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Introduction

The ice cover of the seas is a product of the inter-
action of atmosphere and hydrosphere. The reason
for the appearance of ice is a decrease of tempera-
ture of air. Air temperature is also the basic influ-
ence for the formation of ice cover in shallow sess.
In deep-water seas (the Okhotsk Seq) the influence
of hydrological conditions in a number of cases
can prevail above meteorologica ones. The ex-
perience of the FERHRI forecasts shows that the
correspondence between ice cover of the Okhotsk
Sea and air temperature data is observed only in
2/3 cases and success of the forecasts based only
on meteorological factors does not exceed 70-80
%. This allows us to assume that ice cover is af-
fected by other factors, in particular, hydrological
conditions. This is confirmed by numerical ex-
periments (Petrov and Frolov, 1980).

In the present paper we anayze the relationship
between the characteristics of ice cover in the Sea
of Okhotsk and meteorological and hydrological
conditions.

Variations in the extent of ice cover by size and
meteor ological conditions

For the variability in the extent of ice cover, the
diagram of the extent for 1962-1986 is con-
structed (Fig. 1). All range of variability is di-
vided so that to the maximal size there corre-
sponds to 100 (standardization on the maximal
sizein %), minimal to 0. Such division allows us
to estimate better the conformity between size of
ice cover of the sea and meteorological character-
istics (Fig. 2).

For the effects of meteorological conditions we
caculated the sums of average ten-day tempera-
tures of air from November through March for the
period from 1962 through 1986 for 18 meteoro-
logical stations located evenly along a perimeter of
the Okhotsk Sea. The resulting values character-
ize a temperature background of the winter season.
The analysis of the diagrams shows that the size of
the ice cover and temperature background coincide

in general. The most interesting features are win-
ters with extreme (minimal and maximal) values
of the extent of ice cover and air temperature. Let
us consider the diagrams more in detail. Hereit is
possible to classify the following winters accord-
ing to Table 1.

There are however, the winters in which an essen-
tial discrepancy (20 and more %) between the size
of an ice cover and meteorologica conditions is
found. The most significant of them are summa
rized at Tables 2 and 3 and presented in Figure 3.

Variationsin winters and hydrological
conditions

To relate winters and hydrological conditions data
on the distribution of the characteristics of the cold
intermediate layer (ICL) in the previous warm pe-
riod of year were used. This layer of negative wa-
ter temperatures in its core is the basic feature of
the Okhotsk Sea. It is formed as a result of ther-
modynamic destruction of a winter homogeneous
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Fig. 1 Variability of an ice cover size (in %) in
the Okhotsk Sea.

100

80

1
// |
MEFYES
|
|

”\P/
—

[T
[T}

/
[
|

0 1975 1980 1985

I

I
7/L
[

/ 4

w| |/

|
| |
A\V—/Tfj —
LAY
|
|

20| |

!

Fig. 2 Variability of air temperature (in %) over
the Okhotsk Sea.
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Tablel

Winters according to ice cover and air temperature.

with extremely
small ice extent

with extremely
large ice extent

with extremely low

air temperature

with extremely high

air temperature

1962-1963 1966-1967 1965-1966 1962-1963
(1973-1974)* 1972-1973 19661967 19671968
(1975-1976) 1977-1978 1968-1969 1973-1974
1983-1984 1978-1979 1969-1970 1983-1984
- 1979-1980 1972-1973 1985-1986

- (1965-1966) 1976-1977 -

- (1968-1969) 1979-1980 -

- (1971-1972) - -

- (1976-1977) - -

- (1980-1981) - -

(1982-1983)

*The years in brackets are close to extreme.

Table2  Sizeof anice cover much below expected on meteorological conditions:
Y ear 1968-1969 1969-1970 1976-1977 1983-1984 19841985
% +21 +20 +21 +32 +29
Table3  Sizeof an ice cover much above expected on meteorological conditions:
Y ear 1967— 1967— 1973- 1977- 1978- 1980— 1982— 1985—
1968 1968 1974 1978 1979 1981 1983 1986
% -32 —49 -32 -38 -23 -23 -32 —24
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Fig. 3  Joint diagram of sea ice variability and meteorological conditions in the Okhotsk Sea (in %).

Black bars refer to mean excess of real ice cover above the expected ice cover. White bars refer to the

mean real ice cover below the expected on the meteorological conditions.
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layer, which is formed as a result of winter con-
vection. The more ice is formed in the sea, the
thicker the water layers cooled down to negative
temperatures and the more area it occupies.

ICL actively influences all thermodynamic proc-
esses in the sea Among them it is possible to ex-
amine the influence of the ICL on an ice cover.
The more extensive ICL is developed, the less the
thermal content of the top active layer, and the
more ice is formed with other conditions being
equal. This given assumption used as a working
hypothesis, which was confirmed by this work.

As the most significant influence of the hydrologi-
ca conditions on the ice cover, we examined |ICL
parameters in the central part of the Okhotsk Sea
to the east of Sakhalin Island.

First we constructed average long-term maps of
the ICL characteristics based on all available his-
torical data for months, which had being chosen as
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Fig. 4

an origina definition of thermal conditions prior
to each winter of the studied period. These are
maps of the top and bottom borders of the layer
with negative temperatures and its thickness. Maps
for the period 1962-1986 were also constructed
for July, August and September. From further
analysis it was supposed that the hydrologica
conditions are characterized by the presence of the
ICL, namely, when the ICL is increased strongly,
the hydrological conditions are assumed to be ex-
tremely cold, and in the opposite case — extremely
warm (Fig. 4).

Joint analysis of the characteristics of winters
on the extent of ice cover, meteorological, and
hydrological conditions

We carried out a joint analysis of the extent of an
ice cover, meteorological and hydrologica condi-
tions. The results of the analysis are presented in
Tables 4-6.
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Example of the classification of a cold (1967) and awarm (1962) year from hydrological condi-

tionsin summer. Contours of the thickness of the intermediate cold layer (ICL) are shown.

Table4 The characteristic of winters with extreme values of an ice cover.

Winter with extremely small size of an ice cover
Year Meteorological conditions | Hydrologica conditions
1962-1963 Extremely warm Extremely warm
1983-1984 Extremely warm Extremely warm
(1973-1974) | Extremey warm Extremely cold
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Table4 Continued.

Winter with the extremely large sizes of an ice cover
1966-1967 Extremely cold Extremely cold
1972-1973 Extremely cold Extremely cold
1977-1978 Warm Warm
1978-1979 Warm Extremely cold
1979-1980 Extremely cold Extremely cold
(1976-1977) Extremely cold Warm

Table5 The characteristic of winters with extreme values of air temperature.

Winters with extremely low temperatures of air
Y ear Size of an ice cover Hydrological conditions
1965-1966 | Closeto the extremely high | No date
1968-1969 | Closeto the extremely high | No date
1969-1970 | Ishigher than the average No date

Winters with extremely high temperature of air
1967-1968 | Closeto average Cold
1985-1986 | Average Cold

Table6 The characteristic of winters, in which the mutual discrepancy between an ice cover and air
temperatures is observed.
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Winters with size of an ice cover much below expected on meteorological conditions
Y ear Sizeice fiover Meteorological condition | Hydrological condition
1968-1969 | Abovethe average | Extremely cold No data
1969-1970 | Abovethe average | Extremely cold No data
1976-1977 | Abovethe average | Extremely cold Warm
1983-1984 | Extremely small Close to average Extremely warm
Winter with size of an ice cover much above expected on to meteorological conditions
1967-1968 | Closeto average | Extremely warm | Cold
1971-1972 | Ishigher average | Below average Warm
1973-1974 | Closeto average | Extremely warm | Extremely cold
1977-1978 | Extremely high Warm Warm
1978-1979 | Extremely high Closeto average | Cold
1980-1981 | Above average Average Warm
1982-1983 | Above average Below average No data
1985-1986 | Average Extremely warm | Cold




Conclusions

It is necessary to note that the qualitative analysis
of conditions of the cold intermediate layer (in
view of the lack of reliable and representative ini-
tial data) does not alow us to characterize the
thermal condition of an active layer of the sea ob-
jectively and fully enough. However, from the ob-
tained results, in the absolute majority of cases the
extent of an ice cover is completely defined only
by appropriate combinations of meteorological
and hydrological factors. At strongly advanced
ICL, the ice cover of the next winter is frequently
observed to be greater than that expected from
meteorological conditions, and at a weaker state of
the ICL, the ice extent is lower even under colder
meteorological conditions. This conclusion is im-
portant for using the characteristics of the cold
intermediate layer for forecasting, and for research

in connecting ice cover with meteorological pa-
rameters. Frequently, when using the data on only
ice extent, one might caculate various peri-
odicities caused by atmospheric circulation pa-
rameters (and by other factors) to try to explain
their physical meaning. Taking into account hy-
drologica factors can help researchers make more
accurate statements regarding research problems,
both for the ice cover studies directly and for other
guestions concerning atmospheric circulation, and
the climate as awhole.
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