Measuring Radiometric Variables for the AOPs:
An Instrument Manufacturer’s Perspective

John Morrow, Germar Bernhard, Charles Booth,
and Randall Lind
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Typical Research Applications (Who talks to us?)

Phytoplankton Ecology and Aquaculture

Environmental Monitoring (Eutrophication, Corals, Water Quality)

Remote Sensing (and Cal/Val)

Physical Modelers

Photochemists (especially UV)

Typical Radiometric Var iables Sampled in the Field
(filter /photodetector -based)

Downward Irradiance at the Surface
Downward Irradiance with Depth

Upwelling Radiance with Depth

Supporting Variables
Pressure /Depth
Water Temperature
2-Axis Tilt (Pitch and Roll)
Supply Voltage, Photodiode
Temperatur e
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Software Data Processor
Custom Windows -based integrated with data acquisition ;
Excel worksheets

Data Products
User -selectable downcast, upcast, cast limits
Tables of calibrated , dark-corrected measurement variables
(Access or ASCII)
Vertical Profile Plots and Spectra with depth
Diffuse Attenuation Coefficient (selectable smoothing interval and bin)
Chlorophyll concentration and primary productivity (Kiefer et al. algorithm)

Additional Capability
Time and Position (microradiometer -based GPS)
Shadowband Accessory
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Solar Spectrum

Chlorophyll
Fluorescence
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Varying impacts from biogenic and non-biogenic sources, as well as
transformations such as chlorophyll and Raman fluorescence, all contribute
to variability in the light field with depth.



Multi-wavelength Filter Radiometer
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Dynamic Range

Depth [m]

Irradiance [ME m™s™]
1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04

I

50 PRR Saturating
Irradiance
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280 24 pits

300 PRR-2600 16 bits

350 ‘ ] Bits of Dynamic Range. Vertical profile of downwelling PAR irradiance in Crater
| 20 Lake, Oregon (USA) measured using a PRR Profiling Reflectance Radiometer.

400 | Data was resampled to illustrate theoretical results that would have been obtained

using other digitization limits. Note that the profile ends at 365 m, before
450 reaching the maximum sensitivity of the PRR-2600 (24 bits).



Cosine-Collector Design for In-water Irradiance

/ Teflon Diffuser

x Occluding Ring

Reflecting Cavity

Detectors

Measured irradiance will be proportional to the cosine of the angle of
incidence in a properly designed cosine collector. For designs using
multiple photodetectors, wavelength detuning as the view angle of the
photodetector moves off-axis is also an issue.



Angular Response of In-water Irradiance Collectors
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Typical results for PRR cosine collector, in water, normalized to the response at 6=0°. Panel
A shows the normalized response from —90° zenith angle to +90°. Panel B panel displays
the % deviation from ideal over the same range. Bottom panel is a calculation of the
percent error due to departures from true cosine for a theoretical uniform diffuse light field.



Manufacturer’s Sidebar: temporary “repairs”

Maybe it stopped leaking, but what about calibration,
immersion coefficient and cosine response?
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There are a number of challenges that need to be overcome
as we move into coastal waters
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Legacy Instruments

In-water legacy systems are not always well suited for
properly resolving the optical complexity of shallow waters,
principally because of overall instrument size, proximity of
the sampling platform, or rate of descent.



Adequate laboratory space is hard to get...




laptop computers remain difficult to see ...
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long hours on small boats...




less-than-ideal instrument placement...




and reduced funding




Smaller and faster
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Microradiometer technology. A microradiometer
is an “intelligent” photodetector -- filter/photodetector,
DAS, microprocessor and RS485 communications in a
single small package. Clusters of microradiometers
can be ganged together in simple hierarchical
“networks” to produce small, high-speed multiple
wavelength radiometer systems.
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19 channel microradiometer radiance head
6.3 cm diameter




C-OPS 19 channel radiometers
in 7 cm pressure housing

In-water irradiance Surface irradiance In-water radiance



SuBOPS Deployment




SuBOPS constant buoyancy freefall
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C-OPS Deployment




C-OPS adjustable freefall system
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National Science Foundation’s UV Monitoring Network
Operated by Biospherical Instruments

Network Sites

° Ushuaia
Summit °
Palmer Statior.i

, South Pole Station
?arrow

'§an Diego McMurdo Station

Data Products
- Spectra of global (sun and sky) irradiance between 280 and 600 nm

- Integrated irradiance (e.g., UV-B, UV-A, and visible irradiance)

- Biologically effective dose-rates (>15 action spectra, e.g., UV Index)

- Actinic flux and photoloysis rates (e.g., O; — O('D) + O,)

- Total ozone - Effective albedo - Cloud optical depth - Modeled spectra




NSF UV Monitoring Network 2= =& w i@ ir 250 8

National Science Foundation
Polar Programs UV Monitoring

Where to get data?

www.biospherical.com/NSF

Sites
Instruments

Data/Report

SeaBASS™:
http://seabass.gsfc.nasa.gov
(Data from all sites have
been submitted, data from
Palmer are online)

Presentations

References

Links
Contact Us
User Login

Student's
Guide

BSI Home

WOUDCT:
www.woudc.org
(In March 2009)

* SeaWiFS Bio-optical Archive and Storage System
T World Ozone and UV Data Center

Network

Maintained by Biospherical Instruments Inc.

June 20, 2008

Welcome to the NSF Polar -
UV Monitoring Network
Web Site!

The National Science Foundation (NSF)
Ultraviolet (UV) Monitoring Network
was established in 1987 by the NSF
Division of Polar Programs in response
to serious ozone depletion reported in
Antarctica. Biospherical Instruments installed the first instruments in
1988 and has operated the network since then. The network is
providing data to researchers studying the effects of ozone depletion
on terrestrial and marine biological systems. Network data is also used
for the validation of satellite observations and for the verification of
models describing the transfer of radiation through the atmosphere.

Shortcuts

= Updates on UV irradiance levels
View and download our latest data and track changes in UV at
our Antarctic sites as the ozone hole progresses.

= Download and order network data products
"Version 0" data of Volume 15 from all sites but Ushuaia as well
as final Volume 16 data for McMurdo, South Pole, and Barrow are
now online (Login required).

= Version 2 NSF network data
Access our latest data release!
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Selected Software Lessons Learned

Data acquisition and data processing have different , sometimes competing
goals

Acquisition software needs to provide enough data processing in (almost ) real
time to help assure the best dataset

Acquisition software n eed s flexibility in data output and storage format s

Acquisition software n eed s to be able to report as much detail as the
researcher desires

All stages of the process requiresd  ocument (time, frame cou nts, raw data,
darks, calibrations, etc.) , document (what went in the water when  ?), and
document (where were we?)



