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Future Plans
An extension to cover 50 years should be 
available in the next few months

More work is needed to produce estimates of 
precipitation with uncertainty estimates and 
also wind stress components

We hope that the next release of the dataset 
will contain improvements to the bias adjust-
ments, the characterisation of random 
uncertainty, the method of weighting data within 
the OI scheme and the time and space scales 
used.

We also hope to include satellite estimates of 
some of the input parameters to improve the 
sampling characteristics of the dataset.

The in situ ocean surface flux dataset from the 
National Oceanography Centre, Southampton 
(NOCS), has now been updated to include data 
up until the end of 2009. 
NOCSv2.0 contains monthly-mean 1o-area 
gridded estimates of turbulent and radiative flux 
components along with the meteorological 
variables used in the flux calculation. Random 
and systematic uncertainty estimates are also 
available for each variable.
The data are available via:
http://www.noc.soton.ac.uk/noc_flux

For more information or to access the 
daily fields used in the calculations 
please contact either David Berry or 
Elizabeth Kent :
dyb@noc.ac.uk or eck@noc.ac.uk 
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Average over period 
1970-2010

-ve values indicate heat 
loss from the ocean

Seasonal Mean Net Heat Flux (Wm-2)

The flux estimates are based on ship data from the International Comprehensive 
Ocean-Amosphere Data Set (ICOADS, Worley et al., 2005). ICOADS ship  measure-
ments of sea surface temperature (SST),  air temperature,  near surface humidity,  winds 
and pressure are used as input to the flux “bulk formulae” (Smith 1980, 1988) to estimate 
the surface  sensible and latent heat fluxes. Cloud cover is also needed to estimate 
theradiative flux components.
Optimal Interpolation (OI) is used to first produce daily fields of SST,  air temperature,  
near surface humidity,  winds and pressure on a 1˚x1˚ area grid. These daily fields are 
then used to calculate fluxes using the bulk formulae. The OI scheme produces 
uncertainty estimates which are propagated through the bulk formulae to give uncertain-
ties in the flux fields. The daily fields of the meteorological variables  and fluxes are then 
averaged to give monthly fields. The calculation of uncertainty in the monthly fields is 
complicated by the need to account for correlated uncertainties (see Berry and Kent 
2011 for more details).
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Air–Sea fluxes from ICOADS: the construction of a new
gridded dataset with uncertainty estimates

David I. Berry* and Elizabeth C. Kent
National Oceanography Centre, Southampton, European Way, Southampton, UK

ABSTRACT: The methods used to calculate a new in situ global dataset of air–sea exchanges, called the NOCS Flux
Dataset v2.0, are described. The fluxes have been derived from in situ weather reports from Voluntary Observing Ships
(VOS) covering the period 1973–2006. The reports have been adjusted for known biases and residual uncertainties
estimated. The dataset is constructed using Optimal Interpolation (OI) using new estimates of random uncertainty in the
observations. Daily fields have been calculated on a 1° latitude by 1° longitude grid, each grid box and time step have an
associated uncertainty estimate. Monthly fields have been calculated from simple averages of the daily fields and monthly
uncertainty estimates from the daily uncertainties, using estimates of the autocorrelation between the daily uncertainty
estimates. The uncertainties due to the choice of flux parameterisation have not been accounted for. Bias adjustments
applied to the data are shown to reduce trends in the data and to improve the consistency of estimates of air temperature,
sea surface temperature (SST) and specific humidity. The bias adjustments also improve the agreement of NOCS v2.0
with independent data from research moorings. Cross-validation of the dataset suggests that the uncertainty estimates are
realistic, but that the uncertainties are probably underestimated in high variability regions and overestimated in regions
with lower variability. Copyright  2009 Royal Meteorological Society
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1. Background

Reliable estimates of air–sea fluxes of heat, freshwater
and momentum are needed to improve our understanding
of the coupled ocean–atmosphere system. The main
physical interactions at the sea surface are the turbulent
heat, moisture and momentum fluxes between the ocean
and the atmosphere, the radiative warming of the ocean
surface by solar radiation and the net cooling of the
ocean surface by thermal radiation. Direct measurements
of the turbulent fluxes are typically only made on air–sea
interaction research cruises and dedicated moored buoys
and platforms. This limits the availability of direct flux
measurements in space and time and their usefulness for
global studies. As a result, global marine flux datasets
are typically constructed using bulk estimates of the mean
meteorological parameters and bulk parameterisations (or
bulk formulae) developed using coincident measurements
of the direct and radiative fluxes and mean meteorological
variables from research cruises.

The meteorological parameters required by the bulk
formulae are: air temperature and humidity; sea sur-
face temperature (SST); wind speed; sea level pressure;
and cloud cover. These parameters are available from
different sources including ship and buoy observations,
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satellite retrievals and model output. In this paper we use
only in situ measurements made by Voluntary Observ-
ing Ships (VOS). The VOS observations are known to
contain significant biases, to be of variable quality and
to have uneven sampling with the observations clustered
over the major shipping lanes. However, the observations
have been characterised well in terms of random errors
(Kent and Berry, 2005), bias (Cardone et al., 1990; Berry
et al., 2004; Kent and Kaplan, 2006) and metadata on
observing practices (Kent et al., 2007). Additionally, the
VOS provide all the parameters required to estimate the
fluxes on multi decadal time scales.

There is a long history of estimating regional and
global air–sea fluxes from the VOS data. Early examples
include the atlases of Bunker (1976), Hsiung (1986) and
Oberhuber (1988). More recently, estimates have been
made by da Silva et al. (1994) and Josey et al. (1999)
who calculate the fluxes for individual VOS reports
and average the estimates to give monthly mean and
climatological values. Successive correction (da Silva
et al., 1994) is used in both datasets to smooth and
fill gaps in the fields produced. One problem currently
suffered by all in situ flux datasets is an imbalance in the
global surface net heat budget: typically the oceans gain
around 30 W m−2 (Josey et al., 1999). This has led to an
inverse analysis of the heat fluxes in the UWM/COADS
(da Silva et al., 1994) and NOCS v1.1 climatologies to
bring the net heat flux into agreement with hydrographical

Copyright  2009 Royal Meteorological Society

The panels to the right show long-term (40-year) statistics for the variables required as input to the 
turbulent flux formulae. The top row shows the familiar patterns of the mean values. The poorer 
sampling at high latititues, particuarly in the south, is evident as noise in the more variable 
parameters - even in a 40-year average. The second row shows the standard deviation of the 
monthly means and the third row the mean of the standard deviation of the daily estimates within 
each month. The bottom row shows the average of estimate of the total uncertainty in the monthly 
mean over the 40-year period (not the uncertainty in the 40-year mean).
Comparison of the estimates of variability within and between months shows that some important 
features are captured. The within-month variability (3rd row) typically shows smaller space scales, 
but in poorly-sampled regions (shown by high uncertainty estimates) is severely underestimated. 
In constrast the intermonthly variability (2nd row) tends to be noisy in poorly sampled regions as 
individual monthly values can be based on a small number of observations.
These data and uncertainties are used to calculate the fluxes, plotted in the panel below. 

The seasonal cycle of heat gain and loss is 
clear, along with the major heat loss over the 
Gulf Stream and Kuroshio regions which 
persists throughout most of the year.
The annual mean plot shows the global mean 
imbalance in the heat budget: 24 Wm-2 
additional heat gain by the ocean. The heat 
imbalance reduces from over 30Wm-2 in the 
early 1970s to around 15 Wm-2 at the end of 
the period. The increasing heat loss estimates 
over the period (actually a reduction in heat 
gain) are largely due to increases in the wind 
speed, leading to increasing turbulent heat 
loss.
We believe that at least part of the change we 
see in the wind speed is due to changing 
measurement bias, but there is also likely to 
be a real component to the change. We would 
also like to use measurements of the radiative 
fluxes from Research Vessels to explore the 
uncertainties in the radiative flux estimates.  

Long-term means, variability and uncertainty estimates


