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ABSTRACT

The effect of solar flux divergence on upper ocean dynamics and energetics under both low and high wind
speeds was determined using four different parameterizations of downward irradiance. The first (case I)
involved only one attenuation length, the second (case II) involved two attenuation lengths, the third
(case IlII) used a spectral decomposition of the incident solar flux over nine wavelength bands, and the
fourth (case I'V) used an arctangent model of downward irradiance. The Mellor-Yamada turbulence closure
scheme (level 21%) was used for the simulations. Cases II-IV predict the existence of an intensified shallow
shear zone which is consonant with recent observations. At low wind speeds, the turbulent energy budget
is dominated by shear production, dissipation and the diffusion of turbulent kinetic energy, regardless of
parameterization. At high wind speeds, shear production is balanced by dissipation. Specific reccommenda-
tions are made for parameterizing the downward irradiance in the context of numerical studies of upper
ocean dynamics, general circulation and climate studies.

1. Introduction

Physical processes ‘which occur at the air-sea in-
terface and within the mixed layer and thermocline
are critically dependent on the vertical distribution
of downward irradiance within the upper ocean.
Models of upper ocean dynamics [see reviews by
Kraus (1977) and by Garwood (1979)] make various as-
sumptions about the vertical distribution of down-
ward irradiance. These assumptions are known (e.g.,
Kraus and Turner, 1967; Denman, 1973; Alexander
and Kim, 1976; Kondo et al., 1979) to affect the
predicted thermal and density structure. More
recently, Simpson and Dickey (1981) have shown
that for low wind speeds (U,, < 10 m s™!) signif-
icantly different dynamics and energetics occur
within the mixed layer for two different parameteri-
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zations of downward irradiance. Dickey and Simpson
(1981) have shown that diurnal changes in the heat
content of the upper ocean are affected strongly by
the particular parameterization used to model the
divergence of downward irradiance. These latter
results may have implications for climate studies.
In addition, biological and chemical processes (e.g.,
photosynthesis and the solubility of dissolved gases
in seawater) are influenced by the divergence of
downward irradiance.

This note evaluates the effects of the divergence
of downward irradiance on upper ocean dynamics
and energetics under both low and high wind forcing
conditions using four different parameterizations of
downward irradiance. Specific recommendations,
influenced by some likely oceanographic applica-






