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Abstract.

The following treatment deals with the astronomical tide in the Arctic Ocean
taking into account the static and dynamic conditions. The observational material
comprises various published material and also some new material, especially from
Northeast-Greenland. Although a main conclusion is, that the tide in the Arctic
Ocean is narrowly connected with and influenced by the rather well developed tide in
the Greenland Sea east of Greenland, it appears, that an internally developed tide in
the Arctic Ocean must also be reckoned with. Accepting this it may be puzzling, that
the partial tides with almost diurnal periods—the so-called diurnal tides—are less
developed in nearly all parts of the Arctic Ocean than the semi-diurnal tides, as an
opposite conclusion might be drawn, when the theoretical equilibrium tide in the
Arctic Ocean is considered. An explanation may be, that a grand-scale oscillation
takes place in the main and deeper part of the Arctic Ocean. Amphidromic systems
are not prevalent here because of the great depths and the corresponding relatively
weak tidal streams.

As to the amplitudes of the partial tidal waves in and near the Arctic Ocean it
can be mentioned, that the M,-amplitude is about 100 cm at the northern Norwegian
coast and in the sound along NW-Greenland. M,-amplitudes up to 50 cm occur at the
westcoast of the Norwegian group of islands Svalbard and at the coast of E-Greenland.
In most inner parts of the arctic sea area the M,-amplitude is of the order of magnitude
10 cm or still less. The S,- amplitude is in most cases between one third and one half
of the M,-amplitude. Regarding the amplitudes of the diurnal tidal waves the K,-
amplitude amounts to 30—40 cm in the above-mentioned sound along NW-Green-
land, but to less than 10 cm in most other arctic areas. The O,-amplitude is still less
than the K;-amplitude in most cases; in several cases it is only about one half or one
third of the K;-amplitude.



I. EARLIER MATERIAL AND TREATMENTS

he astronomical tide in the Arctic Ocean has been dealt with and

discussed by various authors. Among the outstanding contributions
can be mentioned one by RorLrin A. Harris (1911) and one by J. E.
Fserpstap (1936). It may be of special interest to emphasize that on
the basis of tidal results from the coasts along the Arctic Ocean Hargis
concluded that a rather extended island or a shallow bank might exist
in the area between the Canadian Archipelago, Alaska and the North-
pole. It may also be emphasized that on the basis of tidal material,
which was at his disposal, i. a. from the Maud-expedition 1918-25,
FseLpstap predicted that a rather shallow ridge might extend from
the Siberian continental shelf and possibly divide the Arctic Ocean into
two deep basins. It is now known that the predictions made by Harris
and especially those made by FiseLpstap have some reality in the
so-called Lomonosov Ridge connecting the area around ‘“Novosibirskiye
Ostrova” with the shelf north of Greenland and Ellesmere Land.
Nevertheless, the present author is of the opinion that the tides in the
Arctic Ocean are rather little influenced by the ridge mentioned. The
designation “Aretic Ocean’ is here and in the following used for the
whole deep-sea area north of Europe, Asia and America.

From certain points of view the tides in the Arctic Ocean must
attract special interest. Firstly, the Arctic Ocean is unique in the
respect that it covers a polar area and is real circumpolar, contrary to
the other deep oceans of the Earth. Another circumstance, which is
particular for the Arctic Ocean, is the ice-covering of the sea; the stress
of the wind on the sea is counteracted hereby, as waves cannot be set
up to any noticeable height because of the ice. Moreover, the tides
themselves may effect the ice conditions in various ways. For instance,
cracks in the ice can be produced by the tides, and exchange of cold and
warm water masses is advanced by varying tidal streams. Finally, the
so-called equilibrium tide may—as it appears from the following
chapter—play a role in arctic seas.

Table I presents the available tidal material including 65 series
of harmonic analysis originating from 65 localities along or near the
coasts of the Arctic Ocean. The sequence is so, that values from the



Table I

o . Nans lat. (N) ‘ long. M, S,
S Hem % g& | Hem 2 g
1. Rorvik: o, oo e 64 52 ‘ 11 15E| 77.6 336 314 26.5 10 348
2. Bodo ... 67 17 | 14 23 86.7 358 329 28.8 36 7
Norway 3. Kabelvag ............... 68 13 ’ 14 30 90.8 4 335 329 4 15
: : 4. Andenes ................ 69 20 | 16 08 64.2 10 338 221 50 18
5. Hammerfest............. 70 40 | 23 41 88.3 67 20 27.7 106 59
6. Vardo .................. 70 20 | 31 06 |[100.7 164 102 28.6 205 143
Kola peninsula 7. Ekaterininskaya ......... 69 12 | 33 28 |116.0 192 125 33.9 236 169
8. Kamenka bay ........... 70 36 ‘ 57 25 | 21.4 94 339 9.5 173 58
s . 9. Matotehkin Shar......... 73 15 56 23 15.0 54 301 7.5 116 3
Novaya Zemlya | 16" Russkaya Gavan......... 76 16 | 63 03 | 15.2 289 163 | 6.9 336 210
11. Mys Zhelaniya........... 76 56 68 58 15.0 311 173 7.2 3569 221
12. Mys Zveroboi............ 73 48 | 8b 34 14.0 63 252 7.8 120 309
13. Rade de Zarya........... 76 08 95 08 17.7 26 196 8.2 99 269
14. Domaschniiisl. .......... 79 30 91 08 10.4 31 209 3.9 89 267
15. Hansenisl. .............. 7734 | 102 24 6.6 34 189 25 63 218
16. Mys Tcheliuskine......... 7743 | 104 19 12.8 333 124 52 24 175
17. Maud Harbour........... 7732 | 105 35 12:6 324 113 50 3 152
18. Samuelisl. .............. 7726 | 106 40 15.4 318 105 6.5 359 146
19. Dashkaisl. .............. 72 02 | 128 40 3.0 55 156 2.1 102 203
s Qhar 20. Lena entrance ........... 72 01 | 129 06 3.7 311 53 3.7 24 126
AIGHG SING 21, BYKOV..ovonninini 7159 | 120 09 | 71316 58 | 42 14 116
22, Tixibay ................ 71 35 | 128 55 13.8 35 137 5.0 103 205
23. Tixibay ............. S| 7144|129 26 11.8 15 116 8.9 65 166
24. Kotelniisl. .............. 7 22 | 137 10 7.3 25 111 4.6 91 177
25. Four Pillarisl............ 70 44 | 162 30 1.0 60 95 0.5 110 145
26. Ajonisl. ................ 69 53 | 167 52 1.7 347 11 0.9 35 59
27. Pitlekaj................. 67 03 173 30W| 2.5 184 171 0.9 240 227
28. Mys Serdze Kamen....... 66 53 | 171 38 3.9 221 204 1.5 307 290
29. Uellen .................. 66 10 | 169 50 6.0 238 218 1.8 342 322
30. Port Clarence............ 65 13 | 166 24 14.4 213 186 0.9 346 319
Alaska 31. Barrow ................. 71 18 | 1566 40 5.0 336 289 2.0 16 329
32, Flaxmanisl.............. 70 11 | 145 50 6.6 354 286 2.9 37 329
33. Cape Columbia........... 83 07 69 40 115 230 9 5.0 284 63
Ellesmere Land 34. Cape Sheridan ........... 82 27 61 30 24.5 303 66 11.5 351 114
35. Fort Conger ............. 81 44 64 44 59.8 335 104 27.1 19 148
36. Thule (air base).......... 6 32 68 H4 79.9 317 95 31.4 354 132
37. Port Foulke ............. 78 18 73 00 |110.9 322 108 46.4 5 151
38. Rensselaer Bugt ......... 78 37 70 53 [102.8 333 115 45.5 12 154
39. Thank God Harbour...... 81 36 61 40 h4.7 352 115 25.2 33 156
40. Kap Bryant............. 82 21 54 30 12.8 4 113 7.1 47 156
Greenland 41. Kap Morris Jesup ........ 83 40 33 35 4.2 307 14 24 14 81
42. Jorgen Bronlund Fjord ... 82 11 30 30 10.6 295 356 4.0 346 47
43. Kap Holbaek ............ 80 40 23 30 11.0 305 352 5.0 343 30
44. Danmarkshavn .......... 76 46 18 46 50.8 306 344 18.8 351 29
45. Godthaabs Golf .......... 73 59 21 08 44.9 315 357 195 0 42
46. Danmark O ............. 70 27 26 12 33.5 338 30 152 29 81
oy 47. Kvalrossbukta........... 7058 | 841 41.1 327 344 14.9 10 27
sJani Mayen 48. Mary Mussbukta ......... 7100 | 828 | 40.2 328 345 | 131 18 35
49. Austervag............... 4 29 19 12E| 342 50 12 13.0 83 45
50. Husdalen ............... 776 30 25 04 25.3 265 215 11.7 {336 286
51. Kvalvagen .............. 77 30 18 12 26.0 355 319 20.4 25 349
52. Sveagruva............... 7753 | 16 43 48.4 46 13 21.6 101 68
53. Kapp Linné ............. 803 | 13 38 50.2 26 359 155 70 43
54. Gronfjorden............. 78 04 14 15 50.7 21 352 18.3 63 34
Svalbard 55. Adventfjorden........... 78 15 15 42 481 34 3 18.1 72 41
56. Ny-Alesund ............. 78 56 11 57 425 32 8 16.8 78 b4
57. London................. 78 58 12 03 444 26 2 15.0 68 44
58. Virgohamn.............. 79 43 10 44 414 38 17 143 70 49
59. Mosselbukta............. 79 53 16 04 35.0 87 55 13.1 121 89
60. Sorgfjorden ............. 80 00 16 52 28.0 99 65 10.7 150 116
61. Sveanor................. 79 56 18 18 25.1 92 55 11.1 138 101
62. Brennevinsfjorden ....... 80 53 19 29 28.0 83 44 10.0 135 96
63. Mys Flora............... 79 57 49 59 13.3 279 179 4.4 333 233
Franz Josef Land | 64. Tikhoi bay .............. 80 20 52 48 9.3 252 146 2.9 306 200
65. Teplitz bay.............. 81 47 57 59 15.5 178 62 6.3 229 113




Harmonic constants.

N, K, K, 0, P, .

ref. | period | nr.
Hem »x g5, Hem 2 gf, Hem x g2 Hem % g Hem 2 gg

15.8 312 290 7.7 7 345 74 182 171 54 bH3 42 2.3 170 159 G 1
18.1 334 305 8.4 27 358 10.9 207 193 3.7 48 34 2.9 202 188 G 2
18.6 340 311 89 37 8 10.5 212 198 3.9 bH4 40 2.8 202 188 A 2 years 3
14.1 344 312 6.2 46 14 5.9 191 175 43 60 44 0.7 261 245 E 1 year 4
18.7 39 352 9.1 99 52 8.1 237 213 3.3 70 46 2.4 224 200 G b
20.9 133 71 8.8 204 142 11.9 283 252 2.6 100 69 3.5 282 251 G 6
25.4 162 95 9.9 236 169 13.2 295 262 2.5 104 71 3.1 288 255 J ‘ 370 days 7
4.3 94 339 2.6 173 58 2.8 351 294 6.6 27 330 0.9 351 294 Q 15 days 8
3.0 54 301 2.0 116 3 3.3 243 187 5.0 27 331 1.1 243 187 P 15 days 9
2.8 2569 133 1.8 336 210 3.3 148 8b 3.2 266 203 1.1 148 85 P 15 days | 10
3.2 311 173 1.9 359 221 1.7 217 148 2.3 302 233 0.6 217 148 Q 45 days | 11
2.8 63 252 2.1 120 352 2.7 134 48 1.7 70 344 0.9 134 48 P ! 28 days | 12
3.7 6 176 2.4 99 269 3.7 3 268 24 8273 1.2 3 268 N | 120 days | 13
1.7 343 61 1.1 89 267 5.6 47 316 1.6 37 306 1.9 47 316 Q | 30days | 14
1.3 34 189 0.7 63 218 3.0 22 280 3.0 4 262 1.0 22 280 Q | 15days | 15
2.6 333 124 1.4 24 175 5.1 38 294 2.6 16 272 1.7 38 294 Q | 30days | 16
2.7 312 101 4.8 24 278 2.0 4 258 C ‘ 93 days | 17
3.1 318 105 1.8 359 146 7.6 12 265 0.8 32 285 2.5 12 265 Q I 15 days | 18
0.7 9 110 2.4 147 18 2.1 130 1 M 19
2.4 331 73 0.9 24 126 0.6 326 197 2.4 160 31 0.3 326 197 L | 30days | 20
1.5 280 22 4.1 64 295 4.6 77 308 M | 21
2.8 3b 137 1.4 103 205 3.2 105 336 1.0 84 315 1.1 105 336 Q | 15days | 22
6.4 101 332 4.8 45 276 M | 23
1.5 3 89 0.6 293 156 0.3 350 213 K | 120 days | 24
0.2 33 68 0.5 12 210 0.4 76 274 C | 172 days | 25
03 9 33 0.4 355 187 0.4 12 204 C | 210 days | 26
0.5 154 141 1.2 53 226 1.3 63 236 C | 163 days | 27
1.2 186 169 1.5 77 249 1.3 64 236 C | 90 days | 28
1.2 238 218 0.5 342 322 0.8 61 231 1.1 92 262 0.3 61 231 Q 30 days | 29
4.4 133 106 0.2 346 319 7.6 115 281 3.7 287 93 2.5 115 281 S | 29 days | 30
0.9 312 265 0.5 16 329 1.6 347 144 1.6 20 177 0.5 347 144 S | 105 days | 31
0.9 331 263 0.3 62 354 2.3 7153 2.7 45 191 0.8 7 153 S 58 days | 32
1.9 194 333 1.3 284 63 5.2 311 21 3.3 281 351 1.7 311 21 S i 29 days | 33
4.3 276 39 3.2 348 111 4.8 298 360 2.7 279 340 1.6 296 358 S | 220 days | 34
11.5 309 78 9.1 17 146 8.5 222 287 2.8 199 264 2.3 233 298 S | 369 days | 35
16.4 296 74 8.5 354 132 39.6 187 256 12.3 141 210 13.1 187 256 V | 29days | 36
20.4 293 79 12.6 5 151 31.9 187 260 12.4 145 218 10.5 187 260 S 58 days | 37
21.4 303 8H 12.4 12 154 25.9 193 264 12.8 150 221 8.6 193 264 S | 116 days | 38
10.8 326 89 6.9 33 156 12.3 246 308 4.6 209 271 4.1 246 308 S | 174 days | 39
2.4 350 99 1.9 47 156 9.8 286 340 4.1 262 316 3.3 286 340 S | 29 days | 40
7.6 340 14 5.7 312 346 C | 10days | 41
2.0 269 330 1.1 346 47 6.4 361 21 2.6 326 356 2.1 351 21 w ‘ 15 days | 42
2.0 295 342 2.0 10 57 7.0 6 29 40337 0 2.0 357 20 W ‘ 8 days | 43
10.5 272 310 5.1 352 30 8.4 43 62 6.3 8 27 2.8 43 62 U | 58 days | 44
11.9 289 331 11.8 7 96 7.6 25 46 B 30 days | 45
6.1 313 b 3.1 29 81 9.1 66 92 9.1 37 63 3.1 66 92 T 86 days | 46
7.6 293 310 6.0 107 116 6.4 60 69 Fl 29 days | 47
8.6 300 317 3.6 18 35 3.2 97 105 6.0 49 b7 1.1 97 105 S | 105 days | 48
6.7 3b 3b7 5.4 230 211 4.4 66 47 B 30 days | 49
4.4 228 178 11.8 11 346 3.2 bl 26 F 29 days | 50
7.3 307 271 6.8 352 334 1.4 47 29 F 29 days | 51
13.0 30 3567 7.3 233 216 1.2 144 127 F 15 days | 52
8.4 359 332 6.8 208 194 3.4 128 114 F 14 days | 53
9.8 356 328 6.7 232 218 3.3 96 82 R | 360 days ‘ 54
9.6 34 3 4.9 72 41 7.3 161 145 3.5 132 116 2.4 161 145 0 15 days | 55
8.7 2 338 6.7 295 283 2.1 128 116 F 29 days | 56
7.5 b 341 5.4 251 239 21 92 80 1 58 days | b7
7.6 13 351 8.1 91 69 2.7 215 204 1.2 12 1 0.9 215 204 S 29 days | 58
6.7 61 29 7.0 245 229 2.7 72 b6 H | 104 days | 59
71 71 37 2.9 150 116 7.3 270 253 2.2 70 b3 2.4 270 253 S | 105 days | 60
4.9 57 20 8.7 271 253 1.8 78 60 C | 61
8.0 44 b 4.0 273 254 D | 14 days | 62
2.5 245 145 6.8 30 340 2.2 47 357 S i 105 days | 63
1.9 198 92 0.8 306 200 6.9 36 343 1.9 42 349 2.3 36 343 P 30 days ; 64
3.0 165 39 3.1 26 328 1.3 49 351 S | b8days | 65
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Fig.1. Contour-map of Independence Fjord, Hagen Fjord and Danmark Fjord,

worked out on the basis of available material, i. a. maps by Lauge Koch from

surveys in 1921. The geographical coordinates are brought in accordance with

recent measurements performed by the Pearyland Expedition 1947-50. The contours

just east and south of the area presented here are uncertain; but the positions of

Station Nord to the east and that of Kap Holbidk to the south are indicated by
arrows and by their geographical coordinates.

Norwegian coast are presented in the uppermost part of the table;
thereupon a counter-clockwise direction is followed around the Arctic
Ocean concluding with values from the Norwegian group of islands Sval-
bard and the Russian group of islands Zemlya Frantsa-Iosifa. The table is
aimed to include results from all localities, which face the Arctic Ocean
more or less directly, whereas a number of localities in the inner parts
of the neighbouring bays have been excluded.

The table indicates—from left towards right—1) geographical area,
2) number and name of locality, 3) geographical coordinates, 4) partial
tides, starting with the semi-diurnal tides Ms, So; No and Ks, and con-
cluding with the diurnal tides Ki, O; and P;. For each partial tide is
stated a) amplitude H in c¢m, b) phase delay » in degrees of arc relative
to the local equilibrium tide, and c¢) phase delay ger in degrees of arc
relative to the equilibrium tide at the Greenwich meridian, i.e. not
relative to any local standard meridian, which is common use. This
last-mentioned quantity ger makes it possible to decide rather easily,
if tidal waves at different localities are more or less contemporary, and
also to determine the absolute difference in time between such tidal



\Y Arctic Tidal Problems. 9

waves; as to Mg, f. inst., a ggr-difference of 28°984—the so-called speed
number for Ms— corresponds to one solar hour. Finally, by capital
letters in the third last column are indicated references, which can be
found on the concluding pages 36—37. The second last column indicates
length of period of observations, whereas the last column repeats the
numbers of the stations.

In some cases the length of period of observations is not indicated.
For the Norwegian values numbered 1, 2, 5 and 6 the cause is, that
the values are taken from yearly published Tide Tables, which are
corrected from time to time; these values are rather precise. In other
cases, when the length of period is not given in table I, the cause is,
that no information thereabout is available; in some of these cases the
period may be rather short. In cases, when some of the partial tides
are missing in table I, the cause is, that they have not been calculated,
mainly because of insufficient material. In other cases more partial
tides have been calculated than the stated ones; but they have little
significance for our purpose.

Almost all of the harmonic constants etc. in table I originate—as
it is seen—from various published papers. Only the stated values with
references V and W, i.e. Thule (No.36), Jorgen Bronlund Fjord
(No.42) and Kap Holbik, have not been published at earlier occasions.
At Thule tidal observations took place during approximately two
months, i.e. August and September 1932; but only 29 days of this
interval have been used for the harmonic analysis. In Jorgen Bronlund
Fjord the observations took place in August 1947 and September 1949,
whereas the observations at Kap Holbik took place in July and August
1955 (further information in the Appendix).

IT. STATIC THEORY

Suppose Uz (P) to be the tidal potential originating from the Moon
and Uz (P) to be the tidal potential originating from the Sun in an
arbitrary point P of the Earth, which can in this connection with
sufficient accuracy be regarded as spherical. When the combined
potential U (P) + Uz (P) is divided by the gravity acceleration G the
height H;+ Hs of the equilibrium tide in the point P is obtained. The
two heights H; and Ha, representing the equilibrium tides of the Moon
and the Sun respectively, can be dealt with in analogous ways.

According to common procedure (cf. Doopson & WarsURG, 1941)
it holds good that

G E r3|\2 2/ r\2

r2

8 8 8

U, M e*[(3 1\ e/5 3 e* (35 30 3
= === fcos2u——>+‘ 7cos3u~§cosu + | —5costu——cos?u+_|...|.
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u means the momentary zenith distance of the Moon, e the radius of the
Earth, which can be fixed at 637 000 000 ¢cm. The ratio g between the

radius of the Earth and the mean distance to the Moon’s centre from
E
between the masses of the Moon and the Earth is 1/81.31. The resulting

the Earth’s centre is almost exactly 1/60.35 or 0.0166, and the ratio

appears to be 35.6 cm. The corresponding value

mea 1 fM a
n value of — .
E

in the case of the Sun is 16.4 cm and the exact ratio between these two
values 1:0.46051 (DietricH & KarLLg, 1957, p. 349).
A consideration of the successive terms in the edged parenthesis

reveals that the second term contains the factor g = 0.0166, the third
2
term the factor %2 = 0.000,276, whereas the first term contains no such

factor. This means that the second term contributes less than 2 per
cent compared with the first term, and that the third and the following
terms are quite insignificant. Regarding the corresponding terms in
the case of the Sun it is easily seen that only the first term in the formula
for the Sun’s tide is of greater significance.

When the latitude ¢ and the longitude A —reckoned positive
towards west—of the place P and also the declination 0 and the Green-
wich hour angle t of the Moon are introduced, the first term in the
Hi-formula can be written:

3 . 1 3 3 . . 3
— 24 — _ — 2 _ 9 _ _ 2 2 _ 3
(2 sin?g 2> (1 5 €0s 6>+4sm 2@ sin 20 cos (t l)+4cos pcos?dcos2(t—7).

When we multiply this quantity with the mean value 35.6 of the
4
common factor = and make some small alterations, we get for Hy,

E r
except + 1-2 per cent as explained above:

H,=26.7 {(; - g sin2<p> <—§ —2sin? 6) +sin2¢@sin2 6 cos (t — A1) + cos?p cos?d cos 2(t—1)|.

The three quantities in the edged parenthesis depend on 1) the latitude
@ of the place P in question, 2) the declination ¢ of the Moon, and as
to the second and third quantity 3) the hour angle (t — ) of the Moon.

Point 3) is in accordance with the fact that the second quantity
represents the diurnal species of the tide and that the third quantity
represents the semi-diurnal species of the tide. The first quantity repre-
sents the longperiodic species, which are independent of the longitude
of the place.
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As to the factor (%

sented in the so-called Mf-term—in the formula we arrive at the value
0.6667 when 6 = 0° and the value 0.3487 when ¢ = +23.5° 1. e. maximal
(as a first approximation). Consequently this factor must have an
amplitude, which is the half of the difference between these two
values. On the basis of exact computations, where also the second
term in formula (1) is counted, an amplitude of 0.15642 is obtained;
it represents the so-called relative coefficient of Mf (cf. table II).

—2sin? 6) in the longperiodic quantity—repre-

Table I1. Factors involved in various partial waves of equilibrium tide.

M @] ®3) 4) ®G) | (© (7 (8)
5 o 3g! . Speed per é E’, Relat. | Final coeff. | Latitude
% 2 |E=| Eering " solar hour E £ | coeff. | (cm) coeff.
o z ‘ | S [

| \

Moon | N, ‘ 12.6584 hours | 28°.4397295 | 26.7 | 0.17387 | 4.64 cos?p
— | M, 124206 — | 28°.9841042 — 0.90812 | 24.25 —
— | Ky | 11.9672 — 30.0821373 — 0.07858 2.101 3.07 -

Sun ‘ K, | 11.9672 — 30.0821373 — 0.03648 | 0.97f * L -
— | S, | 12.0000 — 30.0000000 - 0.42286 | 11.29 -

Moon 1 Q, | 26.8684 — 13.3986609 — 0.07216 | 1.93 sin 2 ¢
— |0, 258194 — 13.9430356 | — 0.37689 | 10.06 —
- K, | 23.9345 — 15.0410686 — 0.36233 = 9.67 —

Sun | K, 23.9345 — | 15.0410686 | — | 0.16817 4.49}14'16 -
- P, | 24.0659 — 14.9589314 — 0.17654 | 4.69 —

Moon | Mf | 13.6608 days | 1.0980331 | — | 0.15642 | 4.18 1/,-3/,sin%g
- ! Mm ! 27.6646 — 0.5443747 — 0.08264 | 2.20 | —

Sun | Ssa 182.6211 — 0.0821373 | — | 0.07287 | 1.95 | —

Regarding the second and diurnal quantity in the formula the
factor sin 26 adopts the value 0.7314 when ¢ = +23.5° and the value
—0.7314 when 6 = —23.5°. So, the corresponding amplitude of this factor
has just this numerical value; but the said quantity also contains the
factor cos (t —4), which is more rapidly varying than the factor sin
26, and therefore the amplitude in question must be divided into two
parts, one belonging to the O;-tide and one belonging to the Kj-tide.
Their exact relative coefficients are stated in table I1.

The value of the factor cos? ¢ in the last and semi-diurnal quantity
is 1.0000 when 6 = 0° and 0.8410 when é = +23.5°. The average of
these two values corresponds to the amplitude of the My-tide, the
varying part to the amplitude of the Ko-tide. The exact relative coef-
ficients can be seen in table II.

A similar set of relative coefficients belongs to the tides generated
by the Sun; as to the solar relative coefficients in table IT it is implied
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Fig. 3. The temporary station at Kap Holbidk in Danmark Fjord. Tidal readings
were undertaken on a staff placed in the water to the left of the tent.

that the common factor is still 26.7 ecm. The names of the Sun-tides,
which correspond to the Moon-tides dealt with, are Ssa, Ki, Pi, So
and K, (cf. table II). The relative coefficient of the K;-tide of the Sun
can—as revealed by more thorough analysis—be added to the relative
coefficient of the Kj-tide of the Moon, and the two Ks-coefficients can
also be added.

Still three partial tides with the designations Nz, Q; and Mm are

4

. S . Met .
set up in table II. Their origin is, that the common coefficient B ia in

the Moon’s potential is not constant, as has hitherto been assumed;
but r is varying because of the elliptic form of the Moon’s orbit. The
Sun’s orbit is less varying, and therefore the Sun-tides, caused hereby,
are rather insignificant. Nevertheless, the longperiodic elliptic tide Sa
is often met with, although its relative coefficient amounts to 0.01176
only. A rather high amplitude of Sa is really observed at several locali-
ties; its main cause is a yearly periodicity of the winds and the air
pressure. The theoretical speed per mean solar hour of Sa is 0°0410667,
the corresponding period 365.2596, i e. just an anomalistic year.
Sometimes one or both of two other longperiodic tides can be
observed. They are named MSm and MSf, and they are mainly caused
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by an uneven increase of the Moon’s longitude. The relative coefficient,
the speed per mean solar hour and the period of the MSm-tide are
0.01578, 0°4715211 and 31.8119 days, of MSf 0.01370, 1°0158958 and
14.7653 days, respectively.

In table II the essentials about all partial tides with relative coef-
ficients equal to or greater than the relative coefficient of the solar
Ko-tide are presented. The resulting coefficients in column (7) are
products of the common coefficient in column (5) and the relative
coefficient in column (6). When we multiply this resulting coefficient
and the latitude coefficient in column (8), we obtain for the corresponding
latitude the amplitude of the partial equilibrium tide in question.

In table III such amplitudes of the partial equilibrium tides are
presented for various latitudes. The negative signs of the amplitudes of
the longperiodic constituents remind of the fact that their phases are
opposite in equatorial and polar regions.

It is clearly to be seen that the diurnal and the longperiodic
constituents are dominating the equilibrium tide in polar regions. This
is further illustrated in fig. 4, where their amplitudes are drawn as
functions of latitude. Also the amplitude of the strongest semi-diurnal
constituent My is drawn as function of latitude. Further, two vertical
lines are inserted in fig. 4, corresponding to the latitude 71°18'N of
Point Barrow and to the latitude 83°40'N of Kap Morris Jesup. The
exact latitude, where the amplitude of the K; equilibrium tide surpasses
the amplitude of the My equilibrium tide, is 40°6, and the amplitude
of the K; equilibrium tide is surpassed itself at a latitude of 81°7, namely
by the amplitude of the Mf equilibrium tide.

Because of their long periods the actually occurring longperiodic
tides in the Arctic Ocean must be expected to be similar to the corre-

Table ITI. Amplitude in cm of equilibrium partial tide as function
of latitude.

@ = 90° 85° | 80° | 5° ‘ 70° ‘ 65° ‘ 60°
3 \ |

Ny oovnnnn. 0.00 0.04 ‘ 014 | 0.1 054 | 088 | 116
) P 0.00 018 | 0.3 1.62 284 | 4.33 6.06
Ky oovonnn. 0.00 0.02 | 0.09 0.21 036 | 055 | 0.7
Sy, 0.00 0.09 | 0.34 0.76 132 | 202 ‘ 2.82
Qpeveennn. 0.00 | 0.34 0.66 0.96 124 148 | 1.67
(N 0.00 | 1.7 3.44 5.03 6.47 .71 | 8.1
Kyvornnon. 0.00 2.46 1.84 7.08 9.10 10.85 12.26
| SR 0.00 | 0.81 1.60 2.34 3.01 | 3.59 4.06
ME .. — 418 | —413 | —401 | —3.76 —345 | —3.06 = —261
Mm ....... ~9220 | —217 | —210 | —198  —181  —1.61 | —1.38
Ssa........ —1.95 | —193 | —186 | —1% | —161 | —143 | —122
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Fig. 4. Amplitudes of various partial waves in the equlibrium tide as function of
latitude between 60° and 90°. Whereas the amplitudes of the diurnal and semi-diurnal
waves are zero at the pole (at the right end of the figure), the amplitudes of the
more longperiodic Mf-, Mm- and Ssa-waves are from 2 to a little more than 4 cm
at the pole (they are chosen to be negative here, because they may be said to be
in counterphase). The amplitudes of these three waves diminish slowly with growing
distance from the pole. Contrarily the amplitudes of the diurnal waves rise rather
steeply with growing distance from the pole, and the amplitudes of the semi-diurnal
waves—here represented by the Ms-wave—rise more slowly at the beginning, but
faster at medium latitudes.

sponding equilibrium tides. This means that the actual Mf tide must
be expected to have a mean amplitude about 4 cm, and the actual Mm
tide must be expected to have a mean amplitude about 2 c¢m in the
Arctic Ocean.

Sometimes it can be difficult to separate the real astronomical
tides and the tides, which have no astronomical origin. This is often
the case with the Ssa tide and especially—as already mentioned—with
the yearly Sa tide. The harmonic constants, which can be derived for
them, are normally influenced by periodic weather conditions.

The equilibrium values of the diurnal and the semi-diurnal tides
are seldom met with in the various oceans. One cause is that the free
oscillations, which are determined by the dimensions of the sea areas
in question, have periods of the same order of magnitude as the diurnal
and semi-diurnal tides themselves. It is also known that in V-shaped
bays the height of the tidal wave is often considerably augmented. In
certain regions the actual Mz-amplitude is 10 or still more times greater
than the equilibrium value, which is 24.25 cm at the equator.
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ITI. SOME DYNAMICAL CONSIDERATIONS

A long wave, especially a tidal wave, which is submitted to no
other force than the gravity, proceeds as a so-called channel wave.
The simple formula for the velocity v of such a wave is

\':[gid,

where g is the gravity acceleration and d the depth.

It is known that a tidal wave, which is presumed to move along
the equator from east towards west, cannot be in resonance with the
Moon. In such a case the tidal wave would have to accompany the
Moon in its daily motion around the Earth in 24 hours and 50 minutes;
but according to the above formula this would require a depth of the
sea all along the equator of almost 25 km. On the other hand, if we pre-
sume that a channel exists along the equator with an essentially smaller
depth, it can be shown that the tidal wave will be inverted, i. e. be in
counter-phase with the Moon, and it will be lower than the equilibrium
wave.

If we think of various hypothetic channels encircling the Earth
and following the various circles of latitude, it is possible to appoint
a tidal resonance depth lesser than 25 km to each circle of latitude.

If we require a resonance period of 24 hours (for the sake of simplicity
not 24 hours and 50 minutes as above), the latitudes, which correspond
to various depths, can be computed. They are inserted in the scheme
below. Moreover, the corresponding wave velocity in m/sec and in
km/hour is indicated.

sea depth velocity of wave latitude
m m/sec km/hour
10 9.9 35.7 88°.8
40 19.8 71.4 87 .6
90 29.7 107 86 .3
250 49.6 178 83 .9
1000 99.1 357 77 .7
4000 198.2 713 64 .7

It is seen that north of the northern polar circle and south of the
southern polar circle (66,5° N or S) a depth of 4 km is sufficient to
ensure a free moving wave to fulfil a revolution within 24 hours, provided
that such a circumpolar channel exists all along the circle of latitude
in question. This condition about the depth is really not far from being
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fulfilled along the southern polar circle; but, naturally various disturbing
effects also act, i.a. because no ideal and narrow east-west-running
channel occurs in the sense presumed.

A circumpolar and also sea-covered circle of latitude in the northern
region must be searched as far north as 83!/s°N and still more northerly.
On the other hand, a depth of about 300 m is sufficient here to secure
occurrence of equilibrium waves and possibly resonance waves, f. inst.
of Mg, Ky, Sp and other constituents. Of course, disturbing effects are
in action in the Arctic Ocean as in the Southpolar Ocean, f. inst. when
tidal waves, which are generated at different latitudes, interfere with
each other.

A second and very important factor in the dynamics of the tides—
as in the dynamics of wind systems and of windproduced sea-currents—
is Coriolis acceleration. This acceleration g can be computed by the
formula .

g =2musing
wherew is the Earth’s angular velocity, namely the constant value
7.29x10-5 sec!, u velocity (i. e. horizontal velocity of water movement,
not wave velocity as above) and ¢ latitude.

It is seen that the last factor, sin ¢, attains its greatest value at
the pole, and that the variation of this factor per degree of latitude is
comparatively smaller at high latitudes than at low latitudes. It is
also seen that Coriolis acceleration is directly proportional with the
velocity; this means i. a. that relatively slight Corioli-acceleration is
connected with tides in deep oceans, as small velocities are here suf-
ficient to build op the vertical tidal variations of sea level.

If a particle on the Earth’s surface is allowed to move in the hori-
zontal plane at a velocity u, it will—owing to Coriolis acceleration—de-
scribe a curve with a radius r of curvature determined by the formula

" u
2wsing’

On the basis of this formula it can be computed that a free moving
particle in a horizontal plane near the pole describes a circle with a radius
of about 7 km, if its velocity is 1 m/sec.

It is known that tidal phenomena often develop in so-called am-
phidromic systems, especially owing to the effect of Coriolis acceleration.
This is dealt with in various textbooks (cf. Doopson and WARBURG,
1941). It may be unnecessary to elucidate the theoretical background
of amphidromic systems at this place; but it should be stressed, as
Doopson and WarBURG (1941, p. 182-187) have done, that although
amphidromic systems in the northern hemisphere are as a rule rotating
in an anti-clockwise direction, a rotation in the opposite direction, i. e.

126 9

-
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in a clockwise direction, can also occur in the northern hemisphere
namely in such cases, where the sea area is rather deep or of rather
small extension.

IV. THE TOPOGRAPHICAL CONDITIONS

Two possibilities exist concerning the actually occurring tide of
astronomical origin in the Arctic Ocean. One possibility is that it is a
direct result of the equilibrium tide in the Arctic Ocean itself. Another
possibility is that it is of more indirect character and arrives at the
Arctic Ocean from more southerly oceans. Provided that this is the
case, entirely or partly, the tide must pass through one or more straits
or other sea connections between the Arctic Ocean and the more south-
erly sea areas.

Firstly, a rather broad—about 400 km-—sea connection of the
kind mentioned exists east of Greenland at 80° northern latitude,
where the Nansen Ridge is situated between the north-eastern corner
of Greenland and Svalbard. The threshold-depth of the ridge is not
known very accurately, but it probably exceeds 1000 m?). Tidal waves
may also arrive at the Arctic Ocean by crossing a line between Svalbard
and Zemlya Frantsa-losifa as well as crossing a line between Zemlya
Frantsa-losifa and the still more easterly group of islands Severnaya
Zemlya. Now, the Barents Sea south of the first-mentioned line is rather
shallow compared with the sea area south of the Nansen Ridge, i. e.
the Greenland Sea and the Norwegian Sea, as the depths of the Barents
Sea are of the order of magnitude 200 m, and as banks are situated in
the northerly and the northwesterly part of the Barents Sea. The
Westsiberian Sea south of the last-mentioned line is also shallow,
possibly more shallow than the greater part of the Barents Sea. Al-
together, no noticeable tidal energy can arrive at the Arctic Ocean
through the Barents Sea or the Westsiberian Sea. Contrarily, tidal
waves from the Arctic Sea may to some extent be responsible for tidal
phenomena in the Barents Sea and the Westsiberian Sea, as the Arctic
Ocean is considerably deeper than these seas. More westerly the situation
must be so that tidal waves are not damped essentially, either if they
pass from the Greenland Sea to the Arctic Ocean, or if they pass in the
opposite direction.

Three more sea connections between the Arctic Ocean and the
more southerly oceans can be mentioned. The Bering Strait is one of
these; it is about 80 km broad, and its threshold-depth is possibly a

1) Recent Russian depth soundings reveal that the level of the assumed ridge
is as low as 3000 m below sea-level on both sides of the 0°-longitude (cf. Peter-
manns Geographischen Mitteilungen, 1961, 1, p. 73).
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little more than 50 m. Furthermore, the seas south and north of the
Bering Strait are rather shallow, and therefore the role of the Bering
Strait as to the tide in the Arctic Ocean may be rather insignificant.

The two remaining connections are firstly the strait between the
northwestern Greenland and Ellesmere Land and secondly an east-
west running strait in the Canadic Archipelago. Following the first-
mentioned strait from south to north, it is bearing the successive names:
Smith Sund, Kane Bassin, Kennedy Kanal, Hall Bassin and Robeson
Kanal. Following the last-mentioned strait from east to west, it is
bearing the successive names: Lancaster Sound, Barrow Strait, Melville
Sound and Mac Clure Strait. The depths of the two connections are
not known with any great accuracy, but their threshold-depths are
presumably greater than the threshold-depth of the Bering Strait.
Both of them are connecting the Arctic Sea with the Baffin Bay. The
average depth of the Baffin Bay may be about 1000 m, and it is
provided with rather strong tides, which are arriving at the Baffin
Bay from the North Atlantic Ocean through the Labrador Sea and
the Davis Strait, successively.

From available material about depths and the like the accompa-
nying map (fig. 5) has been drawn. The dotted lines in the Arctic Ocean
itself are enclosing areas with estimated depths greater than 4000 m.
The curves with single dots represent depths of 1000 m, and the dashed
lines represent depths of 200 m; these lines may represent the outer
borders of the continental shelves.

It is seen, that the Arctic Ocean is dominated by a great basin
with its greatest extension along the longitudes of 40° E and 140° W.
The Lomonosov Ridge is nearly perdendicular to this direction and
divide the deeper parts of the Arctic Ocean into two separate basins,
which we—according to their positions—will name the European Basin
and the Alaskan Basin, respectively.

A satisfactory theory about the tide in the Arctic Ocean and in
the marginal seas must first of all explain, why the semi-diurnal consti-
tuents are so well developed here in comparison with the diurnal
constituents. Can the full explanation be, that the tide in the Arctic
Ocean is af external origin (i.e. arrives to the Arctic Ocean from
neighbouring sea areas, especially from the Greenland Sea), or may
some factor in the Arctic Ocean itself in some way or other reinforce
the semi-diurnal constituents and at the same time let the diurnal con-
stituents remain un-affected or even weaken the diurnal constituents?

The answer must be, that resonance conditions, which depend
on the dimensions of the sea area in question, are favourable for some
constituents, the semi-diurnal ones, and unfavourable for the other
constituents, the diurnal ones.
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4000m
—— 1000m

Fig. 5. The Arctic Ocean with surroundings. The dotted curves near the pole repre-

sent depths of 4000 m, the curves near the coast depths of 200 m, and the inter-

mediate curves depths of 1000 m. These curves are founded on available material,
but may in some of the northerly regions be rather inaccurate.

A standing Ms-oscillation can be produced in the Arctic Ocean, if
the travelling time between opposing borders (really borders of shelves)
is near the half of the Ms-period. This half is 6.2 hours, and the
distance from the innermost Alaska-shelf to the shelf outside Sval-
bard is very near 3000 km. A free progressive wave travels with the



V Arctic Tidal Problems. 21

speed [/ gh; where g is the gravitational acceleration and h the depth.
In the case considered h (in m) can be determined by

3000 x 1000
6.2 x3600 ~ V9-83h
h — 1800 (m).

As the mean depth between Alaska and Svalbard is near to 2000 m
or possibly a little greater, it is concluded, that the conditions for
Ms-oscillations and other semi-diurnal oscillations are better than the
conditions for the diurnal oscillations. More evidence concerning a
standing Ms-oscillation in the Arctic Ocean will be presented in the
next chapter.

V. RESULTS FROM NE-GREENLAND
AND CONCLUSIONS

Up to 1947 no tidal observations were reported from the north-
eastern part of Greenland, the part north of 77° N; but such observations
were realized by the “Danish Pearyland Expedition’, which took place
in the years 1947, 1948 and 1949. The place for observations has the
geographic coordinates 82°11' N and 30°30" W and may be seen on
the accompanying maps. The observed heights of water are reported
in the appendix, and harmonic analysis—according to The Admiralty
Tide Tables, Part III: Instructions ete. (cf. “Hydrographic Depart-
ment’’ in references)—has revealed the following constants.

M, So Ne Ko Ky 04 P,
H (cm) 10.6 4.0 2.0 1.1 6.4 2.6 2.1
% 295°  346°  269° 346° 351° 326° 351°
gar 356° 47°  330° 47° 21° 356° 21°

The figures in the three lines represent, as hitherto, amplitude h, lag = of
the phase of the tidal constituent behind the phase of the corresponding
equilibrium constituent at the place and the lag ger of the phase of
the tidal constituent behind the phase of the corresponding equilibrium
constituent at Greenwich (presupposed that Greenwich-time is used
everywhere).

The observations in Jorgen Brionlund Fjord were undertaken at a
point, which was about 10 km from the outlet of Jorgen Brionlund
Fjord to the great Independence Fjord (cf. the maps). In this outer
half of Jorgen Bronlund Fjord the depths are 50 m or less, and a
threshold with depths of 10-15 m exists halfway between the outlet
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and the point in question. It follows from the preceding, that a mean
velocity of the tidal wave of about 15-18 m/sec in Jérgen Brénlund
Fjord is reasonable. It means, that the wave needs about 10 minutes
to travel to the point of observation from the outlet, or in other words
that the arrivals of the various partial tides in this part of Independence
Fjord are 10 minutes earlier than the arrivals at the point of observation.
Therefore, the lags of the semi-diurnal waves must be about 5° less in
Independence Fjord just outside Jorgen Bronlund Fjord than at the
observation point in Bronlund Fjord, whereas the corresponding dif-
forence for the diurnal waves must be 2°-3°. From such considerations
the gar-value for M; in this part of Independence Fjord may be fixed at
356° - 5° = 351°.

At a later instant—the summer of 1955, cf. the appendix—a few
shorter series of tidal observations were undertaken at a point (Kap
Holbidk) in Danmark Fjord with the approximate coordinates 80°40" N
and 23°30" W. The material in question is insufficient for a detailed
harmonic analysis; but by use of a tidal machine and a few reasonable
assumptions it has been possible to fix rather well-founded harmonic
constants. They are as follows.

M, Se Ns Ks Ky 01 Py
H (em) 1 5 2 2 7 4 2
% 305°  343°  295° 10° 6° 337° 357°
gar 352° 30°  342° 57° 29° 0° 20°

It is an interesting coincidence, that the ger-values here—especially
the gar-value for My—are almost the same as the ggr-values in the
above-mentioned part of Independence Fjord. As the distances of the
two observation points in question from the common outlet of Inde-
pendence Fjord and Danmark Fjord at the northeastern corner of
Greenland are of the same orders of magnitude, one conclusion may
be, that the depths in the two fjords are nearly alike and probably
rather great, several hundred meters (only very slight depth-sounding
material is realized in these fjords).

As a consequence, tidal material from the common outlet mentioned
may be a clue to the tidal progress in the two fjords. In the course of
the International Geophysical Year material of this kind was obtained
by E. HsortEnNBERG KNUDSEN, who was in charge of the seismic
station at Station Nord (primarily a weather station). He was able
to make telescope sightings to a fixed point on the ice at some—suf-
ficient—distance from the coast. HsorTExBERG KNUDSEN had no
opportunity for longer series; but the isolated values for height of
water are inserted as small circles in the drawing in figure 6. The stippled



A% Arctic Tidal Problems. 23
Sep. 27 Sep. 28
+10 emf—~ /" ‘\s‘ ,/ \\‘ '," \\‘0 ,'_’. +10 ecm
s\ '0 l \\ l’ \\ K { \‘
RS /s | . 7 “ s’
-10em|- \‘~__/ \s° °'," b Neo? —-10 ecm
Sep. 29 Sep. 30
~, e N
+10 emf= "N\ /’°°\9 AN P —++10cm
RN al MY 7 A Vi ’
\\\ Iol | o ,I N 7 1 0
-10emp— \0__- \_ 0/ “e’0 —-10 cm
= .
- Oct. 1 g Oct. 2
Pl ’ \,
+10empE- \\ TN 4 £ % - —+10 em
\ o 00 /| N\ } o
) 7| N 7 S, e °% 7
\ ’, \ 7 \\ ’l 7
-10cmp— ‘ool N\ S Ses” —-10 em
\~ v
o
10 eml Oct. 3 Oct. 4 Oct. 5 v0em
L2777 | om0 3 L.
N Sa <o._l-"
-10 em}— -7 S~ —-10em

Fig. 6. The stippled curve represents the—common—tidal variations in the fjord-
complex Independence Fjord-Danmark Fjord in the period Sept. 27—Oct. 6, 1958
(with some interruptions) constructed on the basis of harmonic analysis undertaken.
The small circles represent momentary tidal values at Station Nord.

tidal curve is constructed on the basis of means of the harmonic constants
for Jorgen Bronlund Fjord and Kap Holbik (all of the stated constants
have been used, and corrections for the 18.6-yearly periodicity have
been applied). The geographic coordinates of the observation point at
Station Nord are fixed at 81°40’ N and 16°40" W, and it can be added,
that the values represented by the inserted small circles are corrected
for variations in air pressure; actually they refer to 1010 mbar after

correction, and the original values are diminished by 195 cm.

Each of the observed water heights, stated in the table and repre-
sented in the drawing, are means of 5-9 single values obtained by the
telescope sightings mentioned; their standard deviations are about
2 cm. Therefore, a strict accordance in the figure between the small
circles and the curve cannot be expected. Further, a slow and gradual
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Water heights at Station Nord.

date time i?gll,;t date time }Jlreéi?:. date time ];ilgrl_it
1958 ur cm 1958 UT cm 1958 UT cm

Sept. 27 18.00 185—2 | Sept. 29 15.10 196+7 | Oct. 1 14.30 205—5

19.10 185—2 16.50 188+38 18.30 183—5

Sept. 28 14.35 206—0 18.05 180+8 | Oct. 2 14.30 190+4

16.30 191—0 19.40 176+38 15.40 192+ 4

17.20 182—0 | Sept. 30 06.20 175+6 16.45 190+5

18.00 180—0 09.25 17945 18.30 177+5

19.40 185—0 13.40 202+3 | Oct. 3 09.30 191—3

Sept. 29 06.35 182+3 18.35 179—-3 14.50 201—8

09.05 18644 19.20 180—3 | Oct. &4 17.10 204—4

12.55 20346 | Oct. 1 09.40 189—5 | Oct. 5 09.45 198—6

13.30 203+7 13.40 2045 14.40 205—4

Oct. 6 09.50 197+3

shifting af the observed values against the curve may be accounted
for by a corresponding vertical shifting of the fixed point, which is
observed in the telescope, against the ice.

An interesting fact appears from the graph, namely that the arrival
times for the predominant tidal waves at Station Nord deviate very
little from the arrival times in the two above-mentioned fjords. The
conclusion is, that flow and ebb are contemporary in all of the deeper
parts of Independence Fjord and Danmark Fjord as well at their com-
mon entrance. The phase-angles g¢r against Greenwich must also be
identical, in any case regarding Mz. The phenomenon can hardly be
explained otherwise than stated earlier, namely by a standing oscillation,
so that one side of a standing oscillation is dominating the fjord-system.
Consequently, the phase angles must be identical, whereas the ampli-
tudes may differ somewhat.

If the whole halfpart of such a standing oscillation just occupied
the fjordsystem, a nodal line might exist near the outlet of the system.
Regarding the observations at Station Nord this last conclusion appears
to be unlikely, as the amplitude at Station Nord is really about the
same as the amplitudes in the inner parts of the fjords. We must assume
therefore, that the considered halfpart of the oscillation occupies an
essentially greater area than the fjordsystem. Various considerations
lead to the assumption in chapter IV, that the deeper part of the Arctic
Ocean, the part lying on the European side of the Lomonosov Ridge,
actually oscillates as a whole representing one half of a standing
Mg-oscillation. The other half must occupy the deeper part of the
Arctic Ocean, which lies on the Alaskan side of the Lomonosov Ridge.
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It may be sufficient here to notify a few essentials regarding the
standing oscillation in question. Because of the equilibrium conditions
the Ma-forces or- accelerations may be able to produce greater tidal
amplitudes south of 80° latitude than north of this latitude. It is a fact,
that the only extended deep area of the Arctic Ocean, which lies south
of 80° latitude, is situated at the Alaskan side. This part is almost
symmetrical around longitude 150° W.

We now assume, that a standing oscillation has arisen for some
reason or other, and we realize—according to the wellknown mechanism
for standing oscillations—that the acceleration from the Moon must be
maximal and directed southwards along the longitude mentioned,
when it is ebb here (so that flow can be produced here half a period
later). Contemporarily it is flow at the opposite side, i.e. in the so-
called European basin, and this flow must correspond to a delay of
the Ma-phase against Greenwich amounting to 2x150° = 300°. We
conclude, that the gg,-value for the European basin is about 300°,
and consequently that the ger-value for the other basin—the Alaskan
basin—is about 120°, provided that no other effects play an impor-
tant role.

Undoubtedly, some other effects are really of some importance.
The oscillation in question can be initiated and maintained by more
than one agent. Besides the agent mentioned above, i.e. the direct
acceleration from the Moon—resp. the Sun—a possible agent is the
tidal wave, which arrives from the Greenland Sea, and which at the
beginning is a progressive wave. These two agents have been treated
independently in the preceding; but they may be mutually undistin-
guishable in the observational material. Altogether, the phase of the
standing oscillation, which can be observed, may be a compromise
between the phase calculated above and a phase from the Greenland
Sea tidal wave. The ggr-value of this last one is 17° at the northwestern
corner of Svalbard (ef. Virgohamn in the great scheme, plate I). The
phase calculated above of the directly produced oscillation is—60°
( =300° in the same area, and we may therefore expect a resulting
gar-value for the European basin between +17° and —60°. It appears,
that such a compromise is actually realized in Independence Fjord
and Danmark Fjord, where a ggr-value of the order of magnitude
351°-352° has turned out.

Our assumption of a ggr-value in the European basin, which may
be fixed at 352° is further confirmed by consideration of tidal values
from various localities near this deep-sea basin. The following localities,
enumerated as in the great scheme, are confirmative, especially when
their distances from the basin are considered also.

126 3
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M,-ampli- M,-phase R hours

tude (H) (gr) 8ur392 (solar)
33. Cape Columbia ................. 11.5 cm 9° 17° 0.6
41. Kap Morris Jesup............... 4.2 14 22 0.8
59. Mosselbukta .............. ... .. 35.0 55 63 2.2
62. Brennevinsfjorden.............. 28.0 4h 52 1.8
65. Teplitzbay.................... 15.5 62 70 2.4
16. Mys Tcheliuskine ............... 12.8 124 132 4.6
17. Maud Harbour ................. 12.6 113 121 4.2
18. Samuel Island.................. 15.4 105 113 3.9

The second last column indicates the Ms-phase ger diminished by 352°
(or augmented by 8°). The corresponding delays in solar hours, which
are stated in the last column, are obtained by dividing with 28.984.

It is seen in the last column, that the Mg-wave uses 0.6 and 0.8
hours, respectively, to arrive at Cape Columbia and Kap Morris Jesup
from the deep basin. The Mz-wave passes—which can be seen by the
ger-values in the great scheme—Cape Sheridan (No. 34) about two
hours later and Kape Bryant (No. 40) about 3'/; hours later than Cape
Columbia. Altogether, reasonable accordance appears to exist between
the bredths of the shelves and the delays stated.

Only two coastal points with known tidal constants face the
Alaskan Basin directly. They are Barrow (No. 31) and Flaxman island
(No. 32). We treat them in the same way as above, remembering that
the ger-value in the deep-sea basin here is 352° —180° = 172° according
to the hypothesis brought forward.

M,-ampli- M,-phase o hours

tude (H) (ggr) 8er—172 (solar)
31. Barrow........... ... .. .o 5.0cm  172° 117° 4.0
32. Flaxman Island ................ 6.6 286 114 3.9

It is seen, that there is a common delay of abt. 4 hours.

VI. APPENDIX

The following tables contain tidal material, which has been obtained
by readings on a tidal staff at two localities in the north-eastern part
of Greenland. One of the localities has the geographical coordinates
82°11" N and 30°30" W. It is situated in Jorgen Bronlund Fjord, a
small westerly branch of the big Independence Fjord, which debouches
in Wandels Hav at the north-eastern corner of Greenland (cf. the map,
fig. 5). The other locality, which has the geographical coordinates
80°40" N and 23°30" W, is named Kap Holbdk. It is situated in the
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southern part of Danmark Fjord, the estuary of which is common
with the estuary of Indenpendence Fjord (cf. the map, Fig. 1).

The tidal material from these two localities is placed at the authors
disposal by E1ciL Kxutn, who planned and directed the two expeditions
in question. In Jorgen Bronlund Fjord the readings of the tidal heights
were taken by ErciL Kxurn himself, BorGE Fristrup and THORKILD
Ho6v. In Danmark Fjord the readings were taken by EiciL Kxutn and
KRISTEN SORENSEN.

In Jorgen Bronlund Fjord tidal heights were first read in the
interval of time from Aug. 5, 16.00 U. T.—Aug. 11, 24.00 U. T., year
1947. Later and more numerous tidal heights were read in the time
interval Sept. 1, 12.00 U. T.—Sept. 17, 24.00 U.T., 1949. From the
tables it is seen, that the tidal staff was turned over some times, hereby
causing a change of datum. The interval Sept. 3—Sept. 17, 1949, in
which the datum appears to have been rather fixed, has been used by
the author for harmonic analysis according to a method, which is
published by the Hydrographic Department of the Admiralty in London
(1941). Beforehand the applied values were corrected for variations in
air pressure by letting one millibar correspond to one c¢m in water
level. Lateron, the such computed amplitudes and phase lags have
been checked by comparisons with the readings in the other and unap-
plied intervals. The finally determined amplitudes “H” in cm, the
phase-lags », which are related to the local meridian, and the phase-
lags g, which in this case refer to the time meridian 30° west of Green-
wich are the following:

M, & N Ky o K P,
H (cm) 106 40 20 64 26 (L.1)  (21)
% (°) 295 346 260 351 326 (346)  (351)
g (%) 296 347 270 351 326 (347)  (351)

The amplitudes of Ko and P; are placed in parenthesis, as they have
been computed from S; and K; by applying the factors 0.27 and 0.33,
respectively. The phase-lags of K2 and P1, which are placed in parenthesis
also, have been directly transferred from Sy and K, respectively.

Also at Kap Holbdk in Danmark Fjord the tidal readings were
realized by means of a temporary tidal staff. The time intervals were
July 1, 09.00 U. T.—July 5, 10.30 U.T. and Aug. 3, 17.00 U.T.—
Aug. 6, 22.00 U.T., both in 1955. As the number of days are rather
insufficient for a thorough harmonic analysis, a kind of trial- and error-
method has been used, applying a small tide predicting machine. The
accuracy of the obtained harmonic values appears to be tolerable.
The harmonic values are presented in table I (No. 43).

3*
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Table IV. Jorgen Bronlund Fjord.
82° 11’ N, 30° 30" W.
Readings in cm on tidal staff. Year 1947.

Date | U.T. | Height Date U.T. | Height Date U.T. i Height
|
Aug. 5 \ 16200m 1 0 cm| Aug.8 | 11200™ | 13.52 cm| Aug. 10 | 002 00™ 1 5.5 cm
1630 5 12 00 | 165 01 00 |11.5
117 00 | —10 14 00 175 02 00 | 16.5
117 30 | —12 15 00 | 315 03 00 | 21.0
118 00 |15 16 00 | 325 04 00 | 27.0
118 30 | —20 17 00 | 305 05 00 | 33.2
19 00 |25 18 10 | 25.0 06 00 |3L5
119 30 | —30 119 00 | 20.0 07 00 | 29.5
20 00 | —30 12100 | 10.0 08 00 | 27.5
20 30 |35 12210 | 5.0 09 00  21.0
121 00 |35 12300 | 5.0 10 00 | 17.5
2130 |35 : | 11 00 | 145
122 00 |35 Aug. 9 |00 00 | 9.5 12 00 | 135
23 00 | —30 01 00 | 18.0 13 00 | 14.3
02 00 | 225 14 00 |19.0
Aug. 6 |00 00 | —25 03 00 | 28.0 15 00 | 22.3
01 00 |—20 04 00 | 820 16 00 | 225
02 00 | —15 05 00 | 32.0 17 00 | 245
03 00 |—10 06 00 |34.0 18 00 | 25.0
04 00 | —20 07 00 | 325 19 00 | 215
05 00  —25 08 00 | 22.0 20 00 | 17.0
09 00 | 19.5 21 00 | 12.0
11 00 | —20 10 00 | 14.0 22 00 | 10.5
13 00 | —10 1100 135 23 00 | 8.0
1400 —5 12 00 | 145 ;
15 00 0 13 00 | 185 Aug. 1100 00 | 75
1600 | —5 14 10 | 26.0 01 00 | 115
17 00 | —10t 15 00 | 28.0 02 00 | 15.0
19 00 | —30 16 00 | 285 17 00 | 18.0
20 00 | —20 17 00 | 285 18 00 | 34.5
23 00 | —20 18 00 | 255 20 00 | 29.0
124 00 | —10 19 00 | 22.0 21 00 | 26.0
’ 20 00 | 15.0 ‘
21 00 | 85
22 00 | 5.0
23 00 = 3.0 ,

1 The staff has beea moved to another place, and a corresponding correction has been added
to the folloving readings on Aug. 6.
* A new datum, 39 cm lower than the preceding, has been applied in the days Aug.8-Aug. 11.
NB. As better material has been obtained at a later instant (cf. the folloving table), the
purpose of the above readings, which was somewhat hampered by the weather- and ice-conditions,
may most fittingly be to yield a raw control of the harmonic tidal values, which can be com-
puted on the basis of the better tidal material. By a control of this kind it has been proved,
that the above values are consistent with the following tables.
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Table V. Jorgen Bronlund Fjord.
82°11” N, 30°30" W.
Readings in cm on tidal staff. Year 1949.

. |Atm,pr.| Wind . |Atm.pr. Wind
Date | U.T. | Height (mb) | (m/sec) Date | U.T. | Height (mb) ! (m/sec)

Sept. 1 | 1‘2“00"‘! 44 cm | 1026.2 | W 6 | Sept.4| 00200m| 31 em | 1021.2 | E 2

1300 41 10263 W 5 0300 | 25 [1021.7 E 2

14 00 | 41-42 | 1026.1 | WbH-6 0600 | 30 |1021.0 E 3

1500 | 45 | 1026.1| W5-6 0900 | 48 |1021.2 E3-4

11600 | 47 10259 W 6 1200 | 55 |10208| E 1

1700 | 2 ? ? 1500 | 34 |10199 E 3

L1800 | 47 | 1026.0 | W6-7 1800 | 26 |10189 E 1

119 00 | 46-47 | 10263 | W 4 2100 | 35 |1017.9 E3-4

12000 45 10264 W 4 [ Sept.5[0000 | 36 |1017.6 E3-4

2100 | 40 | 1026.7 | W34 0300 | 28 | 1017.6 | 0

12200 | 37 | 1027.1| W34 0600 | 28 |1017.1 | 0

12300 | 34 |1026.9| W2-3 0900 | 48 |1015.7 0

‘ 1500 | 46 10139 W 5

Sept.2 | 00 00 | 34 |1026.9 | W34 1800 | 33 | 10128 Wi-2

10300 | 30 [1027.1| W 7 2100 | 38 |1012.1 E5-6
0600 | 47 | 10274| W 2

10900 | 63 |1027.8| E 3 | Sept.6| 0000 | 45 |1011.2 E 6

1200 | 51 | 10275 0 0300 | 40 |1009.7  E 5

1500 | 49 | 1025.7 0 0600 | 30 |10086 E 6

11800 | 46 | 10243 | W 4 0700 | 40 10082 E 6

12100 | 48 10283 | W 4 0800 | 45 |1008.1 E 4

‘ ? 0900 | 53 |1007.5 E4-5

Sept. 3| 00 00 | 44 [1022.5 | W34 1000 | 59 |10072.2 E 5

10300 | 48 | 1021.6| W1-2 1100 | 64 10067 E 5

11000 | 55 | 10205| W 6 1200 | 72 |10062 E5-6

11200 | 45 | 10204 | W8-9 1300 | 65 |10054 6 E 4

1500 | 24 10200 W 8 1400 | 60 |10052 E4-5

1800 33 10197 W 6 1500 | 55 | 10049 | E3-4

2100 38 [1020.7| E 2 1615 | 45 | 1003.8 | E3-4

‘ 1700 | 40 10035 E 4

1800 | 34 |1003.2| E4-5

1900 | 87 |1003.0 E 4

2000 | 40 | 10024 E 4

2100 | 45 10024 E 4

| 2200 | 50 |10020 E 3

} 2300 | 55 | 10017 E 2
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Table VI. Jorgen Bronlund Fjord.
82° 11" N, 30°30" W.

Readings in cm on tida Istaff. Year 1949.

Atm.pr.| Wind Atm.pr., Wind
Date | U.T. | Height (mb‘)’ (mjsecy | Date | U.T. | Height (mb})’ (st
Sept. 7| 00m00m|  58¢m| 1001.3 | E 2 | Sept. 9 00200m| 49c¢m| 996.4 0
0300 | 49 [1000.0 | SW 1 0100 | 53 996.6 | W 6
06 00 | 37 999.3 0 0300 | 47 997.2 | SWé
0700 | 40 | 999.2 | SW1 06 00 | 31 997.5 | E 12
0800 | 48 | 998.7 0 L0900 | 30 | 997.2| E 10
09 00 | 51 998.4 0 1000 | 44 | 996.7 | SSE6
10 00 | 61 998.1 | WSW3 1100 | 49 | 9964 | SSE5
1430 | 60 | 997.8 0 11200 | 55 996.4 | SSE5
1500 | 52 996.2 | W1-2 1315 | 60 996.4 | E1-2
1600 | 43 | 995.6 0 1400 | 60 | 996.2 0
1700 | 37 995.5 0 1500 | 55 996.4 0
1800 | 32 995.5 0 11600 | 45 996.6 0
1900 | 28 | 994.8 0 11700 | 37 997.1 | WSW6
20 00 | 33 994.7 0 11800 | 30 997.4 | WSW4
21 00 | 34 994.5 0 11900 | 25 998.1 | WSW6
22 00 | 41 994.2 0 12000 | 23 998.1 | WSW4
2300 | 46 | 994.2 0 12100 | 28 998.8 | W34
12200 | 30 | 999.2 | WSW2
Sept.8 [ 00 00 | 50 | 993.8 0 12800 | 37 999.8 | E 4
0300 | 44 | 993.0 0 i
0600 | 34 | 9928 | S 6 [Sept.10 0000 | 45 | 1000.3 0
0900 | 34 | 9926 0 L0100 | 47 | 1000.4 0
1000 | 43 | 9925 0 10200 | 48 | 1000.4 0
1100 | 58 992.5 0 10600 | 36 | 10017 0
1200 | 61 9925 | E 6 10700 | 34 |100L9 0
1300 | 62 992.6 0 0800 | 33 | 1002.0 0
1400 | 62 992.6 0 10900 | 31 |1002.2 0
1500 | 58 | 993.2 0 1000 | 30 |1002.4 | SW1
16 00 | 49 | 993.6 0 1100 | 30 |1002.2 0
1700 | 40 | 993.9 0 11200 | 32 | 1002.0 0
18 00 | 82 993.9 0 11300 | 35 | 1002.1 0
1900 | 28 | 994.8| E2-3 11500 | 40 | 10014 | WSW2
2000 | 28 | 995.2| E2-3 1800 | 28 |1001.0 WSWO-1
2100 | 34 | 99.5 0 12100 | 20 |1001.0 WSW4
2200 | 39 | 995.7 0
2300 | 46 | 996.3 0
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Table VII. Jorgen Bronlund Fjord.
82°11” N, 30°30” W.
Readings in em on tidal staff. Year 1949.
. Atm.pr.| Wind . Atm.pr.| Wind
Date U.T. | Height (mb) | (m/sec) Date | U.T. | Height (mb) | (m/sec)
Sept. 11| 00200™|  42c¢m| 1001.6 | WSW5 | Sept. 15 00200m|  17e¢m| 1017.7 0
03 00 41 | 1002.6 | WSW3 03 00 38 | 1018.3 0
06 00 30 | 1002.0 0 06 00 41 | 1018.9 0
09 00 24 |1001.6 | E 5 09 00 27 ]1019.9 0
12 00 44 | 1000.2 | E 6 12 00 22 | 1020.6 0
15 00 50 971 | E 7 15 00 28 | 1020.1 0
19 00 30 995.1 | E1-2 19 00 21 | 1019.7 0
21 00 27 994.3 0 21 00 17 | 1019.5 0
Sept. 12| 00 00 47 993.8 | WSW5 | Sept. 16| 00 00 18 | 1019.5 0
03 00 49 9945 | W 8 03 00 35 1019.8| W 3
06 00 41 995.5 | W 10 06 00 41 1019.3 0
09 00 29 9974 | W 11 09 00 42 10189 | SE 4
12 00 40 998.9 | W 13 12 00 27 1019.1 | SE 2
15 00 37 1000.0 | W 14 15 00 28 | 1017.8 0
18 00 35 | 1000.7 | W 16 18 00 28 | 1017.5 0
21 00 24 10029 | W 14 21 00 21 | 1017.9 0
Sept. 13 | 01 00 38 | 1005.1 | W 10 [Sept. 17| 00 00 20 | 1018.1 0
| 03 00 39 10082 | W 14 03 00 37 1018.6 0
‘ 07 00 23 | 1011.3 | W 12 06 00 41 1018.6 0
| 09 00 15 10129 | W 13 09 00 40 |1018.7| E2-3
! 13 00 20 | 10154 | W 10 12 00 31 | 1018.1 | ESE4-5
15 00 29 | 10158 | W 11 15 00 27 1016.8 0
19 00 10 | 10165 | W 6 19 30 26 | 10158 | S 1
21 00 6 110170 W 5 21 00 24 | 1015.6 0
24 00 19 | 1015.0 | S 1-2
Sept. 14 | 00 00 17 1017.6 0
03 00 35 | 1017.6 | WSW2
06 00 36 | 1017.5 | SSE2
09 00 19 | 1017.7 | SE 3
12 00 18 | 1017.8 0
16 00 26 | 1017.0 | SE 3
19 00 21 | 1017.0 | SE 3
21 00 12 | 1017.0 | SE3-+4
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Table VIII. Kap Holbik.
abt. 80°40” N, 23°30" W.
Readings in em on tidal staff. Year 1955.

Atm.pr.] Wind Atm.pr.| Wi
Date | U.T. | Height (21:)" (knoty | Date | U.T. | Height (Ebl))r (kn’i,‘?)

July 1 | 09200m(50.0 cm| 1014.9 | SSW6 | July 4 | 01200™|35.0cm | N E22
10 00 | 48.0 02 00 | 32.0
11 00 | 45.0 08 30 |ca.40.0
12 00 | 43.0 | 1015.6 S4 11 00 |ca.61.0 3
13 00 | 40.0 12 00 | 59.0 | 1006.0 | NE 25
14 00 | 33.0 13 00 | 57.5 i ‘
15 00 | 28.0 | 1016.6 14 00 | 53.5 |
16 00 | 25.0 15 00 | 475 1
1700 | 24.0 16 00 | 41.0
18 00 | 25.0 | 10146 | NE5 1700 | 32.0
19 00 | 28.0 18 00 | 27.0 | 1005.3 | NE 20
20 00 | 27.0 19 00 | 25.0
21 00 | 30.0 20 00 | 29.0
22 00 | 285 21 00 | 32.0
23 00 | 285 22 00 | 325
24 00 10142 | NE3 23 00 | 35.0

24 00 | 37.5 |1006.0 | NE15
July2 | 09 00 | 49.0 | 1012.5

1100 | 50.0 July5 | 0100 | 365

12 00 | 520 | 10120 | NE5 0200 | 345

13 00 | 45.0 0300 | 29.0 |

14 00 | 420 0400 | 25.0 |

15 00 | 380 05 00 | 24.0

1715 | 26.0 06 00 | 275

18 00 | 240 | 1009.3 | NE?2 10700 | 820

2100 | 30.0 0800 | 37.0

22 00 | 305 0900 | 440

23 00 | 305 110 00 | 54.0 |

24 00 | 34.0 | 10080 | 0 l 10 30 | 59.0 ‘

1200 10033 | NE 12

July3 | 10 80 | 58.0 1 ;

1100 | 60.0 \ | 5

1200 | 58.0 | 1004.6 NE10 ’ ; s

14 00 | 50.0

16 00 | 380 |

1700 | 310 ‘ | ;

1800 | 280 | 10042 | NE15 | f

1900 | 300 ,

20 00 | 300 | : l

2100 | 35.0 | ; |

22 00 | 34.0 1 1

2300 | 86.0 ‘ |

|

24 00 | 35.0 | 1004.8 | NE22
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Table 1X. Kap Holbik.
abt. 80°40” N, 23°30” W.
Readings in cm on tidal staff. Year 1955.
Dt UT. | Heioht Atm.pr.| Wind Date UT. | Heieht Atm.pr.] Wind
ate e | R8T mp) | (knot) o g% (mb) | (knot)
Aug. 3 | 17200m| 12.5cm 0 | Aug. 4| 09200m| 12.0cm | 1016.8 0
17 30 8.5 0 09 30 17.5 0
18 00 6.0 | 1014.2 0 10 00 22.0 0
18 30 5.0 10 30 25.5
19 00 4.5 NE 2 11 00 30.0
19 30 3.5 NE 2 11 30 32.6
20 00 5.5 NE 3 12 00 35.0 | 10156 S 3
20 30 7.5 NE 3 12 30 36.0 |
21 00 9.0 | 10148 | NE 4 13 00 36.5
21 30 11.0 13 30 3b.5
22 00 12.6 14 00 35.0
22 30 13.5 14 30 32.0
23 00 16.0 15 00 28.2 | 1014.9 0
23 30 17.0 0 15 30 24.0 changing
24 00 175 | 1015.3 0 16 00 20.0 0
16 30 14.0 0
Aug.4 | 0030 | 185 0 17 00 10.5 0
01 00 17.5 0 17 30 7.5 | 0
01 30 15.0 0 18 00 4.0 |1014.1 | 0
02 00 14.0 0 18 30 0.5 0
02 30 13.0 0 19 00 0.0 0
03 00 8.0 0 19 30 0.0 0
03 30 5.0 0 20 00 1.0 0
04 00 3.5 0 20 30 2.5 NE 2
04 30 0.5 0 21 00 3.0 | 1013.9 | NE 2
05 00 0.0 0 21 30 5.0 NE 2
05 30 | —2.0 0 22 00 7.0 NE 2
06 00 | —2.5 0 22 30 11.5 E 2
06 30 | —3.0 NW1 23 00 14.0 E 2
07 00 | —1.6 0 23 30 16.5 |
07 30 0.0 0 24 00 175 | 101564 | S 2
08 00 4.5 0
08 30 8.0 SW 1
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Table X. Kap Holbik.
abt. 80°40” N, 23°30" W.
Readings in ¢m on tidal staff. Year 1955.

. Atm.pr., Wind . Atm. pr., Wind

Date U.T. | Height (mb) | (knot) Date U.T. Height | (mb) | (knot)
Aug. 5 | 00230m| 18.5cm \ 0| Aug.5 | 20800m —1.5cm |

0100 | 19.0 20 30 0.5 |

0130 | 205 NE 2 21 00 1.0 | 1011.3 0

02 00 | 185 NE 4 21 30 5.5 1

02 30 | 155 NE 3 22 00 8.5 |

0300 | 135 |1015.7| NE6 23 40 17.5 ' ‘

03 30 | 125 NE 8 2400 | 178 |10126| O

0400 | 8.0 NE 8 : ;

0430 | 7.0 NES | Aug.6 0030 | 210 |

0500 | 4.0 NE 8 0100 220

0530 | 3.0 NE 8 01 30 | 23.0-24.0

06 00 | 0.5 |1016.0 NES8 02 00 |22.0-23.0

06 30 | 0.0 NE 8 04 30 |11.0-12.0

07 00 | —2.0 NE 8 10 00 | 145

07 30 | —3.0 NE 5 1030 | 19.5

0800 | 15 NE 2 1100 | 23.0

0830 | 5.5 1130 | 255

09 00 | 7.5 |1016.0 0 1200 | 29.0 | 10089 SW5

09 30 | 12.0 0 1230 | 33.0 | SWé

10 00 | 15.5 0 13 00 37.0 | SW5

10 30 | 21.0 0 1330 | 39.0 | SW5

1100 | 25.0 0 14 00 | 40.0 . SW5

11 30 | 28.0 0 1430 | 39.0 | SW5

12 .00 | 30.0 | 1014.8 0 1500 | 36.0 |1008.2 SW5

12 30 | 35.0 0 1530 | 33.0 | SW5

13 00 | 855 16 00 | 29.0 ' SW5

13 30 | 37.0 1630 | 26.0 SW 6

14 00 | 34.0 1700 | 21.0 SW 6

14 30 | 3820 1730 | 170 | SW6

1500 | 30.5 | 1018.7 0 11800 | 14.0 | 1006.6  SW S8

15 30 | 27.0 1830 | 110 L SW8

16 00 | 23.5 ‘ 19 00 7.0 SW 8

16 30 | 19.5 0 19 30 5.0 SW 8

17 00 | 16.0 | 0 | 20 00 3.0 | Sws

17 30 | 11.0 ‘ 0 | 20 30 2.0 | SW8

1800 | 85 | 1012.8 | 0 [ 21 00 2.0 |1006.4 | SWS8

1830 | 45 ; 21 30 3.0 | | SW8

1900 | 15 | 2200 | 7.0 | Sws

1930 | +1.0 24 00 | 1007.3 |




VII. PE3IOME

B macrosimem Tpyjne o0cygaercss BONPOC 00 ACTPOHOMHYECKHX INPUJINBE I
orauBe B APKTHYECKOM OKeaHe C y4YéTOM CTATHYeCKUX 1 JUHAMAYHBIX YCJIOBHIi.
HaGmogaTe bHbIE MATEPHAJ OXBATHIBAET PA3JIMYHBIL y#e ONMyOJIMKOBAHHBIN MaTep-
nai;, Mo, KpoMe TOro, M HOBHII Marepmasa, B uyacrHoctun, us Cesepo-Bocrounoi
Tpenwmauguu. Hecmorps Ha TO, 4T0o B 00I[EM BBIBOJEe MOMHO CYHUTATh, YTO
NPUIMB W OTIMB B APKTHYECKOM OKeaHe BHIBBIBAIOTCA 1 TECHO CBA3AHBI C BeChbMa
CIJIPHO DPAB3BUTBIMH TIPIJIMBOM M OTIMBOM B ['peHIAHICKOM MOpe K BOCTOKY OT
Ipennasgum, TO M3 DTOrO, BCe e, CIEAyeT, YTO HEOOXOAUMMO TaKHe YYNTHIBATH
CyLIeCTBOBaHME BHYTpPeHHe DAa3BUTHIX INPIJIMBA M OTJIMBA B ADKTHYECKOM OKeaHe.
[Tpusnas 5TO, MBI CUNTAEM, OJHAKO, CTPAHHBIM, YTO YACTHYHBIE HMPUINBEL U OTJINBLI
MOYTH C CYTOYHBIMU ITIEPHOJAME, - TAK HA3BIBAeMble CYTOYHbBIE IPUJINBBL M OTJINBHI,
- OYTH BO BCeX YAaCTAX APKTHYECKOT0 OKeaHA MeHee Pa3BUTHI, YeM I10JIyCyTOYHbIE
MPWJIMBBL M OTJIMBHL, TOCKOIBKY MOKHO Oy[leT cfesaTh M IPOTUBOIIIOMKHBIN BBIBOJ,
ecj TPUHATH B CcOOOpaskeHHe TeOpeTUYeCKHe pPABHOBECHBIE IPIJIMB ¥ OTJINB B
Apkrunueckom okeane. OO sCHEHNEM MOMeT IOCIYHUTH TO, YTO B Gojee riayOOKOM
U TIABHOW YacTH APKTHYECKOTO OKeaHA IIPOMCXOAUT MAaMOHTOBAS OCIIMILISALUA.
AMQUAPOMHBIE CHCTEMBI He ABJIAITCA TaM YACTHIMU, BCIEICTBHE GOIBIIMX IiayOuH
I COOTBETCTBYWOIINX CIA0BIX TeYeHWUil IPUIMBOB M OTIMBOB.

Yro Kacaercs AMIUIUTYABI BOJH YACTUYHBIX IPHJINBA U OTIMBA B ApPKTH-
YeCKOM OKeaHe M BOJIM3M HEro, TO MOKHO OTMETHUTB, YTO aMIINTyjaa M, paBHAeTcs
npu6au3nTebHo 100 ¢M y CeBepHOr0 HOPBEKCKOro 1o0Gepe:Kbsa M B MPOJHBE BIOJIb
Cesepo-zanajgnoit I'penmanpgun. AMmantyasl M,, goxopsmue 10 50 cM, BCTpPEYIOTCA
y 3amajgHoro mnodepesKbsa HOpBemcKoil rpynmel octpoBoB Illmumbepren u y moGe-
pesxbsa Bocrounoit I'pemsmampaum. Bo BHyTpeHHHX dYacTAX ApPKTHYECKOTO OKeaHa
ammiuryga M, HuMeeT NOpAAOK BedMuuMHBL 10 cM MIM MeHee. AMILIMTYAA S, B
GOJIBIIMHCTBE CJIy4aeB COCTABIAET MEHLy OAHOW TPeThI0 U IOJOBHHONW aMILIATYIEI
M,. Yro racaeTcs aMILTUTY/Bl BOJH CYTOYHBIX NPUJIMBA U OTIMBA, TO AMIUINTYJA
K, paBuserca 30-40 cM B BBIIeyKazaHHOM IpoauBe BRoiab (eBepo-zamajguoit I'pe-
HIaHAUN, HO MeHee 10 c¢M B GOJBIIMHCTBE APYIHX APKTHYECKUX paiioHOB. AMmim-
ryga O, eme MeHee, ueM B OOJBIIMHCTBE CIydYaeB aMILIMTyAa K,;; B HEKOTOpPHIX
cay4yadX OHA paBHAETCA INPUOIUBUTETBHO JMIIb II0JOBUHE WJIN OXHONW Tpern
ammanTyasl K.
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