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 Ensemble of Flux Estimates 

Air-Sea Heat Flux Estimates From An 
Ensemble Of Global Ocean Reanalyses 
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 Most ORA-IP products have positive net surface imbalances (flux into the 

ocean), as large as 10-13 Wm-2 in coupled reanalyses. This is often smaller 

than observational products (e.g., ~17 Wm-2 in the ship-based NOC2.0 

product), and smaller than atmospheric reanalyses in some cases (e.g., 

MERRA and JRA-55). 

 Ocean reanalyses close their heat budget through the assimilation fluxes, 
shown separately for 9 products (orange bars). These are mostly negative, 
i.e., removing heat from the ocean on the global average. 

 Total heat fluxes applied (Surface + Assimilation; green bars) are positive, 
usually < 2 Wm-2,  consistent with a warming trend over this period. 

 

 
 

 

 

 

 Comparisons with Tropical Buoy Data 

 

 Interannual Heat Flux Signals______________________ 

 

 

 

 

 
 

 

 

 

ORA-IP  Data Sets Model Surface Forcing Period Reference 

1 BOM PEODAS MOM2, 2° x (0.5° - 1.5°) ERA40/NCEP-R2 after 2002 1980-2012 Yin et al. (2011) 

2 ECMWF ORAS4 NEMO, 1° x (0.3° - 1°) ERA40/ERAi Flux Forcing 1960-2009 Balmaseda et al. (2012) 

3 MRI/JMA MOVECORE MRI.COM, 1° x 0.5° CORE.2  + Bulk Fluxes 1948-2007 Tsujino et al. (2011) 

4 MRI/JMA MOVEG2 MRI.COM, 1° x (0.3° - 0.5°) JRA-25+   Bulk Fluxes 1993-2012 Toyoda et al. (2013) 

5 U.  Hamburg GECCO2 MIT, 1° x (0.3° - 1°) NCEP-R1 + Bulk Fluxes 1993-2010 Koehl (2014) 

6 JPL ECCOv4 MIT, 1° x (0.3° - 1°) ERAi  + CORE Bulk Forcing 1993-2010 Wunsch & Heimbach (2013) 

7 NCEP GODAS MOM3, 1° x (0.3° - 1°) NCEP-R2 Flux Forcing 1980-2011 Behringer (2007) 

8 CMCC CGLORS05V3 NEMO, 0.5° x (0.25° - 0.5°) ERAi  + CORE Bulk Forcing 1990-2011 Storto et al. (2014) 

9 U. Reading UR025.3 NEMO v2.3, 1/4° x 1/4° ERAi + CORE Bulk Forcing 1989-2010 Haines et al. (2012) 

10 U. Reading UR025.4 NEMO v3.2, 1/4° x 1/4° ERAi + CORE Bulk Forcing 1989-2010 Valdivieso et al. (2014) 

11 Met Office GloSea5 NEMO v3.2, 1/4° x 1/4° ERAi + CORE Bulk Forcing 1993-2010 Waters et al. (2014) 

12 Mercator GLORYS2v1 NEMO, 1/4° x 1/4° ERAi  + CORE Bulk Forcing 1993-2009  Ferry et al. (2012) 

13 Mercator GLORYS2v3 NEMO, 1/4° x 1/4° ERAi + CORE Bulk Forcing 1993-2011  Ferry et al. (2012) 

14 MRI/JMA MOVE-C MRI.COM, 1° x (0.3° -1°) Coupled Model Fluxes 1993-2011 Fujii et al. (2009) 

15 NCEP CFSR CFSRv2/MOM4, 0.5°x (0.25° -0.5°) Coupled Model Fluxes 1980-2011 Xue et al. (2011) 

16 GFDL ECDA CM2.1/MOM4, 1° x (0.3° - 1°) Coupled Model Fluxes 1993-2011 Chang et al. (2013) 

ORA-IP Products 

 Comparison with WHOI Stratus Buoy_____________________ 

 

We  use eight buoy deployments within 
the 10°S-15°N latitude band for the 
period 2007 – 2009 that contain at least 
one year of data for all flux components 
required to estimate net fluxes. (Buoy 
data available via the OceanSITES project 
http://www.pmel.noaa.gov/tao/oceansites/fl
ux/main.html). 
 
 There is net heat flux into the ocean at 

all locations, with a maximum heating 
rate ~175 Wm-2 at the TAO site 
110°W in the eastern equatorial 
Pacific cold tongue.  Shortwave and 
latent heat fluxes are the dominant 
heat flux terms, with the longwave 
and sensible heat fluxes varying rather 
little between buoys. 

 Annual mean differences (biases) for 
nearly all flux components are 
negative indicating overestimation of 
ocean heat loss or underestimation of 
ocean heat gain in the ORA-IP 
ensemble. Latent heat flux biases 
(green bars) dominate with ~15±9 
Wm-2 of greater heat losses in the 
ORA-IP ensemble, averaged across  all 
buoys. 

Fig. 6: Mean net heat flux differences from buoy for individual members 
of the ORA-IP ensemble and other products, including the ICOADS-based 
product, 3 satellite-based products and 4 atmospheric reanalysis 
products─ averaged over all 8 buoy locations. with the error bars 
representing the spread among the various buoy sites. 

 The closest agreement among the ORA-IP products is 
found for the coupled CFSR product which is within 
10 Wm-2 of the buoy means.  

 The satellite-based fluxes are all within 2 Wm-2, while 
the net bias in the ship-based NOC2.0 product is 
much larger (~40 Wm-2).  

 The atmospheric reanalyses products show biases of 
between 14 Wm-2 (MERRA) and 67 Wm-2 (JRA-55), 
which are dominated by latent heat flux and 
shortwave radiation, consistent with biases in ORA-IP. 

 Fig. 6 can be contrasted with the global average 
results in Fig. 1, which tend to show nearly all 
products gaining heat globally, probably at a higher 
rate than would be consistent with Argo data (~ 0.65 
Wm-2 based on estimates done by Loeb et al. 2012). 

Fig. 7: Monthly timeseries of observed surface heat fluxes at the 
Woods Hole Oceanographic Institution (WHOI) Stratus buoy located 
in the eastern subtropical South Pacific (mean location at 19.9°S, 
85.3°W) over the period 2001-09. Also shown are fluxes from the 
ORA-IP ensemble (using only the 8 ERAi forced products), ship-based 
NOC2.0 product, and CERES satellite-based radiation combined with 
the OAFlux latent and sensible heat flux product.  

 The ORA-IP ensemble reproduces the seasonal cycle in net 
heat flux at the Stratus Buoy (Plate a), although the model 
fluxes are systematically lower than the buoy, with ~16 
Wm-2 (42%) less heat going into the ocean over 2001-09, 
which nearly all consists of 14 Wm-2 additional cooling due 
to the latent heat flux (Plate d). 

 The CERES/OAFlux product has a 15 Wm-2 heat gain bias 
compared to the buoy, coming primarily from the satellite 
radiative components from the CERES product, while the 
NOC2.0 product has a negative bias of 10 Wm-2 and show 
occasional large variability in turbulent fluxes that are not 
present in buoy or other products. 

Fig. 8 (above) shows monthly differences from buoy, (Ensemble ORA-IP 
- Buoy), derived from 8 ORA-IP products forced by ERAi. Differences in 
net (and latent) heat fluxes are primarily explained by differences in 
wind speed, with the ERAi winds being systematically too high 
(positive differences) compared to the buoy data. Differences in 
shortwave radiation are out of phase with longwave radiation (anti-
correlation of -0.67), so that the net radiation bias (blue line) is 
reduced in Fig. 8. 

 The regions of net heat gain (Qnet>0) and net heat loss (Qnet<0) 
are in broad agreement with the climatological mean pattern 
from bulk formula applied to ship observations (e.g., Berry and 
Kent, 2009). 

 The ensemble spread in time-mean Qnet (Plate b) is dominated 
by turbulent heat fluxes (Plate d), with the largest spreads (> 40 
Wm-2) occurring over the major western boundary currents 
(WBCs) regions. Spread contributed by net radiation (~ 25 Wm-2) 
occurs near the upwelling regions off the west coasts of 
continents,  in the area south of Japan and in the southern Indian 
ocean (Plate c).  

 The spread in Qnet (Plate b) is considerably smaller than the sum 
of the spread in the radiative and turbulent fluxes (Plat c + Plate 
d), indicating anti-correlation between these components within 
the ensemble (not shown). 

 The interannual variability from the 
ensemble of 15 ORA-IP flux estimates has a 
clearly consistent Signal to Noise Ratio (up 
to 2) throughout the equatorial Pacific, 
reflecting the detection of El Nino-Southern 
Oscillation (ENSO), with the areas of 
detectable signal spreading to 20°N/S in the 
western Pacific.  

 At higher latitudes, the Signal to Noise 
Ratios reach values of 1.2-1.3 near the Gulf 
of Alaska that may be associated with the 
Pacific Decadal Oscillation (PDO). 

 
 Differences in the strength and location of the heat flux 

anomalies associated with the El Nino 1997/98 and La Nina 
1999/2000 are clearly seen in Fig. 4, with the exception of 
the NOC2.0 product which uses ship data as an input. The 
ECDA coupled reanalysis is a clear outlier in the western 
tropical Pacific, and some of the ERAi-forced products have 
spurious variability (1993-95) that is associated with the 
assimilation of the TAO array  (Josey et al., 2014). 

Fig. 3: Interannual (1993-2009) Signal to Noise Ratio for the 
ORA-IP Ensemble using 15 products, except PEODAS. 

Fig.  5: Observed annual mean (2007-09) net surface heat 
fluxes and their individual flux components (i.e., shortwave, 
longwave, latent and sensible heat fluxes) at eight buoy 
locations of the operational tropical moored buoy arrays. The 
error bars represent monthly standard deviations. Positive 
values indicate heat flux into the ocean (Wm-2). b) Mean flux 
differences from buoy, (Ensemble ORA-IP – Buoy), derived 
from 11 ORA-IP products interpolated to each buoy location 
and averaged over the same period (bars), with the error bars 
representing the spread among the various ORA-IP products. 

Sixteen monthly air-sea heat flux products originating  from ocean or 
coupled reanalyses have been compared (Valdivieso et al. 2014) as 
part of the Ocean Reanalysis Intercomparison Project (ORA-IP; 
Balmaseda et al. 2014) under the joint GODAE OceanView/CLIVAR-
GSOP program. These reanalyses (hereafter the ORA-IP products) have 
each been run with different model configurations, data assimilation 
systems, observational data sources and forcing methodologies (see 
Table below for details). Objectives include assessing the global heat 
closure and the consistency of flux variability among the ORA-IP 
products, comparing with other available surface flux products from a 
variety of sources (satellite, ships, atmospheric reanalyses or hybrid), 
and documenting errors against buoy flux data available via the 
OceanSITES project. 

Fig. 1: Global mean heat 
fluxes averaged over the 
17-year period (1993-
2009) along with their 
interannual STDs over this 
period. A common global 
mask has been used for all 
estimates. Positive is heat 
flux into the ocean. Units 
are in Wm-2. 

Fig. 2:  ORA-IP ensemble mean and spread (STD) of net surface heat flux, net radiative 
(shortwave plus longwave), and turbulent (latent plus sensible) heat fluxes about the 
1993-2009 ensemble mean of the 16 ORA-IP products.  

Fig. 4: Monthly anomalies of the latent heat fluxes 
(removing the mean seasonal cycles) in the ENSO 
region of the tropical Pacific (5°N–5°S, 180°–80°W) 
for  the period 1993-2009. 
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