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Spectral measurements of ultraviolet and visible solar
irradiance at the Weddell-Scotia Confluence during 1993

austral spring
RICHARD J. SIKORSIU, Rosenstiel School of Marine and Atmospheric Science, University of Miami, Miami, Florida 33149
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S
pectral measurements were made of incident and undersea
solar irradiance in the October and November 1993 austral

spring, during transits of a low ozone "hole" over the Wed-
dell-Scotia Confluence. Several scanning radiometers were
intercalibrated between research groups and used for measure-
ments of ultraviolet (UV) and visible exposure for in situ
processes and for on-deck and in-lab productivity, photoinhi-
bition, and photochemistry experiments. The intercalibration
of instruments also gave valuable information for comparison
of data from various published and unpublished sources. Fur-
ther details on biological investigations are given in companion
articles (see Neale and Spector, Antarctic Journal, in this issue).

An Optronics model OL 752 scanning spectroradiometer
(250-800 nanometers) and a LI-COR LI-1800UW spectrora-
diometer (300-850 nanometers) were used to measure sur-
face incident solar irradiance. The LI-1800UW spectrora-
diometer is submersible and also was used to measure near-
surface undersea spectral irradiance (data not shown). These
instruments were intercalibrated at sea in a light-sealed dark
room on an optical bench using a known-spectrum 1,000-
watt lamp. The OL 752 spectroradiometer also was calibrated
over a broad range of temperatures (-5°C to +25°C), and a
record was kept of its operating temperature during the
cruise. A factory-calibrated Biospherical Instruments PUV-
510 medium-resolution five-channel radiometer [7.5-

nanometer half-height bandwidth at 304, 318, 344, and 384
nanometers, plus photosynthetically available radiation
(PAR)] was mounted on the mast. An optically similar
radiometer, the PUV-500, with an additional natural fluores-
cence channel (680 nanometers), was attached to a hand-
winch for simultaneous undersea measurements (data not
shown). Atmospheric ozone concentrations were derived
from Total Ozone Mapping Spectrometer (TOMS) satellite
imagery. Meteorological data, hydrologic data, and ship
pitch-and-roll data also were collected (data not shown) to
assist in processing the optical data, and to allow future mod-
eling of optical processes as well as the modeling of the physi-
cal-mixing processes that determine the distribution of
organisms and chemical compounds in the water column.

TOMS satellite imagery indicated that the region of low
atmospheric ozone concentrations, the austral spring ozone
hole over the Antarctic, rotated and oscillated during the time
of this research cruise. As a result, the ozone concentration
over the ship varied considerably day to day. Although the
concentration was normally greater than 300 Dobson units
(DU), it dropped to less than 175 DU at near 60 0S 520W on 26
October 1993 (data not shown). TOMS images were usually
available to the ship within several days.

For real-time estimates of total atmospheric ozone, the
concentration can be derived from incident solar irradiance
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measurements based on a ratio of wavelengths that ozone
absorbs (e.g., 304 nanometers) vs. wavelengths that ozone
does not strongly absorb (e.g., 344 nanometers) (Stamnes,
Slusser, and Bowen 1991). To be accurate, this method must
be calibrated for the mean optical pathlength through the
atmosphere due to diel, seasonal, and latitudinal changes in
solar zenith angle (angle from vertical). This method was
applied without the pathlength calibration, using continuous-
ly collected data from the 304-nanometer and 344-nanometer
channels of the mast-mounted PUV-510, to monitor relative
changes in UV irradiance due to transits of the ozone hole.
The maximum daily ratio of the 304-nanometer channel to
the 344-nanometer channel occurred at local apparent noon,
and varied from 2.5 percent to 9 percent (table). These varia-
tions corresponded with oscillations of the atmospheric
ozone hole over the station, as indicated by the TOMS
imagery.

The 304-nanometer / 344-nanometer ratio varied smooth -
ly with the diel change in optical pathlength through the
atmosphere, and the ratio was not greatly perturbed by
changes in cloud cover (figure 1). On the other hand, irradi-
ance at 344 nanometers was strongly affected by changing
cloud cover, and the maximum daily value varied from 10 to
45 microwatts per square centimeter per nanometer.

The OL 750 spectroradiometer recorded surface-incident
solar irradiance (250-800 nanometers) throughout the cruise
at 20-minute intervals. Maximum daily incident UV irradi-
ance during high and low ozone conditions varied more than
two orders of magnitude at some wavelengths, reaching the
highest values on 26 October (figure 2).

Mast-mounted PUV-510 radiometer summary
NOTE: Irradiance at 344 nanometers, given in microwatts per
square centimeter per nanometer, and the ratio of the irradi-
ances measured in the channels with 304 nanometer to 344
nanometer center wavelength.

October 13	 25	 .06
October 14	 30	 .06
October 15	 30	 .06
October 17	 20	 .045
October 19	 35	 .035
October 20	 20	 .035
October 22	 30	 .065
October 24	 25	 .055
October 25	 20	 .065
October 26	 40	 .09
October 27	 30	 .065
October 28	 35	 .045
October 29	 40	 .025
October 30	 45	 .025
October 31	 40	 .035
November 1	 40	 .06
November 2	 20	 .075
November 3	 10	 .080

Simultaneous measurements by multiple instruments are
important for obtaining reliable solar UV irradiance data. For
example, channel 1 on the PIJV-500/510 was originally speci-
fied by the manufacturer as having a 308-nanometer nominal
center wavelength; however, comparison of integrated scans
from the Optronics OL 752 vs. the PUV-510 channel 1 indicat-
ed a miscalibration (figure 3). The manufacturer of the PUV-
500/5 10 corrected this during the cruise with an advance copy
of their new calibration file, shifting the center wavelength of
the short UV channel from 308 nanometers to 304 nanome-
ters. Due to the sharp gradient in solar UV irradiance vs. wave-
length, a shift of 4 nanometers in the center wavelength of the
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Figure 1. Solar UV irradiance diel vs. Greenwich mean time (local time
+3h) measured by the mast-mounted PUV-510 on a day with heavy
cloud cover in the morning, 30 October 1993 (59 037'S 52 0 10W). A.
344-nanometer channel (microwatts per square centimeter per
nanometer). B. Ratio of channels with 304- and 344-nanometer center
wavelength.
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Figure 2. Maximum solar UV irradiance (microwatts per square cen-
timeter per nanometer) (log scale) measured by OL 752 near local
apparent noon. Solid square: 26 October 1993 (59 055'S 52°09'W);
open square: 30 October 1993 (59037S 520 1 OW).
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Figure 3. Solar irradiance (7.5-nanometer bandwidth at half-height)
measured with OL 752 and PUV-510 using the original calibration.

broadband UV channel resulted in an order-of-magnitude
shift in irradiance. The other PUV-500/510 channels were not
changed greatly by the recalibration.
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Icecolors '93: Biological weighting function for the ultraviolet
inhibition of carbon fixation in a natural antarctic

phytoplankton community
NICOLAS BOUCHER, BARBARA B. PREZEUN, T. EVENS, R. JOVINE, B. KROON, M.A. MOUNE, and 0. SCHOFIELD, Marine
Primary Productivity Group, Department of Biological Sciences, University of California, Santa Barbara, California 93106

T
he goals of the Icecolors '93 expedition were

• to develop a space/time climatology of incident and pene-
trating spectral irradiance for the southern oceans,

• to quantify the ultraviolet (UV) dependency of primary
production for pelagic (Prézelin, Boucher, and Matlick in
press) and substrate-associated (see Evens et al., Antarctic
Journal, in this issue; Schofield, Kroon, and Prézelin in
press) antarctic phytoplankton communities, and

• to determine the liv inhibition effects on key target sites.
(See Jovine and Prézelin, Antarctic Journal, in this issue;
Kroon, Schofield, and Prézelin in press.)

The study was conducted at Palmer Station, Antarctica, prior
to the opening of the ozone "hole" and during the onset of
depletion (August and September 1993) and onboard the R/V
Polar Duke along the Antarctic Peninsula for the remainder of
the austral spring. In 1993, the ozone hole developed in early
August and did not close before late December (figure 1). It
was the most severe depletion ever recorded over the Antarc-
tic Peninsula, and its occurrence reinforced the need for a
better understanding of the effect of UV radiation on the
antarctic ecosystem.

The impact of UV radiation on primary producers is a
concern because the timing of the ozone diminution over the
southern oceans and concomitant increases in UV-B radia-
tion coincide with the beginning of the phytoplankton grow-

ing season (Smith et al. 1992, pp. 509-537). An important step
to improve predictive models of phytoplankton productivity
in enhanced-UV environments is to determine the spectral
dependency of the sensitivity of natural communities to
ambient liv radiation. With the knowledge of such a biologi-
cal weighting function, one can link any change in UV radia-
tion—dependent upon season, time of the day, cloud and ice
cover, stratospheric ozone concentration, and position in the

-	 Palmer	 10. _ Polar_--a.
 Duke

Figure 1. Stratospheric ozone column concentration (DU) above
Palmer Station, Antarctica (Meteor 3 TOMS data), and midday (1200
Greenwich mean time) UV-B (280-320 nm) irradiance [in microwatts
per square centimeter (1.tW cm- 2)] at the Palmer Station National Sci-
ence Foundation/Office of Polar Programs UV-monitoring station
(Booth et al. 1994) during the !cecolors '93 expedition.
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