
(d) Biological studies: The radar may also be important
for studying the wildlife on the Antarctic Peninsula. Petrels,
gulls, and skuas must travel to open water to obtain their
food supplies. The distances they must fly over sea-ice to
reach the water affect their ability to survive the winter. The
radar is expected to provide valuable information that
might be used to predict survival or losses of these wildlife
specimens.

Personnel participating in this program in Antarctica
were John Kleppe, Paul Lag, Edward Schwalenberg, and
Joseph Warburton. This research was supported by National
Science Foundation grant o pp 76-17501.
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This field program was conducted aboard USCGC Burton
Island. The ship departed 10 February from Ushuaia,
Argentina, and penetrated the Weddell Sea, along the sea-
ice edge, to the barrier near 77.8°S. 35°W. The return leg,
through the Strait of Magellan and the Chilean inland
waterway, terminated at Valparai'so, Chile, 15 March (see
map in El-Sayed and Taguchi, 1977).

The science program consisted of three National Science
Foundation-sponsored efforts: an ice study (Ackley, 1977),
an integrated marine biology program (El-Sayed and
Taguchi, 1977), and a solar radiation effort by this writer,
who was expedition science coordinator. Only the radiation
program is considered here.

A primary goal of our research is to investigate the solar
radiation environment over waters surrounding Antarctica.
Both total and photosynthetically active radiation (PAR) are
of concern: the former because of its importance to air-ice-
sea energy budget studies; the latter for its relevance to
marine primary production. Since the Weddell Sea is a
region for which such radiation data are lacking, much of
our effort during the last year involved participation in this
expedition. Major emphasis was given to close coordination
with the onboard biological and sea-ice programs.

The sensing system was the same as that used on previous
expeditions. Two cross-calibrated pyranometers (Eppley
precision spectroradiometers) were used to measure the solar
irradiance. One measured the total flux (285 to 2800
nanometers); the other, a filtered sensor, measured the flux
in the infrared (700 to 2800 nanometers). From the dif-
ference in the two quantities measured, we determine the
PAR. In addition, a quantum sensor (Lambda silicon cell)
measured the photon count over the PAR waveband (400 to
700 nanometers). The sensors were pedestal-mounted on the
deck above the pilothouse at a height of 15 meters above
mean water level. A high starboard exposure was selected in

order to minimize ship-shadow effects. All signals were
recorded on analog strip-chart potentiometers.

Data are being reduced in terms of half-hourly, half- dai-
ly, and daily values of total irradiance, PAR, and photon
count. The relationships between these quantities will be in-
vestigated to determine their dependency on latitude,
cloudiness, and surface ice conditions. Special emphasis will
be given to correlating our findings with the results of in situ
experiments of biological primary productivity, and those of
the sea-ice study.

The availability of solar radiation data for the Weddell
Sea area is unique. Combining the anticipated results with
other findings for the western South Atlantic Ocean
(Franceschini, 1977), will give us a definitive description,
and better understanding, of the radiation environment in
this region. These composite results will then be integrated
with similar findings for limited sectors of the southwest S.
Pacific Ocean and the southeastern Indian Ocean
(Franceschini, 1973). Such an integrated study, though
areally restricted, will give us our first glimpse of the solar
radiation environment over the southern ocean.

On behalf of the scientific contingent, I extend sincere ap-
preciation to Captain James M. Fournier, U.S. Coast
Guard, and his crew of Burton Island for their positive con-
tribution to the success and high productivity of this field
program. Each is commended for his cooperative spirit, ex-
cellent support, active participation, and valued
camaraderie.

This effort was conducted under National Science Foun-
dation grant DPP 76-01121.
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Our research is directed toward strengthening under-
standing of the distribution and quality of solar radiation
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over waters surrounding Antarctica. This knowledge is basic
to studies that are concerned with the energetics of physical
and biological systems in the region. During 1976-1977, our
efforts were twofold: processing, evaluation, and diagnoses
of data obtained during the fall and spring of 1975, and
continuation of the measurement program during the Wed-
deli Sea expedition aboard USCGC Burton Island in February
and March 1977. The latter effort is discussed in
Franceschini (1977a).

Through cooperative arrangements, all measurements
were made in the South Atlantic Ocean aboard ARA Islas
Orcadas: cruises 3 (14 to 26 December 1974), 4(12 January
to 24 February 1975), 5 (5 May to 16 June 1975), and 7 (10
to 26 November 1975). Data for fall and spring cruises 5 and
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7 are new information; data for austral summer cruises 3
and 4 are presented in Franceschini (1977b), but are here
for comparison.

Irradiance data are based on shipboard measurements
made with pyranometers (Eppley precision spectro-
radiometers). Two intercalibrated sensors, exposed 2 meters
above the ship's helicopter pad, constituted the system. One
measured the total incident flux (285 to 2800 nanometers);
the other sensed the infrared (700 to 2800 nanometers). The
difference between these fluxes defines the photosynthetical-
ly active radiation (PAR). Half-hour averages were obtained
from digital readings made at 2-minute intervals. Daily
values were determined by summing the half-hour averages.
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Figure 1. The latitudinal variation of the average (profiles)
and range (horizontal bars) of daily incident solar irradiance
during three seasons as represented by data, for 5-degree
latitude belts, for Islas Orcadas cruises 3, 4, 5, and 7, in the

South Atlantic Ocean.

Figure 2. The latitudinal variation of photosynthetically
active radiation, PAR, expressed as a percentage of the daily
values given in figure 1. The profiles give averages; the
horizontal bars show the ranges. All refer to 5-degree

latitude belts for Islas Orcadas cruises 3, 4, 5 and 7.
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Based on daily values, arithmetic averages were computed
for 5-degree latitude zones.

Figure 1 shows the latitudinal profiles of the average,
daily total flux, and the ranges, i.e., interdiurnal extremes.
Figure 2 shows similar quantities of PAR expressed as per-
centages of daily totals. For convenience, range bars are
omitted for values less than 3 percent, although all data did
show small ranges.

Daily irradiance. Seasonal variations, associated with
astronomical constraints, were observed in the daily average
irradiances (figure 1). The largest values occurred during
cruise 3, which was centered on the summer solstice. During
late fall, as represented by cruise-5 data, the smallest
average irradiances occurred. For each latitude belt, these
fall values amounted to 5 to 14 percent of those during the
summer-solstice period. Intermediate values were observed
during the late spring and midsummer, as represented by
data for cruise 7 and 4, respectively. In general, the daily
fluxes decreased southward, and the minimum latitudinal
gradient was found during the fall. In response to changing
cloud amounts, interdiurnal ranges, often exceeding the
average values, were large in the 50° and 550 latitude belts.
The anomalous increase in the maximum value at 65°S. is
presumed to be due to enhancement by highly reflecting
snow and ice surfaces of the Antarctic Peninsula. Such a
coastal phenomenon may have relevance to physical studies,
e.g., ice melt, as well as to biological investigations.

Photosynthetically active radiation. PAR is of primary im-
portance to studies of biological primary productivity. The
magnitude of this quantity decreased southward, in general.
However, when PAR values are expressed as a percent of the
total irradiance, the percentage values increased southward,
in general (figure 2). Average percentage values were
smallest during cruise 3 when total fluxes were largest. Com-
pared to these summer-solstice average values, those for all
other periods, including minimum values, were larger at all
latitudes. In all latitude zones for each seasonal profile,
maximum values of percent-PAR were consistently associated
with minimum daily fluxes, and vice versa. That is, a larger
percentage was observed under cloudy skies than under clear
to partly cloudy conditions. Hence, sky conditions, as well as
astronomical factors, play a major role in modifying the
quality of solar energy made available to the ocean. Again,
the influence of snow and ice, which are highly reflective in
the visible part of the spectrum, may be inferred from the
data at 65°S. Enhancement of PAR in these coastal regions
could be important to the study of ecosystem energetics
around Antarctica. Indeed, enhancement by bright, sandy
beaches may play a similarly important role at other
latitudes.

As a consequence of changing cloudiness, incident total
solar radiation, as well as PAR invariably shows a diurnal

asymmetry with respect to local apparent noon. Since
seasonal or annual estimates of marine organic production
are often based on in situ experiments of half-day duration,
this diurnal asymmetry may introduce a misleading bias. Of
the daily total energy, the fraction realized in the p.m.
period varied from 40 to 60 percent during the late fall, and
showed a somewhat larger range, 37 to 65 percent, during
the late spring. These are similar to those found during
cruises 3 and 4: 44 to 70 percent and 36 to 63 percent
(Franceschini, 1977b). Appreciably larger variations were
found during the austral summer in the southeastern Indian
Ocean, 14 to 74 percent, and in the southwest South Pacific
Ocean, 15 to 63 percent (Franceschini, 1973).

Fortunately, our ignorance of the solar radiation environ-
ment over waters surrounding Antarctica is slowly being
reduced. As a consequence of the Weddell Sea Expedition
this year, there now remain only two areas that are essential-
ly data deserts: the southeast South Pacific Ocean and the
region south of Africa in the Atlantic and the Indian
Oceans.

The unique triple-point, where atmosphere meets water
and ice, presents another challenging problem. If the radia-
tional situation were accurately described, this would furn-
ish guidance toward a better understanding of the interac-
tions that take place at the barrier and the sea-ice edge.
Such a portraiture, stemming from coastal installations or
low-level flights, would be desirable, and could clarify the
suggested coastal enhancement reported in this study.

Of equal importance to energy budget studies is the
definition of the vertical distribution of radiation within the
water mass. In addition to forming a basis for heat budget
studies, such measurements would delineate the euphotic
zone and assist in quantifying marine photosynthesis.

The research reported here was made possible by Na-
tional Science Foundation grants o pp 76-01121 and DPP
76-01121. Thanks are extended to P. Dudley-Hart and the
Argentine contingent for assistance in monitoring the sen-
sors.
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