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Information Provided by e-mail

•Technical Notes
(AccuRT-ASIO-TN v36.pdf)

•Applied Sciences paper∗
(AccuRT-paper-AppliedSciences-2018.pdf)

•User Manual for VM (Virtual Machine) AccuRT
(AccuRT-User-Manual-VM v2.pdf)

• Simulation package
(OCsim AccuRT package.zip)

∗Stamnes, K., B. Hamre, S. Stamnes, N. Chen, Y. Fan, W. Li, Z. Lin, and J. J. Stamnes, Progress in forward-inverse modeling
based on radiative transfer tools for coupled atmosphere-snow/ice-ocean systems: A review and description of the AccuRT model,
Applied Sciences, in press, 2018.
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Outline

• Background/Motivation

• Brief Review of Current Status – Future Needs?

•Unified Treatment of Atmosphere and Water:

– DIScrete Ordinate Radiative Transfer (DISORT) for a
Coupled Atmosphere-Water System

•Overview of AccuRT/Key Features:

– A Robust, User-friendly, and Reliable Tool for Radiative Trans-
fer Simulations throughout an Atmosphere Overlying a Water
Body

•Results

– Comparison with Benchmarks

– Radiance Simulations

• Summary

• Practical Matters: Installation, Configurations

• Examples of Use
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Background/Motivation

Good radiative transfer (RT) simulation tools are important because, for user-
specified inherent optical properties (IOPs), they:

• can be used to generate

1. irradiances at any user-specified levels in an atmosphere-water system as
well as

2. radiances [I(τ, µ, φ), see Eq. (1) below] at any user-specified levels and
directions;

• will avoid unnecessary loss of time spent on developing tools that in general will
be:

– less reliable, less general, and

– more likely to produce erroneous results

• will lead to significant progress in research areas such as:

– remote sensing algorithm development

– climate research

– other atmospheric and hydrologic applications.
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Brief Review of Current Status – Future Needs?

Typical tools currently available:

• SBDART, Streamer, LibRadtran – atmosphere only

– good tools for atmospheric applications

– no coupling to underlying water body – oceanic input is a boundary condition

• Hydrolight – ocean (natural waters) only

– good tool for marine optics applications – provides water-leaving radiance,
but no TOA radiance

– no coupling to atmosphere – atmospheric input is a boundary condition

Very few reliable, well-tested, and user-friendly RT tools for a coupled atmosphere-
water system are available. Therefore, the AccuRT tool described here:

•will fill an existing need.

AccuRT is well-tested and was designed to be:

• reliable, robust, versatile, and easy-to-use.
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Schematic Illustration of Atmosphere – Water System

The coupled atmosphere ocean system
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Unified Treatment of Atmosphere and Water

In either of the two slabs (atmosphere or water), the diffuse radiance distribution
I(τ, µ, φ) can be described by the radiative transfer equation (RTE):

µ
dI(τ, µ, φ)

dτ
= I(τ, µ, φ)− S∗(τ, µ′, φ′)− [1−$(τ )]B(T (τ ))

− $(τ )

4π

2π∫

0
dφ′

1∫

−1
p(τ, µ′, φ′;µ, φ)I(τ, µ′, φ′)dµ′. (1)

Here µ is the cosine of the polar angle θ, and φ is the azimuth angle. The inher-
ent optical properties (IOPs) are: the absorption coefficient, α(τ ),
the scattering coefficient, β(τ ), and the scattering phase function,
p(τ, µ′, φ′;µ, φ). The ratio$(τ ) = β(τ )/[α(τ )+β(τ )] is called the single-scattering
albedo, S∗(τ, µ′, φ′) ∝ $F0, where F0 is the incident solar irradiance, and B(T (τ ))
is the Planck function. The differential vertical optical depth is

dτ (z) = −[α(τ ) + β(τ )]dz (2)

where the minus sign indicates that τ increases in the downward direction, whereas
z increases in the upward direction. The scattering angle Θ and the polar and
azimuth angles are related by

cos Θ = cos θ cos θ′ + sin θ′ sin θ cos(φ′ − φ).
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Overview of AccuRT/Key Features

AccuRT works as follows:

1. Slab1 (atmosphere) and slab2 (water) are separated by a plane interface at which
the refractive index changes from m1 in slab1 to m2 in slab2.

2. Each of the two slabs is divided into a sufficiently large number of homogenous
horizontal layers to adequately resolve the vertical variation in its IOPs.

3. Fresnel’s equations for the reflectance and transmittance are applied at
the slab1-slab2 (air-water) interface, in addition to the law of reflec-
tion and Snell’s Law to determine the directions of the reflected and refracted
rays.

4. Discrete-ordinate (DISORT†) solutions to the RTE are computed separately for
each layer in the two slabs.

5. 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.

†K. Stamnes, S. C. Tsay, W. J. Wiscombe, and K. Jayaweera, Numerically stable algorithm for discrete-ordinate-method radiative
transfer in multiple scattering and emitting layered media, Applied Optics, 27, 2502-2509, 1988.
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Results – Validation against Monte Carlo
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For details, see: K.I. Gjerstad, J.J. Stamnes, B. Hamre, J.K. Lotsberg, B. Yan, and K. Stamnes, Monte Carlo and
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Results – Simulated Radiation Field (1)
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Results – Simulated Radiation Field (2)
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Results – Simulated Radiation Field (3)

Modeled downward surface solar
radiation
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Results – Simulated Radiation Field (4)

above surface
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(CCRR bio-optical model).
(Right) Turbid water with chlorophyll concentration = 10 mg·m−3, MIN = 0.1 g·m−3, CDOM443 = 0.1 m−1.
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Results – Simulated Radiation Field (5)
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Results – Simulated Subsurface Radiation Cone (1)

 1 

Bergen Light and Life Laboratory 
Prequalification application for the Recruitment Programme  

2010-2013   
by 

Børge Hamre 
Department of Physics and Technology (DPT) 

University of Bergen (UoB) 

  

 

Light f ield just  Light f ield just  
below the ocean below the ocean 
surface.surface. 

 

Introduction 
I herewith apply for 3.3 MNOK per year for a 4-year period to establish and run a research facility 
called Bergen Light and Life Laboratory (B3L). The B3L laboratory will employ the project leader, 
one postdoctor and one PhD student, and lay the foundation for one permanent academic position at 
DPT. Solar light is the ultimate energy source in all climatological and ecological systems. Spatial and 
temporal differences in solar energy deposition on the surface of the Earth regulate the temperature 
and induce density gradients, which in turn generate winds and ocean currents. Visible solar radiation 
drives the primary production, which is one reason why light plays a fundamental role for life on 
Earth. Light is also a very useful tool for probing and investigating partially transparent matter, such as 
the atmosphere, sea ice, snow, ocean, and human skin. This fact makes light and life research very 
interesting and valuable for the society, and my dream is to lead this research activity into the future. 

Background and status of knowledge 
Over the past 15 years, the optics group of DPT has established itself in the international forefront of 
research in environmental optics on topics related to measurements and theoretical assessment of the 
role of radiation in topics related to climate research, such as the influence of ice and mixed-phase 
clouds in the Arctic and the establishment of a UV radiation climatology in Africa and Tibet, as well 
as to physics-biology related topics including medical optics and satellite remote sensing of algae 
concentrations in oceans and coastal waters. Over the past 12 years, these research activities have 
received funding from the Norwegian Research Council for eleven different research projects, from 
the Norwegian Space Centre for one project, from NUFU for two projects, one in Africa and another 
in Nepal and Tibet, and from the Network for University Cooperation Tibet-Norway for two projects. 

Project plan 
The main objective of this proposal is to bring the experience, skills, and unique tools, developed in 
the optics group of DPT during the past 15 years into a new era by unifying theoretical and 
experimental activities in close co-operation with colleagues in medical, biological, and geophysical 
research and focusing on three research areas that are related from a theoretical perspective but have a 
wide range of applications in different fields, such as medicine, climate research and meteorology, and 
satellite remote sensing and monitoring of the environment of the Earth.  
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Results – Simulated Subsurface Radiation Cone (2)

Subsurface radiation cone

Adapted from Mobley, 1994
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Summary (1)

We have provided a brief description of AccuRT:

• a reliable, robust, user-friendly, and versatile tool for radiative
transfer simulations in a coupled atmosphere-water system.

The required input parameters are:

• layer-by-layer optical depths and IOPs consisting of absorption and scattering
coefficients as well as the scattering phase function.

AccuRT has the following unique features:

1. it allows for a user-specified number of layers in the atmosphere and water to
adequately resolve the vertical variation in IOPs;

2. it computes upward and downward irradiances, scalar irradiances, and diffuse
attenuation coefficients at user-specified optical depths in the atmosphere and
water;

3. it computes radiances in user-specified directions at user-specified optical depths
in the atmosphere and water.
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Summary (2)

The IOPs can be:

• either user-specified or selected from a suite of IOPs based on published models
and data, including IOP models for open ocean and turbid coastal waters;

• clear-sky atmosphere IOPs include molecular scattering and gaseous absorption;

• standard models for aerosol/cloud scattering and absorption are included.

AccuRT is designed to address the needs of researchers interested in:

• analyzing irradiance and radiance measurements in the field or laboratory

• making simulations of irradiances or radiances in support of

– remote sensing algorithm development

– climate research (data assimilation)

– other atmospheric and hydrologic applications.

In conclusion: AccuRT is expected to fill an existing need and be:

• a valuable and indispensable tool for teachers, students as well
as researchers in the atmospheric optics, ocean optics, climate
research, and remote sensing communities.
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Next: Practical matters (important details)....
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Installation of VM version of AccuRT

The configuration of this Debian Linux w/ AccuRT Virtual Machine (VM) is as
follows (see Section 3 of User manual for details):

1. debian 9 with xfce4 GUI

2. AccuRT v1.0.716

3. openssh enabled

4. Firefox ESR browser

5. GNU Octave (free alternative of MATLAB) 6. FileZilla (free FTP client)

You can run AccuRT on this VM and plot results using Octave. FileZilla
allows you to transfer your results to other machines as needed and the

command line sftp/scp tools are also available. (Or you can use your VM software
to transfer to/from the VM to your host machine.)

To start using this VM version of AccuRT, you need to download Oracle
VirtualBox from the following website:

https://www.virtualbox.org/wiki/Downloads
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• the water_impurities_ccrr material which provides IOPs of dissolved and
particulate matter in the water based on the CCRR bio-optical model

• the water_impurities_gsm material which provides IOPs of dissolved and
particulate matter in the water based on the GSM bio-optical model

• the vacuum material which allows for either of the two slabs comprising the
coupled medium to be transparent.

Table 1: Core materials included in AccuRT.

Core Material options allowed
position

descriptions

earth_atmospheric_gases
1. gasIOP
2. air

upper
slab

profiles of atmospheric molecular
absorption and Rayleigh scatter-
ing optical depths.

aerosols particulate matter in the atmo-
sphere.

clouds 1. water cloud
2. ice cloud

upper
slab

clouds consisting of liquid water
droplets and ice particles in the
atmosphere.

pure_water lower
slab

pure water.

water_impurities_ccrr lower
slab

dissolved and particulate matter
in the water based on the CCRR
bio-optical model.

water_impurities_gsm lower
slab

dissolved and particulate matter
in the water based on the GSM
bio-optical model.

vacuum both
slabs

synthetic material which allows
for either of the two slabs com-
prising the coupled medium to
be transparent.

Cryosphere
Material

options allowed
position

descriptions

snow 1. ISIOP
2. Mie

upper
slab

snow material

ice 1. ISIOP
2. Mie

lower
slab

ice floating over ocean

9
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AccuRT Configuration (1)

Basic structure

Upper slab

Lower slab

TOA

Interface

Bottom

• Atmospheric gases (Rayleigh & gas IOPs)
• Aerosols
• Cloud
• Snow
• Vacuum 
• User specified

• Pure water
• Water impurities (CCRR or GSM model)
• Sea ice 
• Vacuum
• User specified

n1

n2

“Loamy sand” or “White” 

Layer 1

Layer 2 …

… Layer N

Layer 1

Layer 2 …

… Layer N

“Earth solar” or “Constant one”
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AccuRT Configuration (2)

STR1 = number of streams in upper slab.

Setup AccuRT

Ø Source: solar spectrum or“constant one”; scaling factor is 1.0 by default, solar zenith angle is 45 by
default.

Ø Bottom:“loamy sand”or if“white” (no wavelength dependence); specify albedo, default is 0.0.

Ø Streams: stream number can be set in the upper slab, stream number in the lower slab is computed as:
STR2=STR1*n2

2.

Ø Layers: layers can be set by specifying various depths in the upper or lower slab. Total depth of the 
upper slab is 100 km.

Ø Materials: materials can be added in desired layers by setting the material profile. 
General format of the material profile is:  layer number,  amount of materials.

Ø Output: specify output depths, angles, wavelengths, irradiances, radiances, IOPs, etc.
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AccuRT Examples (1)

AccuRT examples: Coupled atmosphere-ocean system

Upper slab

Lower slab

TOA

Interface

Bottom

• Atmospheric gases (Rayleigh & gas IOPs)
• Aerosols or cloud (any layer)

• Pure water 
• Water impurities (CCRR or GSM model)

n1=1.0

n2=1.34

White (albedo = 0.0 - 1.0)

Layer 1

Layer 2 …

… Layer 14

“Earth solar” or “Constant one”
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AccuRT Examples (2)

AccuRT examples of configuration file: Coupled atmosphere-ocean system

Upper slab

Lower slab

TOA

Interface

Bottom

• Atmospheric gases (Rayleigh & gas IOPs)
• Aerosols or cloud (any layer)

• Pure water 
• Water impurities (CCRR or GSM model)

n1=1.0

n2=1.34

White (albedo = 0.0 - 1.0)

Layer 1

Layer 2 …

… Layer 14

“Earth solar” or “Constant one”

SOURCE_TYPE =	earth_solar or	constant	one

MATERIALS_INCLUDED_UPPER_SLAB	
=	earth_atmospheric_gases aerosols

LAYER_DEPTH_UPPER_SLAB
=	30.0E3	50.0E3	…	100.0E3

LAYER_DEPTH_LOWER_SLAB
=	100

MATERIALS_INCLUDED_LOWER_SLAB
=	pure_water water_impurity_ccrr

BOTTOM_BOUNDARY_SURFACE
=	white

BOTTOM_BOUNDARY_SURFACE_SCALING_FACTOR	
=	0.0

See Appendices of User Manual for description of configuration
files.

U
 N

 I V
 E R S I T A S

B E R G E N S I 
S

U
 N

 I V
 E R S I T A S

B E R G E N S I 
S

25



AccuRT Examples (2b)

100 [•105 m]

70

50

40

30

50

60

TOA τ=0

τ=τa

τ=τ*

100 m
200 m

θ

θ0  

See Appendix 1 (page 19) of User Manual for details.
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AccuRT Examples (3)

AccuRT examples: Coupled atmosphere-snow system

Upper slab

Lower slab

TOA

Interface

Bottom

• Atmospheric gases (Rayleigh & gas IOPs) 

• Aerosols or cloud (any layer above the snow layer)

• Snow (could be multiple layers)

• vacuum

n1=1.0

n2=1.0

White (albedo = 0.0 - 1.0)

“Earth solar” or “Constant one”

Layer 1

Layer 2 …

Note: We treat snow as a “cloud” on the ground consisting of
particles (snow flakes) that scatter and absorb radiation.
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AccuRT Examples (4)

AccuRT examples: Coupled atmosphere-land system

Upper slab

Lower slab

TOA

Interface

Bottom

• Atmospheric gases (Rayleigh & gas IOPs) 
• Aerosols or cloud (any layer)

• vacuum

n1=1.0

n2=1.0

White (albedo = land surface albedo)

“Earth solar” or “Constant one”

Layer 1

Layer 2 …

… Layer 14

Note: We set n2 = n1, put “vacuum” in the lower slab, and specify
albedo as a boundary condition at the bottom of the lower slab.

U
 N

 I V
 E R S I T A S

B E R G E N S I 
S

U
 N

 I V
 E R S I T A S

B E R G E N S I 
S

28



AccuRT Examples (5)

AccuRT examples: Coupled atmosphere-ice-ocean system

Upper slab

Lower slab

TOA

Interface

Bottom

• Atmospheric gases (Rayleigh & gas IOPs)
• Aerosols or cloud (any layer)

• Sea ice
• Pure water 
• Water impurities (CCRR or GSM model)

n1=1.0

n2=1.34

White (albedo = 0.0 — 1.0)

Layer 1

Layer 2 …

… Layer 14

“Earth solar” or “Constant one”

Note: We set n2 = 1.34, put ice in the top layer of the lower slab, and water
with embedded impurities underneath (water on top of ice is also possible).
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Questions – Comments – Suggestions – Further
reading?

www.wiley-vch.de

Knut and Jakob Stamnes

Radiative Transfer in 
Coupled Environmental 
Systems

An Introduction to Forward and 
Inverse Modeling

This book discusses radiative transfer in coupled media such as atmosphere-ocean 

systems with Lambertian as well non-Lambertian refl ecting surfaces at the lower 

boundary. 

 The spectral range from the ultraviolet to the microwave region of the 

electromagnetic spectrum is considered, and multi-spectral as well as hyperspectral 

remote sensing is discussed. Solutions of the forward problem for unpolarized and 

polarized radiation are discussed in considerable detail, but what makes this book 

unique is that formulations and solutions of the inverse problem related to such 

coupled media are covered in a comprehensive and systematic manner. 

 This book teaches the reader how to formulate and solve forward and inverse 

problems related to coupled media, and gives examples of how to solve concrete 

problems in environmental remote sensing of coupled atmosphere-surface systems.

From the contents:

• Inherent Optical Properties (IOPs)

• Basic Radiative Transfer Theory

• Forward Radiative Transfer Modeling

• The Inverse Problem

• Applications
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Wiley Series in Atmospheric Physics and Remote Sensing

Knut Stamnes is professor of physics in the Department of Physics and 

Engineering Physics, and Director of the Light and Life Laboratory at Stevens 

Institute of Technology in Hoboken New Jersey. Stamnes began his career in upper 

atmospheric physics, and has since specialized in atmospheric radiation, remote 
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