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Abstract 

 

Evaluating Surface Heat Budget Components in Atmospheric and 

Ocean Reanalyses: A Report from Selected Literature  

 

Caroline Binkley, MA  

The University of Texas at Austin, 2015 

 

Supervisor:  Kerry Cook 

 

 The following report reviews evaluations of surface heat flux representations in 

atmospheric and ocean reanalyses including previous trend analyses. The purpose of this 

research is to build a foundation towards understanding the adjustment of the surface heat 

balance as the ocean surface warms, beginning with an analysis of applicable data sets 

available through reanalysis products. We present the following discussion on the extent 

to which our current generation of atmospheric and ocean reanalyses provide reliable, 

statistically-significant, and physically plausible representations of the surface heat 

budget. Overall atmospheric and ocean reanalyses are in high climatological agreement 

for surface heat budget flux values, apart from select regional and parameterized 

discrepancies. However, caution for the application of reanalyses for trend analysis is still 

required in order to confidently pursue research related to the ocean surface heat 

readjustment under global warming using reanalysis products.   
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Reanalyses provide continuous 4D atmospheric and ocean data sets that continue 

to improve and become more coherent with observations through better observation 

networks and advancement of their physical algorithms. Atmospheric and ocean 

reanalyses have been evaluated in numerous studies for consistency with observations 

and with other reanalyses (e.g., Bosilovich et al. 2011; Brunke et al. 2011; Dee et al. 

2011; Bosilovich et al. 2013; Dolinar et al 2015). They are shown to be generally reliable 

for the climatology of directly-assimilated observations, with some uncertainty over data-

sparse regions (e.g., Bosilovich et al. 2011; Brunke et al. 2011), where the reanalyses rely 

on model governing equations and the nearest observations. Uncertainty in reanalyses 

also arises when changes in the observation network produce discontinuities (e.g., 

Bosilovich et al. 2011; Decker 2012). There are also a number of identified deficiencies 

and product-specific biases related to calculated and parameterized variables in 

reanalyses, including bulk aerodynamic, radiative, and moist convection fluxes (e.g., 

Trenberth et al. 2009; Brunke et al. 2011).  

The individual terms of the atmospheric reanalyses’ surface heat budgets have 

been compared with observations for regional and global agreement. Brunke et al. (2011) 

analyzed the latent and sensible heat fluxes in several atmospheric reanalyses and found 

errors in ERA-I latent heat estimates of 15-20 Wm-2, a 9-11% over estimation of latent 

heat, primarily over the ocean. Trenberth (2009) compared the surface heat budget from 

atmospheric reanalyses against satellite data, including the ERA-I reanalyses. The 

following fluxes in ERA-I are over estimated in comparison to satellite observations: 

shortwave radiation by 4 Wm-2, longwave back radiation by 8 Wm-2, and 1 Wm-2 in the 
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sensible heat flux. Decker (2012) showed that ERA-I had the lowest biases compared to 

the NCEP CSFR and various other reanalyses, for surface air temperature, latent and 

sensible heat, and net surface radiation from flux tower observations. Bosilivich et al. 

(2013) analyzed North American surface air temperature and precipitation in ERA-I and 

MERRA reanalyses and found that ERA-I had the lowest biases but that both have 

spurious regional results. ERA-I tropical ocean surface radiative fluxes were compared 

with Clouds and the Earth’s Radiant Energy System (CERES) satellite data in Itterly and 

Taylor (2014). The largest errors are found over highly convective regions associated 

with propagating convective systems over the Pacific and equatorial Indian Oceans. 

Compared to CERES, Dolinar et al. (2015) find that the cloud fraction estimates in ERA-

I and JRA-25 are underestimated by 1.7-4.5%, and that regions of 500hPa ascent 

overestimate cloud forcing while regions of 500hPa descent are under estimated. 

However, JRA-25 is found to have a mean negative cloud forcing bias of ~10 Wm-2, 

which is attributed to under estimated longwave radiation warming. 

The accuracy of the surface heat budget in reanalyses is dependent not only on 

assimilated data sets but also on the hydrologic scheme used in the product. The 

variability of precipitation in ERA-I, versus the NCEP CSFR and various other 

reanalyses, is shown to be more coherent with global observations (Decker 2012; 

Bosilivich et al., 2013). Similarly studies investigating regional (e.g., North America, 

China, Pacific Convergence Zone) precipitation distributions and surface hydrologic 

budgets in atmospheric reanalyses, find large regional variability among all reanalyses, 

but that the ECMFW scheme does reproduce observations better than NCEP (e.g., 
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Decker 2012; Bosilivich et al., 2013). Tropical precipitation estimates from the Tropical 

Rainfall Measurement Mission (TRMM) are compared in Dolinar et al. (2015) with 

atmospheric reanalyses (ERA-I, CSFR, JRA-55, etc.) and they find that all reanalyses 

overestimate global rainfall rates. The hydrologic budgets of atmospheric reanalyses are 

found to have global biases in precipitation, in addition to numerous regional 

discrepancies. 

While atmospheric reanalyses present issues in the magnitude and regional 

structure of the surface heat and hydrological budgets, they do capture the amplitude of 

seasonal and inter-annual variability (Park et al. 2013). This supports the argument that 

reanalyses are internally consistent systems and that reanalyses respond accurately to 

forcing, which is encouraging for trend analysis.  

 Ocean reanalyses assimilate ocean and atmosphere observations in addition to 

surface heat, momentum, and fresh water fluxes derived from atmospheric reanalyses. 

Masina et al. (2011) analyze the heat budget of several ocean reanalyses and find that 

they are generally consistent with observations, with the exception of upwelling and 

downwelling regions. Regions of upwelling are also the most uncertain in ocean 

reanalyses and secondarily coastal regions (Chaudhuri et al. 2012).  However, a growing 

number of studies show deficiencies in ocean products’ atmosphere derived turbulent 

flux algorithms, near surface-humidity, tropical wind stress (e.g., Milliff et al. 1999; 

Wong et al. 2015) and ocean reanalyses’ calculated turbulent fluxes, current speed, 

vertical temperature, and salinity profiles (e.g.,Wang and McPhaden, 200l; Smith et al. 

2001). Ocean observations are far more sparse than those of the atmosphere and have 
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been limited to sparse, inconsistent ship based and short spanning satellite measurements 

that suffer from issues such as cloud coverage and data quality control, making validation 

of even directly assimilated variables far more challenging than for the atmosphere. 

Ocean reanalyses are shown to have higher agreement with observations when longer 

averaging periods are considered, reducing noise produced from assimilation method 

biases (Carton et al. 2008).  

 The net surface heat flux in ocean reanalyses is derived from the forcing 

atmospheric reanalysis and is equivalent between complimentary products. In 

atmospheric reanalyses the net surface heat flux is a control vector used to close the 

surface energy budget, meaning that it also includes the error between the reanalysis 

product and assimilated surface observations. Yu et al. (2007) analyzed the net surface 

heat flux climatology in a set of first generation (i.e., ERA-40, NCEP1, etc.) atmospheric 

reanalyses over tropical oceans and find that the region of highest disagreement in 

magnitude and sign, among the reanalyses, is over the Indian Ocean. ERA-I, since ERA-

40, has received a series of satellite derived corrections, referred to as the Common 

Ocean-Ice Experiment (CORE), which improved the assimilated ocean surface heat and 

freshwater budgets (Large and Yeager, 2004; Brodeau et al. 2010). CORE was originally 

developed to correct the NCEP reanalysis fields (Large and Yeager, 2004). Satellite 

derived estimates from Trenberth (2001) are in high agreement with the global ocean net 

surface heat flux from ERA-I, a result further corroborated with ARGO estimates of the 

annual cycle (Giglio and Roemmich, 2014).  
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 Atmospheric and ocean reanalyses have been shown to be valid for trend analysis, 

particularly for directly-assimilated variables. Atmospheric reanalyses have been used for 

trend analysis of global temperature (Compo et al. 2013; L’Heureux et al. 2013), regional 

temperature (Vose et al. 2012; Cook and Vizy, 2015), SST (e.g., Deser et al. 2010), 

winds and surface wind stress (e.g., Swart and Fyfe 2012), and precipitation (e.g., Zhang 

et al. 2012). Ocean reanalyses have been used for reconstructions of trends in ocean heat 

content (OHC; Trenberth et al. 2014), sea level pressure (SLP; Vecchi et al. 2007), 

salinity (Masina et al. 2011), and ocean heat storage (Loeb et al. 2012).  

In summary, atmospheric and ocean reanalyses are in good global agreement with 

observations, apart from regional and parameterized discrepancies. Thus far reanalyses 

show promising results for the use of trend analysis but their application still requires 

serious caution. We use multiple reanalyses, to examine the adjustment of the tropical 

surface heat budget over warming oceans, in order to validate the climatology and trend 

results of the surface heat budget terms. Corroboration of reanalyses does not guarantee 

physical accuracy for reanalyses are forced with similar observations or corrected data 

sets (i.e. CORE) making direct comparison of multiple products not necessarily an 

independent test.  
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