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E1R BEFRAEREHIC L MERR
(19914£5 A 7 H~13H, Alaska, Elson Lagoon)
Anemo-
meter Wind
Start Dura-  height Surface Ice speed Wind
Run Date time tiop h chz‘lra.cter- thickness U, direction
No (AST)"  (min) {m) istics {em) (m/s) (deg T)

1 7 May 14:40 30 0.960 Sea ice 1.8 9.1 130

2 7 May 15:30 30 0.960 Sea ice 1.8 10.1 135

3 7 May 16:30 30 0.960 Open water 8.9 129

4 8 May 10:15 30 0.390 Sea ice 1.7 7.8 167

5 8 May 11:00 30 0.390 Sea ice 1.7 8.3 156

6 8 May 12:30 30 0.390 Open water 7.9 160

7 8 May 13:15 30 0.390 Open water 8.1 179

8 8 May 16:00 30 0.710 Snow 10.2 151

9 8 May 16:40 30 0.710 Snow 9.6 145

10 9 May 13:20 30 0.415 Sea ice 1. 9.9 22
11 9 May 14:00 30 0.415 Sea ice 1. 9.5 19
12 9 May 14:55 30 0.760 Snow 11.5 130
13 9 May 15:45 30 0.760 Snow 11.0 145
14 10 May 11:30 30 0.395 Sea ice .3 8.6 177
15 10 May 12:15 30 0.395 Sea ice 8.8 173
16 10 May 13:00 30 0.39% Sea ice 8.9 177
17 10 May 13:50 30 0.745 Snow 9.3 203
18 10 May 14:40 30 0.765 Snow 10.7 58
19 10 May 15:30 30 0.765 Snow 9.4 177
20 12 May 11:30 30 0.425 Snow cover 5.4 115

on sea ice
21 12 May 12:10 30 0.425 Snow cover 5.4 108
on sea ice

22 12 May 13:35 30 0.425 Sea ice 7. 5.7 88
23-1 12 May 14715 30 0.425 Sea ice 5.2 85
23-2 12 May 14:45 30 0.425 Sea ice 7. 5.1 90
24-1 12 May 15:40 30 0.725 Snow 4.9 162
24-2 12 May 16:10 30 0.725 Snow 4.8 174
24-3 12 May 16:40 30 0.725 Snow 5.0 154
25-1 13 May 10:40 30 0.390 Sea ice 7.1 6.2 56
26-1 13 May 11115 30 0.390 Sea ice 7.1 6.3 57
26-2 13 May 11:45 30 0.390 Sea ice 1 6.5 55
27-1 13 May 12:45 30 0.773 Snow 7.2 119
27-2 13 May 13115 30 0.773 Snow 7.2 143
27-3 13 May 13:45 30 0.773 Snow 7.4 124

% Alaska standard Time
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Air Heat
Turbulence level Drag tempe- Heat flux
coef- rature flux coef-

g, g, g, ficient Ta Ts-Ta H ficient Stability
U uu U 10°C, (C) () (W/m) 10°C, /L
0.147 0.101 0.058 1.96 —4.79 3.74 24.7 0.55 —0.004
0.145 0.101 0.056 1.84 —4.83 3.73 27.3 0.55 —0.004
0.163 0.099 0.059 1.89 —4.56 3.46 14.3 0.36 —0.003
0.244 0.148 0.102 3.38 —7.00 5.30 29.9 0.56 —0.001
0.240 0.152 0.098 3.24 —7.12 5.42 37.3 0.64 —0.002
0.240 0.156 0.101 3.37 —6.73 5.13 51.8 0.98 —0.002
0.246 0.161 0.107 3.52 —6.81 5.21 53.1 0.96 —0.002
0.137 0.095 0.048 1.30 —6.09 1.59 26.0 1.23 —0.004
0.137 0.114 0.050 1.35 —5.73 1.23 23.2 1.51 —0.004
0.201 0.125 0.073 2.29 —6.63 3.53 25.9 0.57 —0.001
0.199 0.130 0.074 2.34 —6.49 3.49 26.7 0.62 —0.001
0.137 0.100 0.049 1.33 —6.72 2.12 30.1 0.94 —0.003
0.144 0.099 0.051 1.41 —6.62 1.92 25.9 0.94 —0.003
0.268 0.196 0.117 3.28 —8.25 3.95 31.0 0.69 —0.001
0.273 0.193 0.114 3.27 —8.01 3.81 38.0 0.87 —0.001
0.275 0.196 0.115 3.15 —7.82 3.62 33.5 0.80 —0.001
0.156 0.132 0.057 1.51 —7.80 2.20 30.9 1.16 —0.006
0.144 0.107 0.050 1.39 —7.71 2.01 30.1 1.08 —0.004
0.158 0.133 0.056 1.53 —7.49 1.89 29.2 1.26 —0.005
0.148 0.104 0.067 1.95 —7.10 3.80 10.0 0.38 —0.004
0.154 0.098 0.065 2.06 —6.76 3.36 10.1 0.43 —0.003
0.191 0.132 0.107 3.32 —6.28 3.08 18.9 0.82 —0.002
0.158 0.111 0.076 2.32 —6.04 3.44 16.1 0.69 —0.005
0.153 0.108 0.069 2.15 —5.98 3.38 15.3 0.69 —0.006
0.119 0.118 0.052 1.34 —5.81 3.11 13.9 0.70 —0.020
0.115 0.121 0.053 1.46 —5.71 3.01 17.4 0.93 —0.024
0.118 0.111 0.053 1.39 —5.54 2.84 15.8 0.85 —0.020
0.192 0.180 0.084 2.69 —5.34 2.34 9.9 0.52 —0.001
0.177 0.145 0.074 2.34 —4.98 2.68 17.5 0.79 —0.003
0.183 0.168 0.072 2.42 —4.76 2.46 18.8 0.91 —0.003
0.129 0.116 0.050 1.48 —4.71 2.91 22.6 0.83 —0.009
0.127 0.120 0.049 1.37 —4.48 2.68 22.2 0.88 —0.010
0.130 0.131 0.050 1.35 —4.45 2.65 22.4 0.87 —0.010
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Summary

From turbulence measurements by a three-dimensional ultrasonic anemometer-thermometer
estimates of momentum and heat fluxes were derived over both an artificial pool and over
relatively smooth, snow-covered ice on a lagoon. The measurements over the pool were made
within an internal boundary layer resulting from a large step change in surface temperature and
surface roughness. These were compared with those obtained over an undisturbed smooth, snow
-covered ice of the lagoon.

The experimental site was located about 350 m offshore of Elson Lagoon near Barrow, Alaska
(Fig. 1). The pool was constructed on the ice of the lagoon, by raising sea water into a basin
approximately 2.2X2.2 m and 0.7 m deep. It was built on about 1.7 m thick ice of the lagoon (Fig.
2). The sampling was done over both the pool and snow-covered ice of the lagoon from May 7 to
13, 1991. Because Elson Lagoon is an isolated basin, its ice cover is very smooth. The winds during
the experiment were from the northeast and southeast, so there was always at least several
kilometers of smooth, snow-covered ice upwind of the experimental site. The three-dimensional
ultrasonic anemometer-thermometer (Kaijo Denki Co., Ltd., Model WAT-395) was installed above
the pool within 1 m of the surface in order to measure momentum and heat fluxes in the internal
boundary layer over the pool.

Sonic anemometer data are summarized in Tables 1 and 2. All data runs during the experi-
ment were conducted under neutral conditions (Table 1). Drag coefficient and heat flux coefficient
were discussed as functions of wind speed, ice thickness and anemometer height. Variations in
drag and heat flux coefficients as a function of wind speed are shown in Figs. 3 and 4, respectively.
Values of the drag coefficient over snow surface were smaller and scattered less widely than those
over both open water and newly formed thin ice on the pool. For the heat flux coefficient, values
over the snow surface were slightly larger than those over both the open water and thin ice.

No significant difference was found in drag coefficient as a function of ice thickness between
measurements over open water and thin ice (within 7.4 cm thick ice) formed on the pool (Fig. 6).
The heat flux coefficient values over open water were slightly larger than those over thin ice (Fig.
7). It may be considered that the heat flux coefficient decreased after sea ice was formed on the
pool, and that it then increased gradually with an increase in ice thickness.

The drag and heat flux coefficients as a function of anemometer height are shown in Figs. 8
and 9, respectively. Values of the drag coefficient over thin ice obtained at the 0.4 m height were
larger than those obtained at the 0.96 m height. It can be considered that the measurements at 0.
4 m height were made within the internal boundary layer over the pool. This may reflect the
characteristics of the surface of thin ice on the pool, while those at the 0.96 m height might be
affected by the smooth, snow-covered ice upwind of the experimental site.



