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Summer sea ice characteristics of the Chukchi Sea
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Abstract During August 1999, we investigcated sea ice characteristics; its
distribution, surface feature, thickness, ice floe movement, and the temperature
field around inter-borders of air/ ice/ seawater in the Chukchi Sea. Thirteen ice cores
were drilled at 11 floe stations in the area of 72724~ 77°18'N, 153°34' = 16328'W
and the ice core structure was observed. From field observation, three melting
processes of ice were observed; surface layer melting, surface and bottom layers
melting, and all of ice melting. The observation of temperature fields around sea ice
floes showed that the bottom melting under the ice floes were important process. As
ice floes and open water areas were alternately distributed in summer Arctic Ocean;
the water under ice was colder than the open water by 0. 4 = 2. 8C. The sun
radiation heated seawater in open sea areas so that the warmer water went to the
bottom when the ice floes move to those areas. This causes ice melting to start at the
bottom of the ice floes. This process can balance effectively the temperature
fluctuating in the sea in summer. From the crystalline structure of sea ice observed
from the cores, it was concluded that the ice was composed of ice crystals and brine—
ice films. During the sea ice melting, the brine-ice films between ice crystals melted
firstly; then the ice crystals were encircled by brine films; the sea ice became the
mixture of ice and liquid brine. At the end of melting, the ice crystals would be
separated each other, the bond between ice crystals weakens and this leads to the
collapse of the ice sheet.

Key words Arctic Ocean. sea ice. climate.

1 Introduction

The sea ice cover is the main surface feature of the Arctic Ocean. The area of the
sea ice cover varies annually, with a minimum of 7. 8 X 10°~ 7. 92 X 10° km’ in
September, and a maximum of 12. 31 X 10°~ 14. 8 X 10° km” at the end of winter
( Zakharov 1981; Parkinson et al. 1987; Barry et al. 1993). There is a great
influence on the climate from the sea ice. It is because, 1) the ice albedo is much
higher than sea surface albedo; 2) sea ice separates the heat exchanging between
atmosphere and sea; 3) the process of freezing and melting affects the formation and
intension of the ocean thermohaline circulation; 4 ) the process of heat
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absorption/release during freezing and melting of ice smoothes the extreme
temperature fluctuation in the area.

Sea ice is an integral component of the polar climate system ( Barry et al. 1993,
Kang et al. 1999), for the area, thickness, structure and constitution of sea ice are
closely related to the climate( Jeffries 1997; Rothrock et al. 1999; Tucker et al.
1999) .

Though the global temperature has risen in last 100 a (Jones et al. 1999); ice
cores and other paleothermometer” records show that there should be larger Arctic
temperature change than in lower latitudes (Cuffey et al. 1995; Moritz and Perovich
1996). Numerical GCM experiments generally show that the magnitude of global
warming is much greater in northern high latitudes ( Manabe et al. 1991). Small
glaciers in the Arctic have shown a wide-spread retreat; a rapid response to the
global climate than in low and middle latitudes ( Xiao et al. 1999). There is no
significant trend in the surface temperature of the Arctic Ocean over the past 40 a
(Kahl et al. 1993). This is probably attributed to the existence of sea ice. The data
for past 40 a show almost no change in ice extent in winter, small decrease trend in
spring and larger decrease in summer ( Chapman and Walsh 1993; Parkinson et al.
1999). The summer processes of sea ice may restrict the effect of global warming on
Arctic Ocean. China organized a multidisciplinary expedition in the Chukchi Sea,
Arctic Ocean from July to September 1999. The expedition area is shown in Fig. 1.
The purposes of the expedition are to observe the distribution, thickness, and
structure of the sea ice; to measure energy and mass fluxes among air, ice and sea
water and to study their possible effect on climate change. From the field
investigation and ice cores observation, the ice characteristics in summer and their
connection with climate are discussed here.

2 Materials and methods

The Chinese polar icebreaker ‘Xuelong ” and two helicopters ( H9 1S360,
A1S350b2) were used in the expedition. During the expedition, eleven ice floes were

observed and sampled, from an area

located at 72°24" = 77°18'N, 153°34" ~
163°28'W: thirteen ice cores were drilled
out from the floes, among them, 10 ice
cores drilled all the way to the bottom of
the ice. The weather observations
(including air temperature, humidity,
wind speed and direction, barometric
pressure) were carried out on the ship
(18 m above sea surface) as well as at
ice stations. The ice thickness was
measured by an ice radar at 7 floes. The

ice floe movement was observed at two
floes. The seawaler temperalure was

continually measured at 7 m depth under

the Ship, and by CTD, XCTD around Fig. 1. The area of Chinese expedition on the
the ice floes Arctic Ocean, July = Sept. 1999.
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(1)  Ice distribution becomes alternation of dense ice—zones and sparse ice—
zones, the breadth of each zone is 10730 km in the observed area. The ice
concentration was about 85% ~ 90% in dense ice—zones, and 30% ~ 40% or less in
sparse zones observed on the ship, on the helicopter and from imaging maps of
Radarset Satellite.

(2) The Ice-thickness was measured from ice cores drilled at flat areas on the

floes. The thickness was between 1.5~ 5.7 m, averaging 3. 78 m (Table 1).

Table_1. The data of the ice cores in 1999

. Depth of .
Drilling date Longitude Latitude [(:E core (’Umfle“glh pt:l‘mt:tl[lillg water [(reflhl(‘.k
0. m /m m

5 Aug. 164°59. 50'W 73°26.56'N BJ-BX01 4.00 0. 30 4. 00
8 Aug. 157°17. 900'W 74°03. 345'N BJ-BX02 1.40 I.10
10 Aug. 153°33.994'W 72°24.037'N BJ-BX03 2.75 0.33 2.85
10 Aug. 153°33. 994 'W 72°24.037'N BJBX04 2.22 0. 33 2.30
18 Aug. 160°31. 830'W 74°58. 614'N BJ-BX06 4. 86 2.00 4. 86
19 Aug. 160°49. 333'W 77°18. 167'N BJBX07 2.90 0. 50
20 Aug. 161°32.270'W 77°04. 774'N BJ-BX08 1.50 0. 49 1.50
20 Aug. 161°33. 508'W 76°04. 955'N BJ-BX09 5.40 0.62 5.40
22 Aug. 161°55. 175'W 76°05. 632'N BJBX10 2. 65 0. 50 2.65
22 Aug. 161°55. 175'W 76°05. 632'N BJBX11 4. 42 0.52 4. 42
22 Aug. 161°55. 175'W 76°05. 632'N BJBX12 4. 45
23 Aug. 163°28.225'W 76°30. 267N BJBX13 5.67 0. 56 5.67
23 Ane 16328 225'W 76°30 267N BRI-BX 14 4 09 020 4 16

The thickness varied within short distance even at flat areas. The variation
would be 0.5 7 1 m between two points separated by 10 m.

(3) The snow depths varied between 2 ¢cm to 15 em within 5~ 10 m spacing on
the floes. The deposited snow is composed of round wet firn with a size of 27 5 mm,
or elongated ones with a size of 27 7 mm.

(4) Ice cores were drilled with a 0. 1 m diameter—coring auger, preserved in
insulation box with clear plastic liners, and sent to the low temperature laboratory
(- 157 =20C) on the ship as soon as possible. Ice structure of the cores was
observed under clairvoyance light in the low temperature laboratory. Generally, in
the ice cores, there were 2 = 15 em-thick coarse firns at top, then 10 = 30 em-thick
eranular ice. There were manv air bubbles in the granular ice. The bubbles were
round at the upper part, and elongated downward. At the middle section of the
cores, the major texture was columnar ice with less and small bubbles observed
under higher light transparency. In some cores, there was 5 = 30 em-thick granular
ice found inside of the columnar ice. At the bottom of the ice cores, there were
melting ice with significant number crevices and bubbles arranged vertically; or there
was a series of botryoid ice, if the temperature under the water was higher than — 1.

5C. When the temperature was — 1.6 = — 1. 8°C, the bottom of the sea ice was
planar without melting trace.
(5) The ice surface temperature was measured by sonde of platinum

resistance. The bulk ice temperature is measured by thermometer (thermal sensitive
sonde, accuracy £0.1°C) at a 10 cm interval from the surface to 40 cm depth in ice.
The water temperature under ice was obtained using FSI-CTD from a hole with a
diameter of less than 2 m. The regional water temperature was measured by a
thermal sensor placed at bottom of the ship (7 m depth, measured every minute with
precision 0. 1C) .
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3 Results and discussion
3.1 Temperature field at sea ice area

3.1.1 The temperature field bef ore melting

The temperature field before melting was observed at a sea ice station located at
74°58. 614'N, 160°31. 830'W, about 1 km X1 km in size, during the period of 18 ~ 24
August, 1999. The environmental conditions around the station was as follows: it
was cloudy and snowing on 18 August, ice with 1 = 3 em-thick covered the melting
ponds on the ice floe and the fresh snow was 37~ 5 em deep on the surface of freezing
pond. The air temperature was — 2.2~ = 5.6C; the seawater temperature was — 1.
8°C in 10 ~ 30 em deep subsurface around the floe. The ice temperature was — 0.4C
at the depth of 40 em. There was no melting trace found in the ice core drilled on that
day.

But the situation was changed in following days with sunshine on 22~ 23 August
1999 and the temperature on the ice surface went up higher than 0°C in middle of
daytime. The melting was found on the surface and bottom of the ice cores drilled on
the days.

Around the station during 18 = 25 August, the sea-water temperature in the
depth of 7m was — 0.3~ - 1.4C (Fig. 2), and average was — 0. 86C. XCTD data
on 19 August, showed that the temperature was about — 1. 3'C measured in the 20 m
surface water layer at a distance about 100 m from the ice floe.

The air temperature fluctuated from 0.2~ - 5. 7°C, mean number was — 3. 65C
(Fig. 3), obtained from the ship weather station during 18 = 25 August. The ice
temperature fluctuated — 0.3 = = 0.4°C at the depth of 40 cm observed on 19 ~ 24
August, measured 4 times per day. The temperature field before ice floe melting can
be summarized in Figure 4.

3.1.2 The temperature field during melting

Another ice station(7326'31'N, 164°59'30'W) was set up on 5 = 7 August,
1999. The air temperature had been recorded on the floe, it varied between
0.72 7 - 0.15C, mean value was 0.23°C (Fig. 5). Around the ice station, the air
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Fig. 2. The seawater temperature at depth of Fig. 3. The air temperature obtained from
7 m around the ice station of Chukchi Sea on the ship weather station.

18 = 25 August, 1999.
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temperature was fluctuating from 3.2 = - 1.
3°C, averagely — 0.26C (Fig. 6), measured
every hour on the ship.

The ice temperature was O0C in
approximately 30 em deep under the surface.

The water temperature under the ice floe
was approximately — 1. 5C measured by CTD
along a polynya (Fig. 7). The region water
temperature at the depth of 7 m, fluctuated
from 1.4C to — 0.9°C, mean value was 0.01°C
(Fig. 8), the value was changeable, because
the ship sometimes broke ice, and sometimes
sailed in open water area. The average water
temperature was about 0.87°C in this region
higher than that observed on 18 = 24 August.

Several ice cores were drilled on the floe,
it was found that the entire ice floe was under

the melting condition. The temperature field in p;, 4
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The temperature field before ice

the sea ice during melting can be shown in Fig. floe melting.

9, from the data above.

3. 1.3 H eat conduction process during ice f loe melting and inf luence of sea ice on the

climate

From the observation above, the temperature field can be got on the interfaces
of air/ice/ seawater during floe melting, as following: the average air temperature
was higher than that in the ice, which was kept at melting point, because of
decalescence during the phase-change of ice. There was a temperature jump on the
interface of ice/seawater; the thickness of the jumping layer was 30 ¢cm and the
temperature difference was about 1. 5C in the layer (Fig. 7). Under the ice floes,

the seawater temperature was about — 1.3~ - 1.5C.
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Fig. 5. The air temperature at the ice station Fig. 6. The air temperature from ship weather

(73°26'31'N, 164°59'30'W) on 5 August

1999, in the Chukchi Sea. Ocean.

station on 4 = 6 August 1999, in the Arctied
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Fig. 7. The water temperature and salinity measured Fig. 8. The water temperature around the
under the sea ice by FSI-CTD on 6 August 1999, in ice station on 4~ 6 August 1999, the
the ice station(7326'31'N, 164°59'30'W) Arctic Ocean.

of the Arctic Ocean.

The sea ice cores showed that there were two types of melting structure, one
was that there was melting on top-part and bottom-part, no melting in the middle
section of the ice floes; another was that the entire ice core was under the melting
condition. The thermal energy for the upper part melting of ice floes comes from
solar radiation and air transmission; as the albedo of ice floes is 66% ~ 90%,
decalescence for surface melting is limited. The observations also showed that air
temperature fluctuation of 0.2 = = 5.7C or — 2 = — 8C on ice surface for several
days could not affect to deeper than 40 ¢cm in ice floes (this observation and Li et al.
1989), it means that the surface heat can not transmit to the floe bottom in days
warming, where the ice is thicker than 1.5 m as most ice floes in Arctic ocean. But,
the observation showed that the bottom feature changed in several days in summer
Arctic ocean, with the weather changing. The question is where the heat comes from
for the bottom melting and how it is transmitting.

In the first melting type, the heat on the upper part could not be transferred to
the bottom through the low temperature area in the middle, so, the energy for
bottom—part ice melting should come from sea water. In the second type, maybe
some melting water would bring heat to the bottom, when the melting water
permeates the ice downward. But the density of fresh water is lighter than that of
saline seawater, and it is difficult to penetrate down through the ice, as the floe
bottom receives the pressure upon the seawater, some seawater would infiltrate
upward into the ice body. So, that the heat transferred down to bottom across ice
body is ignored. The energy for the ice bottom melting should come from seawater.
As there is alternate distribution of ice floes and open water areas in summer Arctic
Ocean, and a large difference on albedo between ice floes and open water area ( the
former is about 66% ~ 90%, the latter only 5% ~ 10%), it makes the temperature
difference between the water under floes and the open water area to be 0.4~ 2.8C.
The ice floes were moving in the sea with drift speeds of 1~ 10 ¢m *s™ ' (Barry et al.
1993). When the floes move to the warm-open-water-area, the heat carried by warm
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water is sent to the floe bottom directly to melt the bottom ice ( Fig. 10). The
processes of heat transferring make the ice bottom melt continuously. It can balance
the temperature wave in all of the sea in summer.

Temperature/C
-3-2-1 0 1 2 3

|J[.I|II|I]II

Ice

sea water
Sea Water Q ° V(1~10 cm/s)

Q < dT(0.4~2.8° O

Fig. 9. The sea ice temperature field during melting.  Fig. 10.  The sun radiation heats seawater in
open sea area, then the ice moves onto the warm
waler, the heat energy 1s (“t‘tt(:l]y sent to the

ice bottom.

3.2 Ice structure, process of sea ice melting and their relationship with climate

3.2.1 Observation

(1) Ice structure before melting. An ice core, 4.86 m thick, was drilled from
a floe (74°58.614'N, 160°31. 830'W) on 18 August, 1999. The ice structure profile is
as follows (from top to bottom) (Fig. 11): a mixture layer of grain firn and ice slices
( 8 em thickness); a layer with 80% granular ice and 20% grain firn (7 em thick) ;
granular ice ( 14 em thick); columnar ice (194 em thick); columnar ice (28 cm
thick) with more air bubbles; and columnar ice (235 e¢m thick) onto the bottom. The
bottom face is a mirror face, without melting trace.

486cm

wonog

Fig. 11.  The ice structure of the core drilled from the floe (74°58. 614'N, 160°31. 830'W) on 18
August, 1999.

The floe was clean, the average surface albedo of the floe was 75%. The
temperature field around the ice floe shows as in section 3. 1. 1. It can be got that the
sea ice was still in freezing situation.

(2) Ice structure during melting. Four full thickness ice cores were drilled in

the region (76°05. 632"~ 76°30.267' N, 161°55. 175" = 163°28.225'W) from different
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floes on 22~ 23 August. The length of the cores was 2. 65, 4.42, 5.67 m and 4. 09 m
respectively. The common feature of the ice structure was that there was melting
trace at bottom, which was a 20 em—thick layer with significant number crevices and
bubbles arranged vertically.

(3) Ice structure at end of melting. Ice cores, about 4 m thick, were drilled
from a floe (73°26'31'N, 164°59'30'W ), on 5 August, 1999. The ice structure
profile was observed as (Fig. 12) : at the top, there were three wet firn layers with
8 = 9 em thickness, separated by ice layers with 1 = 2 em thickness; the wet firn
layers were made of grain crystals in 2 7~ 5 mm size; then the core was composed of
irregular lens ice and grain crystals, the size was increasing downward. The entire
ice core was not conglutinated by freezing, the lens ice and grain crystals were
scattered loosely along their interfaces. The melting of this floe was intensively; the
melting water appeared in the depth of 20 cm under the surface.

t‘t#\;'w.

.f“:} } h f“ “ J-s -
SR T
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Fig. 12.  The ice structure of the core drilled from the floe( 7326 31'N, 164°59'30'W), on 5 August
1999.

The floe surface albedo was 66% ~ 67% ., it was more discolored than other ice
floes when observed from the helicopter. The temperature field around the floe was
as Fig. 9.

The question is (a) why the ice becomes loosely-scattering structure; (b) what
it implies from the ice structure and temperature profile in the air/ice/ seawater.
3.2.2 Process of sea ice melting and its effect to climate

The freezing process and relative sea ice structure have been discussed by many
researchers (as Weeks and Ackley 1982; Wang and Dieckmann 1993; Li Zhijun et al.
1992; Barry et al. 1993). It needs to point out, that there are still brine ice films
between sea-ice crystals frozen lastly. It can be observed from ice cores, that there
are some ‘clouds” around columnar ice crystal, they locate at the interface of
crystals, made of salt cells and air bubbles.

The process of the ice melting is reverse with the freezing. When the sea ice
melting, the brine-ice films between ice crystals, which have higher salinity and
lower melting point, frozen late and melt first. The ice crystals are encircled by brine
films after the brine-ice films melted; then, the brine—channel-system(BCS) formed
and seawater will infiltrate the ice along the channels pushed by pressure (the
permeating water can be found in the hole of ice core). When the ice cores during
melting are placed levelly in cool room, there is re-freezing ice with higher salinity
and low intension covering the cores. It is refreezing brine permeated out from the
BCS. This process is developed firstly on the top and bottom of the cores.

When the BCS is interpenetrating, the sea ice becomes the mixture of ice and
water, with a structure of ice skeleton full of melting water. At the end of melting,
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the freezing conglutination between ice crystals is greatly decreased by this process,
for example, the ice structure of the cores drilled on 5 August. The ice floe with this
kind of ice structure will collapse easily at the end of melting. It will affect the
climate calamitously, if happened in large area.

4 Preliminary conclusion

4. 1 The moving ice floes are the conditioner for the temperature fluctuation in
summer Arctic Ocean

As ice floes and open water areas were alternately distributed in summer Arctic
Ocean; the water under ice was colder than the open water by 0.4 = 2. 8°C. The sun
radiation heated seawater in open sea areas so that the warmer water went to the
bottom when the ice floes move to those areas. This causes ice melting at the bottom
of the ice floes continually. This process can balance effectively the temperature
fluctuating in the Arctic sea in summer.

4.2 The process of the sea ice melting comp anied with a destroy of ice structure, the
ice floe would easily collap se at last

The sea ice was composed of ice crystals and brine-ice films. During the sea ice
melting, the brine-ice films between ice crystals melted firstly; then the ice crystals
were encircled by brine films; the sea ice became the mixture of ice and liquid brine.
At the end of melting, the ice crystals would be separated each other, the bond
between ice crystals weakens and this leads to the collapse of the ice sheet.
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