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ABSTRACT 

A model of the wavelength-integrated scalar irradiance for a vertically 
homogeneous water column is developed. It runs twenty thousand times faster 
than simulations obtained using full Hydrolight code and limits the percentage 
error to less than 3.7%. Both the distribution of incident sky radiance and a wind- 
roughened surface are integrated in the model. Our model removes common 
limitations of earlier models and can be applied to waters with any composition of 
the inherent optical properties. Implementation of this new model, as well as the 
ancillary information required for processing global-scale satellite data, is 
discussed. This new model is fast, accurate, and flexible and therefore provides 
important information of the underwater light field from remote sensing. 

1.0 - INTRODUCTION 

One major goal of satellite ocean color is to assess the role of the ocean in the global carbon 
cycle and to examine the factors that affect global climate change (Hooker et al., 1992). 
Although phytoplankton account for less than 1 % of the total global plant biomass, they 
contribute to about 40% of global productivity (Falkowski, 1994) and turn over carbon and 
nutrients more rapidly than terrestrial plants (Summerhayes, 1996). To attain the goal of 
analyzing ocean carbon flux, the amount and distribution of ocean phytoplankton must be 
estimated fiom space. Many efforts to date have focused on relating the radiative signals to 
pigment concentration (Gordon et al., 1988; O'Reilly et al., 1998; Carder et al., 1999). Maps of 
satellite-derived pigment concentration (e.g., biomass) have been widely used to estimate global 
ocean carbon content and productivity (Longhurst, 1995; Platt et al., 1995). However, rates of 
phytoplankton photosynthesis are regulated by many factors including light availability. Hence, 
an accurate estimation of ocean primary production and carbon flux requires a thorough 
description of the underwater light field. 

A common approach for calculating the underwater light field is based on satellite-derived 
estimates of the diffuse attenuation coefficient (e.g. Kd(490)) (Yeh et al., 1997). Spectral 
information is formulated based on ratios of water-leaving radiance to Kd(490). Only an average 
value of Kd over the first optical attenuation depth at one spectral waveband can be obtained 
using this approach. Most phytoplankton-based applications, therefore, relate empirical models 
of water content, such as the satellite-derived chlorophyll concentration (Chl), to the spectral 

' value of Kd (Sathyendranath, 1 989). 
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