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Observations of oceanogra,phic elements were canied out, through a 
series of years, a,t Stočica control station, located in the vicinity of the Island 
of Vi'> in the Middle Adriatic. The depth .at that station amo1unted to slightly 
over 100 meters. Our rents were also measured from an anchored vessel 
when ever it was possible. The purpose of measurings, carried ourt at that 
station, was to attempt, on the basis o.f long ser-ies of data, a quantitat:ive 
determination of the relationshi,p of individual elements and the laws 
controling thei-r interdependence, and to apply the results thu:s obt.ained to 
a wideJ.' regio,n where a regular checking of eleme:nts iz not feasdble. Direct 
measuring of currents is particuianly diffioolt when ua['ge areas are involved. 
In view of this fact, a:n attempt will be made in the present paper tu 
d etermine the a"elation'ship between the data relative to currents observed 
at one sta1tion and the rustribution of charracteriistics of the sea water ovcr 
a wide ~·egion. 

Curnmts were measured fron1. 1956 through 1964, and the m eas'll1ring 
covered the months of March, June , September, and Decernber, which are 
considered to be rep,resentative of the seasons concerned (wiinter, s,pring, 
summer, autumn) . All the measuremeints were ,per.formed, by ,means of Eikman 
current meter, fron1 an anchored vessel so that ipossiibly one was made per 
hou,n, 1each o,f 15 ,minrutes' duration, at a chosen depth. The 1dia"ecti01I1 a1nd 
velocity of the n~s:ultant cunrent of each series wer~ caloula,ted with the hel.p 
of tables contained in the Manual o.f Current Observation:s (1950) . All th P. 
following data r efer to resultant currents. An examp1e of a series of 
measurements showing the clirection and velocity of ourren~ at the t~me of 
each measurement, and the calculated resultant curirents may be seen in 
Figure 2. 

MOVEMENTS OF WATER IN THE SURFACE LAYER 

A totaJ. of sixteen 24-hour series of measur0ments are available as regards 
the surface layer. The results are given i.n Table 1. 

Table J 

Date Res·ultan;t OU'11rent Dute Resu.ltant Culll'ent 

Di:rec.tion Velocity Dkectlon Veloci;ty 
cm/sec. cm/sec. 

10 .-11. IX 1956 135 SE 7 19. - 20 . XII 1962 259 W 13 
14.-15. III 1958 288 W 5 9.-10. III 1963 300 NW 17 
10.-11. IX 1958 214 sw 4 4.- 5. VI 1963 357 N 10 
16.-17. VI 1959 359 N 21 7.- 8. III 1964 349 N 5 

9.- 10. III 1959 323 NW 26 13.-14. IX 1963 74 E 7 
9.-10. IX 1959 236 sw 5 24.-25. VI 1964 352 N 14 

16.-17. XII 1959 221 sw 17 8.- 9. IX 1964 189 S 5 
10.-11. IX 1962 222 sw 8 11 .-12. XII 1964 134 SE 15 
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Fig. 1. Stations to w hich t,he proc-e,s sed 1data ,refor. 
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It was found usefiul to taike into consideratriorn eight pricipail directiOlnS of 
flow. A,rranged according to their frequency, they are shown in Table 2. 

Direction of flow N NE 

Frequency 4 o 
Average velocity cm/sec. 10 

Table 2 

E 

1 
7 

SE 

2 

11 

s 

1 
5 

sw 

4 

9 

w 

2 

9 

NW 

2 
22 

The moisit frequeint direotiorn:s are N and SW, whde the NE dir-ection is 
not !I"epresented at all. The lowest velocity vah1es apply to the least fa-equent 
directio111s of flow (E and S). It is conveinient to note, once again, that the 
velocity dam givern in this parper refer to resulta111t currents. The general 
average veloieity of c:urreints occurring at Stončica ,statiOln amounts to 19 cm/sec. 
(Zore - Arma111da, 1964). 

A better a11Tangeme111t of data is obtained H they are considered according 
to frequency of direotions wi,thin the &easOU'lS since .such a, g;roupirn.g is evident. 

Table 3 

Season Winter Spring Summee Autumn 

Occuring direction W-NW-N N E-SE-S-SW SE-SW-W 

A verage velocity cm/sec. 15 15 6 15 

The diistributio1n of di'rections according to seasoiJ'lis i:s mo•re easily surveyed 
from Figure 3. The resultant currents, as calculated for each seasan from 
all the dat.a 1availaible, a,re shown in F igure 4. A general trend can be observed 
with currents co1nsristing in a clocikwise swiing;i,ng of their direction in such 
a manner as to describe a full cirole in a year's time. This reg:ularity of t he 
annuaJ cyole od' directiorn swi1I1Jgi1ng has induced the au1:Jhor to look for a 
possible UJnderlying cause od' the phenoirnenon . There is hardly any doulbt about 
the occurrence of the cyde since a nine-yeaa· lorng period was covered by the 
measruring oiperatiom. 
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Fi,g. 2. ResuJ.ts of .a 24-h o,ur meas.u[·ement o!f crnrre,n,t in the 'Sudace Jayer at Stornčica 
c0111J1:1rol statio,n. ·The :tiune of ll'TlE.13S.U['e!menlt is given w,irtJh each veata.r. The 
đ1,reoti:oin of cU11reint vee,rts clo:Clkw:is•e once in 24 h'Ours. The veato,r of the 
resulta1J1Jt ouru:ent ils ahso shown. 
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Fig. 3. The ciQ'cle :shows ,the sectars of direoticms of c1.u1rent observed in variows 
seaJsons i'n the s:Uirface layer a1t Stiončica contl'ol 'S'bti'cm. 'Illie dkection of flow 
ha's swllll1g olodkwise €'11!ti1rely .arnund the collJiPa~·s iln the cour'Se of a year. 
The i(an:irth:me1tical) meain dilrecti·on of current i's 1showm, for each ·sExiso,n, 
outside ithe cirole. 
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F i g . 4 . ReS!l..lilrtaint surrfe,ce Olllt'l'enrts for four cllilff.eren1t ni,onrbh!s 01b Srboo1:Čii!Clai oonl1lroJ. s1taiti.10111 
have been obtained f1r01ffi all the data available. The veering of the 
dire,ction of cur-rent irn :1Jhe cours·e of a yeu,r is once m•ore evident. 
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The relationship exis.ting between wintei.· and summer condition was brst 
,considered . .Simila.r investigations had been made by the author before, when 
deal'i'ng with gradient ourrents (Zore, 1956). It is in summer that the Nor:thern 
Adriatic rea.ohes the Ackiatic maximum of dynamic depths, while the 
minimum ocours there in w:iJnter. The rate of sea level changes, ,:iJnfluenced 
by the dis,tributi.on of density in the Adriatic, attains then its ma:xilmrum in 
this region. This is caused by great annual fluctuations of sea water temiperature 
in the reigion anid by varying salinity values due to chan1gfog qu.antitets of 
wa.ter dischairged into it by .the rivers of nonthern Italy. Im consequence, th8 
water density :iJn the region is cons1derably higher in winter than in summer, 
which consideraibly influences the level of the sea i,n comp.arison with the 
rest of the Adriaitic. Ln ooder to make these differences quaJI1titatively evident, 
the average diJforence in anomailies of dynamic dE1phts between two stations 
{Q & A2s), one iocated in the northern and the other in the m~ddle Adriatic 
(Fi,g. 1), was ,cafou1ated on the basis of data co1lected by the NAJADE ancl 

CICLOPE exipeditions (1911-1914). 'Dhe avera.ge values were cakufated from 
da.ta oovering a three-year period, a,nd the anomalies of dynamic depths were 
calculated relatii.ve to 50 metres dedba,r surface. These data are given in 
'Table 4. 

Table 4 

'Season Winter Spring Summer Autumn 
(February) (May) (August) (November) 

A verage difference 
of anomalies -2.4 - 1.0 +1.1 -0.8 
Q-A,3 (dy,n. cm) 
A verage difference 
of anomalies - 0.5 +o.3 +1.6 -0.9 
A1s-Ae3 dyn. cm) 

The number denoted by the positive sign, appear,ing in the ftrst line of 
the a1bove Table, means that the anomaly of dynamic depth is gireater in the 
Northern Adrriatic, i. e. that there is a lesser wa,ter density in that region. The 
second lim~ refers to analo-go1Us diff.errences folllild in the Middle Ad:riatic 
in the transverse direction. Numbers in secoind hne, denoted by the posi.tive 
:sig.n, mean that the anomaly of dynamic depth is greater 1near the western 
shore of Adidatic, i. e. ,that the density of water is 'lower there tham. in the 
vici:rnity of the eastern shore. 

Let us now survey the differences between the anoma.lies of dyin:amic depth 
found iin the Northern Adriatic and those occurring in the Middle Adriatic 
in the coUII'se orf a year. According to numbers contained in the above Table, 
these differences attain their maxima in summer and :iJn winter re::,pectively, 
but these two seasons are denot,ed by differen1t siJgins. Coindding witih the 
winter negative difference, a flow of such a kin1d aippeans in the surface l.ayer 
that an incomi.ng cu.'1:,reint, flowiing along along the ea.stern shore of the Adriatic, 
prevails i.n the pemmanent cyclonic water movement. Roughly termed, this 
may be rega:i,ded as the NW flow. An outgoing curreint, on the couTbrary, prevails 
in summer, flawimg mosbly ailong the westerm shore of the Adriatic, which 
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may . be con-sidered as the SE water flow (Zore, 1956). The ,re,su1ts obtained 
by measuri1r1g currents at Stooica. control station indicate the oorrespond~ng 
directions of the flow occunin,g in summer and in winter. The cuirrent velocity, 
as expected, is higher in winter since the summer SE-current is mostly 
develoJPed along the western shore of the Ada·iatic. This confi!I'IITls that the 
resultant cuffen,ts in the AdI"iatic (or a;t least in its orpen part) are predomina111tly 
gradient ones. 

A tram;,ver,se warter How occurs .i!l1 •sp1~ing and autumn, the srp,ring fio'lv 

runn:i.ng in the driQ·ection of the eastePn Adria,tic shore and the allltumn one 
towards the western shore. Analogous to difforeinces between: the am.oma1ies 
of dynaimic depths in the no,rthem and middle Adriati.c, it might he concluded 
that the trarnsverse flo,w could take place when those differences are smaller. 
There ·is certainly a period when these di.ffeirences completely disaippear owing 
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Fig. 5. AnnuaJ course (3 cycles) of anomalies of dynamic depths fonud at a station 
in the Noa·therrn Adriatic (Q) and at an other in the Middle Adriatic (A2:i), and 
the aI1iJ1ual course of differences dn dynam.ic depths between those ,two 
stallions. All calculati"Ons have been made relative to a depth of 50 metres. 
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to the fact that there is a change in the symbol between the winter and 
summer. It still rEimains to be found o:1t, however, why the two tra111sverse 
flows, o-cOU!l'ring during the spring .and summer, have converse symb o,lts. The 
transverse diffe.rence in dynamic deptns (s.tations A 18 & A 23) was firsi· 
calculated in the same w.ay and for the same period as the longitudinal 
difference (Teible 4). Analogous with ,the foregoi:ng considera.tion, the difforence 
in anomalies -deno,ted by the positive s i-gn could be ex.pected to appear with 
the water How in th e direction of the eastern sho,re, while, ccmtrariwise, the 
negative siign would be associated wi<t:h the water flow towards the estern 
shore. In fad, that is bhe case, but an exception must be t.a!ken to it. Although 
the differences in anomalies a,re greater in summer than in s.pring o r autu1nn, 
they still do not reveal the same effect. This coiuld perhaips be understo-od 
in the sell1s-e that the influe nce or tra.nsverse differences inoreases as the 
i;nHuence of lcng.itudinal ones deereases. We f ind in Table 4, hmvever, that 
the diffetrences in dynamic depths ai·e a1ways of the same order of magnitude 
in spi-te of some ,i;nequalities occurring in vairio-us sEasons. It seams therefore 
that the difference ill1. water de nsity between the eastern and westerm. Adriatic 
shoires is not a deaisive factor in the seasooal aha,nges .t.akirng place in the 
system of cuir.rents. However, s,ince also some recent darta rela,tive rto tram.sverse 
differen ces were available, they too were p~·ocessed in order to fi.nd 01ut 
whether same condi,tions had exi~ted at the time of current measuring t hat 
cciuld explai,n the :sea;s-on.a-1 changes in ibh e ,system of cu-rrents. The recent data 
we-re oo11ected at two sfaltioris loca!ted 1in the vti-cilnlity of tihe A1s anid A2a ,c,nes 
(B u 1 ja n & Z ore - A r m a n da, in ,press). The d ynamic dep1ths were not 
calculated, b ut only the a verarge differences of density, and bars in1g on data 
ccllected in a five-year period (1956-1961), .an average value was d ete1°minecl 
for each season. 

Table 5 

Winter Spring Surnmer Autumn 
(March) (June) (August) (December) 

Av-erage o t di,5ference far 
A1s-A~,1 (O m) +0.11 -0.05 -0.47 +0.1 1 

Average at diđ'fen!«1ce for 
A1s-A23 0-100 m + 0.11 +o.H - •0 .26 +o.rn 

The p ositive s1ign indicates the pres,ence of water of a higher density near 
the western shor 1:, (th c> meaning of ,the symbol is then not the s•ame here as in 
Table 4) . If ·the two tables a re co,~pared, an analogy in the rnlaitionshi,p o-f 
d ensities ocourmiing in the sv.rface l.a.yer during the :recent and eair1i-er periods 
will result, implying that: the rela,tiions:hip is invar ia ble. Owing to this fad, 
we must loCJlk elsewhere for the possiible reg1ulaitorrs of seasoinal changes of 
the di,rection of f1ow. We are aware frcm the themy of graidienrt omYe!Illts, 
after an; tha,t the d-ireotion of a g,ra,c1ient currents does n ot cross at right 
a.ngles but follows the isoba.th of the geopotential topogra1phy. This is probably 
the reasom why the tr.ansvers:e difforences of dyrn:imic depths do ,not conside.ra.bly 
i.nflu,e:nce the . transverse movem e!l1it. That, however, is not ilhe case wdth 
longitudinal differences. It has akeady b een observed in the course of resear ch 
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iinto gradient cur,rents that they are of fundamentaJ. imrportance as regards 
the annual Dhyrthm of cha,nges in the sistem o,f currents. In this case it is the 
shape o,f the basin that is responsible since the Adriatdc is a, basin st.retching 
in the log,it udinal diiredion. 

The relaitio111ship between the northern and middile Adri:a.tic, as far as the 
dynamic depths are concerned, has al,ready been menrhl0111ed. It is very 
impOII'tant in thds co,11:nexi.orn thait there is a change in the symboil in the course 
,o,f a yea1·, .ill1!diicait!i.rng a hrigher sea levei in the No~therrn Adirlia,tic in s,umme:c 
and in the Sowtihern A,ckiatic in wdnter. This fact has also been c0!11.firmed 
by the mereo,graiphic a bservations made in the eastern Adll'liatic inshoire region 
(Z o J.' e - A r ma n da, in [PreslS). BE"sides, owing to lower water density, ihe sea 
level of the Aldri.a.tic as a who1e iis higher in summer and Jowerin winter. Picture 5, 
showing the arrmual cowrses of a111omalies of dynamic depths in the northern 
and middle Adriatic and af theiir differences, enaibles us to consider the level 
chan,ges as a periodic cydic ,phenomenon. There is a connexion between th is 
periodic vertica[ mo-vement of the surface waiter and the hor!'i:wntaJ flow whose 
directiorn swings cloc'kwise so as to describe a full circle in the course of a 
cycle (li. e. i,n a yea;r's time). This has dnd1Uced the aui hor to corm1pa;re the whole 
phenomenon with another well-krnown one which mti.,ght be regaa:ded as 
analogous. From the ,general corm[Plex od' tidal CiUrrents we aire aware of the 
fact-:- which has also been observed in the Adiriatic '(Zore, 1960, an:d Fig. 2) -
that the d:i,rectiorn of such a ilmriz-0111.tail filow which occurs in the open sea in 
the co1U1nse od' Ja f:uH ti:dal cydle, swingis i,n such a way as to deiscdbe a 1f!Ull 
circ1e. This swingirnig od' diirection is clocwise ,in the nonthea:m hemisjpihere. An 
eXip~anation od' rota,ry cun'entš wais given rby Sve ,r d ,r!l.l ,p 1(1942) by cosidering 
Coriolis's force as a C0111.stani and/ by su,pposimg the mavermernt taking place 
in a limitles1s basin. The ·system of currents recorded at Stončica stattion may be 
regraded ias a similar 1phenomenon, the only diHerence COll1!.Sisting im the 
period be,im.g much longer and lim the acting fundamental force being unHke. 
A relationshiip, however, anaJogous to that ocourring with t he tiiclal wave, 
appeairs between rthe vertical warter disiplacement and hoirizontail flow. For th~ 
time beln,g, irt is difficult to add ,new evidence to the hyipothesis thal!; the annual 
cycle of directi01I1 swinging is caused by the different densiity. of sea water 
reco,rded in ·the n.orthern _,md middle Adriatic areas in winter amd summer 
respectively, but it may be amphasized that both phenomena have a;ppeared 
through a lrnng period of yeairs. Tihe dockrwise swingin,g of tlh.e da.rrection of flow 
suJb:stantiates :the ildea that here we have to do with t he effect of Coriohs's force, 
oonsidering the faot that the nocthern hemisphere is i.Jnvolved. It is evident 
from the winter. and siummer changes, on the other ·hand, that the primairy 
foa:-ce is a giradient one. 

The po,s.sLble wind effect should also ,be considered. Data, <J01Vering the town 
of Hv.ar, om the .is1and of the siame na.me, are avaiilable foir a rl.ong series of year. 
The comipall'lison between the wi,nd a11.Jd OUI'il.'en t directions rprevaili,ng in the 
conres;ponding months (Fig. 6) reveals no 'Particular imp,act ibein,g exerled by 
the wind 0!11 the direction od' flow or om mas.s transport. It was found ri.n some 
cases (Zore - A r ma n da, 1964) that the velocity of currem.ts was higher if 
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Fig. 6. The UIPPe~· lime shows the freque!llcy of directi.an:s of .the surface tlow at 
3itončica control s1ta:ti0111 (f = 1 denotes a s•ingle o.ccur1rence of the dilrection 
conceiined), wh:He t:he Jower Iine shows the freq1Uency of wiJnd directions at 
Hvar, in ipercentage:s ll"esultirn'g f.rom 60-yem· s e1:ies accoodinig to Vujević 
(1927) aind covering four months of the year. 

thei,r direction coincided with the direction of the wind. The win<l i~act is 
more felt at stationis located in the vicinity oJ the main,larnd. 

The mQIVement of water found at depths of 5, 10, and 20 metres 1s very 
s imilar to that occuring in the S1U,rface [ayer (Zore-AII'manda, 1964) . The 
differnnce ibetwee-n the two ocour~enceiS generally coosists in the NW direction 
being s01II1ewhat more outstaniding iin the above--m€1!1tioned dep1Jhs than in the 
S1u1rface layer. Owing to rbhis fact, these dejpths may be consiidered as part of the 
suface layeq: as far as currenrts are concerned. 

CURRENTS FOUND IN THE INTERMEDIARY LAYER 

Thideen setries <Yf measuremernts are availa:ble from a depth of 50 metres. 
The data atre given in Table 6. 

Table 6 

Daite Resuilita111it Ou1rren/t Daite Resulta111.t Cur,rent 

Direction Velocity Direction Velocity 
cm/sec. cm/sec. 

9.- 10. III 1959 305 NW 18 4.- 5. VI 1963 281 W 14 
16.- 17. VI 1959 342 N 5 13.-14. IX 1·963 107 E 5 
9.- 10. IX 1959 294 NW 10 7.- 8. III 1964 330 NW 13 

16.- 17. XII 1959 273 W 11 24.- 25. VI 1964 14 N 4 
10.- 11. IX 1962 50 NE 8 8.- 9. IX 1964 358 N 7 
19.- 20. XII 1962 291 W 14 11.- 12. XII 1964 77 E 12 

9.- 10. III 1963 157 SE 11 
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FLg. 7. Fre-queincy of d.1reotions in :the 1surface fl0w (showJ1 111 .the same n1:cn11ner as 
i.n Fig. 6) obse•rve'Cl :a•t Stončic,a cuntrol sta-tions i1n :the cou,rse of a year. 

Fig. 8. Frequency of dkections i,n the flow at a depth of 50 metres observed in the 
course o,f a yeair. 
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If the occuring direchons :are .arranged to eiight :principa1 ones, they ap,pear 
grouped in the followi01g way: 

Direction N 

Frequency 3 
Average velocity cm/sec. 5 

NE 

1 
8 

Table 7 

E 

2 

9 

SE 

1 

11 

s sw w 

3 
13 

WN 

3 
14 

The fireqiue01cy o;f d:i.11-ectio111s observed art tihe surface and at a depth of 50 
m etres are shown, acco,rding to seasons, in Fig. 7 and 8. While the SW-diireclion 
is rn,ther ;p.ronoilIDced at the :surface, it does ;not aippear at ali at a depth of 50 
metres. The N~diirection, on the contrary, ocC1..11rs at a depth of 50 metres , 
but is not fo<u.nd at fue su:rface. These two facts imLl.ca,te that there is a facto,r 
pres,ent in the surface 1ayer favOIUr~ng a warter m()IVement in the SW-direction. 
This factor may resuilrt; frnm the irulue111ce exe.rted by the Ri,ver Neretva which 
discharges its-elf into 1:Jh.e sound Jy.ing betweoo the islands <Yf Hvail' and Karčula. 
The Island <Yf Vis, ibeii.ng a bairrier to ,the or,ig,inal How, deflects the waters of 
the Nei·etva towards the oipe111 sea. The influence of freshwater , owing to its 
lightnes:s, shouQd primarily be felt in the surface layer. M. B u 1 j a n , surveying 
the fl:uctuation of sJUdace s:aJ.inity values (~rn a so far 111ot yet published paper) 
over a 10111g seiries of yearn, also a:dmits of ipooslibHity that the. linflue111ce of 
freshwaiteir, coming from the mainland, is felt art; the Stončica station. It is 
also si.g,nificarnt that rtJhe .SW-di!I'ection occurs art tlhe rurface pnimadly in the 
autwmn (December) when tbe d.ischarge of the Ka,rst ~·i•vers (B u l 'j a n, 1961) 
reaches [ts rmax,imum. The highest waiter level of the Neretva occurs in No
vember o~· December (D u ki ć, 1959). 

Contirasting wilth the surface, no seasonal regul.aTities aire noticeable in the 
distrihution o,f directions at a, de;pth oE 5(J m.etl'es. As ev~dent from Ta:bles 7 
a.rnd 8, the fo.urth-quadrant diirection (W-NW-N) are hest ,n~presented, irre3·· 
pective of season. 

Occuring direction 
Average velocity crn/sec. 

Table 8 

Winter 

NW-SE 
14 

Spring 

N-W 
8 

Sumrn.er Autumn 

NW-N-NE-E W-E 
8 13 

The hi,ghest velocity is attai,ned by the water movement in the NW~direc
tion (Table 7). In v.iew o.f the fact thait the current, flowing irnto ,the Adriatic, 
moves itn that direotion, such fllow seems to pa·evail at a depth of 50 met•res. 

The ver,tiical distributiorn of chau'.'acteristics irnd.icc:tes thait rthere are three 
di-stinct w.ater tay,ers in the Aldriatic, a tSuirface layer, an in1Jermediate layer, and 
a bottom layer (Zor e - A r ma n da, 1963). Tihe inte,rmediary fayer is characte
rized by high salinity values. As evident from fig. 10 (Sušac st:atiorn), the inter
mediiary Jayer in the open pad of the MiddLe Adiriatic ~s situated from about 
50 to 150 m erb.re& heneaith the surface (the bottoll'\ la.yer at Stončica contn::,l 
station is nOlt clea;rily defined). Water advEotiOlll frrom the M;editerrainean, i. e. 
t he inward ffow (Z o .r e - A r ma n da, 1963), prevails in the intermed.iary layer 
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extendilng over the whole of the Ada:-iatic. This was ooncluded from the distri
bution of its charracteristics (temperature amd salinity values), 1and it has now 
been confi1rmed by the NW~direction of ouwent prevailing at a depth of 50 
metres. 

Accooding to eru:lier findings, the outflowing (SE) current prevans in the 
surface layer iin S".lmmer, aind the difference between the directi0111s of water 
movement in ,the surface ilayer and in the inte11mediate 1ayer a.s the greatest 
dwring that sea,scm (Fig. 9). 

Fi,g. 9. SectoJ·s of clirectian of flow at depths of O ancl 50 me1tre,s at Stončica contrrol 
station in s,ummer. 

WATER FLOW 1N THE BOTTOM LAYER 

Whenever ,it was feasible, the measurements were :made at a depth of 100 
metres, but on several occasions the vessel was anchored ·alt smaller c:1epths. 
In any case, the highest suspension of the current meter aibove the bottom was 
5 metres. Accorrding to the T-S diagram, i. e. the disti.1~buti01I1 of cha!raoterisitics 
(Fi1g . 10), one •can notice that the hoibtom layer is mot pa-r'timilarly QJ:I'O··· 

nounced at Stončiica c01I1.trol station. Water of low salinity and temperature 
values, originating from the Northern Adiria1Jic (~. e. the SE flow), usually 
appears beneath the intermediarry layer in tlle O1pe11. l\faddtle Adriatic. Such 
water, however, flows at depths greater than 150 metres, while the bCJlttom at 
Stončica station 1ies at :a lesser depilh. 

Nine serrles of mea.siurrement conceinning the bottom layer a ,re available, 
but this is not sufficien,t for the drawing of :f.iina1 concl'usions. The 1results o [ 
measurements .a1ppea,r in Table 8. 
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F ig. 10. T-S di a,girams ref.erri111g to Sušac a:nd Stončica contrnl s-tations 'in su:m:mer. 
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Date 

10.-11. IX 1962 
19.- 20 . XII 1962 

9.- 10. III 1963 
4.- 5. VI 1963 

13.- 14. IX 1963 

Resultant 

Direction 

274 W 
331 NW 
162 S 
177 S 
328 NW 

Table 8 

Current Date 

Velocity 
cm/sec. 

7 8.- 8. III 1964 
13 24.- 25. VI 1964 
21 8.- 9. IX 1964 
8 11.-12. XII 1964 
7 
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Resiultant Current 

Direction Velocity 
cm/sec. 

328 NW 7 
45 NE 5 

286 W 10 
45 NE 4 

No definite r egu.larirty results f:rnm tihe distributiorn o.f c:Lirections according 
to se.asons . .Ainalogov.s w:ith the fonding at a deipth o.f 50 metres, no SW-direction 
occmred, aiJ'lid no N O1r E one eilthf'r. A different group:ing of da,ta, however, 
is noticed .iJil cOII1il1exio,n with this depth, and it refers to changes ocouririn,g in 
the courne of severa~ yea-rs. The frequency of directiotns arranged accordin,g to 
years, and the average salinity values observed along the Split-Ga['gano profiile; 
are shown d111 Table 9. The avernge salin:ity values were obtai.n.ed, by calcuiation, 
from the darta coUeoted at six stations, at depths measurmg' O, 50, 100, 150 
metres, aind near the bobtom. The an111ua1 a:ve:ra,ge was caloulatP.d from the data 
covering four seasons. 

Year 

1962 
1963 
1964 

Table ~• 

Occuring Direction 
of Cm-rent 

W, NW 
E , S 
W, NW, NE 

Average Salinity 

0/oo 

38,5 
38,3 
38,5 

The ocourence of dio.·e-ction through various years, reg,a,rdless o,E season, 
is also shown i:n Fig. 11. lit results from this :fii,gn.u·f'! thait the fourth-quadrant 
directions pre-v.ail in two years (1962, 1964) , and the second-qiuadrant di<rections 
in one ye:a:r (1963). The ava i:IabJe data, unfortunate!ly, cover onJy a three-year 
pe1iod. W e shall still try to compare such chan,ges, observed over a longei
per,io,d o,f time, with the s'all.'inity fluotuati()I.Ils, ConsideraibJe fluctuations, caused 
by water advection from the Mediter.ranean, have been 1known to occu,r i01 the 
Adriatic. Higher saJ:in1ity values found in the Adriaitic waters 'indicate that the 
inward flow is on the increase '(B JU .l •ja n , 1953). This ils why .the average sahnity 
data co•verin,g tihe Middle Adriatic (Siplit-Gargano pro.fiile) have been inch.1ded in 
Taible 9. (Salinity data acwrding to a paper by B u 1 ja n and Zore - A r ma n d 2 , 

in pa:"ess). We really find that there is a highea:- aveiiage salinity ,in the years 
when t he fo1Ur1fu-quadra1I1t di:rections o,f curre,nts prevail (NW is fue directio111 
of the inward flow), and, vice versa, there isa lower averaige sal!i.nity when the 
prevatil,i,ng direction o,f ourrents ,hes in the secOilld quadrant (SE is the direction 
of the oiutward How) . If such a regula,rity cau1d be ,es.tablished through a longer 
series orf yeiars, it would ai!Jtain greait sign<ificance. 

The question still to be decid,ed im rtJhis connexion is why smili a Telationship 
between the waiter m01Vement and ave ra,ge s;al,inity is not found at the surfac,-, 
oo· at a depth orf 50 meitres but only at ,a ,deipth of 100 metre.s. 
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Fig. 11. Se'Ctors od di,rectiion of fi[,ow ,..,rt a de,pi'.h of 100 .rnetres coveri1111g a,11 tihe fo ur 
:seasons of three diif'fen~nt years . W:hile :the 1nwa11°d fl.ow prevaLl!s in 1two of 
·t<he above :th,ree yea,rs, the ou:tward :filow pirevails in '.the thh>d year (1,963). 

In the surface layer the a,nnuaJ te:miperntu~'e and sc1:linity fluotuations and 
their dynaimic consequences are most evident. It can easi'l.y be siupposed, there
fore, that the sur.face layer fln.lctuartiions ocourring in t he system orf currents 
through a lCYr1ger Sffi'ies {)ff years are hidrlen runder seasonal changes. 

Ln the inteirmediary lay,er o,f the :M1ddle Adriatic• the:re ii.s a permanent 
inw~wd flow of water, the Q111i,gin oif that f,low :being either Mediterranean -
at the time when the adrvectiOll1 from that basi:n i.nto 1the AdriaJtic increases ti1n 
degree - O!l' its source l,i,es i.n the Southe:i'n Adriatic. This is why, we suippose, 
no signif.icant f:liucturatioins 0rccur throrugh a lQlll.ger period in the tntermediary 
layer art; Stončica statiOl!l where thait. layer is reipresented by a dephrt of 50 
metres . . They occur there to some extent, however, lbut the NW-dilrection of 
water moviement rea:Lly pi'Bv.ails :in tha,t layer. 

The intermediary layer iin the OIPen part of ,the lVliiddle Adriaitic hes from 
about 50 rto 150 metres 'beneath rthe .suirfiaoe. The deipth at Stončica control 
station ibeing smaHer, a depth orf 100 metres a,l.ready rep1,esents ,the bottom 
layer. It is diffioult to ooincLude, however, kom the char.acteristics eontai,ned 
in Fig . 10, whether the wa1ter fou1nd at that deip,th is a typical bottom wa,ter 
or not. Acco1rding 1to T-S d!iagrams, an outw,1:1Jrd flow generahly previa:ils in th2 
bottom layer od' :tihe Midd1e Aidri~tic since water originating from the Northern 
Adriatic is found there. It is ,poss:ible thait a water morvement analogorus to that 
in the intermediary layer (NW) o,ccurs when the advection of Mediterr.anean 
w.aiter increas,es in degree, and that a movement simii11a,r to that in the bottom 
la.yer (SE) ocours when the advection slackens. Additional daita will surely 
co,ntribute to a better urnderstanding of rthis questiorn. 
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SUMMARY 

Dlrect measurement o.f currents alt three different depths were carried out 
at Stončica control station in four 15easoins during the iperiod extendmg from 
1959 througih 1964. 

In the surface l.ayer the current direction showed the clockwise swinging such 
that it descri'bed a fuil cirnle in a year's time. Schematica,ly, the changing of the 
directions od' current may al,so be presented this way: NW in winter, Nin spring, 
SE in summer, and SW in iautomn. Such .an arran,gement of di r,ect'.ions st:ands in 
close co1Il1Jlexion wi-th the d~st-rilbution of water densiity :iin varlous season:s. Th2 
highest Adr,i,atic dens-ity va:lues are found in winter in the Northern Adriatic, 
and the lowest ones in sumrmer in the same region. This fact i:s associated witri 
the phenomenon consifltli-ng in the occurrence, in rthat a,rea, of the Ad.riatic.: 
mri,nimum oE dynamic depths in winteir and of t:heir maximum in summer. The 
changes tn the sea level, occurring in the Northenn Adriatic, may be considered, 
in comparison with the M~ddJ.e Aidriatic, as a periodic wave phenomenon whose 
period extends over a year's time, since the summer sea level (caused by the 
distnibwtion of density) is higher in the no11thern tha:n. in the middle Adriatic, 
while the winter leveil is higher in the middile than in the s01Uthern Adri-ati.c. 
These changes in sea level are in co,n,nexforn with the described system od 
currents in the Middle Adiriati:c. There is a f.low from ithe midd'le to the north ern 
Ad!l'iatic (NW-direotion) in winter, when .the sea level in the latter is lower 
than in the formeir; e:x,actly the o.pposite OCCUifS in summer. In the per.iods of 
transition, besiides, occurres the olockwuse swing,ing of di,rection due to Coriohs's 
force. The whole phenomenon is consdde1·ed to be ana!logous to that observed 
in the tide wave where also, i111 the coiu<rse of a tidal cyole, the dli.rection of flow 
in the open sea swings enti:rely a:round the counpass due to Coriolis's force . 

The NE-direcUon is not Tepresented !i.n the sudace layer but •it occurs at a 
depth of 50 metres, while the SW-direction, on rthe cont-rary, is not f01Und at 
that depth but it ~s stroingly marked in the surface layer. Freshw,aiter discha,rge 
from the River Neretva is supposed to be resp0!!1sible for that since the 
dischairge, while fa:vouring ,the SW flow, does not ~How the NW flow to develop. 
Th<is is confirmed iby the observed fact ithat the SW flow is the strongest in the 
s-urface fayer d1Uring iJhe period whein the Neretva reaches its maximum level. 

At a depth of 50 metres, whe1~e the NW direction generally prevalils, the 
annual cycle o.f changes in the direction of i'low is nat ·pronounced. The ,preva
lence of the NW-direction, which represents the ,direction of fiow into the 
Adri:a.:bic, li.s connected with the earlier estabiLished fact that the Mediterranea.n 
advection water is dominant in the layer concenned. This is why that layer is 
charncteir~zed by water of higher sa-hniity. 

Essential changes in the di,rectiion of cunent, occurtng from year to year, 
were observed at a de:pth of 100 meters. Whiile the inward flow (NW) prevailed 
in some of the surveyed yeaTs, the outward flow (SE) was prevalent in one of 
them. This may be im connexion wi1th the eadier observed 1phenomenon of the 
varying extent o,f Mediiterranean advection in the Adriatic illus1Jrated by the 
fluotuation of saJinity va[ues of Adrirntic waters. lt was thus observed that an 
inward How occur,red in the years wii.h a higher average sahnity in the Middle 
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Adriatic, while an outward :filow followed in the years with a lower average 
salinity. The 1interdependence of these two rphern.wnena !is of a great importance, 
and Iurther investigations shou.1d be undertaken in this diJ'ection. 
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REŽIM STRUJANJA NA KJONTROLNOJ BOSTAJI 
U SREDNJEM JADRANU 

Mir•a Zo•re-Armanda 
Institut za oceanografiju i ribarstvo, Split 

KRATAK SADRŽAJ 

Na postaji St-Oinaica vršeno je direktno m,ierenje ,;;tiJ.,uja u raz;doblju od 
1959-1964. god. u četiri godišnja doba na 3 dU1bine. 

U pov,ršinsikom siloju smjer struje u toku godli,ne mijenja se tako da obiđe 
cijeli ka,ug u smje.nu kazaljke na satu. Pri tom je zimi shematski smjer struje 
NW, u proljeće N, u ljeto 1SE, a u jesen SW. OvaQcav raspo.red smjerova ipove
zan je sa rasipo;redom ,gustoće vode u J.aidranu u razliičit~m sez;o111ama. Zimi se 
u sjevernom Jadran,u nalazi najgušća voda, a 1jeti :najrj,eđa. 6 .tri u vezi je i 
pojava da se zli.mi u s.jev,ea:nom Jada:-anu rna:la:zi minimum diniaunmih dubina, 
a ljeti maiksimum. Promjene inivoa mora u sjevernom ru adnos:u 1t1a s1·0drnj1 
Ja,dran mogu se shvartiiti kao jedna vai1na ,pojava s:a periodom od godine dana, 
jer je ljeti lllivo moca (,uzrokovan rasporedom :gustoće) u sjevermom Jadrnnu 
viši n ego u srednjem, a zimi je ,u lsre.dn'jem Jadi-anu viši nego u sjevernom. Ova
kove promjene niivaa 1porvnš'ine mora poveza111e s,u sa režimom strujanja u sred
.njem Jaidranu . U raz<lolblju kada je nivo mora u sjevernom Jadranu niži, 
strujanje se odv,ija od srednjeg prema sjevernom Ja,d:ranu (smjer NW), a ljeti 
je obrnuto. Osim toga u 1Preilarznim se-zomama smjer strujanja se zaokreće u 
smje[·u kiazaljke na satiu pod 'Uipl:iiv,orn Coridliisove s He. Cijela pojava je shvaćena 
kao analogna pojava u ;p!rinom valu, gdj,e se također u toku jednog ciklusa 
plime i O'seke !Smjer 1stnuje na otvorenom mol'U olkrene u cijelom. krugu u 
smjeru ikJazaljke na satu ,pod uplitvom Coirioliisove sile. 

Na powštni nije zastuiplj,en smjer NE, a na 50 m dubine se pojavljuje, dok 
se obrinuto na toj drubini ne ;pojavljuje smj-er SW, a na rpovršim je vrlo istaknut. 
Pretpo.':>tavljeno je, da je za 1:alk1av odnos odgova-ran dot.ok vode II'ijeke Neretve, 
koji ne dozvoljava da ise n1a [P<JfVTŠini rnzvije NE strujanje, a p{)(tn,aŽ-e strujanje 
SW smjera. To j,e potwđeno mn:jenrl.oom, da je SW sti,uj.anje ina površinii naj
razvijenije u r~doiblju lkiada rijeka Nffetva ima maksima'l!Il!i. v,oidostaj. 

Na 50 m dUJbilne nije istaknut godišnji ciklus promjena !U smjeru strujanja, 
nego oipćenito prevladava smjer NW. Prevladavanje orvo,g smjera, koj.i pred
stavlja smjer ulazne struje u Jadran p-ovez.atno je sa ra!Iliije 'l.~tvirđ2nom činjeni
com, da u tom siloju IPrev]adavĐ. advekcijra vode iz Mediterana. Zato je oipćenito 

taj sloj karakteriz~ran vodom višeg :sahniteta. 
Na 100 m dubine je qpaž~na ipojava, da .se smjer stPuje bitno mijenja u 

različit'im go,dlinama. Taiko u nekim godill1aima prevladava ulazna struja (NW), 
a u jeoooj godin.i izlazna -(SE). Ovo je 1povezano s ranije uočenom pojavom o 
nejednakom obimu advelkcije mediteranske vode u Jad1rain, što se očitovalo u 
fluktuacijama salimiteta jadmnske vode. Tako se u godinama, kada je srednji 
saliini-tet u sred111jem Jadranu viš:i, :pojavljuje ;ulaz.na struja, a u godini k ada je 
srednjii salinitet niži, pojavljuje se i~laz,na sti:,uja. Po1Veziva111je orve dvije pojave 
cd velikog je z1mčenja, pa bi istrnživainja u tom smj,e1'u svakako trebalo 
·nastaviti. 


