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IMPACT OF ICE ON SWEDISH OFFSHORE 
~ LIGHTHOUSES 

Ice drift conditions in the area at Sydostbrotten 
ice season 1986/87 
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The caissunlight Sydostbrotten is situated in an area with rather 

great ice rrotions due to currents and winds, rut also intensive 

navigation. The ITBin vessel traffic runs east of it. Ho,.,ever, in 

severe ice conditions the icebreakers break a channel in a rrore 

shallo.v fairway ~st of the caissunlight (Bonden fairway) . As the 

vessel traffic is rather great the icebreaker working in the area 

often pass in the vicinity of the caissunlight. Ice o1::.6ervations 

are continuously dore on 1:x:>ard the icebreaker fran the area it 

passes. Reports of ice concentration, ice tJ1ickness and ice drift 

are sent 4 tirres a day per telex. At tirres air reconnaissance from 

helicopter is done. Further rrore satellite image s are treated to 

make a good picture of the ice situation. 

Fig 1 . Map of the Gulf of Bothnia wi th detail of Sydostbrotten and 

environ.rrents. 
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This refX)rt is an attanpt to mike a statistical review of the ice 

drift around the caissunlight using all this ice infornation and 

the weather oooervations fran the autanatic v.eather station at 

Sydos tbrot ten. 

1. General ice information and statistic. 

The ice winter 1986/87 was sa-rev.hat rrore severe than nonna.l in the 

area. The ice formation started normal time bJt the ice breaking up 

was about 10 days later than nonnal. The maximum ice thickness may 

be ccrnpared wi th sane of the severe winters. Ho.vever, the winter 

was not extrem=, the frequenc:y of ice pressure with ridges rather 

SITBll and a lot of cases wi th brcken ice and leads occured. Fig. 2 

shaws the developrrent during the winter. During the period of ice 

fonna.tion the new fonned ice drifted southwards due to northerly 

winds and follo.ved by further ice fornation. This often occurred in 

January and February. Also perioos with cpen ice occurred. During 

March the ice was maximum. The ice was often stationary, grew 

thicker and became rrore ridged due to partly heavy ice pressure. At 

the end of April the ice broke up and a lead was forned. Ho,.;ever, 

close or cpen drift ice drifted into the area in the beginning of 

May. The ice was broken into srrall rotten floes arrong big heavy 

floes. Fran 17 May alrrost ice free. 
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Fig 2. Ice developrrent during the winter 1986/87. 
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2. Ice drift. 

The ice drift has been oooerved, calculated and est.imated, based 

upon wind- and terrperature-observations registrated at 

Sydostbrotten. The current is est.imated fran the W:l.ter-level 

changes. Data fran regular ice drift forecasts are checked up. (A 

nurrerical nodel for forecasting the ice -rrotion in the Bay and Sea 

of I?,othnia. I. Udin and A. Ullerstig 1977, Research Rep::,rt No 18, 

serie WINI'ER NAVIGATION Research Board.) 

Also observations on board icebreaker passing in the vicinity are 

checked as v.ell as data calculated fran videotape used by LTH 

(Luleå Tekniska Högskola). The ice thickness and ice concentration 

represent the area close the caissunlight Sydostbrotten. 
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In the figures 3, 4 and 5 the ice drift is presented in drift r oses 

for different ice thickness. As the ice thickness varies a lot with 

thin ice anong thicker floes the thickness intervals overlap each 

other. The ice thickness rray represent a sort of nean ice 

thickness. The rose sho.vs the ice drift to.vards a direction, i.e . 

sc:utlrwesterly ice drift the ice is drifting to.vards south.vest. The 

veloci ty is in cm/ s wi th three intervals shoong the total nurriber 

of cases. In fig 3, i.e 20,3% of the oooervations are in the 

directions 202, 5 degrees and veloci ty above zero. About 11, 5% of 

the cases are velocity arove 20 crn/s of the same direction. The 

data is four observations/day, in other ~rds every 6-hour. 
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Fig 3. Ice drift . Ice thickness 5- 15 cm . 

FREQUENCY 

DEGREES 
o.o 
22 ,5 
45-0 
67.5 
90-0 
1 l 2 . 5 
135-0 
157,5 
180-0 
20 2 ,5 
225-0 
247.5 
270.0 
29 2 .5 
315,0 
337 , 5 

PERCENT 
o.o 
2,9 
l 1 . 6 
5.8 
13-0 
5.8 
5 . 8 
1 0 • 1 
2-9 
20,3 
7.2 
4,3 
7,2 
2 .-9 
o.o o.o 





SMl-ll 
HO 

SMHI 
HO 

OCE RNO GRR FI SKR OB SERVRTIONER 
S 'j d o s t b t'"' CJ t t 0:: 1 1 1 C) - 3 0 c m rcE TITrCKNESs 
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Fig 4. Ice drift. Ice thickness 10-13 an. 

FPEQUEI'JCY 

DEGREES 
o.o 
2 2 .s 
45 -0 
67. S 
90-0 
11 2 . 5 
1 35 . 0 
1 57. S 
180. 0 
202 . s 
225 .0 
247 ,5 
270.0 
292 .5 
3 ] 5 .0 
337,5 

PERCENT 
1 . 0 
6 .8 
6 .3 
3.7 
12 -6 
3 .7 
3 .7 
2 . ] 
G. S 
27. 2 
l 3 . 6 
6 , 3 
1 . 0 
3 . 1 o.o 
2 . 1 

OCERNOG RR FI SK R 
S 'j d o s t b 1-- o t t e n 

OBS ERV RTIONE R 
') 0 c- 0 L - 0 

sort c rn /s 

PERCENT OF 'I'CYI'AL NUIIBER OF OBSEP.\71\TICT'JS 
V>0 V>l0 V>i'. U 

20 N 

20 S 

Fig 5. Ice drift. Ice thickness 20-50 an. 

c m ICE TEICKI'JESS 

FREQUENCY 

rnx:-PEES 
o.o 
22 .5 
45- 0 
67. S 
90-0 
1 1 2 . 5 
1 35 . 0 
JS7 .5 
l Ci U . 0 
202 , 5 
225 -0 
247. 5 
27 0 . 0 
29 2 .5 
315-0 
337,5 

PEPCENT 
3 -2 
16. 8 
7 - 2 
S.6 
9.6 
3.2 
o.s 
3.2 
2 - 4 
15 , 2 
9.6 
4,0 
5 -6 
l . 6 
3 -2 
8.B 

4 
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The three figures have sane similarities. The south.vesterly and 

nartheasterly ice drift daninates. Very fSN narthwesterly ice drift 

occur. Ho.vever, in a .r::eriod in March rroderate ar heavy ice pressure 

occurred. The ice pressure was narthwesterly \o.hich is shcwn in 

figure 5. \men ice press ure occur the ice drift is very srrall and 

irregular. The ice is ridging and the ridges IPa.y have fanood i n the 

enviranrnents. Thats rreans the ice drift rrey have been 

averesti.m3.ted. (Fig.l.). Looking at the bottan tafX)9I"aphy in the 

area ane will find that the condi tians is great for ice ridging. 

Fast ice aften occur insides the shoals narthwest af 

Sydostbratten. 

This winter "M=Sterly ar narth.vesterly winds have oca.irred nore than 

nanral an::! leads have fanred west af the lighthruse partly due to 

icebreaker breaking the Bonden fairway. This is sho.vn as an 

easterly and southeasterly arraw. 

The figures alsa show a v.ellkno.vn fact, the thicker ice and high 

ice concentratian cause less velocity. 

In figure 5 anl y a fSN cases with velocity above 20 crn/s are note:::l 

canpare:::l wi.th the 5-15 an ice. 

This conditians can be illustrate:::l in a table belo.v 

Ice thickness 5-15 an 10-20 an 20-50 cm 

rrean rrean rrean 

cases ice cases ice cases ice 

canc. canc. conc. 

statianary 16 70 55 

0-10 crn/s 14 57% 55 93% 67 92% 

10-20 crn/s 18 67% 73 87% 43 73% 

> 20 cm/ s 36 45% 63 82% 17 72% 

total 84 55% 261 85% 182 83% 

In the last o:::,lwm 17 cases 20-50 an ice wi.th rather rapid ice 

noticn is rrostly braken small an::! big floes. 
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3. Surmary. 

The ice drift at Sydostbrotten and also generally in the Sea of 

Bothnia is caused cy the wind. Canbined with an often ~ak current, 

which nay cnange the direction for sare 10: ths of degrees. 

The rerort sho.vs a statistical rewiStJ of the ice drift, ice 

thickness and ice concentration in the area clooe Sydootbrotten. It 

nay not give the absolute ice mass transrort at the construct..ion. 

One ITElY draw one conclusion: south.vesterly and northeasterly ice 

drift domi.nates. This condi tians nay be carpared wi th the no:rrral 

wind statistic v.here these wind sectors are frequent. Sootherly 

current domi.nates durinJ winter period January - April. 
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The calculated ice drift values are listed bel0.v.The tables refer 

to the ice thickness 5-15cm, 10-30 and 20-50 cm. The data presented 

are the date, ice drift speed in cm/sand the direction t0.vards, 

i.e. 180° ireans southrwming icedrift. 

Sydostbrotten 5-15 cm 

cm/s degrees 
2. 'l/12._ 40 270 

40 260 
40 260 
40 250 

Eo/n. 55 220 
55 200 
40 200 
25 200 

Jl/12. 05 200 
05 240 

.2.7;, 05 270 
05 270 

~t /, 15 rno 
20 210 
15 230 

~·,;, 10 160 
20 140 
40 120 
15 120 

30/, 10 070 
10 030 

31/, 20 100 
40 110 
30 150 
30 140 

'/~ 20 130 
20 120 
10 090 
20 090 

2/2. 20 100 
05 100 
05 080 · 
05 060 ,1, 05 040 
15 040 
30 050 
40 050 

'r!z 50 050 
40 090 
20 090 

Sh._ 20 060 
20 060 
20 050 
15 050 

'12. 15 220 

th_ 40 210 
40 210 
30 220 

'½. 30 210 
15 210 

lf/2. 15 290 
15 290 

;fv;,._ 05 150 
05 200 
15 240 

2.S"/2 10 200 
05 200 
05 140 
05 080 

.2 C/~ 20 030 

10 150 
~?/<. 10 150 

15 150 
20 160 
50 190 

Appendix 1 





Svdostbrotten 10-30 cm 
cm/ s degrees • 

· ~ 10 340 05 060 
3 I,', ·: 15 360 ;, :/:· 10 120 

Appendix 2 

20 210 
1'/ 1 05 030 

:!,...{/.,. 10 230 

t/; 25 220 
10 , 030 20 180 10 230 

30 220 
10 020 40 200 20 230 

20 210 
10 020 60 200 15 210 

05 210 
h/, 10 030 2J12 50 180 2 r,./)' lO 220 

' I 05 220 
?? , 05 040 

40 160 05 250 

05 220 
' ·/; 05 130 20 160 ' 71r05 040 

10 210 
15 160 10 120 10 030 

10 210 
15 190 _ _JO 210 10 040 

-, : 05 190 
-/,1 30 190 2'// 1 

10 060 

40 200 
05 060 n i,, 25 090 

50 200 
05 070 2 S/z. 40 200 15 090 

40 200 
05 080 20 210 15 090 

"I// 40 200 
05 090 20 230 

40 210 
Zi:, Jt 05 120 20 230 

20 230 
10 200 l/ 3 20 220 

20 240 
40 210 10 220 

C 15 250 
50 200 05 220 

. , . I i~;, 50 200 
20 260 I . 

05 200 

15 250 
50 200 2/3 20 230 

20 250 
20 220 40 230 

b/1 30 210 
I 05 200 40 230 

20 210 
_21·1 05 300 40 220 

05 180 
fh 25 240 3IJ 20 210 

10 150 
40 200 '1/c:. 20 210 -

'1/t 20 140 
40 200 20 210 

40 200 
~ L 10 200 10 190 

15 200 
10 200 05 180 

05 200 
20 180 <:/ J 05 340 
20 180 05 340 r , 05 300 I [ f z 50 180 

05 230 
10 350 

20 200 
50 210 l / J 05 330 

05 240 
"i / , 40 200 15 220 

40 200 
30 210 

11/2 30 290 10 220 

10 220 15 280 g J 10 210 

le/; 10 220 
12 1-.:. 05 250 05 210 

20 210 15 200 
., 

.2 05 060 

20 210 .· 05 200 15 080 

10 190 
I.' ; 05 250 10 070 

/ . ; 10 240 05 250 10 -·.! 05 060 
I I 

10 240 05 300 05 050 

I 1/1 05 110 10 290 12/J 05 210 

10 100 
I '/i ,( 15 300 I~ / .!, 05 040 

10 100 20 030 11-'.J. 15 030 

1 J: ',, 05 090 20 090 20 030 

05 090 20 090 25 020 

11// 1 05 090 
I~\ 10 090 10 020 

05 090 05 090 

10 100 l:C/~ 10 020 

10 100 05 030 05 .040 
/ rj 17/ z. 05 210 

- I 10 090 05 230 

10 120 10 220 / I 10 210 

10 120 
20 210 05 170 

10 120 
l 'r/c. 15 210 ' '-/) 10 050 

i cy, 15 130 05 200 10 040 

20 140 
/ ':/z. 05 100 ___ JO 040 

10 140 
10 100 

05 140 
~-( ;: 05 040 

, r,1, 05 090 10 040 

05 090 
: ',' z 10 040 

05 080 
15 130 





Sydostbr otten 20-50 cm 

cm/ s degrees 

?IJ 40 210 
20 210 
20 210 

l !,h, 10 020 
10 020 
05 010 

l'fi/::, 05 360 
05 330 
05 320 
05 320 

1, h 05 300 
05 290 

,zC'h, 05 210 
- . 05 200 

JJh, 05 360 
05 350 

2_ (/ J 05 330 
10 340 
20 340 

-<.l.i 10 340 
05 330 

.J/1 20 310 
15 340 
10 340 
10 340 

2. ... 2 05 320 
05 330 
05 330 

-~' 'J 02 100 
05 100 
05 100 

-' '?, 05 050 
02 040 
02 020 
05 020 

1/,; 20 020 
20 020 
10 020 
05 020 

:2_ ,1,,. 02 280 
05 230 
05 230 
02 230 

31,i 02 250 
05 090 

' l l y 05 070 
05 040 
05 060 
05 060 

!I., 05 210 
05 200 

' r'..· 10 200 
05 230 
05 220 

05 030 
05 020 
05 030 
05 030 

I< ! ,, 05 030 
05 030 

!; •,' os 040 
05 040 

I ,., ', OS 060 

10 080 
I;; ,\. 10 030 

10 030 
10 060 
15 090 

H.",. 10 090 
15 090 
15 070 
20 120 

, -;/y 15 120 
10 190 
10 210 

I~ 1 'i 25 210 
10 210 

1 "Il,; 05 150 
05 230 

:i.o;r OS 210 
05 250 
05 240 
05 220 

2 ' /,, 05 250 
05 270 
05 280 
05 280 

z <f.r OS 020 
20 040 
15 090 

2 3/ ,I 15 100 
20 120 
20 120 
20 140 

2 ''/; 15 150 
05 170 

Appendix 3 

~/.:, 20 030 
20 090 
10 090 

31s 10 230 
10 210 
10 210 
15 200 

L'ls OS 200 
05 240 
05 200 

5/_; 10 040 
10 040 
10 040 
10 030 

r, ;s 10 030 
10 030 
05 060 
20 150 

i/~ 20 160 
15 210 
10 190 

',/.:;- 05 270 
05 230 
10 270 
10 270 

/0/~ 1O 230 
15 230 
15 230 
15 210 
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