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ABSTRACT

L AND LONG-TERM VARIATIONS OF TEMPERATURE AND SALINITY WERE STUDIED USING FIMNNISH FIXED
PHIC STATION DATA, AVAILABLE SINCE THE EARLY 19C0°s, IN ADDITIOiN FO THE RESULTS OF
AND LCNG-TERM VARIATIONS AND TRENDS, FURTHER I[NFORMATION E.G, ABOUT WATER EXCHANCE
S WAS ALSO OETAINED, INTERESTING CORRELATIONS IN ThE COn ARISON CF SAI[NITY AND_R VER
gA EVEAL THE CONMPLEXITY OF THE HYOROGRAPHIC PROCESSES [N THE BALTIC SEA., LONG-TER
ALR

fa I‘—‘

[
NPERATURE VARIAIlONs WERE FOUND TO FOLLOW THCSE OF AIR TEMPERATURE INDICATING T}E
R-SEA  COUPLING.
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SYNCPTIC TEMPERATURE AND SALINITY OBSEZRVATIONS HAVE BEEN MADE AT FINMISH FIXED !IYDROGRAPHICAL STATICHS
SINCE THE EARLY 1900‘s. IM THE COURSE OF YEARS, THE MUMBER OF STATIONS KAS VARITED FROM 1Q TO 45; TWELVE
STATICHS (FOUR AUTOMATIC) ARE WORKINE CURRENTLY (FIG. 1). LOMG-TERM DATA (MORE THAM 30 YEARS) ARE

‘ AVAILABLE FRCI CVER TWENTY STATIONS AND ALL THE OLD DATA HAVE BEEN PUT INTO AUTCMATIC DATA REGISTER

(

FORM. OBSERVATIONS HAVE BEEN MADE THREE TIMES A MONTH AT DIFFERENT DEPTHS ACCORDING TC THE DEPTH
CONDITIGNS OF EACH CBSERVATION SITE. DURING THE OBSERVATION PERIOD, CERTAIN METHODCLOGICAL CHANGES
ESPECIALLY IN THE DETERMINATION OF SALINITY HAVE OCCURED BUT THEY ARE NOT, HCWEVER, EXPECTED TO BE
CRITICAL FRC# THE POINT OF VIFW OF THE OVERALL STUDY OF THE LONG-TERM DATA. THE PRESENT STUDY IS A
PART OF THE WORK WITH THE ABOVE DATA, PRESENTING OVERALL CHARACTERISTICS AND THE MOST IMPORTANT
RESULTS FCUND. THEY MAY BE BRIEFLY LISTED AS FOLLOWS:

A. THE SEASONAL VARIATION OF TE/PERATUPE TN SURFACE LAYERS IS RELATED, WHERE RELEVANT, TO THE
LATITUDE AND OPEM WATER LOCATION OF THE OBSERVATION SITE (FIGS. 2 AND 3). THE MEAN SEASONAL
VARTATION OF SALINITY TS RATHER LOW EXCEPT MEAR RIVER MOUTHS AMND AT CFFECTIVE ENTRANCE MIXING
AREAS AS IN THE QUARK ReGIONS (CF. FIGS. 5-7). THE SEASONAL VARIATION OF SALINITY IS GENZRALLY
SOMEWHAT LOWER IM THE GULF OF BOTHNIA THAM IN THE GULF OF FIMIAND (FIG. 6).

B. THERE EXISTS APPARENT DIFFERENCES I} HYDROGRAPHIC COMDITIONS BETWEEN THE ARCHIPELAGO SEA (UTO,
FIG, 1) AND THE ALAND SEA (MARKET). THESE DIFFERENCES MAY BE SEEN IM TEMPERATURE AND SALINITY
VARIATIONS AS WELL AS IN STRATIFICATION IN THE WHOLE WATER COLUNMM )F THE OBSERVATION SITES
(90 m AT UTO, 100 AT MARKET). THUS THE SEASONMAL VARMING OCCURS EARLIER AND {MORE THTENSIVELY
AT UTD THAN AT HARKET (FIG, 4), WHILE THE WATER COLUMN AT MERKET IS DISTINCTLY LESS SALINE AMD
SOMEWHAT [ORE UNIFORMLY STRATIFIED THAN AT UTU (FIG. 7 AMD 13). THESE CHARACTERISTICS REPRESENT

" WATER MASSES OF DIFFERCMT PROPERTIES AND SUGGEST THAT, STATIST(CALLY SPEAKING, THE OUTFILOW FROA
THE GULF OF BOTHNIA TEROUGH THE ALAND SEA EXTEMDS FAR BELOW THE SURFACE LAYER. THE STRATIFICATION
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CONDITIONS AT UTU (FIG. 7) INDICATE THE VERTICAL MIXIRG OF THE WHOLE WATER COLUMH DCWN

TO THE BOTTCM OF SO m DURING THE WINTER TIME. THE FACT THAT THIS MIXING THROUGH THE
HALOCLINE OCCURS, INDICATE A RATHER STRONG DYMAMICAL ACTIVITY IN LATE AUTUMN, WHICH SEENMS TO
BE CONNECTED WITH FLOWS BETWEEN THE GULF OF FINLAND AND THE GULF OF BOTHNIA THROUGH THE
ARCHIPELAGO SEA.

AN APPARENT CORRELATION BETWEEN THE RIVER RUNCFF AND THE SURFACE LAYER SALINITY MAY BE FOUND
FOR THE GULF OF FINLAND (FIG. SA) AS QUANTITATIVELY SHCWN IN FIG. 98. THE QUANTITATIVE EXPLA-
NATION OF FIG, 9B MAY BE REGARDED AS RATHER GCOD BECAUSE IT IS TO BE NOTED THAT THE LOCAL
RIVER RUNOFF ONLY CANNOT CONTROL THE SALIMITY BUT IN THE MORE ADVANCED QUANTITATIVE
PARAMETRIZATION, OTHER QUANTITIES WHICH AFFECT AND CHARACTERIZE THE SALINITY CIRCUMSTANCES
AND TRENDS IN THE WHOLE BALTIC SEA [UST ALSO BE INVOLVED. CONTRARY TO THE GULF OF FINLAND,

THE RESULTS FOR THE GULF QF BOTHNIA DO MOT SHOW ANY APPARENT CORRELATION BETWEEN THE RIVER
RUNOFF AND THE SURFACE SALINITY, EXCEPT POSSIBLY LONG-TERM TRENDS. THIS SEEIS TO BE REFELECTED
BY THE #UCH HIGHER SHORT-PERIOD VARIATIONS OF RIVER RUNOFF INTO THE GULF OF BOTHNIA THAN INTOQ
THE GULF OF FINLAND, O THE ONE HAND, AWD BY THE LOCATION OF OBSERVATION POINTS WITH

RESPECT TO BIG RIVERS AND THE LARGE-SCALE COUNTERCLOCKWISE CURRENT PATTERN, ON THE OTHER HARD.

THE DEEP AHD BOTTOM YATER (80-90 M) SALINITY AT UTU IS IN AN INTERESTING WAY NEGATIVELY
CORRELATED TO THE RIVER RUNCFF (FIG. 10A). THE PHYSICS CAUSING THIS MAY BE RATHER COMPLICATED
BUT IT I1AY BE UNDERSTOCD BY CONSIDCRING THE DYMNAMIC BALANCE OF THE WATER MASSES I[N THE BALTIC
SEA; THE ISOHALINES AiiD PYCNOCLINES ARE INCLINING (FIG. 1GB). WHEN THE AMOUNT OF FRESH WATER
RUNOFF IS CHANGED IT WILL CAUSE A DYHAMIC CHANGE IM THE DESCRIBED SYSTEM, AND AT A PROPER

SITE THIS MAY BE OBSERVED ALSO BELOW THE HALOCLINE AS A NEGATIVE CORRELATION BETWEEN THE RIVER
RUNOFF AND SALINITY. A CASE IN POINT IS GIVEN QUANTITATIVELY IN FIG. 10OC.

AN INCREASE OF SALIMITY, ESPECIALLY FROM THE 1930-1940°s TO THE MIDDLE OF THE 195071es [MAY BE
FOUND AT HOST STATICHS IN THE GULF CF FINLAND (FIG. 3A), ARCHIPELAGO SEA AND IN THE BOTHNIAl

SEA (FIGS. 11 10 13). IN THE GULF OF FINLAND AND ARCHIPELAGO SEA THIS TREND HAS COHTINUED

UNTIL TO THE END OF THE 1970°s (FIG. 12)., TKERE MAY BE EVIDENCE FOR A VERY SLIGHT WAVELIKE
VARIATIG OF SALINITY IN THE BOTHMNIAH BAY FROM THE 1930-1S40°s TO THE 1960°s BUT THERE ARE NO
LONG-TERM TREMDS (FIG. 11). WHEN INTERPRETING THESE RESULTS AS WELL AS SALINITY TRENDS OBTAINED

Iil SOFE OTHER BALTIC SEA STUDIES, IT IS INTERESTING TO NOTE THAT ONE OF THE MOST IIPORTANT
PROCESSES CONTROLLIG THE WATER EXCHANGE AND SALINITY BUDGET OF THE BALTIC SEA, THE TOTAL

FRESH WATER RUNOFF, DECREASED BY GVER 30 % FRCM THE 1S30°s TO THE BEGINMING OF THE 194G°s (FIG. 1CA)
AND THE LONG-TERM DATA AVAILABLE FOR SCME LARGE RIVERS FLOWING TO THE BALTIC SEA, (VUCKSI, WISTULA,
VANERN-GOTA, FIG. 14A) SHOW THAT IN THE LONG-TERM AVERAGES (30 v) THERE WAS A GENERAL

DECREASING TREND DURING THE 20TH CENTURY UNTIL THE 1950°s. SINHCE THEN AT LEAST IN VUOKSI, THE

MEAN RUNOFF HAS BEEN LOVWER THAN THE OVERALL AVERAGE FOR THE WHOLE HISTORICAL PERIOD (FRCHM

THE MIDDLE OF THE 18CG’s) AND i*INLAMND THROUGHOUT THE 1S7C’tes, EXCEPT A COUPLE OF YEARS, WAS

VERY DRY AND RIVER RUMCFFS WERE LOW. IT SEEMS THAT THE DISCHARGE DATA FROM THE RIVER VUOKSI
(EASILY OBTAIHED FRCM THE RUHNNING STATISTICS OF A HYDRO-ELECTRICAL POWER PLAMT) MAY SERVE AS®

A RATHER ACCURATE BASIS FOR THE ESTIMATION OF THE RUNOFF INTO THE WHOLE BALTIC SEA, FIG. 14B,

AT LEAST FOR A FEW YEARS IF WOT FOR LONGER PERIODS, AND THUS ONE [MAY BE RELEASED FROM THE

VERY BIG AMD CUMBERSOME DATA COLLECTICH TASK OF SAMPLING DATA FROM ALL THE RIVERS DISCHARGING

[HTO THE BALTIC SEA, THE DISCHARGE DATA FROM VUCKSI ARE AVAILABLE SINCE 1847,

LONG-TERM VARIATIONS OF WATER TEMPERATURE ARE, DUE TO LARGE SEASONAL VARIATIONS, VERY DIFFICULT
AND INACCURATE TO DETERIINE AND QUR DATA DO ROT SHOW AMY APPARENT LONG-PERIOD TRENDS IN DEEP
WATER TEMPERATURES. HOWEVER, IT IS INTERESTING TO COMPARE THE LONG-TERM WATER SURFACE TCMPERATURE
VARIATIONS TO THE AIR TEMPERATURE, WHICH HAS BEEN QUALITATIVELY SIMILAR TO (INCREASING) AMND
CHARACTERISTIC OF THE WHOLE HORTHERMN EUROPE DURING THE LAST CENTURY. THE WATER TEMPERATURE
CHAIIGES MMAY BE SEEN T0 BE RATHER SIiiILAR TO THOSE OF AIR AND REVEAL THE AIR-SEA COUPLING

(FIG. 15).
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F16. 10A, Tie SERIES OF THE ANNUAL MEAN RIVER RUNOFF TO THE BALTIC SEA AND THE ANNUAL MEAN
SALINITY OBSERVED NEAR THE 20TToM AT UTH. (RIVER RUNOFF DATA FRoM Mikuiski 1980),

For Discussion. SEe PARAGR, D IN THE TEXT,
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Fra, 15. LONG - TERM VARIATION OF AIR TEMPERATURE AND SURFACE WATER TEMPERATURE (5 YEARS'
RUNNING AVERAGES), Uw = WATER TEMPERATURE AT UrkokaLta (Jun - OcT). HA = AIR
TEMPERATURE IN HAPARANDA (JUNE - OcT), Ha WATER TEMPERATURE AT HARMAJA (JUNE -
Nov) . HEA AIR TEMPERATURE IN HELSINKI (jUNE - Nov), (AIR TEMPERATURE DATA FROM
THE WoRLD WeaTHER Recorps /NOOA), For piscussioN. SEE PARAGR. F.
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