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ABSTRACT

During the 1980s extensive offshore geophysical surveys yielded over 100,000 measured ice
thicknesses in one area of the Arctic Archipelago. The date and location of these measurements
are known and can be compared with ice regime information on Canadian Ice Service ice charts
from the same time period. Air temperature data are available from Arctic Weather Stations at
Mould Bay and Isachsen, from which ice strength can be calculated. It has been demonstrated
that ice cover strength decreases by a factor of 10 from mid-winter to just before break-up. A
methodology has been proposed for using all the aforementioned data to make adjustments to the
strength factor p* in the CIS Ice Forecast Model for application in aiding ice forecasting in the
Canadian Arctic Archilelago.
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AN OVERVIEW OF ICE COVER THICKNESS AND
STRENGTH IN THE CANADIAN ARCTIC ARCHIPELAGO

1. INTRODUCTION

There is a renewed interest in the ice conditions of the Canadian Arctic Archipelago. In the
context of marine transportation this applies to shipping through various routes of the Northwest
Passage and access to natural gas reserves in the High Arctic in the area known as the Sverdrup
Basin. As a consequence, the Canadian Ice Service is looking at developing ice models to aid in
ice forecasting in these regions. This report will identify sourcee of historical ice thickness data
that merit analysis and demonstrate their use to predict ice cover strength for eventual inclusion in
a CIS Ice Forecast Model for the Arctic.

2. DATA SOURCES

Four sources of ice datawill be examined here; ice thickness measurements from drill holes, CIS
ice charts, climatological information and direct observations. Each of these data sources will be
described in turn.

2.1 Ice Thickness Data

During the 1970s extensive seismic surveys were conducted in the High Arctic in the search for
hydrocarbon resources. The ice cover between the islands is landfast for the winter and early
spring, so these seismic surveys were carried out on the ice cover in the March to May period of
the year. To conduct the surveys, “shot” holes were drilled at regular intervals, typically 165, 220
or 440 feet apart. Over 600 lines of length 10 to 60 km were surveyed, for a total of about 25,000
km. Altogether over 100,000 holes were drilled and, at the request of Sun Oil, ice thickness to
the nearest foot (0.3 m) was logged for each hole. The hole spacing was uniform for each line
with no deviations so the measurements represent an excellent sample of unbiased ice thickness
data. Ice thickness data for the years 1971 through 1980 are available. The general area of the
measurements is shown in Figure 1 and corresponds to a hydrocarbon rich geological province
known as the Sverdrup Basin.
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Figure 1 Ice thickness survey area of the Sverdrup Basin centred on Lougheed Island
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To illustrate the data in more detail the location of measurement lines in a spring 1978 survey
between Lougheed Island and the Noice Peninsula on Ellef Ringnes Island are shown in Figure 2.
While not exact, the approximate coordinates of the ends of the lines can be determined from
Figure 2. Knowing the spacing of the “shot” holes, in this case 220 ft or 67 m, a profile of ice
thickness can be determined. The thickness profile for line #22 is plotted in Figure 3. There is an
area of level ice near the north end of the line, which, from the evenness, one would expect it to
be first year ice. The thickness of 2.5 m, however, suggests it is most likely second year ice. The
rest of the ice was 5 to 10 m thick with a few thicknesses greater than 20 m, indicating heavily
ridged multiyear ice. Expanding a part of line #22 from 20 to 30 km (Figure 4), it is possible to
distinguish floes, one from 22 to 24 km, and another from 25 to 26 km and a third from 27 to 29
km. Profile line #22 comprised almost 1000 thickness measurements. A simple exceedance plot
of'ice thickness is presented in Figure 5. The distribution appears to be logarithmic. There are a
few thickness values less than 2 m, and referring to Figure 3, suggest the presence of a refrozen
leads, at 35 km and 47 km. Also Figure 5 shows a clustering of thicknesses at 2.5, 7.5 and 9.2 m.
While not presented here, line #21 also had one ice thickness less that 2 m at 35 km. In fact all
except one of the profile lines had a few thicknesses less 2 m. This suggests the presence of
leads, which would be zones of ice cover weakness in the spring and summer. A summary of the
thickness data from the 10 survey lines is presented in Table 1.
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Figure 2 Survey lines for 1978 Lougheed Island survey
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Figure 3 Ice thickness profile for line #22, starts in north and extends south
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Figure 4 Expansion of ice thickness profile for line #22 showing floe sizes
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Figure 5 Ice thickness probability exceedance plot for profile line #22

Table 1 Summary of ice thickness data from seismic survey lines

2.2 Ice Charts

The ice thickness information is localized to the axis of the survey lines, but can be used to verify
information on ice charts. CIS maintains an archive of digital Ice Charts extending over the same
time period as on-ice ice thicknesses were measured. To compare with the measured ice
thicknesses, ice charts from autumn 1977 and spring 1978 were examined. An ice chart for
September 9, 1977 is shown in Figure 6 and an expansion of the area around Lougheed Island is
presented in Figure 7. The area northeast of Lougheed Island is 9 tenths old ice, however there is
a region close to the Noice Peninsula with 1 tenth old ice and 7 tenths new ice. This new ice
could correspond to the level ice area at the north end of line #22 (see Figure 3). The ice charts
are geo-referenced and it is possible to superimpose ice thickness information from the 10 profile

line #| length | number of |"leads" average
(km) | "shot" holes thickness (m)
14 | 11.2 165 1 2.48
15 | 26.1 385 0 2.94
16 | 26.1 385 1 6.09
17 | 35.6 526 14 4.86
18 | 357 528 1 5.02
19 | 27.6 488 1 5.29
20 | 227 336 22 4.63
21 59.3 877 1 4.98
22 | 651 962 7 4.69
23 | 305 450 3 5.86
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lines, which are also geo-referenced, on a section of the ice chart. This has been done in Figure 8.
The width of the ice thickness profile lines corresponds to the ice thickness, as indicated in the
legend of Figure 8. The thinner ice adjacent to the Noice Peninsula is evident in the profile line
thicknesses of Figure 8. It is possible to use ice thickness data to identify “leads”. This is done
by assuming a lead to be wherever there was an ice thickness less than 2 m and plotting this
condition as a red dot in Figure 9. It can be seen that there were “leads” intersecting 9 of the 10
profile lines. This example illustrates that the ice thickness measurement data can be compared
with ice charts in a systematic and quantitative fashion.
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Figure 7 Extract of ice chart of 9 Sept. 1977 from Lougheed Island area
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Figure 8 Ice thickness profiles from spring 1978 surveys on 9 Sept. 1977 ice chart
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Figure 9 Lead locations from spring 1978 surveys on 9 Sept. 1977 ice chart
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2.3 Climatology Data

The climatology, particularly air temperature plays a major role in growth of ice over the winter
and weakening of the ice cover in the spring and summer. Break-up and movement of the ice
cover is also affected by wind. The CIS weather stations at Mould Bay and Isachsen, which were
in operation during the time period of this study, provide such data. Cumulative freezing degree
days and thawing degree days, relative to 0° C, were calculated for several seasons. Plots of
cumulative freezing degree days for two winters of air temperature data from Mould Bay are
plotted in Figure 10. Both winters were consistent with about 6500 freezing degree days, which
would grow a first year ice sheet to about a 2.0 m thickness. Cumulative thawing degree days,
mean daily temperature above 0°C accumulated from when air temperatures go above freezing,
are plotted in Figure 11. In this case there is considerable difference between the three years,
1976, 1977 and 1978. The summer of 1977 was considerably warmer and longer. As will be
demonstrated subsequently, not only the length, but also the start time of the thaw season is
important for determining ice strength.
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Figure 10 Accumulated freezing degree day from Mould Bay air temperatures
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Figure 11 Accumulated thawing degree day from Mould Bay air temperatures

2.4 Direct Observations

While no data from direct observations have been presented in this report, such data are available
from the Round Robin Flights made in the Arctic. An example is the visual images shown by
Bea Ault and Don Lindsay (presentation at CIS on March 30, 2005). Having access to these
images would provide more detail than is provided in the CIS digital ice charts and broaden the
very localized data from the ice thickness profile lines. Such observations also provide
information on floe size and the presence of leads. Time of ice break-up and movements might
also be obtained from the direct observations. Any other source of summer ice movements would
be very helpful.

3. ICE STRENGTH

Field measurements carried out by Johnston et al (2002, 2003) have shown that ice strength
decreases progressively from a maximum in mid-winter to a minimum in mid-summer. These
investigations revealed that the ice cover had already lost most of its strength by the time air
temperatures went above freezing (0° C). Work of Timco and Johnston (2002) and Johnston and
Timco (2002) related ice cover strength to warming of the ice cover, which was observed to
actually start in March in the Resolute region. CIS has used this work to produce a prototype ice
strength chart (Gauthier et al, 2002). The ice cover strength is related to Accumulated Warming
Degree Days (AWDD) defined by Timco and Johnston (2002) as

AWDD =X (Tmean - Tcutoff) (1)
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where Tyean 1S the mean daily air temperature and Ty iS @ baseline temperature in relation to
which warming is taken to occur. Ice strength and air and ice temperatures were measured in the
Resolute area, and based on them a cut off temperature of — 30° C was determined and the
accumulation of warming days taken to start on April 1. The following expression for normalized
strength was obtained

SThor = 1.0643 exp (-0.001 AWDD) 2)

This is an empirical expression and it was suggested that in other regions of the Arctic different
parameters for equation (1) and coefficients for equation (2) would have to be determined. For
Resolute a seasonal maximum of 2500 AWDD was reached after about 3 2 months. Using the
same cut-off temperature and starting date as for Resolute, AWDD for three seasons were
determined, based on Mould Bay air temperatures (see Figure 12). What is noteworthy here is
that on the basis of AWDD there is very little difference between the three seasons, however the
2500 degree-day threshold was reached 1 week earlier in 1977 than in 1978. Note also that it
took almost 4 months to reach the 2500 AWDD threshold at Mould Bay, as compared to about 3
% months for Resolute. This emphasized the desirability of validating ice strength expressions
for the Lougheed Island area of the Sverdrup Basin. Also, keep in mind that these expressions
apply for first year sea ice and much of the ice in the High Arctic is second year or multi-year.
Weakening of the sea ice occurs initially in the thinner first year sea ice, and it is expected this
will have a controlling influence on the overall ice cover strength.

4000
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3500 +

3000 -

2500
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1500 -

1000 -

500 -

Accumulated Warming degree days (C-day)

0 T T T T T T
0 20 40 60 80 100 120 140 160

days from April 1

Figure 12 Accumulated warming degree days (AWDD) from Mould Bay air temperatures

While not discussed here, there is also a strengthening of the ice cover that occurs in the autumn.
NRC-CHC is undertaking work in this direction and, as it progresses, it will become a part of
describing ice cover strength on a year-round basis.
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4. CHARACTERIZING ICE COVER STRENGTH

One line of investigation that has been undertaken is to relate parameters in the Ice Forecasting
Model to physically observable, measurable or predictable properties of the ice cover (Kubat and
Frederking, 2004). A study of strength parameters in their report showed that only Hibler’s
(1979) strength parameter p* had much affect on ice forecast properties of thickness,
concentration and pressure. Changing this parameter by a factor of 10 did have a significant
affect on the forecast properties. The NRC-CHC work on ice strength has shown that ice cover
strength decreased by a factor of 10 from mid-winter to mid-summer. This ice strength is at the
scale of the ice thickness, that is about 2 m. The challenge is to relate this strength to the p*
strength used in the Ice Forecast Model.

5. APPROACH TO CHARACTERIZING ICE COVER STRENGTH

It has been shown that the range of ice strength at small scale decreases by about a factor of 10
from a maximum in mid-winter to minimum just before the ice disintegrates. Integrating the four
historical sources of ice data; ice thickness measurements from drill holes, CIS ice charts,
climatological data and direct observations, together with CWDD calculations of ice strength
would form the basis for developing scenarios of evolution of ice cover strength. This would
provide data on ice strength, number and location of “leads”, ice thickness, ridging, floe size, etc.
Such quantitative data could be used to search for a means to strength p* in an Ice Forecast
Model.

The following steps could be taken to develop quantitative scenarios:

1. Select 3 summer scenarios to follow the evolution of ice conditions in the Lougheed
Island area by looking at sequential ice charts archived by CIS. The years 1976 to 1979
are suggested.

2. Carry out an analysis of average ice thickness and number of leads per km for each
survey line.

3. Superimpose survey line thickness and “lead” distributions on late season ice charts from
previous autumn.

4. Look at climatological data from Mould Bay and Isachsen weather stations for air
temperatures and wind.

5. Calculate CWDD to determine ice strength degradation.

6. Obtain ice movement information from CIS for the period 1971-80 and compare it with
ice strength and wind data.

7. Determine whether the date of break-up and start of ic emovements is a function of the
partial concentration of first year ice and whether this can be related to p*.

8. Exercise the Ice Forecast Model with a simplified Lougheed Island area geometry and
seasonal adjustments of strength p* to see if forecast results compare with observed ice
conditions evolution.

Depending on data availability, effort level and resources this sequence of steps is proposed as a

basis for planning future work in to ultimately developing and testing an Ice Forecast Model for
the Arctic Island Archipelago.
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