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1. INTRODUCTION

Literature in recent years has stressed the
significance of polynyas. Brine rejected by the production
of ice in polynyas contributes to the formation of Antarctic
Bottom Water, and is thought to effect ocean circulation
on a global scale (e.g. Gordon and Comiso, 1988).  This
has generated research into the physical processes that
control the size and distribution of these phenomena.
Several one-dimensional, wind-driven coastal polynya
models examine the wintertime behavior of polynyas with
some success (Pease, 1987; Ou, 1988; Darby et al.,
1995; Van Woert, 1999).  Gallee (1997) and Dare et al,
(1999) couple polynya and atmospheric models,
distinguishing the unique atmospheric conditions that
exist as a result of open water adjacent to land and sea
ice.  Other (non-modeling) work investigating the relation
of polynyas to atmospheric and oceanographic forcing
includes Kurtz and Bromwich (1985), Cavalieri and Martin
(1985), Zwally et al. (1985), Bromwich et al. (1998), and
Jacobs and Comiso (1989).

The impact of polynyas is thought to be greatest in
winter due to increased heat loss between the ocean and
atmosphere.  In the case of latent heat (wind-driven)
polynyas, this creates an ideal environment for large-
scale ice production.  Strong offshore winds cause
evaporative heat loss to the atmosphere, and ice forms as
a result.  The winds remove the ice, and the cycle
repeats.  The brine rejected by the production of huge
quantities of ice contributes significantly to the density of
surface and underlying water masses (Gordon and
Comiso, 1988; Zwally et al, 1985).

This is one reason studies and modeling efforts to
date have concentrated mainly on winter months.
Another is the simplification of winter conditions.  The
input of shortwave energy from the sun can be neglected
(this is a difficult term to estimate due to the lack of quality
cloud cover data in the high latitudes).  Furthermore,
terms for the melting of edge and frazil ice (processes
that are not fully understood) can be neglected in winter.
However, understanding the year-round behavior and
climatic/oceanographic impacts of polynyas is essential to
the improvement of modeling efforts.  For example, the
spatial extent of the Ross Sea (RS) Polynya is greater
during the spring/summer seasons than winter (Fig. 1).
This is expected, as increased shortwave radiation and
higher temperatures occur in summer and inhibit the
production of ice.
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igure 1. Area where RS Polynya usually forms.
urves labeled with dates indicate typical progression of
S polynya expansion through the summer.  Asterisks
re used to indicate the position of Ferrell (07) and
hitlock (13) AWS.  Adapted from Naval Polar
ceanography Center (1987), and Rogers et al (1999).
Therefore, as a part of the ROAVERRS (Research
n Ocean-Atmosphere Variability and Ecosystem
esponse in the Ross Sea) program, the spring and
ummer dynamics of the RS Polynya are investigated.
ocated to the to the east of Ross Island approximately
etween 170° E and 170° W, this polynya is bounded to

he south by the Ross Ice Shelf (RIS).  Rogers et al.
1999) examined the springtime opening conditions
urrounding the RS.  This study is an extension of that
ork into the summer months.  A simple, one-
imensional, wind-driven coastal polynya model is used

o examine the forcing of the RS Polynya in summer.

. THE MODEL

The one-dimensional coastal polynya model used in
his study is adapted from the models of Pease (1987),
u (1988), Darby (1995), and Van Woert (1999).
ssuming that the frazil ice drifts downwind much faster

han the polynya expands, the state of a polynya with
espect to time is (Pease, 1987),
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here Ui(t) is the ice drift velocity, L(t) is width of the
olynya, P is the ice production rate, and Hi is the frazil

ce collection depth.  The value of Ui is generally taken as
% of the 10 m wind speed (U10) (e.g. Martinson and
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Wamser, 1990; Van Woert, 1999).  In this model U10 is a
function of prevailing wind direction at Ferrell AWS
(~195°), and is given by,

                  °)−−= 15cosVU 1010 (θ                (2)
where V10 is the wind speed at Ferrell AWS, after
modifying from 3 m to 10 m and reflecting a decrease in
surface roughness over open water, and θ is the wind
direction at Ferrell AWS.  Generally, V10 is greater than
the 3 m wind speed at Ferrell by about 1.5.  Equation (2)
allows for a wind contribution based on how near to the
prevailing SSW wind the actual wind direction is.  Note
that northerly winds in this equation cause U10 to become
negative, contributing to a lessening of the polynya width
given in (1).

The ice production rate is (Pease, 1987),

                        if
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where Qnet is the net upward heat flux, Lf is the latent heat
of fusion (3.34 X 105 J/kg) and ρi is the ice density (950
kg/m3). Qnet is given by,

                   sleswlwnet QQQQQ +++=                    (4)
where Qlw is the longwave radiation, Qsw is the shortwave
radiation, Qle is the latent (evaporative) heat flux, and Qs
is the sensible heat flux.  All fluxes are positive upward.
Qsw is estimated based on the solar constant and the
position of the earth with respect to the sun (Allen et al.,
1998).  Cloud cover observations are considered in the
calculation of Qlw and Qsw.  For the purpose of brevity, the
heat flux terms will not be elaborated on in this text.

3. INPUT DATA

Data from Ferrell AWS (77.93° S, 170.82° E) are
used as model input.  Ferrell AWS is chosen for its
proximity to the RS Polynya, as well as the consistent
southerly winds recorded there.  These winds are thought
to have a major controlling impact on the behavior of the
RS Polynya (Bromwich et al., 1998; Rogers et al., 1999).
In addition to the data at Ferrell, cloud cover data is taken
from observations at McMurdo and multiplied by a factor
of 1.2 to account for the increase in cloud amount over
open water.

The period chosen for the model run spans Winter
1993 through Winter 1998.  These years have good data
continuity and capture five consecutive melt seasons.  In
general, more than 90% of the possible data is available
for each month during this time.  Furthermore, this period
captures interannual variability in weather parameters and
polynya size, especially during the weak La Nina (1996-
97) and strong El Nino (1997-98) years (Ledley et al.,
1997; Bromwich et al., 2000).

It is appropriate to discuss the effectiveness of
Ferrell AWS in representing the wind and temperature
conditions over the RS Polynya.  Indeed, when the extent
is not far from the face of the Ross Ice Shelf, the winds
over the polynya may be similar to those at Ferrell AWS.
However, with northward expansion in summer (Fig. 1),
there is most likely significant spatial variability in wind

speed and direction over the polynya.  Additionally, strong
temperature gradients exist between the continentality of
the Ross Ice Shelf and the maritime conditions over the
polynya.  Therefore, when using Ferrell AWS (or any
single-point data) to predict the extent of the RS Polynya,
it should be considered that a decrease in both temporal
and spatial accuracy of the model will occur as the
polynya expands.

In the future, the model will be driven by gridded
output from the Polar MM5, a hybrid version of the
Pennsylvania State / NCAR Mesoscale Model 5, modified
to represent parameterizations over extensive ice sheets
(Bromwich et al., 2001).  It is anticipated that these data
will better capture the variable conditions that result as
the polynya grows.  In addition, this data should represent
the maritime setting present over the polynya.

4. MODEL VERIFICATION

Special Sensor Microwave Imager (SSM/I) passive
microwave satellite data is used as a means of comparing
modeled output to actual ice conditions in the Ross Sea.
The surface area of the RS polynya is calculated in the
area bounded by 165° E to 140° W, 70°S to the Ross Ice
Shelf (around 78° S). The satellite information is
processed via the "NASA TEAM" algorithm (Gloerson and
Cavalieri, 1986).  This algorithm uses the 19 and 37
gigahertz (GHz) vertical and 19 GHz horizontal
polarization data.  In order to calculate the size of the RS
polynya (which is generally indicative of the total open
water area of the domain defined above), the processed
microwave satellite data are projected onto a
latitude/longitude grid and pixels of the grid are then
classified according to the percentage of sea ice each
contains.  In this study, we use pixels that are classified
as having zero percent ice cover for the purpose of
gauging the springtime expansion of the RS polynya.

Due to limitations, the satellite derived width of the
polynya cannot be calculated with this particular version
of data.  Therefore, the SSM/I derived polynya size is
based on ice-free area, whereas the modeled output is
based on width.  For the purpose of comparison, it is
assumed that the area of the polynya remains
proportional to the width.  The Byrd Polar Research
Center has just obtained an updated version of the SSM/I
data that will enable the explicit measurement of the RS
Polynya width.   A comparison using these results will be
published at a later date.

5. RESULTS

Figure 2 shows a plot of the modeled RS Polynya
width vs. the SSM/I derived ice-free area for Winter 1993
through Winter 1998.  Two variables are used to compare
the curves: interannual variability and timing (lag).   A
comparison of the magnitude of the curves is not given at
this phase of the study, as it is impractical to associate
the modeled width (one-dimensional) with the satellite-
derived area (two-dimensional).

Interannual variability: According to the satellite
analysis, there is little interannual variability in ice
coverage in the first three seasons of the study.
However, the modeled data suggest otherwise - a large
difference is observed between these three years.  The



final two years of modeling (1996-97 and 1997-98 –
coincidentally La Nina and El Nino years) compare
reasonably with the SSM/I derived data.  Using these two
seasons as a gauge, the modeled 1994-95 season also
reasonably captures interannual variation.  This leaves
the 1993-94 (1st year – too low) and 1995-96 (3rd year -
too high) unexplained by the model.

On the low model-predicted 1993-94 season: An
examination of monthly averaged data at Ferrell AWS
(not shown), indicates the December 1993 average
temperatures are the lowest of the period (~2Co lower).
This would increase the upward heat loss, Qnet (4),
extending ice production (3) into the summer.  Wind
speeds are also lower in November and December 1993
when compared to other melt seasons.  This would
contribute directly to lower outward edge velocity caused
by southerly winds (1).  In January 1994, the winds are
further reduced by an average departure of 30 degrees
from the prevailing wind direction (195°), the largest
departure seen in any of the years.  This would lessen
wind speed from that at 195o by about 13%, as given in
(2). These three factors may contribute to the low model
prediction in 1993-94.  However, as discussed in Section
3, the more likely cause of difference is due to the use of
a single AWS site to represent conditions that cover a
large spatial area.

On the high model-predicted 1995-96 season: Winds
in  1995-96 are generally higher when compared to the
other years. This leads to greater outward edge velocity,
perhaps over-predicting polynya expansion.  Again
however, the use of one site to represent a large region is
the most likely source of discrepancy.  Also, as mentioned
in Section 4, the SSM/I data currently used covers the
entire Ross Sea, not just the RS Polynya.  All of this
poses the question: does the model perform deficiently in
these two seasons, or are atmospheric conditions near
the RS Polynya during these years much different from
the rest of the Ross Sea?  Hopefully, this will be
answered in the near future when 1) satellite-derived
polynya widths are explicitly measured and compared to
the modeled widths, and 2) the Polar MM5 output is used
to drive the model.

Timing-upward leg: The temporal offset of the
spring/summer polynya expansion (upward leg in Fig. 2)
in relation to the SSM/I (lagging) data may be partly
explained by the coarse data resolution of the SSM/I data.
Only pixels that are 100% ice free are used to determine
polynya size, and therefore a large percentage of open
water may exist early in the melt season that is not
accounted for in the SSM/I data.  However, as the season
progresses, the error introduced by not including these
pixels becomes insignificant with respect to polynya size.
Another explanation may be that the winds at Ferrell
AWS, while capturing the opening conditions
satisfactorily, are too strong to represent the polynya once
it expands northward.

Timing-downward leg: The temporal offset of the
autumn polynya contraction (downward leg in Fig. 2)
when compared with the SSM/I data is most likely due to
the lack of oceanic heat storage in the model.  In the
future, a heat loss term will be added in an attempt to
improve the downward leg.  However, this is a fairly
complicated, 3-dimensional mechanism, that may be

difficult to account for realistically in a model of this
simplicity.

Figure 2.  Modeled RS Polynya width vs. SSM/I derived
ice-free area.

6. CONCLUSIONS

This summary provides an overview of progress to
date.  In the future we plan to:
1)  Better assess the model performance by explicitly
measuring the polynya width using satellite-derived data
2)  Perform simulations using data derived from the Polar
MM5, a mesoscale model developed for use over
extensive ice sheets.  These data may better capture
conditions over open water which are not explained by
AWS data.
3)  Determine what mechanisms force the dynamics of
the Ross Sea Polynya during summer.
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