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1  Introduction

The EuropeanCommissionINCO Copernicusproject waspromotedin autumn2000as
"Sustainablemanagementof the marine ecosystemand living resourcesof the White
Sea".Oneof thescientific andtechnicalobjectivesis to creatededicatedenvironmental,
ecological and socio-economicdatabasesintegrated in a GeographicalInformation
System (GIS) for the White Sea region. To ensure the access to the database development
also in the future, the open source gis approach as GRASS5.0 was chosen [1]. 
Into the White SeaGRASS-GISdatabasethe bathymetrydatawith resolution1 by 0.5
minuteswas usedto model the bottom surfaceof the White Sea. Russiancoordinate
systemof Pulkova42 wasused. DCW vectordatawereusedfor the shorelineandthe
White Seawasdivided to 7 traditionalgeographicareas.Rasterlayerof thebathymetry
was divided with vector polygons to appropriategeographicareasand the area and
volume were calculated. 
The hydrological and chemical parametersas water temperature,salinity, inorganic
nutrientswereincludedfor theyears19851986,1989.Datawascollectedmainlyoncein
a monthduringtheice freeperiods.Thechangeof theratio of inorganicnutrientsis used
to evaluatetheregulatingfactorsof phytoplanktonsuccessionduringthegrowthseason..
The databaseis usedto validatenumericalecosystemmodelingapplicationsin purpose
to evaluatepossibleeffects of the climate changeand growing humanimpact on the
ecosystem.

2  Methodology

TheWhite Seais locatedin theNorth-Westof Russiawith thegeographicalextendfrom
about lattitude 64o N to 67o N and from longitude 320 E to 440 E. MurmanskMarine
Biological Institute had sampledhydrographicaland hydrochemicaldata for the years
1984,1985,1986, and1989and1990.Thedatabasewasrecordedaslocationin degrees
andfor thedepths0, 10,20,50 100m andfor thenearbottomlayers.About 700stations
were recorded.The original data was in MS-excel formats.The datawas preparedto
suitableformat to import to GRASS-GISbasewith OpenOffice1.0,Emacsand AWK
programmsunder Linux RedHat 7.3 and GRASS 5.0 pre3 software. For graphics,
GIMP image software was used. 
Thecoastlineboundarywascreatedform the Digital Chartof theWorld (DCW) on cd-
rom with DCWmanager3.1in longitudeand lattitudedegreesand in DXF format. The
data was fist imported to longitude lattitude location in GRASS databaseand the
reprojectedto Pulkova42 coorditesystem. To the vectorpolygonsthearealines were
digitized and the appropriatepolygonswereuseddefine the areasin squarekilometers
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andalsoto cut the the rasterlayersfor the volumecalculations.The geographicregions
were determined according to Nadezhin [2].
The bathymetry for the White Sea was derived from a digital grid compiled by
TRANSAS 2001for NIERSC.Thegrid hasa resolutionof two minutesin theeast-west
directionandoneminute in the north-southdirection. For the comparisonIBCAO data
with 2.5 km grid size was used [3].

Coordinate
system:

Pulkova 42

Ellipsoid: Krassovski 1940

Projection: Gauss-Kruger, (transverse
mercator, zone 37)

Table 1.  Geographic coordinate system parameters for the White Sea GIS database

Thebathymetrydatawith longitude,lattitudeanddepthrecordsaswell ashydrographical
datawith 24 columswereimportedasascii files into a longitude/lattitudelocationin the
GIS databasewith the commands.in.ascii in in 3 dimensionalformat and the site data
wasprojectedto Pulkova42locationwith thes.projcommand.Therastersurfaceswere
build up with s.surf.idw commandwith 250 m resolution.The volumesfor different
areasweredeterminedwith ther.volume commandwith theappropriatemaskfor
the areaand changingthe depth values to positive ones,as r.volume can not
handle negative volumes.

3  Results

The White Seais situatedin the NorthernWestof Russiawith theoutlet to the Barents
Sea.The northernboundaryof the White Seais determinedby the line connectingthe
capesSvyatoyNos on Kola PeninsulaandKanin Nos asthemostnorthernpoint on the
Kanin Peninsula (area 7).  

Figure1: Elevationmodelderivedfrom IBCAO datain Pulkova42grid andgeographic
areas. 
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No Area Square kilometers Volume cubic km

1 Kandalaksha Bay 5016 567.59 

2 Basin 24700 2775.01

3 Onega Bay 13202 215.17

4 Dvina  Bay 7995 324.78

5 Gorlo  9030 323.17

6 Mezen Bay 6630 63.26

7 Voronka 24300 845.97

Table 1. The areas and volumes for the White Sea sub-basins. 

IBCAO data NIERSC data

Depth m Depth m

Figure 2. Bathymetrymodelsderived from IBCAO and NIERSC dataand the depth
histogram. 

NIERSC bathymetrymodel showedmore detailsand the depth histogramdistribution
wasmorerealisticthanthe thoseof IBCAO bathymetrymodel. For further calculations
of areasandvolumesonly NIERSCbathymetrymodelwasused. From the bathymetry
modelshowshow shallowthe MesenBay is (averageabout10 m), while theKandalksa
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Bay hasthe direct connectionto the deeperpartsof the Basin.The Gorlo Strait is also
relatively shallow ( about 50 m) determining the water exchange  with the Barents Sea.  
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Figure 3. Temperature distributions in the surface layer and in the near bottom layer.
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The database includes data on temperature, salinity, concentration and saturation for
oxygen, pH, alkalinity and inorganic nutrients as phosphate,  silicate, nitrite, nitrate and
ammonia.  For the display the temperature on the surface and  in the near bottom layer
and silicate in the surface layer are demonstrated for the years 1986 and 1989.   
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Figure 4a.  Silicate( mM) concentrations in the surface layer(0 m).

Thedistributionof thedataparametersweredetermineonly for areaswith datarecording
with appropriate masks for the regions. Temperaturedistributions show clear
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stratificationin June,July andAugustbut especiallyon Octoberthedistributionpatterns
look similar for surfaceand near bottom layers indicating also vertical mixing in the
autumn. 
In May silicateconcentrationsarealreadyunder5 mM in KandalakshaBay,Voronkaand
Basinareasindicatingearly springbloomsof diatomalgae.Only neartheNorthern
Dvina outlet to the Dvina Bay showshighervaluesdueto the freshwaterrun-off
with high concentrationsof silicate. In October1986thesilicateconcentrations
were regenerated because of vertical mixing and in the absence of diatom algae.
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Figure 4b.  Silicate( mM) concentrations in the surface layer(0 m).

4 Discussion

IBCAO dataconsists 2.5 km grid sizeandNIERSCconsistedfrom approximately1.85
km grid size. From the histogramsis obvious that also datacollection methodshave
beendifferentas NIERSCdataseemsto berecorderby directmeasurementsandIBCAO
dataderivedfrom differentsources.Themaximaldepthrecordin NIER datais -331.4m.
BabkovandGolikov [4] reportedfor the maximaldepthas-343 m in the centralpartof
the Basin. Also their area and volume valuesare similar to our valuesand the the
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differencesseemsto be derivated from the sightly different definitions of Gorlo and
Mezen Bay areas.  
In the Basin the water remainscold in the nearbottom layer evenduring the summer
indicating stabile water layer without intensive mixing.. Arzhanova [5] recorded
silicate distribution patternsquite similar for the in June-July1991 as our data
showsfor August1986.Silicateis usuallynot consideredto beasimportantregulating
nutrient for phytoplankton as inorganic compoundsof nitrogen and phosphorus.
However Egge and Aksnes[6] demonstrated,that diatom algaedominanceoccurred
irrespectiveof th seasonif silicateconcentrationsexceededa thresholdof approximately
2 mM. If the diatom dominancechangeto flagellatedominancesuchas Phaecystissp.
and Theycanform nuisancebloomssuchashadoccurredin alongtheNorwegiancoast
[7] 
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