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ABSTRACT 

Results are presented of numerical predictions of month-to-month changes in ocean 
surface temperature anomalies in the Northern Hemisphere, using a thermodynamic 
model. For the 73-month period December 1965 to December 1970, and June 1972 to 
May 1973, statistical evaluation of the predictions (of the sign of the change of anoma- 
lies) shows skill substantially higher than that of predictions of a return toward normal. 
The effect of the different heating and transport components that enter in the predic- 
tions is evaluated. It is shown that the horizontal turbulent transport of heat in the 
oceans corresponding to  an exchange coefficient equal to 3 x 1oB cm* sec-1 plays an 
important role in determining the skill of the predictions. However, a model in which 
the total horizontal transport of heat is neglected also shows good skill, due to evapora- 
tion and vertical turbulent transport of sensible heat from the surface of the oceans. 
The anomalies in the transport by mean ocean currents due to anomalies in the surface 
wind are taken into account using Ekman's formulas. However, although they are 
important for the changes of the temperature anomalies, their contribution in im- 
proving the skill of the predictions is not apparent from the limited number of cases in 
which they were included. 

1. Introduction 

A thermodynamic approach to predict the 
mean anomalies of temperature in the Atmos- 
phere-Ocean-Continent System for periods of 
about a month has been developed and applied 
in long-range weather prediction (Adem, 1964a, 
1965b, 19706) and in ocean temperature predic- 
tion (Adem, 1969, 1970a, 1971), as well as in 
studies of climatic fluctuations (Shaw & Donn, 
1968, 1971; Adem, 1974, 1975) and of the 
ocean effects on weather and climate (Adem, 
1973). 

The specific purpose of this paper is to 
present a report on the.applications of the model 
to the prediction of mean monthly anomalies of 
surface ocean temperature, which can be con- 
sidered as an  extension of previous reports on 
the same subject (Adem, 1969, 1970a, 1971). 

2. Brief description of the model 

The model used in the numerical predictions 
of ocean temperature that are reported in this 
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paper is described in detail in several previous 
papers (Adem, 1962, 1963, 1964a, 1964b, 1965a, 
1965b, 1970a, 1970b). Therefore, only a brief 
description of it will be given here. 

The conservation of thermal energy (first law 
of thermodynamics) is applied to the upper 
layer of the oceans (down to about 50 t o  100 m), 
the upper layer of the continents (negligible 
depth), and a vertically integrated one-layer 
atmosphere (up to about 10 km), which in- 
cludes a cloud layer. 

The conservation of thermal energy for the 
atmosphere is given by the following equation 
(Adem, 1965a): 

c,a,--+ aT:, AD, -c ,a ,KVaT' , - c ,Kb-VT~ 
at 

where V is the two-dimensional horizontal 
gradient operator; T', is the departure of the 
mean atmospheric temperature from a constant 
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value T,,, T,,  > T',; cv is the specific heat of 
air at  constant volume; 

a, = j O H $ d z ,  AD,=c,M,-VT',, 

Ma = j o H $ v z d z  and b = Ve*dz,  s." 
where H is the constant height of the model 
atmosphere and p* is the density given by 

T ,  = T, ,  + T k ,  e is a fixed constant density a t  
2 = H ,  /I is the constant lapse rate used in the 
atmospheric layer, g is the acceleration of grav- 
ity, v: is the horizontal component of the 
wind, e(: is the value of e* obtained by replacing 
T ,  by T,,, and K is the horizontal austausch 
coefficient for the atmosphere. 

On the right side of eq. ( l ) ,  E,  is the rate a t  
which energy is added by radiation, G, is the 
rate a t  which heat is added by vertical turbulent 
transport from the surface, and G, is the rate 
a t  which heat is added by condensation of water 
vapor in the clouds. 

On the left side, c,a,aT',/at is the local rate 
of change of thermal energy, and A D ,  and 
-cva,KV2T', are the advections of thermal 

energy by the mean wind and by horizontal 
eddies, respectively. The term cvKb.  VT', will 
be neglected. 

The equation for the ocean layer (Adem, 
1970a)  is: 

where Ti is the departure of the surface ocean 
temporaturc from H, constant value T,,, T s 0 >  
Ti, Q, is a constant density and c,  is the specific 
hoot; h is the depth of the layer; vsT is the 
horizontal velocity of the ocean currents; W is 
the vertical transport of heat at  the bottom of 
the layer; K ,  i3 the constant a*Jstausch coeffi- 
cient; E, is the rate a t  which the energy is 
added by radiation; G, is the rate at  which 
sensible heat is given off to the atmosphere by 

vertical turbulent transport; and G, is the rate 
a t  which the heat is lost by evaporation. The 
term haTj/at is the local rate of change of 
thermal energy; hvsT. V Ti and - hK, VBTi  are 
the horizontal rate; of transport of thermal 
energy by mean ocean currents and by turbulent 
eddies, respectively. 

In the continents, eq. (2)  reduces to: 

0 = E,  -G, -G, (2') 

In the earlier version of the model, the follow- 
ing assumptions have been made: 

(a) In  eq. (2), the horizontal transports of 
heat by the mean ocean currents and by turbu- 
lent eddies are neglected. 

The vertical transport at  the bottom of the 
layer is also neglected. 

(b) In eq. ( l ) ,  at,/at is replaced by (TL - T k p ) /  
At; where TLP is the value of T', in the previous 
month and At is the time interval taken as a 
month. Similarly, aTi/at in eq. ( 2 )  is replaced 
by (Ti - Ti,)/At where TI, is the value of Ti in 
the previous month, and At is also taken as a 
month. 

Using parameterizations for E,, E,, G,, G,, 
G ,  and AD,,  the different components that 
appear in eqs. (1) and (2) are expressed as func- 
tions of Ti, T',,, aT',/ax and aT',/ay (Adem, 
19653, 1970b).  

Substituting the parameterized heating func- 
tions in eqs. (1) and (2) and using assumptions 
(a) and (b), we obtain two linear equations to 
compute Tk and Ti. Due to assumption (a), 
eq. (2)  becomes algebraic. Therefore, the prob- 
lem i3 reduced to solving a linear second order 
elliptic differential equation of the type: 

where F ; ,  F i r ,  F;" and 3'; are known functions 
of the map coordinates x and y (Adem, 1970b).  

We can remove ( a )  and still get the same type 
of integration problem. To introduce the 
transport by horizontal mean ocean currents and 
by turbulent mixing, as well as upwelling, a 
different method of integration is used, which 
consists in integrating the equation for the 
ocean layer with forward differences and the 
equation for the atmosphere with backward 
differences. 

Considering that the term haTi/at is of the 
same order of magnitude or larger than any 
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one of the others in eq. (a), one can attempt to 
solve eq. (2) with forward or centered differences 
to obtain the predicted ocean temperature, 
which is then substituted in eq. (1) in which we 
still use backward differences. This can be done 
because in contrast with what happens in the 
oceans, the storage term in the atmosphere is 
small compared with the heating functions. The 
integration problem is therefore reduced again 
to the solving of an elliptic differential equation 
for the tropospheric temperature. 

For the total ocean current, vsT, we assume 

'ST = '8, + ('8 - ' S N )  

where v,, is the observed normal seasonal ocean 
current, Y, is the pure wind drift current, and 
vSN is the corresponding normal wind drift 
current. 

The components of the vector v, are computed 
from the following formulas: 

U ,  = c1 -=== (u, cos 0 + w, sin 0) 
0.0126 

Isin p 

and 

0.0126 

sin p 
w,=c, -- 1/'- (w, cos 0 - U, sin 0) 

where the directions of the coordinate axes are 
arbitrarily chosen, us and v, are respectively the 
x and y components of the current, u, and v, are 
respectively the x and y components of the sur- 
face wind, p is the latitude, c1 is a constant para- 
meter, and 0 is the angle that measures the di- 
rection of the vector surface ocean current to 
the right of the surface wind direction. 

The detailed derivation of eqs. (4) and (5) has 
been given elsewhere (Adem 1970a). 

The components of vsN are obtained using 
normal valussl of the surface wind components 
in eqs. (4) and (5). 

For the upwelling term, we use the same 
parameterization as in a previous paper (Adem, 
1970a). 

For a more complete information on the equa- 
tions, the method of solution, the data sources, 
and the parameterizations used, the reader is 
referrad to the previous papers (Adem, 1964a, 
1965a, 19653, 1970a, 19703). 

Normal values are defined as long-term monthly 
means at each geographical point. 
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The method of prediction is the same as the 
one used in the above mentioned papers. That 
is, one makes a prediction for the normal values 
using normal observed values of the previous 
month as initial conditions and another predic- 
tion for the month considered using the observed 
values of the previous month as initial condi- 
tions. The predicted anomalies are obtained by 
subtracting from the computed values for the 
given month, the corresponding computed nor- 
mal values. 

The equation of conservation of thermal 
energy when only the horizontal turbulent mix- 
ing is included is of special importance. In this 
case, (2) becomes: 

The solution of (6) depends only on the 
temperature for the previous interval and on 
the exchange coefficient K,, for which we will 
use a value of the order 3 x lo8 cms sec-l. This 
value is 100 times smaller than the one used in 
the atmospheric layer. 

The solution of (6), discussed in a previous 
paper (Adem, 1971), shows a tendency for the 
anomalies to return to normal, but the rate at 
which the anomalies return to normal depends 
on their size, so that the smaller anomalies dis- 
appear before the larger ones. 

To illustrate this selective return to normal, 
Fig. 1 shows different sizes of anomalies, 
labeled with Roman numbers; the side of the 
smaller one correaponds to the grid distance 
used in the numerical experiment which is equal 
to 817 km. 

Fig. 2 shows the evolution of the different 
anomalies with time; the anomaly of size I dis- 
appears after 43 days, and the larger anomalies 
are, the slower they decrease (Adem, 1971). 

3. Results of the numerical experiments 

Many examples of prediction have been pub- 
lished already by the author (Adem & Jacob, 
1968; Adem, 1969, Adem, 1970a). 

Inspection of particular cases shows that the 
predictions have some skill. However, to deter- 
mine the value of the method of prediction, we 
need to use an objective evaluation applied to 
a large number of samples. 
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Fig. 1. Different sizes of ocean temperature anomalies. The side of the smaller one is equal to 817 km, which 
is the grid distance used in the numerical experiments. 

We will evaluate the skill of the model in pre- 
dicting correctly the sign of the month to month 
change of anomalies and, for that purpose, will 
compute the percentage of signs correctly pre- 
dicted. As control, we will use return to normal 
which is a prediction in which the change of the 
anomaly is equal to the anomaly of the previous 
month with opposite sign. 

Fig. 3A, which shows the area of the Pacific 
and the Atlantic Oceans included in the verifica- 
tion, illustrates a typical prediction. It corre- 
sponds to the monthly change from August to 
September, 1972, predicted with a model which 
includes only horizontal turbulent mixing, and 
in which time steps of 5 days have been used. 
Comparison with the corresponding observed 
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Fig. 2. Evolution with time of the ocean temperature anomalies shown in Fig. 1, in a model in whioh only 
horizontal turbulent mixing is included. 

changes (Fig. 3 B )  shows that not only the 
signs of the changes of anomalies, but also the 
position of some of the maxima and minima, are 
well predicted. Furthermore, the predicted 
change is of the correct order of magnitude, al- 
though somewhat smaller than the observed 
change. 

First we will show the results of predictions 
using the current thermodynamic model in 
which assumptions (a) and (b) have been used. 
These predictions have been carried out since 
1965 and we will show the evaluation of 73 
cases, from December 1965 to December 1970 
and from June 1972 to May 1973. 

Table 1 shows the results for each individual 
case for the model and for return to normal and 
their difference. From these results, it is evident 
that the skill of the model is superior to the 
control prediction. Table 2 shows the average 
results by seasons and for the whole period of 
the 73 monthly predictions. From this table, it 
is evident that the best results are obtained for 
winter on the Pacific Ocean, for which the 
model predicted correctly 64.1 % of signs of 
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month to month changes in ocean temperature 
anomalies, being 6 % higher than the control. 

The higher percentage is of 65.1 in the summer 
over the whole area, but in this case, the exceas 
over the control is only of 3%. Over the whole 
period and over both oceans, the total percen- 
tage is 63.2% correctly predicted, with an ex- 
cess over the control of 3.7, while over the Pa- 
cific is of 63.4, with an excess over the control 
of 4.7. 

Table 3 shows the results of 24 predictions 
from January 1970 to December 1971, and from 
June 1972 to May 1973, using the model in 
which only turbulent mixing is considered with 
time steps of 5 days. Table 4 shows the results 
by seasons and for the whole 24-months period. 
I n  this case, if we consider the two oceans, the 
best skill is in the fall, with an excess over the 
control of 11.5%. However, in the other sea- 
sons, the skill is also extremely good and the 
average for the whole period for both oceans is 
an excess of 8.1 over the control. 

In Table 5, a comparison of the skill using 
different options of the model is shown using 
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Fig. 3. Changes of surface ocean temperatures, in tenths of Celsius degrees, from August to  September 
1972: (A) predicted by the model; (B) observed. 

the same sample of 24 cases. I n  the first line are 
the value3 for the control, namely return to 
normal: in the Pacific 58.7, in the Atlantic 57.9 
and in both oceans 58.3 correctly predicted. I n  
the second line are shown the excesses over the 
control, using the current thermodynamic mod- 
el: in the Pacific 4, in the Atlantic 5.7, and in 
both oceans 4.8. In  the third line the excesses 

over the control when one uses the model in 
which there exists only turbulent mixing with 
forward time steps of 5 days: in the Pacific 6.9, 
in the Atlantic 9.1, and in both oceans 8.1. 
Finally, in the last line, using a model in which 
only turbulent mixing is used, but integrating 
the equation with one single 30 day time step. 

Table 5 shows that the best results are ob- 
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tained with the model with turbulent mixing 
alone using time steps of 5 days. 

Numerical experiments including the trans- 
port by mean ocean currents as well as the 
complete set of equations have been carried out 
in a limited number of cases and using time 
steps of 30 days for atmosphere and ocean. Al- 
though the work of Namias (1959) suggests that 
the advection of heat by ocean currents is 
important, the skill of these predictions has not 
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been as good FM those corresponding to the two 
simplified models used in the predictions whose 
results have been shown here. This could be due 
to the fact that, a3 was shown in a previous 
paper (Adem, 1971), in these cases shorter time 
steps than a month need to be used to avoid 
large truncation errors that would lower the 
skill of the predictions. 

Furthermore, in this case, the integration is 
carried out using forward integrations for the 
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Table 1. Percentage of S i p 8  of the month-to-month changes in ocean temperature anomalim predicted 
correctly by the thermodynamic model and by return to normal for the 73 month from December 
1965 to December 1970, and from June 1972 to May 1973 

Pacific and Atlantic 

Return to 
Month Model normal Difference 

1965 
Dec. 

1966 
JSn. 
Feb. 
Mar. 
April 

June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
D0C. 

1967 
Jan. 
Feb. 
Mar. 
April 
May 
June 
J d Y  
Aug. 
sept. 
Oct. 
Nov. 
DW. 

1968 
Jan. 
Feb. 
Mar. 
April 
May 
June 
J d Y  
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

May 

53.5 

64.4 
64.9 
54.5 
70.3 
68.3 
71.3 
68.8 
58.9 
58.4 
54.5 
63.9 
61.8 

64.9 
60.4 
58.4 
64.4 
61.4 
58.4 
67.8 
64.9 
58.4 
62.4 
59.9 
73.3 

65.4 
62.4 
60.8 
61.8 
64.4 
53.9 
61.8 
66.3 
54.5 
59.4 
62.3 
65.3 

52.0 1.5 

57.9 6.5 
51.5 13.4 
43.6 10.9 
60.9 9.4 
63.3 5.0 
69.8 1.5 
62.9 5.9 
60.9 - 2.0 
55.4 3.0 
52.0 2.5 
54.5 9.4 
57.0 4.8 

54.5 10.4 
55.0 5.4 
56.0 2.4 
62.4 2.0 
57.9 3.5 
57.0 1.4 
64.9 2.9 
61.4 3.5 
57.4 1 .o 
58.4 4.0 
54.0 5.9 
71.7 1.6 

63.9 1.5 
57.9 4.5 
56.4 4.4 
57.4 4.4 
67.8 - 3.4 
50.9 3.0 
59.4 2.4 
66.3 0 
57.4 - 2.9 
59.4 0 
58.9 3.4 
65.3 0 

equation in the ocean and an  implicit method 
of integration for the equation in the atmos- 
phere in which backward time differences are 
used, with a time interval different than the 
one for the ocean. 

The upwelling term can become important 

Pacific and Atlantic 

Return to 
Month Model normal Difference 

1969 
JSn. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1970 
Jan. 
Feb. 
Mar. 
April 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1972 
June 
July 
Aug. 

Oct. 
Nov. 
DW. 

1973 
Jan. 
Feb. 
Mar. 
April 
May 

Sept. 

64.9 
61.4 
66.3 
64.9 
62.9 
58.9 
70.4 
64.3 
70.9 
65.8 
72.4 
68.8 

55.9 
63.9 
61.4 
59.9 
68.8 
70.3 
71.8 
62.9 
61.4 
72.3 
59.9 
62.4 

67.8 
65.4 
67.8 
61.9 
61.4 
54.0 
60.9 

40.1 
70.8 
71.3 
59.4 
61.4 

59.9 
58.9 
60.4 
65.8 
58.4 
56.4 
69.3 
64.8 
71.9 
65.8 
69.8 
67.8 

54.5 
59.9 
55.4 
57.9 
68.3 
61.9 
66.8 
56.4 
56.9 
59.9 
47.5 
60.9 

62.0 
60.9 
65.3 
57.9 
57.4 
50.0 
54.5 

38.6 
66.3 
67.8 
52.0 
58.9 

5.0 
2.5 
5.9 

- 0.9 
4.5 
2.5 
2.1 

- 0.5 
- 1.0 

0 
2.6 
1.0 

1.4 
4.0 
6.0 
2.0 
0.5 
8.4 
5.0 
6.6 
4.5 

12.4 
12.4 
1.5 

5.0 
4.5 
2.5 
4.0 
4.0 
4.0 
6.4 

1.5 
4.5 
3.5 
7.4 
2.5 

locally, as is the case off California, where ver- 
tical velocities of the order of 4 x 1 0 - 3  cm sec-l 
exist, as has been shown by Roden (1972). 
According to computations carried out by the 
author, such velocities can be of importance in 
prmlncing non-negligible ocean temperature 
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Table 2. Averages for seaaons and for the whole period of the percentuge of signs of month-to-month 
changes in  ocean temperature anomalies predicted correctly by the thermodynamic model and by return 
tOWmal 

Pacific Pacific and Atlantic 

Return to Return to 
Season Model normal Difference Model normal Difference 

Winter 64.1 68.1 6.0 62.4 68.3 4.1 
Spring 63.3 68.0 6.3 63.3 69.6 3.8 
Summer 63.4 69.7 3.7 66.1 62.1 3.0 
F d  62.8 68.9 3.8 61.9 68.0 3.9 
Avemge 

period 63.4 68.7 4.7 63.2 69.6 3.7 
for whole 

Table 3. Percentage of signs of the month-to-month changes in ocean temperature ammalies p r e d W  
wwecUy by a model with horizontal turbulent mixing done and by return to normal for the 24 months 
from January 1970 to December 1970, and from June 1972 to May 1973 

Pacific and Atlantic 

Return to 
Month Model normal Difference 

1970 
Jm. 64.4 64.6 9.9 
Feb. 63.9 69.9 4.0 
Mm. 60.4 66.4 6.0 
April 66.3 67.9 7.4 
May 68.8 68.3 0.6 
June 68.3 61.9 6.4 
J d Y  76.7 66.8 9.9 
Aug. 71.8 66.4 16.4 
Sept. 62.4 66.9 6.6 
Oct. 73.8 69.9 13.9 
Nov. 66.3 44.1 22.2 
D00. 66.8 60.9 6.9 

Pacific and Atlantic 

Return to 
Month Model normal Difference 

1972 
June 
J d Y  
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
1973 
Jan. 
Feb. 
Mar. 
April 
May 

66.4 
63.9 
69.8 
69.8 
62.4 
60.9 
68.8 

60.9 
63.3 
69.3 
61.9 
66.8 

62.9 
60.9 
66.4 
67.9 
67.4 
60.0 
64.4 

38.6 
66.3 
67.8 
62.0 
68.9 

2.6 
3.0 
4.6 

11.9 
6.0 

10.9 
14.4 

22.3 
- 3.0 

1.6 
9.9 
7.9 

Table 4. Averages for seuaons and for the whole period of the percentage of signs of month-to-month 
changes in  ocean temperature ammaliee pedided correctly by a model with horizontd turbuZent 
mixing done and by return to normal for the 24 months, from January 1970 to December 1970, and 
from June 1972 to May 1973 

Pacific Atlantic Pacific and Atlantic 

Return to Dif- Return to Dif- Return to Dif- 
Seeson Model normal ference Model normal ference Model normal ference 

Winter 62.9 66.4 6.6 66.9 66.1 11.8 64.7 66.8 8.9 
Spring 66.0 68.9 6.1 66.0 61.6 4.6 66.4 60.1 6.3 
Summer 67.9 62.7 6.2 71.0 62.0 9.0 69.3 62.4 11.6 
Fall 67.6 66.0 11.6 64.0 62.6 11.6 66.9 64.4 11.6 
Average 
for whole 
period 66.9 68.6 7.4 67.0 67.8 9.2 66.3 68.2 8.1 
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Table 5 .  Averages for the whole period of 24 
months (fr3:;a ,Janitary 1970 to December 1970, 
and from June 1972 to May 1973)  of the percen- 
tage of signs of month-to-month changes in  ocean 
temperature anomdies predicted correctly 

In the first line arc the values of the control predic- 
tion (return to normal), in the second line, the ex- 
cesses over the control obtained when using the 
current thermodynamic model; in the third and 
fourth lines are the excesses obtained when using 
the model in which only horizontal turbulent mix- 
ing is included with forward time steps of 5 days, 
and with one single 30 day time step respectively 

Case Pacific Atlantic Both oceans 

Return to  
normal 58.7 57.9 58.3 

HE 4.0 5.7 4.8 
TU(5)  6.9 9.1 8.1 
TU(30)  5.9 7.8 6.8 

anomalies (Adem, 1 9 7 0 ~ ) .  However, it  is evi- 
dent from the scale of the horizontal distribu- 
tion of vertical currents that the distance of 
the grid points used in this case must be smaller 
than the one used in the computations presented 
in this paper. 

4. Interpretation of results and conclusions 

The above results show that the large scale 
horizontal turbulent mixing is an important pro- 
cess in producing changes of anomalies of the 
ocean temperature for periods of a month. 

These results depend on the use of an ex- 
change coefficient, which has been taken equal 
to 3 x lo8 cmz sec-l. Improvement in the skill of 

the predictions could possibly be obtained by 
using a more realistic exchange coefficient de- 
pendent of the geographical position. 

Evaporation and vertical turbulent transport 
of sensible heat given off to the atmosphere 
from the surface are also important. This is, in 
fact, expected from the findings of several 
authors among them Clark (1967) ,  Jacob (1967)  
and Adem (1969) .  All these processes produce a 
tendency towards return to normal: the turbu- 
lent horizontal mixing is a selective return to 
normal in which the smaller are the anomalies, 
the faster they decrease, while evaporation and 
vertical transport of sensible heat is a somewhat 
complex return to normal in which the atmos- 
pheric conditions interact yielding better pre- 
dictions than those corresponding to simple re- 
turn to normal. 

The above results show that numerical pre- 
dictions of ocean temperature with a thermo- 
dynamic model for periods of about a month, 
have skill. 

The experiments presented here can be re- 
garded as the initial stage of a series of numeri- 
cal computations aiming at improving the pre- 
dictions of ocean temperature by using better 
parameterizations of the heating and transport 
terms, better input data and a more complete 
model. 
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Y BCJI E H H bI m T E P M 0 A II HAMMY E C K B  m n P O r  H 03 CPE A H EM E C FI ZI H Om 
TEMIIEPATYPbI OKEAHA 

n p e A C T a B J I e H b I  p e 3 y J I b T a T b I  ' I I ICJIeHHOrO np0- 
r H 0 3 a  C IIOMOWbIO T e p M O A H H a M H 4 e C K O t  MOReJIR 
R 3 M e H e H A f i  OT M e C a r l a  K M e C R U y  aHOMaJI l l f i  
T e M I I e p a T y p b I  I IOBepXHOCTH O K e a H a  B CeBepHOM 
nonymapmr. C T a T w m v i e c x a R  o q e H K a  nporao- 
~ O B  ( 3 ~ a ~ a  I I ~ M ~ H ~ H M ~  a H o M a n H P )  ~ J I R  nepaoaa 
B 7 3  M e c R q a  c a e ~ a 6 p f i  1965 no ~ e ~ a 6 p b  1970 rr. 
II c RIOHR 1972 no M a t  1973 rr. n o ~ a m ~ a e ~  EX 

~ ~ O ~ H O ~ O B ,  n p e ~ c ~ a 3 b 1 ~ a m q ~ x  ~ o a s p a q e ~ ~ e  K 

n o H e H T  H a r p e B a H m  II nepeaoca, B X O A R ~ R X  B 

YCneIIIHOCTb,  3HaYHTeJ IbHO 60nbrny10, YeM HJIR 

HOpMe.  O q e H H B a e T C R  BJIRFIHIIe pa3J IM4HbIX KOM- 

MOAeJIb I I p O r H O 3 a .  n O K a 3 a H 0 ,  YTO r O P R 3 0 H -  
TaJ IbHbI f i  TYP6YJIeHTHbIB I I e p e H O C  TeI I J Ia  B 
O K e a H e ,  COOTBeTCTByIOLUllfi K 0 3 @ @ H q H e H T Y  06- 
M e H a ,  P a B H O M Y  3 '  1 O 4 ~ * / c ,  R r p a e T  B a X H y I O  P O J I b  
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