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SUMMARY 

One of t he sub-·projects within the sea :i.ce cesearch programrile 
ca.rr•ied out at SMHI deals with the thc➔r'modynamics of the sea 
and the i ce., In these studies t he sea su:r1face temperature play .'.' 
a fundamental r ole. During the latest years considerable efforts 
have been made in order to obtai n more temperature observations, 
in particular from the open sea. Various vessels have been 
equipped wi th 11.E)W :i.nst1:,uments, the collection of obser-vati.ons 
improved, the sea surfaco temporature distribution analysed 
every second day an.d all :i.nfor'ma.tion stored in digital form. 

The instrum0nts are discr.1ibed and their specifications given 
in the report. Various obsel'.'vat:i.onal methods are compared and 
examples of sea surface temperatur.e analyses for the period 
July 1973 - July 1 97Lt illustrating yea:rly variations, tendency 
to circulation patterns, coastal effects~ up-welling etc. are 
given. 

SAM!11ANF ATTNING 

Ett av delprojekten i d'-'ln havsisfo::.,skning :c;om på Ui1pdrag av 
Sjöfartsve:rkat bedrivs vid S:iHI ~ rfo~ havets och i s ens termo­
dynamik. Vid dessa studier spelar ytvattentemper'aturen en fun-· 
damental roll. Under de senaste .s.Nm hat:' dä.rffö_, mätverksarnhc­
ten intensiverats, speciellt ute till havs, båta:r har utrirntats 
med nya fjärrinstrument~ insamlingsfÖ.l'.'farand.et hat• rationalise·· 
rats, ytvattentemparatu1"',ans för•de lning hai" a.na.lysera.-~ s vara nna c1 
dag och informationen ha:.." lagPat s i digit2.l form . 

Instrumente11 och deras noggrannhet har beskl'1ivits och mätmeto­
derna jämförts. Dessutom har ytvattentempcraturkartor för perio·­
den juli 1973 - juli 1971t, so::n visar· variationerna under året, 
tendenser till cirkulationsmönster, kusteffekter och 11up-wellin;.(' _, 
diskuterats. 
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INTRODUCTION 

The Maritime Section of the Swed.ish Meteorological and Hydro­
logical Institute (SMHI) has since many years collected sea 
surface temperatures from waters suFrounding Sweden. The main 
objective was to follow the cooling in the sea from early 
autumn to the time af ice f01•mation in order to be able to 
forecast the ice formation. The observations were mainly made 
at fixed locations along the coast~ e.g. from lightships and 
lighthouses. 

In connection with a winter navigation research progr'amme, co­
ordinated by the Swedish Administration of Shipping and Naviga­
tion, SMHI carries out an extensive sea ice research programme, 
including thermodynamic studies of the sea and the ice. During 
the last few years the nurnber of sea surface temperature obser­
vations has therefore increased rapidly, in particular from 
the open sea through the participation of vessels of various 
kinds. In order to facilitate the observation of sea surface 
temperatures the Maritime Section has initiated the develop­
rnent and production of rernote reading electrical therimometers. 
These are par·ticularly intemded for vessels wi th unmanned 
machine rooms, where the use of the conventional condenser in­
take method is inconvenient. The frequency of , observations has 
been increased to three times per week for the fixed stations 
and more or less daily for the mobile stations. 

Pig 1. Sea areas for which sea 
sur'face terrrperiatvYe ana­
lyses a:re made . 

From Novembe1:• 1972 the sea ·surface temperature distr>ibution has 
been regularly analysed within the area shown in figure l. From 
the beginning the analyses were rnainly intended as input data 
for the sea ice investigation pr>ogramme that is carried out with­
in the Maritime Section but lately a growing interest for· the 
sea surface temperature analyses has been expressed from other 
fields of application, e.g. ship companies, yachting clubs, oil 
companies, the navy, the air force and var·ious other sections of 
the weather service. 
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OBJECTIVES 

Reliable infor>mation about the water temperatur•e, in particular 
the s~a surface temperature, is fundamental when studying the 
thermal energy ex:change between the atmospher>e and the ocean 
and for forecasting ice formation. Figure 2 shows a schematic 
picture of the flow of energy, affecting the sea surface tempe­
rature. 

Jl.taosphere 

Sea Pig 2. Therma i energy flow 
at the boundary bet­
ween sea and atrnos­
phere. 

From figure 2 we can see that in the atmosphere we have a flow 
of energy to or from the sea through latent heat (Q8 ) and sen­
sible heat (Qc). Further the atmosphere receives energy from 
the ocean through the outgoing long wave radiation (Qb) and 
the ocean is receiving energy from the atmosphere through the 
short wave radiation (Q8 ), part of which is reflected at the 
sea sur·face back to the atmosphere (Qr) .. These transports of 
energy between the ocean and the atmosphere affect the sea sur­
face temperature, which in turn also affects the flow of sensib­
le heat and outgoing long wave radiation. Below the surface we 
have a vertical flow of ener'gy ( Ow) as well as a horizontal ad­
vection ( Qa). The . flux Qa is caused by the energy transport to 
and from surrounding areas and consequently, when studying the 
temperature variation with time, it is also necessary to know 
the horizontal temperature distribution. For the sea ice investi­
gation programme mentioned above it was not sufficient with in­
formation about sea surface tempe1~ature at fixed stations but a 
comple·te analysis of the temperature distribution over the whole 
investigation area was necessary. It has been possible to analyse 
sea surface temperature in this ar•ea since 1972, thanks to an in­
creased number of observation points, better spacial distribution, 
increased frequency of observation, better instruments, improved 
data collection etc. 

Apart from the sea ice investigation programme the sea surface 
temperature analyses have proved to be of interest for many other 
activities such as: 

Weather forecasting. In particular for cloud; precipitation 
and visibili ty forecas ts the sea surface ·ternperature ana lyses 
are of great irnportance. 





SMHI, RMK 1 (1974) 

Marine and air force activities. The survivel time fora 
person in the water is toa high degree dependent on the 
surface temperature. Knowing the sea surface temperature 
distribution it is easier to deside on overflying certain 
areas and rescue programme in cases of accidents. 

4 

Yachting activities, sporting etc. 
of races along the coast as well as 
le to take the necessary precautions 
as <luring the events themselves. 

For the arrangements 
offshore it is possib­
in planning as well 

- Certain other marin activities, transportation etc. For 
certain type of cargoes it is important to know the sea 
surface temperature. The same is the case for various types 
of coastal activities. 
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DEFINITIONS 

The sea surface temperature may be measur'e<l by various types of 
instx,uments and from various types of platforms. A bucket ther­
mometer can be used from a piel'.' or bridge, from at caisson light­
house, from the deck of a vessel. The temperature can be measur­
ed in the intake wa.ter on a ship. One can use remote reading with 
hull contact or through-the-hull thermometers. One can fly-with 
infra-red instl'.'uments registerit1g the temperature of the upper 
skin of the sea surface etc. The se vat'ious methods will not mea­
sure the temperature a.t the same depth and the definition "sea 
surface temperature" is ther>efox•e not always well defined. Wi th 
the j_nfra-r•ed radiation thermometer one measures the so-called 
skin temperature, which is the temperature of the upper milli­
metre of the surface. W:i.th the bucket method one measures the 
temperature in the nearest one metre~ while the intake and the 
hull contact thermomete1-.s may measure the temperatures from one 
to ten metres below the sea surface. 

Normally the upper part of the sea can be divided inte 3 diffe­
rent layers: 

(a) The skin layer~ which is only a few tenths of a millimetr.1 e 
and is strongly influenced by the atmospheric conditions. 

( h) The mixed sur>face layer, where the vertical temper'ature 
variations are very small. The mixing is due to mechanical 
turbulence and•thermal convection and the depth varies with 
the season from less than one metr>Ep to tens of metres. 

(c) 1'he thermocline layer in which considerable vertical tempe­
rature variations occur. 

In this report the. term sea surface temperature will be consider­
ed as a temperature representative for the mixed layer. In those 
cases, where the infra-red radiation thermometer has been used, 
corrections have been applied in order to obtain comparable valu­
es.· In . the· same . way we ha.ve tried to introdu-ee compensations for 
low placedsensors. 

The observations are taken at positions representative for the 
open coast and the sea outside the coast. The temperature in 
narrow inlets, harbours, shallow beaches etc. may therefo:r•e in 
many cases differ from the temperatures reported and shown in 
the ana.lysis. 
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INSTRUMENTS AND METHODS 

Bucket thermometers 

With the bucket method one may in the simplest case on l y fill a 
bucket with water and measure the temperature with a separate 
thermometer, making sure that it is as far as possible sheltered 
from sunshine or strong winds to avoid changes in the temperature 
because of radiation or evaporation. A better method is to use a 
small bucket with a built-in thermometer, which can be lowered 
into the water, where it is held for about 3 minutes in order to 
completely fill the bucket with water and allow the bucket to 
adjust completely to the water temperature. When the bucket is 
lifted out of the water the temperature can be quickly read thus 
minimizing the atmospheric effects. The accuracy of such a tem­
perature reading is± 0.1° C. At SMHI only the method with built­
in thermometers is used. In this case the bucket is made in steel 
and connected toa cylinder , in which a mercury thermometer is 
placed. Two types of buckets are in use, one with a bucket con­
taining 60 ml water weighing about 320 gram nd filling immedia­
tely when lowered into the water, see figure a . The other has 
a bucket containing 435 ml water with total we'ght of 1190 gram, 
see figur~ 3b. The latter bucket hasa smaller 'ntake, dimension~ 
ed fora filling period of about 3-4 minutes, tH s allowing ~ime 
for the bucket to adjust to the water temperature before taken up. 
Air bubbels are let out during' the filling period and thus indica­
ting when the bucket is completely filled with water. 

__,. 

a) 

,l 
', 

Fig 3. Bucket thermometers 
a) Small type 
h) Big type 
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Condenser intake therrnorneter 

This rnethod irnplies that the ternperature of the condenser intake 
water is rneasured when circulating pasta rnercury therrnorneter, 
placed in a steel cylinder, screwed inta the intake pipe, see 
figure 4. The therrnorneter is placed as close to the hull as 
possible and between the hull and the water pump . If this ther­
rnorneter is conveniently situated and the reading carefully per­
forrned, the accuracy of the rneasurernents is comparable with the 
bucket rnethod. It is, however, not always possible to get the 
true surface ternperature as the condenser intake norrnally is 
placed well below the water line at a depth that will vary with 
the loading of the ship. In stratified water the rneasurernents 
rnay show significant variations and this is in particular observ­
able during the surnrner season. 

-~ IT~ 
l <- , ~ I~/ 

-~~~t:~~~~~~i~}~it~~~ ·L 
! - ---+15o 1+1s· 

{~,>~?:ic;c~;: 
~~. ~'~~ 

t- -::; 
E .. +-=-c. 

~.~.--~~-=~_ii 
. -'l 

Fig 4. Condenser intake 
thermometer . 

Electrical, rernote-reading therrnorneters 

The electrical, rernote-reading therrnorneters are based on the fact 
that the resistance in a thin wire will vary with the ternpera­
ture. A sensor is placed in direct contact with water or attached 
to the inside or the outside of the ship hull, which quickly 
adjusts'to the ternperature of the water. By cable the sensor is 
connected toa reader unit placed either on the bridge of the 
ship or in the rnachine control center for convenient reading. 
Several sensors rnay be connected to the reader instrument. It is 
thus possible, by placing sensors at different levels, to read 
the temperature at a constant depth independent of the loading of 
the ship. Two different types of electrical rernote-reading therrno­
meters, are used by SMHI for installation onboard ships: 

lal Digital ternperature meter for Pt 100 transducers. 

With this instrument the ternperature may be read directly on 
a digital display anda switch perrnit six individual sensors 
to be attached. The instrument is produced by the firm Systern-
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teknik AB, Sweden, and carries the number S 1062. It corrects 
for the nonlinearity of a 100 ohm platinum resistance trans­
ducer. The instrument is shown on figure 5 and technical speci­
fications are given in Attachment A. 

S 1062 

- --
·t- !-) ) ? 

'·' , ) } ,. . . . .c . 

Fig 5. Digital terrrperature meter 

Two types of sensors are at present used together with the 
reading instrument. One isa through-the-hull, immersion 
type sensor with fitting in stainless steel, see figure 6. 

] t 
I! 

' ' 

Fig 6. Through~the-hull immersion sensor (Pt 100) 

The other isa contact sensor that is glued directly to the 
inside of the hull and insulate from inside with 5 cm frigolit, 
see figure 7. Both sensors are Pt 100 transducers, produced by 
the firm SWEMA, Sweden. 

Pig 7. Hull contact sensor (Pt 100) 
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(b) Remote temperature meter for linear transducers, type LL 1. 

The reading instrument is in principal a Wheatstone bridge, which 
is set to zero by a precision potentiometer connected toa digi­
tal scale. The zero-setting is sensed by two light emitting diods. 
The sensor, CUPR0SWEM produced by SWEMA, Sweden, is of contact 
type and the resistance is linearily dependent on the temperature. 
No conversion table is thus necessary and it is possible to read 
the temperature directly from the instrument. The instrument and 
the sensor is shown on figure 8 and specifications are given in 
Attachment B. 

i 

/ 
sensor 

Fig 8. Remote temperature meter, type LL 1, with the 
Cuproswem sensor 

Infra-red radiometer, type BARNES IT2-S 

This instrument measures the radiation energy that is emitted 
from the earth surface within the wave length interval 8 to 13 
µm, an interval within which the water can be regarded as an 
ideal black body. The instrument consists of a detector head, 
an indication instrument anda curve plotter, see figure 9. The 
detector senses the radiation from the water surface as well 
as a carefully calibrated reference body. The radiation differe 
ence between the two bodies is converted into an electrical im­
pulse which is transferred to the curve plotter. The instrument 
is mounted in a small aeroplane.When flown below 300 metres in 
clear weather it measures the temperature with an accuracy of 
about ± 0.5° C anda resolution of 0.2° C. 
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Fig 9. Infra-red radiometer, type BARNES ITS-2 

4.5 Comparison between the different types of instruments 

Table 1 shows the type of instrument used on various platforms. 

TABLE 1: 

Instruments used on various platforms 

Instrument Number Platform 

Bucket (small) 37 Fixed stations 
Pilot vessels 

Bucket (big) 21 Fixed stations 
Coast guard 
Pilot vessels 

Condenser intake thermo-
meter 4 Ferries 

4 Merchant vessels 

Remote-reading electrical 
thermometer, type LL 1 4 Ferries 

5 Merchant vessels 

Remote-reading electrical 
thermometer, type S-1062: 

with through-the-hull 
sensor 5 Icebreakers 

with contact sensor 5 Icebreakers 
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The bucket thermometer, which isa simple and cheap instrument, 
is suitable for use on fixed stations or nonmobile platforms. On­
board ships the instrument is less suited as it requires the 
vessel to stop or considerable slow down the speed <luring measure­
ments of the sea surface temperature. This in particular as accu­
rate measurements requires the bucket to remain in water for at 
least 3 minutes before reading. Condensor intake thermometers are 
therefore better suited for use onboard mobile stations. One d..!1aw­
back is, however, that the depth on which the reading is made will 
depend on the type of the vessel and its loading . . In addition it 
is not always easy to obtain an accurate reading of a mercury t'her­
mometer in a machine room with a lot of other installations. 

In order to facilitate the measurements of the sea surface tempe­
ratuI'e from moving vessels and in particular from vessels with 
unmanned machine rooms, the above described electrical remote­
reading thermometers were developed. Comparisons between the 
electrical. thermometer and the bucket thermometer have shoi-m 
very good correlations. An increased number of ships wj_ll there­
fore be equipped with thesa ty-pes of instruments. The digital in­
strument discribed under 4.3 (a) is, howeve.r, fairly expensive, 
why the Maritime Section took the initiat:i.ve te the development 
of the LL 1 remote temperature meter;_ The LL l is a simple and a 
relatively cheap instrument (about 8Ö0 Sw.Cr . ), it is easy to in­
stall and easy to read. The contact type sensor may also be plac­
ed in the scientifically best position with respect to depth and 
outlets of hot water from the ship. This in contrast to the fixed 
position of the intake thermometer. 

The· airborne infra-red radiation thermometer hasa nurnber of ad"f 
vantages. It is fair.ly easy to use and can cover va.st areas in 
fa:i.rly short time. A disadvantage is, however, that it can not 
meet the accuPacy requirements af 0.1° C but it may still give 
horizontal gradients toan acceptable degree of accuracy. Another 
disadvantage is the reJ~a:ti vely high cost 0 of the platform and that 
it is d(:lpendent on· emd.ronmenta l conditions such as the weather, 
which lim:i.tates its usefulness. 
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NETWORK AND COLLECTION 

Sea surface temperature observations a1"e made f1"om a number of 
fixed stations e.g. lighthouse personel, milita:r-ies and fisher­
men living in the outer archipelagoes 5 from moving stations by 
the c:r•ew on ferries ~ merchant vessels, coastguard vessels, pilot 
vessels and icebreakers. The positions of the fix.ed stations as 
well as the main ship l'.'outes are given cm :figure 10 and on 
Attachrnent C. 

By July 1971+ the numbe1"' of fix.ed stations · were i+3. They are all 
using the above described bucket thermometers. The sea surface 
temperature is measured every Monday~ Wednesday and F.'riday bet­
ween 9 and 10 o"'clock.The pilots measure the sea surface tempe­
rature at various times of the day depending on their wor'k and 
normally a.t least one obse:r.vation is received per day. The obser­
vations are telephoned ta the nea..".'est meteorological collecting 
center and from there transmitted to SMHI by teleprinter. Some 
observations are transrnitted direct.ly to the Inst:.i.tute by tele­
phone or telex. 

Of the moving stations the ferries arean important sou:r•ce (.)f 

information as they are playing·regular rou.t:es and thus observa­
tions can be made regularily at the same time and at fixed 
positions. The ferries use partly the condensor intake thermo­
mete1~s t part ly the electr-ical remote-reading thermometer of the 
type LL 1. Immediat~ly after arrival to port the observations 
are telephoned to the nearest collecting center• or· directly to 
SMHI. 

The number ofmerchant vessels that regularily report the sea 
surface temperature are at the moment 9. They are mainly recruit­
ed from the ship companies Cementa~ SCA and Gorthon, which al.1 
regularily traffic the Ba.ltic reg:i.on as well as the Gulf of Both­
nia. Observations are made every tht'ee hours in open sea. Spe­
cial logs are completed and mailed to SMHI immedia.tely the vessel 
arrives in port. Du:r'ing the winter season, but even to same ex­
tent <luring the summer, the observations are sent ,;ia coastal 
radio stations to SMHI. Observations are also received from the 
so-called "selected ships", which make regular weather observa­
tions including . sea surface temperature measurements every three 
or six hours. As can be seen from figure 10b the ..restel'.'n part 
of the Baltic and Gulf of Bothnia is fairly well covered, while 
the eastern part con-tains less in.formation. This because the 
Sw~dish ships normally traffic the western part of the Baltic. 

The coast guard measures the sea surface temperature when on mis­
sion in the oute:r ar,chipelagoes or the regions outside the coast. 
The coast guard vessels are all equipped with the version (b) of 
the bucket thermometer ( see figur' e 3b) and the number of vessels 
measuring .the sea surface temperature· is at present 21. The coast 
guard measuresalso the deep water temperatures a.t special points 
and is for this reason equipped with bathytermographs. The obser­
vations are transmitted to SMHI in code form via the coast guard 
communication centers. 

During the winter season 5 icebreakers make · sea surface tempe1"a-· 
ture observations, when in open sea. They are equipped with the 
dig i tal temperature metEn" d.iscribed under t+. 3 ( a) and have a 
through-the-hull as well as a hull contact sensor. The obse:r•ved 
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temperatures are transmitted to SMHI via. coastal radio stations 
or by telecopier. The water temperature 1.ogbooks are sent to 
SMHI by mail. Most af the icebreakers al.so make full weather 
observations. 

In addition to the Swedish observations, reports are received 
from surrounding countries. Denmark and Norway have a number of 

· coastal stations observing the sea surface ·temper-ature . These 
temperatures are reported daily in the regular weather messages 
SYNOP. During autumn and winter observations are also received 
from Finland, who has 8 fixed stations, 4 ferries and one research 
vessel, Aranda, that normally makes extensive cruises in the Gulf 
of Bothnia in the beginning of the winter. During the winter sea.­
son Poland reports the sea surface temperature from 5 f'ixed sta­
tions along the coast . 

During the last two years trials have been roade to supplement the 
ordinary sea surface measurements with an airboI'ne inf-ra-red radia­
tion thermometer. The measurement has normally been carried out 
the first few weeks before expected ice formation and the purpose 
has been ta mo:r.>e accurately follow the cooling of the surface wa-
te:r, <luring these periods. · 

As can be seen from figure 10, the network has still a m1mber of 
gaps~ mainiy in the eastern part of the Bal tics but dur1:i.ng the 
summer period. also in the eastern part of the Gulf of Boi;hnia. 
Efforts are being made in ·order to improve the netwoI'k. 
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Fig 10a. Fixed stations and I 
ferries observing sea 
surface temperaturetJ 
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Fig 10b. Main routes for ships 
observing sea surface 
temperatu.res , 
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ANALYSES 

Plotting and analysis procedures 

When received at SMHI, the sea surface temperaturaes are plotted 
on a map. In order to have sufficient data fora reli.able analy­
s1s observations from two successive days are pJ..otted on each 
map but w:i.th different colout1s. The nurnber of observations per 
map is normally arout1d 150 . The sea sur•face temperatures are 
analysed every second day. Although the observations are fl~om 
two successive days and different times of the day, depending 
on whether they are made at fixed. or mobile stations, the ana­
lyses will rep1."esent the mean condit:ions for the last day. 
This means t:hat if observations are available from the same 
point for both of the two days greater emphasis is placed on 
the late st observation. Isotherms a:e>e drawn for every whole 
deg1'.'ee Celsius with occasional half degree isotherrns dJ::iawn in 
areas wi th weak gradients. War•rner and colder areas are mark ed 
with a nwn respe.ctively "C1t ( see Attachment D). 

Error1 sources 

The sea su:r.face temper1atu1"e analyses may not a.lways depict the 
exact tempe.1.1ature distr•ibution for several reasons. Apar•t f:r.:-,om 
the instrumental err•ors, discussed in chapter• 2 ~ theN.>: are same 
other sources of el"l'O:i'.' that will be di.scussed below . 

(a) Daily variation 

The sea surface temperature hasa certain daily variation. The 
amplitude between maximum and minimum is greatest when the in­
coming radiation is ,-;reatest and when the turbulent mixing is 
small, that means at clear sky conditions, weak winds and rela­
ti.vely sheltered wate:r.s. The daily variations wi1l normally not 
create any significant err•ors in the analyses but under ce::rta.i.n 
conditions the fact that the measurements are not made at the 
same time of the day may give an e:r•r>or in the analysis Eistimat­
ed to maximum 1° C. 

i_bl Thin mix:i.ng layer 

The mixed surface layer v-till, as mentioned earlier ~ vary considel'.'­
ably in thickness and may under certa:i.n conditions during the 
summer not even exist. In these cases the vertical temperature 
gradient below the surface may be considerable. Table 2 gives 
the water ternperatures at various depth dm1 ing certain days the 
year 1973. From the table it can bee seen that the upper 10 
metres may be well stratified during July but even during May, 
June and August. The temperature gradient is greatest during 
calm days with a minimum of turbulent exchange in the upper 
layer of the water. Due to _this relatively str•ong temperatut'e 
gradient that may occur frequently during the summer period th~ 
1'.'eported temperatures wlll depend on the methods used for measure­
rnents ~ e •s • 1.,....,.,,,,,..,+ , ... ,,, condenser intake. The error may amount to 
several dagriees Celsius . 

A.iso when the thermocline is shallow considerable hor•izontal 
temperatwe variations may occur. These differences are often 
very local. They are difficult to distinguish from 
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measurement error•s and therefor•e difficul t to correct in the 
analyses. The maximum error is estimated to some degrees Celsius . 

. < c) _ 0.!_h~r S~UE_C~S _ of ~l'.'E_OE_ 

Occasionally the temperature observations from a certain region 
will be missing, either because the observer has not been able 
to observe at that particu.lar da.y or that no ships have passed 
the area during the period in question. In these cases the tempe­
ratures are estimated through the use of earlier maps, knowledge 
about the passed weather or, when possible, interpolation from 
surrounding measwemen·ts. 

Fr•om a, b and c above it becomes clear that the sea surface tem­
perature maps are difficult to analyse <luring the summer• period, 
when significant local va1"iations in the temperature may occur 
for va:rious rea sons. Already during August, when the thermocline 
normally is found at a greater depth~ the temperature variat~ons 
become smaller, the maps easier to analyse and therefore also 
more accurate. 

-o 
The sea water temperature in C, measured a.t three positions during 1973 

LANDSORTSDJUPET (Position: N 58°35,1' E 18°13,2') 

Depth Date:_ 
(m) 7/1 2&-12· 12/3 15/4 9/5 6/6 22/7 31/8 30/9 22/10 26/11 

0.5 4. 5 2,5 2.4 3. 5 . 6.1 11.9 17.8 1,3 .7 9.5 8.0 4,7 

10 J.j .• 5 2.3 2. 4- 3.5 4-. 9 7.6 9.9 12.3 9. 5- 8.1 4 . 7 

20 4. 5 2.4 2.5 3.3 3.4 5.8 8.9 7.7 10.1 8.1 4.7 

t(0.5)-t(lO) 0 0.2 0 0 Ll 4.3 7.9 1.1+ 0 -0.l 0 

SEA OF ÄLAND (Position, N 60°12,1' E 19°06,6') 

Depth Date: 
(m) L~/3 15/4- 22/5 23/6 22/7 27 /8 30/9 25/10 21/12 

0.5 1.1 2. 4 5.8 11.1 18.2 13.0 9.0 6.9 1.1 

10 1.1 2.3 i+ .1 9,8 12.3 12.8 8.9 6.9 1.1 . 
20 1.7 2.2 4-. 2 7.0 5.9 12.7 8.6 6 .9 2.0 

t(0.5)-t(lO) 0 0.1 1.7 1.3 5.9 0.2 0.1 0 0 .J --
HÖGBONDEN (Position: N 62°55~0-- E 18°57,o") 

r i - "' 
Depth Date: 

(m) 12/1 5/5 7/6 5/7 2/8 8/9 6/10 18/11 

0.5 2.0 2.1 9.2 18.l 18.3 10 .6 7.8 3.3 

10 2.3 2.2 6.6 7.2 17.9 10.6 7.8 3.3 

20 2.4 2.0 4.2 3.5 5.8 7.9 7.9 3.4 

lt(0.5)-t(lO) -0.3 -0,1 2.6 10.9 0. i+ 0 0 0 l -
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EXAMPLES OF ANALYSES 

The selected maps from the period July 1973 to June 1974,shown 
on figures 12 to 23, :Lllustrate how the sea surface temperatures 
may vary duri.ng the year. They also show the existence of up­
welling regionsalong the coast <luring the summer- period and the 
tendency to certain circulation patterns in the Gulf of Bothnia. 

7.1 Seasonal variations 

The maps from July rnn, figures 12 and 13, show generally high 
temperatures. The West,~oast and the Baltic proper bad tempera­
tures around 20-23° C, which was the maximum for that year·. As 
a comparison it can be mentioned that the temperature <luring the 
same period in 1974 waci onJ.y 11+-16° C. The highest ternperatur·e 
in the Gulf of Bothnia occurred in the middle of July and was 
20-22° C. Corresponding value during 1974" was 13-11.J.° C. Figures 
12 and 13 further show that the ternperature difference from north 
to south is small <luring the summer period. 

The rnaps in figures 14· to 20 show the cooling du.ring the autwnn 
and winter. Already l September the temperature at the northern 
coast of the Bay of Botlmia had decreased from 2 0 to 9° C, while 
in the sou.thern part of the Baltic the temperature bad only de- . 
creased a few degrees Celsius. One can further obser•v·e that the 
cooling starts at the coast and continues out towards the open 
sea. Pronounced ternper•atu.re gradients occur along the coast as 
can be seen in the Bay of Bothnia on figUY"e J.5. Distinct tempera­
ture · gradients can lat,ar' be seen in .the Baltic and at the West­
coast. The maps show that <luring tl1t, · cooling period. the wa.rmest 
water can bfl found at E3ea~ which is natural as one there has the 
grea.test heat c~apaci ty,, Further ~ 'the temperature difference bet­
ween the norther'n and the southern pa.rt incl'.'eases duz:,ing autu.mn. 
From figure 17 it can be seen that the Baltic proper is nearly 
10° warme1'"' then the nox:thern part of the Bay of Bothnia. Late1~ 
<luring the winter this tempe1_oature cont:r•ast decreases again, when 
the ice period starts. In figure 20 the Baltic proper' is only 3° 
warrne:t· than the Sea of Bothn:i.a. where the temper>ature is close to 
o0 c. 

From the end of Mar·ch the water sta:t>ts warming from the south. 
The warming begins from the coast and. continues out towards 
deeper wate1~. From figure 22 and fi.gure 23 it can be seen that 
great temperature gradients arie again devel.oped along tbe coast 
but these are opposite to thosfJ seen on the autumn maps. The 
lowest temperatures are found out at sea, and again one can 
obse1.->ve the considerable ternpe:r.ature eon trast, about 10° C, bet­
ween the Baltic and the Bay of Bothnia. 

7. 2 Loca.l variatic.ms 

During the summer period local and :r1apid temperatur•e variations 
are of·ten obser•ved on the maps. One st1"'iking effect is the up­
wel.ling, which occur>s when the warirn and the strongly stratified 
sm'.'face water is transported out fi:-om the coast by wind and 
current and replaced by colder' bott om water. Examples of up­
welling along the Swedish coast of the Bay and Sea of Bothnia, 
along the eastcoa,st of Gotland, outside Landsort and along the 
Skåne eastcoast can be seen · from figures 11 to 11.J.. The rapid 
ternperature changes have a consider•able importance for visibili­
ty and fog forecasting for> the navigation. 
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Tendency to circulation patterns 

During the autumn and. first part of the winter the horizontal 
temperatm•e gr,adients are often greater on the Finnish side of 
the Gulf of Bothnia than on the Swedish side. Also sornewhat 
higher temperatures can be observed on the Finnish side. This 
may indicate a water transpm."t from south with a counter­
clockwise circuJ..ation in the Sea of Bothnia (see figures 18 and 
19) and to·a certain extent also :in.the Bay of Bothnia (see fi­
gure 15). However, the temperature pattern may just reflect the 
bottom topography. 

It should be observed that the map series are only an example of 
water• temperature analyses and should not be judged as normal 
maps for the period, in particula.r as the winter 1973/74 was 
extremly mild and the extent of ice was exceedingly small. 
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DATA STORAGE 

The sea surface temperature information is available in various 
forms and stages of processing . 

8. 1 Observations 

All observations from fixed stations, including ferries, are 
tabulated in station order day by day. 

Observations from stations with long records have been placed 
on magnetic tape . Observations from mobile stations (ships, 
coast-guard etc . ) are stored on the log sheets. 

8 . 2 Analyses 

The analyses are available in chart form as well as grid point 
values . The charts are available for every second day starting 
from l November 1972 . They all include plotted data . 

The grid used for digitizing is geographical with a grid distance 
of 15 ' latitude and 30 ~ longitude which , at the actual latitude, 
gives a close to square grid with a distance of 27 . 8 km . The grid 
is shown on figure 11 . The grid values are stored on magnetic 
tape . 

VBM GRIONAT 

Is-och V.ri tl ent emper.a tur k1.rtor 

Gridn,t.rin 15'x 30' 

Fig 11 . Geographical grid used for digitizing sea surface 
terrrperature analyses . 





p,[,g 12. 8ea surfaoe terrrperatu.T'e analys-is ? JuZy 1973 Pig 13. Sea surfaae temperatu.re anaZysis .11 Ju7,,y 1973 
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Fig 14 " Sea su:P.face tenzpe1~ati-tre anaZ11sis .1 Augv .. st 29?3 Fig 15. Sea surfaoe t;.enrperatu1•e anaZ.ysi.s .1 September 19'23 





F?'.g 1-6 . Sea . surfaat?- tempe:r•ai;UY'e amt Zy.s?'.s 1 ,Oetober 19 73 Fig 17. 8ea suY•faee terrrperatu.re analysis 1 NovembeP 19?3 





Fig 18. Sea su:t'face terrrperatv.1"e analysis 1 Deaember .19?3 
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Pig 19. Sea, su:rj'aee tempeY'ature analysis 1 JanUCll'Y 1974 
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Fig 20. Sea surfaae temperatv.1"e anal.ysis .15 1:?ebPuaJ?Y 1974 Pig 21. Sea surfa:ce temperatux>e anaZysis 1 April 1974 





Fig 22. Sea surface terrrperature an.aiysis 1 May 1974 Fig 23. Sea surface temperatw~e anaZysie 1 June 1974 
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ATTACHMENT A 
SYSTEMTEKNIK AB DIGITAL TEMPERATURE METERS 

FOR Pt 100 TRANSDUCERS TORSVIKSSVÄNGEN 26 
S-181 34 LIDINGO - Sweden 
PHONE: 08-765 25 50, S 1062 · S 1030/29 · S 1016/29 · S 1018/29 · S 1118/29 

S 1062 

S 1016/29 

OP 

·r · -9 9 · 9 · 9 
® 

(;') 

S1062, S1030/29, S1016/29, S1018/29 and S1118/29 
are digital temperature meters to be used with 100 
ohm platinum resistance transducers. The ,instruments 
perform a four wire resistance measurement, lineariza­
tion, analog to digital conversion and digital presenta­
tion. 

The voltage, generating the measuring current through 
the transducer and the voltage reference at the A-D 
conversion are the same. Thus, the stabil,ity of the 
instrument is only dependent on resistors and ampli­
fiers. 

The dependence between resistance RT and tempera­

ture T in °C fora platinum resistor can be written: 

RT /R 0 = 1 + AT + BT2 + CT3 (1 -T/100) 

SPECIFICATIONS 

t, -. - -.,. . ' . ' - - •~"'. 

~'- ' l (':'IOQ • .- . Jt ) ' -I . , 
~ •.. , _, .• • o,· • J I 

•-· 

DPM S 1018 c :>~i i4, ).Öl [ rn iff IO. 
. ·~ . ' ' . ) 

J 

~ \ 

The constants A, B and C are dependent on purity of 
the plat inum and strain of the material. The value of A 
according to DIN 43760 is 0.0039078, which is rather 
a low value. For high purity strain-free material A can 
approach. 0.0039855. 

B according to DIN 43760 is -0.5784 • 1 o·6. 

C is 0 when T > 0 and about 0.43 • 10·9 when T < 0. 

The values of resistance for a negative temperature 
according to DIN 43760 are similar but cannot exactly 
be met by the equation. 
The linearization of the instruments is normally adjust­
ed to meet DIN 43760 concerning A and B, but any 
values can be set later. 
The instruments can be delivered with or without 
digital output in BCD 8421 TTL level. S1118/29 has as 
standard digital output in BCD TRISTATE. 

TYPE 
RANGE: 

S1062 
± 190.0°C 

S1030-29 
± 190.0°C 

S1016-29 
± gg_ggoc 

S1018-29 and S1118-29 
± 220.00°c 

ACCURACY: 1 year 23°C 65 % RH 
± 500 
< 150° 
< 220° 

JITTER: Better than 
LINEARITY: Typically better than 
TEMPERATURE COEFFICIENT 

MEASURING CURRENT: 
WIRE RESISTANCE: Max. incl. transd. 
POWER: 
SIZE: 
CASE: 
WEIGHT: 
ANALOG OUTPUT 
DIGITAL OUTPUT: 
CBCD 8421 TTL LeveD 

± 0.1°c ± 0.1°c 
± 0.1°c ± 0.1°c 

1 digit 1 digit 
f digit 1 digit 

± 0.02°c 
± 0.03°C 

1 digit 
1 digit 

± 0.03°C 
± 0.04°C 
± 0.05°C 
1 digit 
1 digit 

Better than ± 8 % of accuracy ± 0.1 
temperature between 0° and 50°C 

digit per °C. Ambinent ope'rating 

2,5 mA ± 5 % 2,5 mA ± 5 % 2,5 mA ± 5 % 
200 ohm 200 ohm 146 ohm 
115/220V ± 10 % 50 or 400 c/s 12 VA (60 c/s as option) 
65X220X213 65X 130X213 65X 130X213 
Blue and grey anode oxidized aluminium 
1 ,8 kg 1 ,4 kg 1 ,4 kg 
0-1 0V ± 5 % max. load 50 kohm 
Option Option 

6 channels manually 
selected 

Option 

2,5mA± 5% 
200 ohm 

65X153X213 

1,5 kg 

Option 
S1118 BCD 8421 TRISTATE 
as standard 

S 1118: Similar to S1018 but has SPERRY display, BCD TRISTATE output and the display can be mounted separately from the 
A-D converter. S1118 gives more possibilties for special options. 
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DESCRIPTION: 

~\ ,.-. '1, 

~ 

LL 1 

ATTACHMENT B 

REMOTE TEMPERATURE METER 
FOR LINEAR TRANSDUCERS 
Type LL 1 

CONSTRUCTOR: Lars Löfgren 

The instrument consists of three main parts, the resistance temperature 
sensor, the digital scale ~~d two light emitting diods. The temperature 
sensor is one link in a Wh~stone bridge, which is set to zero by a ten 
turn precision potentiometer connected to the digital scale on which the 
temperature is read. The zero-setting is sensed by integrated amplifiers 
and indicated by the two light emitting diods, one lit when above and the 
other lit when below the right temperature. The exact temperature is 
read on the scale at light shift. Temperatures above zero are read direct­
ly from the scale. Temperatures below zero are read from the scale as in­
dicated value minus 100. E.g. 99,6 - 100 = -0,4° C. The cable resistance 
between the instrument and the temperature sensor can be compensated by 
turning a trimpotentiometer with a small screw driver through a hole in 
the cover. Cable resistance up to 3 ohms can be compensated for. Normally 
no shielded cable is required but may be recommended under unnormally 
noisy conditions. The instrument can be delivered for desk and wall mount­
ing. 

SPECIFICATION: 
Temperature measuring range: 
Accuracy after calibration: 

Accuracy of setting: 
Reading accuracy of scale: 

Ambient temperature: 
Supply voltage: 
Power consumption: 
Size: 

-5 to +40° C (-5 to +90° C) 
±0,1° C in range -5 to +40° C 

(±0,4 % in range +30 to +90° C) 
+0,02° C 
-0 , 02° C 

0 to +30° C 
115 to 220 volts +10 %, 50 or 60 Hz 
Approximately 10w 
16 x 13 x 7 cm 
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OBSERVING PLATFORMS 

Fi.xed stations 

Repskärsgrund 

Malören 

Rödkallen 

Fu1'.'uÖgrund 

Gå.sören 

Bjur-5klubb 

Gumbodafjärden 

Sikeå 

Ratan 

Väktaren 

Sydostbrotten 

Jä:r.näs 

Skagsudde 

Spikarna 

Gubben 

Kuggören. 

Hölick 

Myran 

Hällgrund 

Blomman 

Eggegrund 

'Gr'undkallen 

Svart klubben 

Svenska Högarna 

Hårsfjär•den 

Stabbo 

Landsort 

Hävringe 

Aspöja 

Kungsgr1,mdet 

Ölands norra .udde 

Kalmar• 

Karlskrona 

Styrsv:tk 

Hanö 

La.titude 

N654I+ 

N6532 

N6519 

N645S 

N644·0 

N6429 

N6l.l·l2 

N6410 

N6400 

N6337 

N6320 

N6326 

N6310 

N6222 

N6221 

N614-3 

N6137 

N6136 

N6J.16 

N6112 

N6044 

N6030 

N6011 

N5926 

N5905 

N5859 

N584-4 

N5837 

N5825 

N571+2 

N5722 

N5639 

N5603 

N5608 

N5600 

Longitude 

E2322 

E2334 

E2222 

E2115 

E2125 

E2131+ 

E2103 

E2059 

E2054 

E2026 

E2011 

El91.fl 

El858 

El732 

- El737 

EJ.731 

E1726 

El728 

El 724-

El717 

El734 

El851 

El850 

El930 

E.1810 

El826 

El752 

E.1718 

El700 

El655 

El706 

El623 

E.1534-

El522 

E11.+50 

l ( q.) 

ATTACHMENT C 
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Fixed stations 

Ähus 

Kullen 

Nidingen 

Trubaduren 

Måseskär 

Strömstad 

Såtenäs 

Ka1"lsborg 

Latitude 

N5555 

N5618 

N5718 

N5736' 

N5806 

N58SI+ 

N5827 

N5830 

Totally 1+3 observing points 

Ferries 

Route Latitude 

Stockholm - Nådendal NS926 

Il l'I N5915 
!I !! 'I'r·älhavet 
Il· !i N593!3 

" tt· N594'1 

n_ !I Lillharu 

Nynäshamn - Vi_sby N5844' 

Il H N5824 

Il . It N5750 

Oska:r.shamn - Visby NS718 
Il ff N5725 

It Il · N5732 

Trelleborg Sassnitz. N55l7 
Il I! NSSOO 
Il Il N54-46 

Malmö - Köpenhamn NSSl+O 

n Il N5544 

Helsingborg - 'I'ravemunde . NSl+l3 

li Il N5427 

Il Il N54-r+I.J. 
.. 

Il " NS506 

It lf N5523 
!I Il N5532 

" " N5551 
!I Il N5600 

2 

Longitude 

El425 

El227 

Ell54 

Ell38 

Ell20 

EllOS 

El2'+2 

El430 

Longitud!!;_ Ferr,Y 

E2000 T,relleborg 

El901 

E2000 

. E:}.92Lf. 

El&09 Vis.by 

El810 

El815 

El64,7 Gotland. 

El.708 · 

El.740 

El310 Skåne 

E1322 

El332 

El255 Malmöhus 

El241 

B1123 . Sveaborg 

El211 

El241. 

El249 

E:1241 

El24·3 

El244 

El240 





Route Latitude 

Göteborg·- Kiel N5430 

Il " N544-l 

It " N'SSOO 

It tl N5531 

Il Il N55~5 

Il H N5606 

lf Il N5631 

Il It N5645 

Il Il ·NS709 

Il Il NS72l 

Göteborg - Fredrikshamn N'5736 

tl Il N5732 

Il " N~728 

Total.ly 38 observation points from 9 

· Coast-guard 

Tv ·2i~9 

T-v .104 

Tv 220 

Tv 245 

Tv·2so 

Tv 13 

Tv 244• 

Tv 253 

Tv 103 

Tv 256 

Tv 250 

, Total.ly ~1 vessels 

Tv 21.q. 

Tv löl 
· Tv ,246 

Tv 243 

'N 116 

Tv 236 

Tv 252 

Tv 102 

Tv 254> 

Tv 255 

3 

·Lon&itude Ferri 

El016 Stena Olympica 

El01+5 

Ell02 

El052 

B1051. 

E1137 

Ell37 

EllSl 

Ell39 

Ell.35 

Ell38 Desiree or 

El.120 Christina 

El.052 

ferries 
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Merchant vessel Owner 

Västanvik Cementa 

Mälar·.rik Il 

Sunnanvik Il 

Nordanvik Il 

Östanvik 
• 11 

Holmsund SCA 

Munksund Il 

Tunadal Il 

Ada Gorthon Gorthon 

Icebreakers and Research vessel 

Njord 

Tor 

Oden 

Thule 

Ale . 

Ar~os 

Totally .15 vessels 

Icebreaker 
Il 

Il 

Il 

Il 

Fish~ry ,Board 

4 
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10° 

Nyis eller mycket 
New ice or ni/as 

Jämn, fast is ( > 5 cm) 
Leve/, fast ice 

cm) 

Spridd drivis (1-6/10), stora resp. små flak 
Open pack ice, big or mall floes 

pack ice 

or brash ice 

Uppmätt 
Observed 

Ytvattentemperatur i 
Sea 

11 ° 

ice boundary 

12° 

flak 
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13° 
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