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ABSTRACT

Satellite-derived temperature and geostrophic velocities were assimilated into a mixed layer model to obtain
estimates of the net surface heat flux as the residual of the upper ocean heat budget. The heat budget included
cddy diffusion, advection, and vertical entrainment. Assimilation was done using a Kalman filter on both the
temperature tendency and the temperature of the mixed layer. The error in temperature tendency was used to
derive a new surface heat flux estimate. Experiments performed on the actual data suggested that better surface
flux estimates could he obtained by allowing the model to predict the mixed layer depth than by adjusting the
depth to a climatological value. A systematic error in the temperature tendency appeared to be due to errors in
the eslimate of the mean sea surface height from the altimeter; a partial correction for these errors was computed.
The agreement between the time series of spatially averaged surface flux and that obtained from the ECMWF
atmospheric model was surprisingly good. The temporally averaged surface flux estimates from the mixed layer
mudel were in good agreement with the Bunker climatological values, except in February and March, when the
model mixed Iayer shoaled more rapidly than expected from climatology.

1. Introduction

Although the largest values of the net surface heat
flux in the North Atlantic occur in the western North
Atlantic (Isemer and Hassc 1987), this region is the
most difficult one in which to attempt a heat budget
because of the strong currents and large temperature
gradients. In previous efforts to balance the upper
ocean heat budget (for example, Stevenson and Niiler
1983; Paduan et al. 1988) regions of strong currents
were avoided because a heat budget near a western
boundary current, with speeds as large as 2 m s ™', re-
quires an accurate estimate of the contribution of ad-
vection. In the tropical Pacific surface heat fluxes cs-
timated from satellite data using bulk parameterizations
have been shown to account for a significant fraction
of the observed variance in SST (Lin and Gautier
1990); however, the strong currents and eddies in a
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boundary current region may significantly alter the bal-
ance that determines the SST because both advection
and eddy surface fluxes are important. Now, however,
the availability of surface velocity fields from the radar
altimeter, along with the high spatial resolution tem-
perature fields from infrared sensors, suggests that es-
timates of the heat budget in western boundary currents
are feasible.

An analysis of the heat budget for the North Pacific
was performed by Qiu and Kelly (1993, hereafter QK)
using a numerical model of the upper ocean mixed
layer, combined with heat flux estimates from the Euro-
pean Centre for Medium-Range Weather Forecasts
(ECMWF) and velocities from the Geosat altimeter.
The simple mixed layer model included vertical en-
trainment of the cold water beneath the mixed layer
and heating by the surface flux, as well as diffusion and
advection. The importance of advection in the North
Pacific for the seasonal heat budget was shown in this
analysis: cooling by advection offset nearly 30% of the
surface warming due to the atmosphere (QK).

The method for obtaining the heat budget estimate
in the North Atlantic differs from that for the North
Pacific in that the mixed layer model is essentially run
in an inverse mode to obtain estimates of the net sur-
face heat flux. In the North Pacific, we specified sur-
face flux and obtained a prediction for mixed layer






