intercomparison of ReAnalyses (TIRA) Task Team)

iv. Engage with the satellite surface radiation producers to help diagnose and
validate surface radiative products (cf. NASA CERES)

v. Add a RAMA flux reference site on the northwest shelf off Australia? (see
also Ummenhofe Chapter 13 and Subramanian Chapter 15)



Actionable recommendations 
Connections between the science drivers and operational drivers (e.g. 
surface fluxes) though process-oriented studies and field programs.

Figure 1, Executive summary by Vialard and Beal 

- Air-sea fluxes are the hard cord of the ocean-atmosphere coupling. 
- All science drivers are linked and/or feedback to air-sea fluxes.
- In addition to buoy references, process-oriented studies can provide useful 
guidance on improving the accuracy of surface fluxes.


