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High-resolution ultraviolet spectral
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growing) of data available to polar
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In the fall of 1987, responding to the serious ozone depletion
reported in Antarctica, the Office of Polar Programs of the Na-
tional Science Foundation called for the establishment of an
ultraviolet monitoring system in Antarctica. This network was
brought on-line in 1988, and we present the details of its operation
and examples of recent data products here. This network is the
first automated, high-resolution ultraviolet (UV) scanning spec-
troradiometer network installed in the world. It has been largely
successful in operation in the harshest environments of Antarc-
tica and the Arctic and is currently returning data to researchers
studying the effects of ozone depletion on terrestrial and marine
biological systems; in addition, it is being used in development
and verification of models of atmospheric light transmission.

Spectroradiometers were installed in four locations between
February and November 1988; a fifth instrument located at Bar-
row, Alaska, was installed in December 1990. The table lists the
positions and the period of data referred to in this report for
these sites.

The spectroradiometer is based on a temperature-stabilized
double-scanning monochromator coupled to a photomultiplier
tube (PMT) detector (figure 1.) The system is optimized for
operation in the UV. A vacuum- formed Teflon diffuser serves as
an all-weather irradiance collector and is heated by the system to
discourage ice and snow buildup. The instrument has wave-
length and intensity calibration lamps for automatic calibrations
at programmed intervals (typically two to four times per day). A
data acquisition system accompanies the instrument, and an
IBM-compatible computer is used to control the system and log
the data. (See figure 1.) The system hardware is divided into two
sections. The first section, consisting of the irradiance collector,
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Figure 1. Cutaway diagram of monochromator and collection optics.

monochromator, PMT, and calibration sources, is housed in a fully
weatherproof enclosure built into the roof of a building at the site.
Located up to 15.24 meters away, typically on a laboratory bench,
is the remainder of the system, consisting of power supplies,
temperature controllers, electronic interfaces, and the personal
computer. In addition to the internal, automatically controlled
sources for wavelength and sensitivity calibration, a separate cali-
bration fixture mounted above the irradiance collector is provided
for periodic manual calibrations, typically every 2 weeks.

The f/3.5, 0.1-meter, double monochromator is the heart of the
system; it is configured with 167-micron input/output slits and
a 250-micron intermediate slit. The holographic gratings have
1,200 grooves/ millimeter blazed at 250 nanometers and driven
by a stepping motor with a step size of 0.05 nanometer. The spec-
tral bandwidth is a nominal 0.75 nanometer. The photomulti-
plier tube is a 28-millimeter diameter, 11-stage device with a
bialkali cathode and a quartz window. It is housed in a cooled
enclosure, maintained at approximately 0 'C, to reduce dark
current and noise. Temperature of the monochromator is care-
fully monitored and controlled and is typically stable to 0.5 'C. In
addition to the frequent calibrations with the internal stand-
ards, periodic calibration of the system uses an optical standard
traceable to the National Institute of Standards and Technology.

Data scans are conducted on an hourly basis when the sun is
above the horizon. Data are collected on a reduced schedule at
night. This provides a complete history of the operation of the
instrument throughout a complete temperature cycle. Back-
ground data (Eppley sensors and instrument temperature) are
collected over 24 hours at 5-minute intervals. At sites inside the
arctic or antarctic circles, the instrument is operated on a reduced
scan schedule during the winter darkness.

There are several classes of data that are available to the

Installation sites
ID#	Site	 Longitude	Latitude	Established	 Normal Season

1	McMurdo, Antarctica
2	Palmer, Antarctica
3	South Pole, Antarctica
4	Ushuaia, Argentina*
5	San Diego, Calif ornia**
6	Barrow, Alaska***

166.40' E
64.03' W
0.00'

68.00 W
117.00' W
156.4T W

77.51'S
64.46 S
90.00' S
54.59 S
32.00' N
71.18' N

March 1988
May 1988
February 1988
November 1988
1990
December 1990

August-April
Year-round
September to March
Year-round
Testing facility, no reported data
January to November

*CADIC: Centro Austral de lnvestigaciones Cientificas, Argentina.
"Full-time data available after November 1992.
***UIC/NARL: Ukpeagvik Inupiat Corporation/(formerly) Naval Arctic Research Laboratory.

338	 ANTARCTIC JOURNAL



RA

0.2
0.18
0.16
0.14
0.12

E 0.1

- 0.06
• I.

• S

SI

S

1-Sep 29-Sep 27-Od 24.Ncw 22-Dec

IiJ

390

2.34a)
C
0

290

Cn 240
0I-

U	1990

—X----- 1991 ;;<
x,

;x I>(x

X^l

X
X

190

140
1-Sep 29-Sep 27-Oct 24-Nov 22-Dec

Figure 2. (A) NASA TOMS ozone data (left). 1990 readings are significantly lower than those in 1991 and correspond to the higher levels of
observed UV. (B) Example time series of dose-weighted irradiance at McMurdo available from the network. In this example, Setlow's (1974)
dose weighting has been used to calculate the dose-weighted irradiance.

various segments of the research community. Level 1 data are in
their original binary form and are uncorrected for offsets or
wavelength errors. These data are only available to approved
NSF- sponsored researchers. Level 2 data have been referenced
to calibration constants determined at the beginning of the sea-
son and have been corrected for wavelength errors and daily
changes in responsivity, based on daily scans of the internal
lamp wavelength and instrument responsivity. Level 2 data is
available in near real time at most sites for NSF-sponsored
researchers conducting research at that site. These data are
provisional, and investigators are cautioned to check with
Biospherical Instruments before any final conclusions or publica-
tions are made using these data, as they are subject to revision.
Level 3 data are referenced to both beginning and end-of-season
calibration events in order to compensate for system changes,
long-term drifts, such as calibration lamp aging, or other effects.
Furthermore, Level 3 data include corrections for instrument and
ambient-temperature fluctuations, as well as other retrospective
corrections. Level 3 data are distributed on a CD-ROM and are
generally available to any researcher (request data through
NSF). Level 3 data are normally made available during the
summer for the period covering the previous 12 months.

Data are processed in microwatts per square centimeter per
nanometer and are available in two forms: Database data where
time series of parameters of interest are collected into data files
that are readily computer-readable and individual files with full
spectral resolution for each hourly scan. There are three types of
data bases: spectral integrals including dose weightings (figures
3 and 6), irradiances at selected wavelengths (figures 4a, 4c, and
5), and quality control data bases. Data at the full spectral resolu-
tion (figure 5) are available as individual data files for each scan
segment. Because of the large number of these files (up to 30,000
per site per year), these files are distributed on a 1S09660 CD-
ROM in ASCII comma separated values format (CSV). Small

numbers of these full- resolution files are also available by other
means of electronic distribution. (Contact Biospherical Instru-
ments for details.)

Over the past 5 years this network of instruments has provided
data for the support of several research programs, the details of
which may be found in the following references: Lubin and Fred-
erick (1990,1991, 1992), Lubin et al. (1989,1992), Smith et al. (1990,
1991,1992), and Stamnes et al. (1990,1991,1992). Examples of data
recently obtained are shown in the following figures.

Figures 2 and 3 contrast the 1990 and 1991 austral spring
seasons at McMurdo Station. In 1990 there was considerably
greater ozone depletion (figure 2), and this was reflected in higher
1990 levels of biologically active UV irradiance (figure 3).

Figure 3 examines the irradiance environment at the South Pole
for the period l5 September to 15 December 1991. The major feature
in the time series of irradiance for 300 nanometers, where ozone
strongly absorbs (figure 3a), coincides with a reduction and subse-
quent increase in ozone concentration (figure 3b). This is in con-
trast with the 400-nanometer irradiance, where ozone is transpar-
ent (figure 3d). UV-B, spanning the spectral region of 280-320
nanometers, is also ozone-sensitive (figure 3c). Between 11 and 17
November 1991 the total column ozone concentration over the
South Pole doubled. The change in the UV-B spectral irradiance
between these two dates is shown in figure 5. With this high-
resolution spectral data, we are able to use Setlow's (1974) dose
weighting to calculate the change in biologically active radiation,
as shown in figure 6. Integration under these curves shows a 67
percent decrease in instantaneous dose-weighted irradiance.

In figures 4a and 4b the effect of ozone depletion over the
South Pole can be clearly seen. The irradiance at 400 nanometers
(figure 3c) regularly increased during the season as the sun
approached solstice (barring clouds and occasional shading of
the instrument by other apparatus). To increasingly greater de-
gree with decreasing wavelength, the time course of irradiance
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Figure 3. (A) Time series of Irradiance at 300 nanometers at the South Pole. (B) Time series of ozone as reported by TOMS. Units are DobsonUnits. (C) Irradiance at 400 nanometers. During part of the year the collector was shaded, causing daily dips. (D) Time series of integratedUV-B (280-320 nanometers) Irradiance.
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Figure 4. (A) Spectral Irradiance over the South Pole (top) on 11 and 17 November 1991. (B) Spectral irradiance (bottom) from (A) with Setlow'sdose weighting applied.

resembles the inverse of the ozone concentration, particularly
when the sun is high, showing the strong correlation between
lower ozone and higher UV irradiance.

The need for the rapid set up of the UV-monitoring program
was established by Dr. Peter Wilkniss, Director, Office of Polar
Programs, National Science Foundation. We thank a variety of
contributors to this effort, including Sue Weiler, Steve Kottmeier,
John Cress, Susana Diaz, David Norton, Dan Endres, Chris Chu-
rylo, Tanya Mestechkina, John Tusson IV, and David Neuschuler.
TOMS (Total Ozone Mapping Spectrometer) are from the Toms
Update CD-ROM (TOMS 1992). Data from the NSF UV

spectroradiometer network is available to researchers on CD-
ROM. Consult the authors for details.

This is an ongoing Technical Project, #T-313, and the partici-
pants are subcontractors to the Antarctic Support Associates.
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The Antarctic Marine Geology
Research Facility 1991-1992

JONATHAN R. BRYAN

Department of Geology
Florida State University

Tallahassee, Florida 32306

The 1991-1992 project year (1 June to 31 May 1992) was a time
of change for the National Science Foundation's Antarctic Marine
Geology Research Facility at Florida State University (FSU).
Dennis S. Cassidy, curator of the facility for 28 years, retired at the
end of September 1991, and a new curator was hired by the FSU
Department of Geology. Cassidy's outstanding leadership and
organization of the facility made for a smooth transition. The
mission and activities of the facility continued with little inter-
ruption and are summarized below.

From the extensive collection of cored, dredged, trawled, and
grabbed sediments at the facility, a total of 1,129 samples were
distributed to 21 geoscientists representing 17 institutions and 4
countries. The curator received requests for samples taken from
the following cruises and drilling projects:
• USNS Eltanin: 879 samples from over 200 piston cores and 85
trigger cores;
• ARA Islas Orcadas: 16 samples from 2 piston cores;
• USCGC Glacier: 74 samples from 10 piston cores;
• Cenozoic Investigations of the Ross Sea (CIROS) 1 and 2: 96
samples; and
• R/V Polar Duke: 64 samples from 3 piston cores.

Two shipments of cores were received. These include 2 piston
cores from the February - March 1990 cruise of the R/V Polar Duke
to the Ross Sea/McMurdo Sound area (Anderson and Bartek

1990) and 8 piston cores, 8 trigger cores, and 4 gravity cores from
the January 1991 cruise of the same vessel around the northern
Antarctic Peninsula (Anderson 1991).

Over 250 paleomagnetic samples from various Eltanin and
Islas Orcadas piston cores were returned by Michael T. Ledbetter
(California State University). Numerous cores are on loan to Rice
University for X-ray analysis. These include 43 piston cores (15
Eltanin, 19 Glacier, 9 Polar Duke), 19 trigger cores (15 Eltanin, 4
Glacier), 2 Phleger cores (Eltanin), 2 trawled samples (Eltanin),
and 3 cores from the Ross Ice Shelf Project.

The facility hosted several visiting scientists during the project
year. Most of the investigators were obtaining samples; others
were inspecting the collections for their prospective research.
The following 15 geoscientists visited the facility on the follow-
ing dates: 9-11 July 1991: Scott E. Ishman (Byrd Polar Research
Center, Ohio State University) and Andrew Stein (Hamilton
College); 14-17 August 1991: David M. Harwood (University of
Nebraska), Xin Ke Jiang (University of Nebraska), and Gary S.
Wilson (Antarctic Research Centre, Victoria University of
Wellington, New Zealand); 28 February 1992: Valesca Maria
Portilla Eilert (Universidade Federal do Rio Grande do Sul,
Brazil); 9 March 1992: Rusty Lotti (Lamont-Doherty Geological
Observatory); 26-31 May 1992: John B. Anderson (Rice Univer-
sity), Laura Branfield (Rice University), Stephanie Shipp (Rice
University), Phil Bart (Rice University), Fernando Siringan (Rice
University), John Andrews (University of Colorado, Boulder),
Anne Jennings (University of Colorado, Boulder), and Kerstin
Williams (University of Colorado, Boulder).

Complete sediment descriptions for the 1985, 1986, and 1987
austral summer cruises of the USCGS Glacier (Anderson 1985;
Anderson et al. 1986; Jeffers and Anderson 1986; Anderson et al.
1987) and the 1986 cruise of the NSF-chartered research vessel
Polar Duke (Jeffers 1987) were near completion at the time of
Cassidy's retirement. The first order of business for the new
curator was the publication of this material. The facility is currently
entering all core and other sediment descriptions, including gra-
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