
AccuRT: A Versatile Tool for Radiative Transfer in 
Coupled Media like Atmosphere-Ocean Systems 

Børge Hamre1, Snorre Stamnes2,  
Jakob J. Stamnes1, Knut Stamnes2 

1University of Bergen, 2Stevens Institute of technology 
borge.hamre@uib.no  

We present a well-documented and well-tested numerical code, AccuRT 
which accurately models radiative transfer in coupled atmosphere-
ocean systems, and provides researchers with a professional tool that 
is user-friendly, reliable, accurate, and efficient. 

Introduction  
Good radiative transfer (RT) simulation tools are 
important because they (i) can be used to 
generate irradiances at any user-specified 
levels in an atmosphere-ocean system as well 
as radiances at any user-specified levels and 
directions for user-specified inherent optical 
properties (IOPs); (ii) will provide reliable results 
for given input parameters; (iii) will prevent 
unnecessary loss of time spent on developing 
tools that already exist, and that in general will 
be less reliable, less applicable, and more prone 
to produce erroneous results that may be difficult 
to spot, and thus save the user a significant 
amount of time and money; (iv) will lead to 
significant progress in research areas that rely 
on good RT tools such as remote sensing 
algorithm development, climate research, and 
other atmospheric and hydrologic applications.  
However, existing RT tools are either designed 
to work primarily for the atmosphere (e.g. 
SBDART, Streamer, and LibRadtran) or for the 
ocean (e.g Hydrolight). Very few reliable, well-
tested, and user-friendly RT tools for coupled 
atmosphere-ocean systems are available. 
AccuRT was designed to fill the need for such a 
tool.  

AccuRT overview   
The AccuRT user interface is based on 
communication with simple text files.  
The concept of materials is used to provide high 
level configuration of radiatively-active 
constituents in the coupled atmosphere-water 
system, which automatically specifies 
wavelength-dependent IOPs. AccuRT has 
intuitive input specifications provided in a main 
configuration file including: (i) support of an 
arbitrary number of layers in the atmosphere and 
water as required to resolve vertical variations in 
the IOPs; (ii) solar input spectrum, as well as a 
user-specified (constant) input option; (iii) 
atmosphere materials: clear atmosphere IOP 
models for molecular scattering and gaseous 
absorption as well as IOPs for a bi-modal 
distribution of aerosol particles generated by a 
Mie code, and (iv) water materials: pure water 
and water impurity IOPs (bio-optical models). 
Radiances at any optical depth, polar and 
azimuth angle are computed as follows1,2: (i) the 
atmosphere and water are separated by a plane 
interface at which the refractive index changes 
abruptly; (ii) Each slab is divided into a 
sufficiently large number of homogenous 
horizontal layers to adequately resolve the 
vertical variation in its IOPs; (iii) The reflection 
law, Snell’s law, and the Fresnel equations are 
applied at the interface between the two slabs; 
(iv) The discrete-ordinate method is used to 
convert the integro-differential radiative transfer 
equation (RTE) into a system of coupled 
ordinary differential equations, and RTE 
solutions are computed separately for each layer 
in the two slabs; 

Summary 
AccuRT is expected to fill an existing need and 
become a valuable and indispensable tool for 
researchers in the ocean optics, climate 
research, and remote sensing communities. 
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Quantity Value Unit 
Solar zenith angle 60  degree 
Cloud thickness 0.0 m 
Ozone column amount 370 DU 
Aerosol optical depth at 500 nm 0.15 unitless 
Chlorophyll concentration 1.0 mg m-3 

CDOM absorption at 440 nm 0.1 m-1 

Spectral band width 10 nm 

(v) Finally, boundary conditions at the top of the 
atmosphere and the bottom of the water are 
applied, in addition to continuity conditions at 
layer interfaces within each of the two slabs. 

Simulations  
Some examples of AccuRT output for 
simulations with input listed in the table are 
present below. 

However, the spectrum changes significantly with 
variation in the chlorophyll concentration, which is 
good for remote sensing retrieval.   

In the figure above, the spectral downward 
irradiances are seen to be attenuated both by 
atmospheric gases, ocean surface reflection, as 
well as pure water and water impurities, leading 
to a survival of greenish light at 10 m depth. The 
lower figure in the second column shows that at 
the top of the atmosphere the vertically upward 
directed (nadir) radiance is dominated by 
contributions from the atmosphere. Due to 
refraction of radiation into a narrower solid angle 
in the ocean, the nadir radiance is higher in the 
upper part of the water column than just above 
the surface. The figure below shows that the 
remote sensing reflectance small, with a 
maximum portion of reflected light of about 5%. 

Finally, the figure below shows that the angular 
dependence of the diffuse light field just below 
the ocean surface takes an interesting form, 
showing relatively low radiance scattered from 
the over head sky compared to the radiance 
scattered from the horizon. Also, there is a low 
(dark blue) contribution from the ocean and a 
high (dark red) contribution from the light 
scattered off the solar beam in the forward 
direction. 

Origin 

Light from horizon 
Light from zenith 

Light from ocean 


