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ABSTRACT

A theory for pyrgeometer operation is utilized for determining downwelling longwave radiation. Errors in
downwelling longwave radiation measurements are due to differences in pyrgeometer body and dome temperatures
compared to that of the atmosphere. Additionally, incident shortwave radiation fluxes may be important. Using
the present theory along with laboratory and field observations, it appears that downwelling longwave heat
fluxes can be measured with errors less than 6 W m~2, Longwave heat flux observations from surface buoys
deployed in four different oceanic regions suggest that 1) incoming longwave measurements from buoys are
repeatable, 2) uncertainties in radiometer calibration are significant and systematic, and 3) pyrgeometers are
affected by direct and indirect solar heating. A hybrid measurement method for the determination of net longwave
heat flux at the air-sea interface is described. The authors recommend improvement in calibration procedures
as well as development of a radiometer to be used as a transfer standard to compare with in situ measurements.
Uncertainties in sea surface skin temperature and emissivity are contributors to the error in the net longwave
heat flux. However, a targeted error limit goal of £10 W m™ for the monthly mean net longwave heat flux
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appears to be achievable.

1. Introduction

The fundamental and compelling needs for accurate
air-sea flux estimates have been discussed by various
authors including Weller and Hosom (1989), Donelan
(1990), and Weller et al. (1991a,b). One of the im-
portant goals of the World Ocean Circulation Exper-
iment (WOCE) is to utilize determinations of air-sea
heat and momentum fluxes for driving ocean general
circulation models. In addition, the heat flux deter-
minations are important for addressing climate issues.

The heat flux budget at the sea surface may be ex-
pressed as

Q=SWHN +1LWHN + Os+ Oy, (1)

where Q is the net surface heat flux across the air-sea
interface, SW M is the net shortwave heat flux, LW 1
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is the net longwave heat flux, Qg is the sensible heat
flux, and Q, is the latent heat flux. The net longwave
heat flux LW N is the primary focus of this work. Cli-
matological heat flux budget studies have shown that
LW is generally the third largest term in the mean
heat flux budget at midlatitudes (e.g., Dorman et al.
1974; Bunker 1976; Fung et al. 1984; Smith and Dob-
son 1984). However, its magnitude may at times be
larger than the latent heat flux. It should be noted that
the relative importance of the net longwave component
varies with geographic location and time, particularly
seasonally and diurnally.

To achieve the goals of global ocean circulation and
climate experiments such as WOCE and the Tropical

. Ocean Global Atmosphere (TOGA ) experiment, the

targeted accuracy for each of the air-sea heat flux com-
ponents is =10 W m™2 for the monthly mean and
longer timescales (Weller and Hosom 1989; WOCE
1985, 1989). The accuracy goal for the net air—sea heat
flux Q is +30 W m™2 for these same timescales. These
demanding limits require that the accuracies of all of
the components of the net surface heat flux budget be
improved. Among the poorest accuracies are those of
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