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The current system of the Bosphorus Strait

based on recent measurements

Emin Ozsqg, MohammedA. Latif andSukrii Besktepe

Instituteof Marine SciencesMiddle EastTechnicalUniversity Erdemli- igel 33731Turkey

Abstract. A seriesof measurementis the BosphorusStraitusing ADCP and
CTD profiling, current-meteiand sea-leel recordingsare analysedto yield
three-dimensionahappingof hydrographyandcurrentsaswell asthe statistical
characteristicef sea-l@el andcurrentvariability. Theresultsshowv time-dependent
meanderingf currentswith separate@ddiesformedin shelterecareasalongthe
coast. Spatialcorrelationalong the Strait reflectsthesechanges. Sea-leel
differencesrespondrapidly to changesn flows, and suddenchangein wind

directionleadsto blockingconditions.

I ntroduction

The Bosphoruss a passageay of heary marinetraffic ==

betweerthetwo seasaswell asof landtraffic betweerthe
two continentghatit connectsinformationonthe natureof
the currentsin the Bosphoruss thusessentiafor safenavi-
gationandtransitthroughthe Strait. Furthermorethe Turk-

ish Straits System(consistingof the DardanellesBospho-

rus Straitsandthe Seaof Marmara)is sensitve to climatic
changesandpotentiallycaninducesuchchangesn the ad-
jacentbasing Ozsoy 1999]. Acting asthelimiting element

of the The Turkish StraitsSystemthe BosphorusStraitcon- .

trols the exchangef massandpassve or active materials
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Figure 1. Bottom topographyof the Bosphorus,and the
locationsof sealevel (SL1, SL2) and current-mete(CM1,

CM2) stations.
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Figure 2. (a) GPSpositionsof theshipcollectingdataalong
the Bosphorus,and (b) interpolatedsurface currentsfrom
continuousADCP measurementsn 03 Septembe 998.

transportecbetweenthe Black andthe Mediterranearbeas
[Ozsoyetal., 1995b;Polat and Tugrul, 1995; Unluataetal.,
1990].

Basedon budgetscalculatedfrom averagesalinity the
massflux of the upperlayerflow is abouttwo timeslarger
than that of the lower layer, yielding a net flux of about
300km? /yr from theBlack Seao the Seaof Marmarg| L atif
et al., 1991; Unluata et al., 1990]. Geometricalfeatures
[Oguzetal., 1990;Unluataetal., 1990;Ozsoyet al., 1998]
malke the Bosphoruspredisposedo 'maximal exchange’,
with contractionand sill controlsasin Farmer and Armi
[1986]. Local topographicfeatureshave significantinflu-
enceon theflow, anddetermindts detailedstructure Gregg
and Ozsoy 2001]. The exchangeflows responddynam-
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Figure 3. Salinity, temperatureand densitycrosssections
obtainedfrom CTD measurementalongthe Bosphoruson
(a) 15 March1999and(b) 18 March1999.

ically to time-dependenmeteorologicaland hydrological
forcingin theadjacenbasingLatif etal., 1991;0zsoyetal.,
1995a,1996,1998; Ozsoyand Unlilata, 1997,1998; Gregg
etal., 1999;Gregg and Ozsoy 2001]. Obsenationssuggest
increasecntrainmensouthof thecontractionlupward)and
pastthe northernsill (downward)in the Black Sea[Gregg
etal., 1999;0zsoyetal., 2001].

The measurements and data processing

In thepresenstudywe have madedetailedmeasurements
to obsene the fine scalevariability in the Bosphoruscur
rentsandto determinetheir time andlengthscales.Thein-
tensive experimentscarriedout in the BosphorusStraitin-
cludedADCP andCTD datacollectionduring 3-6 Septem-
ber1998,4-22March1999and22 July-3August1999.The
datawere collectedsimultaneouslyby two ships(the R/V
BILIM of theIMS-METU, andATMACA Il, acommercial
vessel)alongrepeatectriss-crosgpatternsacrossthe Strait
attemptingto samplethe detailedstructureof currentsin
the main channeland in the variousbendsand small em-
baymentghatline its coasts.A Seabird911plusCTD pro-
filer anda 150Khz RDI narrov-bandADCP were usedon
boardthe BILIM while a Seabird25 SealoggeCTD anda
300KHz RDI WorkhorseSentinelbroad-bandADCP were
usedon ATMACA II. Accuratepositionfixeswereobtained
using Trimble NT200 GPSandEnsignXL GPSnavigation
system®on thetwo ships.In addition,sealevel andcurrent-
metermeasurementsereperformedespectiely at stations
nearthetwo endsof the StraitFigure2, whereAanderadn-
strumentavaterlevel recordeWLR7 andAanderaaecord-
ing currentmeterRCM7 were deployed. The currentand
sealevel time seriesdatawererecordedat 5 min. interval.
Absolutesealevel at eachstationwasdeterminedelative to
acommondatumusinglevelingto benchmarks.

Oneof the greatesproblemswasin processinghe nav-
igation datato obtain positionfixesand groundreferenced
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Figure4. Interpolatedspeedf surfacecurrentdrom contin-
uousADCP measurementn(a)March16,1999,(b) March
18,1999.

velocity from the GPSand ADCP measurementdNoisein
GPSdataandmagnetiadeviationscausedy the ship’s steel
hull were first removed by applying despikingfilters, cor-
relationtechniquesand a numberof logical testsfor ship
speedand position. Independenmeasurementsf bottom
track and GPSvelocity were usedtogetherin thesecorrec-
tions.

The ADCP measurementsbtainedby the broadband
ADCP on board ATMACA Il coveredthe Bosphorusin
greatdetail, including the numeroussmall embayment®n
its banks makinguseof themnaeouwerability of thesmaller
vessel Thecurrentvelocity datafrom thebroad-bandDCP
startedrom adepthof 3m. For interpretatiorof surfacecur-
rents,the ADCP datawerefirst averagedn the0-10mdepth
range thenintepolatecbn a0.15’ latitude-longitudegrid.

The current-meteland sealevel measurementserein-
terpretedbasedon standardiime-seriesanalysesapplying
correlationandspectraimethods.The currentvelocity data
wererotatedto maximizealong-channnelariance.

Results

Surface currentsobtainedalong the ship track in Fig-
ure 2a are shawvn in Figure 2b. In the numerousrealiza-
tionsasshown in this example,the larger currentsfollowed
the main channelof the Bosphorusand affectedby its to-
pography(Figurel). The surfacecurrentsintensifiedin the
narravs in southernBosphorusandfirst followedthe deep
channebn the easterrside,thencrossedo thewesternside
following the main channel,forming a jet nearthe exit to
the Seaof Marmara.Temporalchangesaswell asturbulent
meanderingaccountedor day to day changesn the hori-
zontalstructureof the main current. Therewere numerous
eddiesandreversalsn the currentsconsistentlyobsenedin
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thevariousshallav banksandembayments.

DuringMarch1999measurementhiewindsweregener
ally calm, from the south,whenthe Bosphorushadits typ-
ical two-layer stratiifiedflow structureshown in Figure 3a.
On 18thof Marchthewind suddenlychangedirectionand
increasedn intensity blowing at full force from the north.
Theupperlayerflow increasedndthelower layerflow was
thenblocked and pushedsouthof the contractionasshown
in Figure 3b, leaving only a small trace of Mediterranean
waternearthe bottomin the upperreachesf the Bospho-
rus. Themagnitudeof surfacecurrentson March16 and18
respectiely areshavn in Figures4aandb to illustratethe
greatincreasein currentvelocity accompawing the flush-
ing of the Mediterraneanvaterfrom the Bosphorugollow-

20 current at BL sealev difference RK-BS 0mar99 [ oo ingthenortherlywind event. Thegreatesincreasén surface
- 40 currentsoccursin the contractiorregionandin thesouthern

e %< Bosphorus.

- 10 Correlationbetweercurrentcomponentslongthe Strait
: ;_18 and thoseperpendiculatto it were computed(not shavn)
o —— -~ as a function of distancebetweenpairs of data pointsto

6 8 10 e ( day;;‘ 16 18 20 reveal structurerelationshipsof currents. The resultsindi-

catedengthwisecorrelationon distancegomparabléo the

l07cross spectralog | [coherence . . [ %° lengthof the Strait,asexpectedfor the conduittype of flow.

~ 1 ] L < Therewerealso correlationsat scalescharacteristiof the
1 s coastafeaturesandbendsof the Bosphorughannel.

o | o° § The sealevel and currentmeasurementaswell astem-
o1 s peraturerecordedat current-metersites were individually
00001 | Bl el 00 analysednot shavn), computingcorrelationsand spectra.

123 78 0 1 2 3 4 The currentvelocity obtainedfrom current-metersdicated

1e:057 frequency (cpd) B frequency (cpd) reversalgn direction,resultingfrom shelteringeffectsin the
259K0ss spectra P dphase TTTTTTTNSTTES coastaregion. The analysesevealedoscillationsat diurnal
~207 o ; - 125 . (24h),inertial (18.3h)andsemidiurnal12h)periodsaswell

151 Eod - %= asthoseatperiodslongerthan2 days.

agl_og - E E ggié Thetime-serie®f currentsat current-metesite CM1 and

80_55 - 5 90 2 the sealevel differencebetweenstationsSL2 and SL1 for

PO 7 N R | "“’128 theperiods_tartingon06Mar0h1999aresh0Nnin Figure5,

0 1 2 3 4 0 1 2 3 4 togetherwith the cross-spectrakstimates,coherenceand
frequency (cpd) frequency (cpd)

pahsebetweenthe two time series. Correlatedoeaksoccur
at diurnal, semi-diurnalperiodswith high coherence.The
phasedifferencedndicatethe sealevel differenceis totally
outof phasgor hasnegative correlation)with the northeast-
ward currentsat the diurnalandlongerthan2d periods;i.e.
the sealevel differenceis positively correlatedwith south-
westwardcurrents At semi-diurnaperiodsthe phasdiffer-
enceis about90°, which s typicalfor tidal currents.

Figure 5. Time seriesdisplays and cross spectrabe-
tweencurrentsat Beylerbeyi (CM1/BL) andthealong-Strait
sealevel differencebetweenRumeli Kavagi (SL2/RK) and
Begktas (SL1/BS)stations. Dottedlines represenspectral
smoothingwith atriple point moving averagefilter.

Conclusions

TheBosphorugurrentshave fine featureghatdependn
the topographyand coastalfeatureson its banks,revealing
eddiesandrevesringcurrentsin variousof its embayments,
aswell asturbulentmeanderingf the main current. Tran-
sienceon varioustime scalesin additionto the spatialfea-
turesmalke the Bosphoruscurrentshighly variable. Yet the
main featuresof the currentsystemare familiar. Blocking
eventscanflushthe Straitalmostcompletelypushingeither
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the lower or the upperlayer backto its origin in the adja-
centSeas.The Bosphorusurrentshave a rapidresponseo
sedlevel differencedbetweerthe Black Seaandthe Mediter
ranean.

Acknowledgments. Thisstudyhasbeermadepossiblehrough
a projectcarriedout for the istantul TechnicalUniversity Founda-
tion / DefenseResearctCenter The authorswish to expresstheir
gratitudeto the cooperatie efforts of the scientiststechnicianand
graduatestudentf theIMS-METU whotook partin thedatacol-
lectionandprocessingandthe captainsaandcrew of the shipswho
wereinvolvedin variousstagef thework.

References

Farmer D. M. and Armi, L., 1986.Maximal two-layerexchange
over asill andthroughthe combinationof a sill andcontraction
with barotropicflow, J. Fluid Med., 164, 53-76.

Gregg, M. C., OZSQ/, E. andLatif, M. A., 1999.Quasi-steadyx-
changdlow in theBosphorusGeophysicaReseath Letters, 26,
83-86.

Gregg M. C. andOzsg, E., 1999.Mixing on the Black Seashelf
northof the BosphorusGeophysicaResearh Letters 26, 1869-
1872.

Gregg, M. C. andOzsg, E., 2001.Flow, watermasschangesand
hydraulicsin the Bosphorus,). GeophysRes, (in press).

Latif, M. A., Ozsg, E., Oguz, T. andUnlitata,U., 1991.0bsera-
tions of the Mediterraneaiinflow into the Black Sea,DeepSea
Reseath, 38, Suppl.2, S711-S723.

Oguz, T., Ozsy, E., Latif, M. A. and Unliiata, U., 1990. Mod-
elling of hydraulicallycontrolledexchangeflow in the Bospho-
rus Strait,J. Phys.Oceangr., 20, 945-965.

Ozsg, E., Latif, M. A., Tugrul, S., and Unliiata, U., 1995a.Ex-
changeswith the Mediterraneanfluxes and boundarymixing
processesn the Black Sea,In: F. Briand (editor), Mediter
raneanTributary SeasBulletin del'Institut Oceeangraphique
Monacq SpecialNumber 15, CIESM ScienceSeriesNo. 1,
Monacop. 1-25.

OZSQ/, E., Latif, M. A., Begktepe, S. and Gaines,A. F., 1995b
Fluorescentlye measurementsf the mixing and transportof
wastevater dischage in the BosphorusWat. Sci. Tech., 32(2),
61-68.

Ozsq, E., Latif, M. A., Sur, H. I. andGoryachkin,Y., 1996.A re-
view of theexchangdlow regimesandmixing in theBosphorus
Strait,in: Briand,F. (editor),MediterraneaffributarySeasBul-
letin del'Institut Ocetangraphique Monacq SpecialNumber
17,CIESM ScienceSeriesNo. 2, Monaco.

Ozsq, E. andUnliiata,U., 1997.0ceanographyf the Black Sea:
areview of somerecentresults Earth ScienceReviews, 42, 231-
272.

Ozsg, E. andUnluata,U., 1998.The Black Sea,in: RobinsonA.
R.andBrink, K. (editors),TheSea:TheGlobal CoastalOcean:
Raional Studiesand Synthesedl1, JohnWiley andSons New
York, pp.889-914.

ézsq, E., Latif, M. A., Begktepe, S., Cetin, N., Gregg, N.
Belokopytov, V., Goryachkin, Y. and Diaconu, V., 1998a.
The BosphorusStrait: exchangefluxes, currentsand sea-leel
changesjn: Ivanos, L. I. and Oguz, T. (editors), Ecosystem
Modelingasa ManagementTool for the Black Sea NATO Sci-
enceSeries2: ErvironmentalSecurity47, Kluwer Academic
PublishersPordrechtyol. 1, 367pp+ vol. 2, 385pp.

Ozsq, Latif andBegktepe

Ozsg, E., 1999.Sensitvity to Global Changein temperateEuro-
Asian seas(the MediterraneanBlack Seaand CaspianSea):
A review, in P. Malanotte-RizzoliandV. N. Eremeg (editors),
The EasternMeditermneanas a Laboratory Basinfor the As-
sessmenbf Contrasting EcosystemsNATO ScienceSeries2,
EnvironmentalSecurity 51, Kluwer AcademicPublishersPor-
drecht,pp.281-300.

Ozsy E., Di lorio D., Gregg M. and BackhausJ. 2001. Mixing
in the BosphorusStrait and the Black SeaContinentalShelf:
Obserationsanda Model of the DenseWater Outflow, J.Mar.
Sys, 31, 99-135.

Unltata,U., Oguz, T., Latif, M. A., andOzsg, E., 1990.0n the
physicaloceanographwf the Turkish Straits,in: Pratt, L. J.,
(editor), ThePhysicalOceangraphyof SeaStrits, NATO/ASI
SeriesKluwer, Dordrecht25-60.

Polat, C. and S. Tugrul, 1995. Nutrient and organic carbonex-
changesbetweenthe Black and Marmara Seasthrough the
BosphorusStrait. Cont.ShelfRes, 15, 1115-1132.

E.Ozsq, M. A. Latif andS. Begktepe,Instituteof Marine
SciencesMiddle EastTechnicalUniversityPK. 28 Erdemli
- lcel 33731 Turkey

This preprintwas preparedvith AGU’s IATEX macrosv5.01, with the
extensionpackage AGUT ' by P. W. Daly, version1.6bfrom 1999/08/19.


https://www.researchgate.net/publication/241279916

