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Se)DIARL - It is a IIi{\esprclH\ lwlipf of ('x]H'r!s that the H'asons or 
tlu.' incl'ensc(1 frc(l1Hmey of "hi~h waters" in thc r,agoon of Yeniee are limited 
to tlw g-ra(]ual ~inking of thc arca (in eonncetion "ith (liSOI'IIel'ly nl](1er. 
gronl](1 extractions of wnt.cl') alH\ to bl'lH1iscism of !lw "Test eonst or thc 
Hig-h Adriatie Sea. 

Aetllally, thc ]Iigh A{Iria t k is e)lyoln'.(] in a pro('es~ of slow filling
cansc(1 by !lw cnormous amonnt of el'osion prolIllds (]l':lgge(1 into it lly 
icnH of rivers Ilo"ing- into it. This matcrial l'eae!ws cxeeptionnl proportions 
in 1100d 1)('riods, ('~]Hl{'ially of the 1'0 Rivc!". Thc l'l'snlting rni~c or the sea 
hottolll exccelIs on the "hole thc effed of eustatism and hn)(lispislll. Tllll~, 

the h.)'(1n)(1ynamir balanrc or ihe Gnlf of Veniee is snhjectpd to ('ontinllolls 
ehang!'s, whkh means .that hy rontinnons, verr slow thinning ollt of thc 
water thirknrss iho watCI' i8 hOlll](! (the othcj' cOlHlitions remaining \In· 
val'ielI) to incrcase slold~T !he amplit'\H1e of its frpp, fOl'rc(! 01' ])l'ogrcssil'c 
movcments alH! to increase slo11"I.)', 1mt progressively thc period of ils fl'ee 
oseillations. '!'his lattCl' asperi is partieularlr intriglling- ii 0lH' ronsidprs 
!hat thc fl'ee 08eillat,ions of allOnt 11.; houl's ami 23 honrs tend, cxtTc\lIel~T 
I\lowly ihough , to roincidc "ith ihe rhythm or thc hnlf.IIaily an(1 (]aily thlcs 
al](1 tllllS ae{'cntnatp thc l'csonanec efieet in tlu.' roursc of limc. 

lt was fonna that heginning- 11"ith ]\}40 the earth'~ mcan ail' t('mpcrniurc, 
"hkh wns sligh!ly l'ising sime ISSO, inl'ertea its telH!CHry. In spitc of 
redlleing thc custa!ir eifecis, the temp!'raiul'e re{1\1dion gaY(' rise to a pro· 
g-rpssil'(' inrreasl'. of preripita!ions wllÌrh Ic(\ io an ,l{'('ent nation {lf Ihe ef · 
fieiene:r of n:ltl1rnl eaIlS('~ gOl'crning the high l'lIlcrs. Last h\lt not least 
of the latteI' is ihc "lightening-" or thc sea (\ue to l'e{1nee{1 salinity, aeeOIIi' 
panie{! hy 11 {1C'crease of {1ensity, or molecnlar yiscosity alHl of snJ'faee trn· 
sion. It is rcsponsibk of isost,atk d'ferts, of easing and strcng!lwning or sen 
motions due to rcsonanrc phenomena. 

In an~T easc, thcl'e is ('vi{!cnrc that the ehicf l'eason of high water~ in 
t he Glllf of Ycniec mnst bc SOIlg-ht in Ihe pa~sagc of 1011' prcsslll'e l.oncs from 
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tll(' 0lll'n Rl'a towal'd the shol'e, The ('onsequellt swelling or 11l(' f;('1\ prnl'eeds 
alonI; th(' sloped sea hOtlolll, rcachcs thc rcgonane(' point (whidl 1lI!l)' oncll 
ha]I]ICn in thc High AIITi!ltk) wh(']'(', it is ('onshle)'al,ly intcngific(l, gOmetilll('R 
hy sevpl'ul lmits ovel' the st!ltil' effec1, !lIHl this illerl'agC alliplit1H1r !r!llis 
up to thc tU!lst. Thc cf1icipne)' of t.hiH IlIp('huniSIll i~ the stronger thc Icgs 
in('lincd is t.hc Sl'a hOttOlll, Th('rdore, as a l'ons(''juencc of Uw sillking of 
thc ",Ycstpl'n jlUl't of thc Gulf or \Tcniee, tu a particular cxll'nt in thc Ilelt!l 
al'('a, thc infiuencc of t.hi~ plll:llollll'non on thl' high Wllt('l'S hllS hcen gr[\(lually 
incrcasing Rinc(' [fii; [, 

It is ]ll'oycd that the High Adriatie (01' llllrtS of it) lIlay h('I'OIiIO cxtrc· 
mely scnsit.ivc t.o Rt],(~RgI'H eaUSPR hy I)]'('ssul'e v!ll'i!ltions passing ovcr Uw 
arca, HllIl tlwt l'csonunp(' phenolllena lIIay hc pl'O,luecI] hy llcriol]iI'ul ('on· 
f!ucn('('s as 1\"C'1l as hy kinctie eoincil]eneI'S. In ,my eypnt , tllc 1)]'C881.11'(' I·aria· 
tions Illllgt Il}' inl' h(' l'onsil\cl'('d t h(' llloSt eJ!i('ien[, ('nusc of high Ivaterg 
in the V('netian l!lguuns, 

Contral'y t.o a wil\egpreal] helil'f, thp wind h<18 Il<> dckl'lllining wcig-ht 
in the fOl'mation of high w!ltel's; its inÌ('ryention nl\\ays eUllRtit.utl's !l RI'
POIl<lnl'y cause, 

Tlw scardl of rCllwl!iI'S to RUVC Vpnil'e is, of pOUl'se, not Ivithin t.hc 
Rcolii' of thi~ writinl;, It is lII('rely elllplwsizc,l that. tilc aggm"!ltion of thc 
sihwtion is linkcd, ag ahovc rl'callell, to fUl'lhpl' llossih!r sinkings of thc 
II!Hll'rgl'OUillllu:yI'I'H. In !l pl'e\"iolls WOI'\;: [ lIlentioned tlw silililarl,v alnl'llling 
sHuation of ",Yihllingto]1 (Long Hcaeh) whcrc tlw IDeai hURe of the I.~S Na,,)' 
- as U conscqucncc of oil cxtraetions h"01li th(' ne!ll'hy JìPhl of Long Be!ll'h -
ha,l suhsilll'd to SUl'h an extcnt tlwt in 1959 Uw Ilharig ha,l allllOst sunk 
IlI'low sea. leve!. Thc illtcrvcnt.ion 1ll'ovil]plI hy t]lI' int!'ol]ul'tion of l!ll'gt, 
ullluunts of watcr into tllP sllhsoil of the entirc area that hllll hel'n all'cdcd, 
Ilas llOt onl)' alile to !llTest the nlal'llling plwnolllella, hut SIICCCCIII'I] C"Pll 
in raisinl; !lgain thc cxt.erllalRurfaee to Hs origin!ll !rvpl rdCl'l'plI to the se!l, 
An ucumtcly pr{'Jlal'CII ul'tion of un(\el'g-I'ollllli prcssl\l'jllation of thc Lagoon 
al'ca shuul<! no1 fai I tu al'ilicvc equally apprl'ciahlc rl'sults fur Vcnicc. 

1. - "HIGH WATElt" IK A RMHN OF CO:KSTANT COè'lFIGl'lL\TIOX. 

l,et us sUIllloHe that tlw m0l1)hoIogicaI feaLures of the Sorthel'l1 
Adriatie Sea Imye remained uuehanged during the Ila,st century, fu 
this aSHUlll}ltion - and apart from the astronomica,] tide considerecl 
equally unchangml as it lms taken Illacc duriug tllll }lllriod in 'lullstion -
which are the caUM,S responsible for the high waLer obseryed in the 
Vllnetian Iagoons~ Obviollsly, the causes are to be seeked in the inter
actiollH ocelllTing between the atlllosphere a,nd the hydrosphere. From 
time Lo Lime my attention haH becu rl'llea1:(l{Uy attraeted by thOSll 
phenomena, I haYll summed up their funclamcuLal aspects in a stmIy 
wl'itten in 19G3 to whieh the reaùer is refened (I). 
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Herc I wish to 1111derlinc that watl'r mOTeml'llt~ oI CXCPI1t iOl1al 
size have always bCl'l1 lil1ked to reSOnalH'C vhellomena, arisin,g durin,g 
t.he IHolJa,gatioll oI 1ll000C 01' less vast. pert.urbatiol1s of 11le atmospheric 
press11rc above tile undcrlring water basino 'l'hc prinl'ipal l'Pa,SOIlS of 
l'Psonanee a·re two: the propa,gation TelOI:it~, af the atmospherie }wrt.lIl'
bation ,,-hich tends towanl the velocitr of free waves oI the sea aTeI' 
whicil it passes, al1d t.he bearillg period of thc pressurl' yariation telld
illg to eoineillc with tlle period 1)l'oJler to a Irec o,~l'ilhltioll of 11le UI1-

derly-illg' basino 
'l'hl' lirst reaSOll explaiml, Ior imltal1cP, the Tariatiol1 of the water 

level in t1le GuU oI Trieste, amI hence, the Irl'c tmllSYl'rsal (JS('illatioll 
of the High .Adria1:.ic 8m1. I ha-ye dealt ,,-ith this subjeet repeat.edly, 
so tlw.t it ,yill he s11Hil'il'llt to rN'aH 1:.lle formula, w1lich summa,rizes 
tlw C011rse of tlw Vlwnomcllon. "\VIWll eOllsidpring a l'anni whidl is 
dOfWd at tlw cxtrl'ml' x = O and extclHIH inllcfmitdy in t.Iw llirl'ction 
oI posit.ive x's, t1le vertical movemellt is Iouml to be subjeet t.o t1le 
reJa.tioll 

( 
l !. F (t - xfv) 

, 
-- F (t -x/t) , 

wherc v inrli(·ates the perturbation velodty, c the yP}oei1:.r of the frce 
sea waves and P any funefiOll of its arglll11cnt.~. In the case aI the 
GuU oI 'l'deste tlw free oseillatioll ta-kes plu.cc Jlrovidpd that tlw Ilel'
turbinA' cause 11rOIJll.,gatl'S Irom "\Yest. to East, 110rmal to tile bottom 
of the (l11lf (2). 

Conccl'lling the secOll(1 cOlldition or rl'soni\-l1ce, it may be verifwd 
il1 lllllony instan(·es. Hcducl'd to its simvll',~t cxprcssioll, the theor.y 
may be summarizcd in thc Iollowillg formula: 

tJ = h 111 I '" \ --::;-"":ec, , cos 7,' (x - rt) - - , - ":" - Sill k (l + t· /). 
(!C~ (m" 1) Slll:2 kun 

("os km (.v -l) + sin k (l - vI) cos km (x + l) Il ' 
,,-hl're 7/ njI1rcscnt.~ the vert ieal movemcnt., c the lll'opa,gation vclority 
of a long wave, f} the dem1itr, v tlle vcloci1:.~- oI thc perturbing adioll 
represented by 

jJ o = ilI cos k(x - vt), 
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where J[ ii! a gCIH'rally smilll figll\'('. 'l'he (·ondit.ions at the limiti> are 
rellresented b~' all horizoIltaI movemeIlt Cll'mI t.o zero for x = ± l 
with the lengt.h oI the e]osed basin being ~l. ""ith slight vilriatiolls 
the rdHf.ioll is valid for the 0llen basin, too. Be.~ides, h is I;he mettI l 
dellth of t.he b asiIl, and 111- = 1J!C. 

In a Jìrflt approximatioll we may comi de!' 

c = r gli. , Ti = 
4 , 

Ior i 1, 2, 
i J gh 

COlltrary to 'what might appeal', in thii! ease 1) aoes IlOt tella 1;0-
wanl the inlìnite forv = c, whereas the re80nalH'e existfl whell 
sin '2klrn"'" O. II !I is all elltire, aml provided 2 klrn = !In, one ha.~ 

:.r.", 
!..-, where T . is the period oI the pert.urbing Iorce ("'). , 

This elmnental'y f.heol'y alluwed me to ex:pIain the genesis of t.lle 
iIltel'llal wayes of t·lle Lake of Bnwci!tIlO C') aml of t.he JJake oI Garda (~), 
the forllla tioll of the free oseilla1iollS (l!Ilillodal, binodal ... ) in the 
JJake oI Cal(lonazzo ("), as well as the i!ea i!t.orIllH ill the lI arboul' oI 
Civitavecchia (7a). 

Thel'e is no doubt that. we haye here one oI the perturbing reaSOIlS 
bringing aboliI; the high wat.er leyels of the Ymlet.ian Iagoons, every 
time the inl;eradioll bel;weell air alld wat.er is able to excit.e the Iree 
oscillations oI the IIiRh Aariatic or of the eIltire ~\(1riat ie Sea. 

How Illay be explaine(l, t.hen, the aIanningIy increasing Irequencr 
of high water ill t.he Yenet.ian lagoons aml pal'l;icnlarly at. Yenice! 
Supposing that mor]lhoIogically llothiIlg has elutIlged in the Adriatie, 
lleither the bottom noI' the water levcl, a ehange in thc w('Hlh('r ('Oll' 
aitioIlS Illust be presumed to 'which the said phenomena are eonneeted . 
.Although thif! hypolhesis does not. H1lpear venturous - as will be 
seen - it is not my task to prove whethcr il is yalid or Iloti who has 
more iIlformatioil avaih.ble than I, has possibIy 8Omel;hiIlg lo i!ay wi/h 
regard to this. 

(-}For P;Ulfi;, bays, OpCll seas J) "'" 
h N 

!! c' (m' - l) 
I cos k(x - d} -

m~illk( l -vl) 

sin 2 Id1ll. ; cos k1n(;~ + l} - COi; km (;( - l)~ l 
wlwrcJ! = n for x = () (month of OJl('1l ha~ill, or ]cllglh l). Besi(!es, 

1'.2i- l 
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But, has t,hc High Adriatie remained mOl'phologieally tlw ~ame 
during t,lle last deealles ~ 

2. - )IoHPnOLOGlCAL CHA:\"GES 01' Tllli HIGH AmuATIC SEA. 

Stridly speaking, no water lmsin, howe'ler Iarge it lllar bc, main 
tain~ its IOl'm une1JH.nged: variaLiollS of level, ailvaneelllents of ~hores 
due to progressive sand deposits, wiLhdl'lnvaIs oI shores due to erosions, 
changes oI the hoLt{)ln {lue to rivcr delJosits et.c. arc faetOl'~ eapahle 
oI modifyiug cout,inllou~ly the fOl'lll oI a ba~iu alHl the wat,er ·volumc. 

'l'he changes oI Lhis killil are negligible cnn! oyer Ionger t,ime 
veriods, as far as the Ucea,ns are eoncerlHH1, lmt not. in ca,'!cs of inlam] 
seas. They may even take pIace rM,her ralJillly wit.h small, dosed ba,sillS. 

Amoug the inlalHl scas the AIlriatie, and particularly Lhc High 
Adria.t.ic, is certHinly among the most sllhjcetl'd t.o changes of this 
kind. 

Th()J'() i~ 110 Ilo uht t,hat sLill in t.he fil'st eenturies a.C'. the Adria.t.ie 
reaehelL much IarLhcr than lJrCscntly in Lo Lhc Po Ya1ky am] oeeupied 
alI the line bcLween Ravenna, amI Aquileia, and that se·vcral ccnL1l1'ies 
bermc Christ, it, extC1Hled t,o brge pmts of t,he t,e1'1'it.ol'ies including 
Ill'eSent1y the area IHOUIIIl Fel'l'ara, thc 10wer lJlaius nelH l--'w:Jova, 
the Iow1amls al'ollmI the Po Estllary and other Vcnetian region~. 

Ravcnna with its outstanding harboul' in t,he Roman period, a,s well 
as Adria, the tmvll whieh ga:ve it.s name Lo the entirc sea bonlel'ing it., 
ar() Lodar sit.uat~)ll a long way inland. 

At t.hc samc t,imc a progressive subsidenee of the undergrollnd 
took lJlaee, lH"utly due to a solidifteation of t.he soH amImuIllly s1l1'faee 
Iayer, and part.ly to a ~low flcx.ioll of t,he bOttOlll oI the Po-Adl'iaLic 
Iliteh. This explnins how such towns a~ Spina, ]~l'ill·lea, .Alt.illo and 
ot.hcr.'! were gradually swa.11mve{1 up anll eovered by mutI amI reedy 
mal'shes. 

The piling up of dehl'is and earth by t,1l() ri1'crs amI t.lle subsideuee 
oI t.hc umlel'gl'oll1HI were the ehief re<l,~OUS of so nmny radieal ehanges 
iII the VencLian - ro estuary r()gion in the e01l1'~e of eenturies (~). 

Genern.11y, e1'en today it. is the earLh whieh defeaL~ the sea: t.he 
~low work of Llw same foree~ whie11 gradually huilL uv t11e Po Valley 
eontinues indefatigably. '[,he sand aml clar, the mud ea1'1'ied by the 
ri1'ers t.o t.heir mout.hs and pushelL on into the sea ()"vcnt,ually pile up 
on the botLom, filI iu the deeplll' parts aml contribute to the formatioll 
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of a Iayer gently falling oH tmntnl t.he open sea a·mI sIowly mising 
the sea hottmn. 

Even if Olle Ieaves apart the va,riatiollS oI the shore, whieh an1 
strongest in the arca, oI the Po Delta" the bottom oI the High Atlriatie 
Sea is thus subjeeted to eontinuous changes due to the turbidity of 
the rivers, The latteI' reneh the order of 370,UUOOUU tons l)er year 
in the case of t.he ,Adige Bivel', at Boara Pisa·Ili Ilear it.s mouth, as 
tleducte<1 Irom thc mean a.mmal turbiometl'ical data Ior the 1D57-

1963 l'eriod ('), Jf one consideJ'S the Illunerous l'ivers flm\·ing into 
the High AIlriatie, the largcst of which, hut hy far Ilot a.II, are t.he 
ISOIlZO, thc 'l'agliall1ent{), the I~ivcIlza" thc Piave, the Brenta, t.he 
Adige, the Po, thc Reno. one is rea,dily a,nll'e of thc eIlOr1l10US 
amount. of materia.I which is continuously unloadetl iIltO this strcteh 
of sea·, 'l'he affiux takes sometimes giga.ntic 1l!'011ortions during 1l00ds 
allll ovml1ows of l'ivers ncal' their moutllfl, and chiefly of the Po. 

The thlml1ing oI turbi<1 material by means of rivers COllcerns 
without doubt, a.s far a,s the iìner eomponents aTe consitleretl, the 
entire High lHlriatic Sea, Obviously, an exact al)l)l'aisal of the chaIlges 
taking 1)laee 011 the hottom of the High Adriatic in the COUl'se oI timc 
is IlOt an easy maUer. H woul<1 require depeIltlahle hathymetrical 
chart~ obta.illCd through frequcnt and thorough measuring eaIIllmigns. 
Unfortunately, t.his requirement is met only to a very limited extent. 

Anywa.y, the ol'del' of magnit.ude of majol' va·1'iations may he 
ohtainctl from eompa1'Ìsons of Imt.hymetriea.I chaI't,~ executed after 
mea.surell1ents ma,de in tlilIerent pcriod~. To this cllcct, fìgure 7 is 
refelTed to cOIIllmrisons bet,,·een dcvelolHnents of the sea bottoll1 ill 
Uu'ec dilTel'eIlt directions, as eXl)1'essed hy hathymetl'ical clw.rts of 
the l)criotl 1807-18'73 (8) allll of the :rear 1SDO (192S) (9). Jt ,,·ill bc 
not.ed that in all threc eascs examincd thc bottom showe<1 deci<1etlly 
a raising tendeney, 'l'his al'l'lics as well to coml'arisons in other direc· 
tions whieh woultl he too IeIlgthy to rel)Ort here ("'), Of coursc, the 
1'esult~ are onlr of an iIltlieative Ilature a·1111 roughly >11)I)1'Oxinmtive, 
hut t.hey are suftìcicnt to givc evitlence of a l)rogressive, low rise of 
the High Adl'iatic sea bottom as a eOllScquence of t.he hugc amount 

(*) No cuml'arÌ>lulls with more reecnt lmthymctrics havc been made 
sillcc Ihese \\"ere enttn"ed in ehart,s of rathcr rC'llueed scales, alld siace the 
rCSlllts are gather!'d in isobuth Iiaes raUlCr than being registered l'0illt after 
poillt as in C'adicr timcs, 'l'he hathymetrieal exploratiollR reecntly marle 
for C.N.R. ia the High Adriatie (lO) will be vaillubk for future compuriSOllS, 



01\ 'f il E CAUS};S OF. IIiG I w .. \T}:n . I~ TIIE ~OHTUEl{~ AlllUATIC 2..\! 

oI matcrial of erosion ealTied forw:lnl frOlll the .\ll)S and the ~\l)l)ennine 
by t.he rivers Ilowing int.o it. 

\Ye sha.ll revcrt to this subject. 
Tt will be Iwlpful to C'over 110W Home hydl'OllinamicaI aH}J('('ts. 

3. - 0:-.' BHEE A:\"D BOHCED OSCILLA'l'lO"1\::; OF A RARI:\" S1"llJEC'l' 'l'O 'l'lDE. 

3.1. General. 

Jt. if! kllown tImt a water ba.'lill, cit.hcl' closed or 0l)Cll, may }Jresent 
two ty})CS of oscillatiollS proper (or frce) Ol1es and forC'ed Olles. The 
pCl'iod oI ln'ol)er oseiIbt.iollS delJends on the cOllfiguratioll of thc ba.<;i11; 
thc periOll of t.he forced oscilbtiolls coincides 'with that oI the per· 
t.urbing force a.nd is therefol'e independent from the basin'H geometrical 
featnres. 

If .T is thc ki11etic cncrgy of a mecha11ical flyStl'lll, made up by 
a certai11 amount of material l)oints, with a finite nnmber Il of degrees 
of frecdoill, whosc sit.uation may be defincd by 1/ pammetres '11, 'l ~ . . . 'ln, 

.., Ùfl. 1·1 U t tI ,. l l l lt q = --0-'. alH l represen ,s le poten,l[\. energy (ne to t le 
r (/, 

int.ernal forecs, the equatiollS of Lagrange, eoncerning the motion of 
the syf!tem, will be: 

" d, 
dT 
d'l', 

where Q, repreflellt the external forccf!. 

(r = 1, :3, ... 1/) [Il 

The ext.ention to the l)robIem.<; of the tides is obtai11ed by re})Iacillg 
the Unite f!UlnS by int.egra.ls. 

Equations [ll are valid onIy for abf!olnte motions. Considerillg 
thc rot.a.t.io11 of the Earth, a relative motioll of thc scas Iollowfl. II 
'10 (*) ill(licatcs the actnal orielltation of t.hc flystem in the a,bsolutc 

s})ace (J!.? cl U = o), by thc laC'k of cxternal ('onpIes tending 
d'lo d'lo 

(*) If olle SUI)llOSeS three mohile axes invaria],Jy llOund tlle soli,1 eartll 
ancl three fixel[ axes, aneI roinciding- tlie axes :;: in tlie two systcms, qo "ili 
represent the angle oI mohile axes wit.h fixel! axes; alH! the other coordinates 
qr ilH!icate t.he relative position oC the syst.em rcfe)"!"!'l! to the Illo\)ik axes. 

" 
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to vary the Earth's rotation (Qo = O), the equation of Lagmllge for 
rl d'I' dT 

thc parametcl' Il,, is maucca /'0 --~~ = O ,!,Ila henee -- - 11 
1ft dqo" dqo - . o, 

where 710 is a eOllsi-ani.. )Iade 

11 = l' - U - po qo' 

onc finds thc equations of Lagrange bCCOlllillg (") 

ti dlI 

dt dqr' 
dE , ~ 'I, 
"'lr 

(l' ~ 1, 2, ... 11) 

l'hc equatiolls of hlgmnge Illaintain, therefore, the same fOl'm 
whcn onc cOllHiacrs thc halanee on the relative moi.ioll. 

SI1Uly of the free o.~cmations. 

When the external forces a·re zero (Qr = O), thc equation of Lfl.
grange for the parameter ql: bccomes 

" dt 

Here we lmve li linear equa.tions with consta.nt coefficicnts. 

[3] 

'Vc cx})ress ihe various elements of H depencling on the mcchanipal 
pro})crties of t.hc system. We have 

", T = r, - (x'~ + y'2 + Z'2) + qo' "'5"' .. m (xy' - yx') 
2 

where m represellts the nmss of a nmterial poillt of eoordinates x, 
y, z referrerl to ihc frcc axes, fl.1Hl i.hc fl.})CXCS si-alla for derivat.ives 
agfl.illHt i.ime. If T' eX}H'esscs the lmlf killctic cncrgy of thc systcm 
in its relative moti 011, Jl[ thc a.ngular momentum and J the relative 
moment of inerti a, we may write 

T -T'+"'~I~q" J . - ~(o~', . o 2 ' 

FurtllCrmore 

tlT 
po = 

dq.' 
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so t.hat, 

H='1"-C--

Consid(l]'illg tlw funaliIwss of Cool'(lillatGs al](1 of Ydo('ities, SO tlmt 
ali t.he t,erms above tlle :!IHl ~legl'ec may be negleet.ed, plot.ting agaiw;t. 
q', we havG 

l l z = 1" - -- II. 
:::: J 

]io ..lI 
J 

-u-

'l'lwreforc, by cmphasizing the varioui! part.i! of Il. equations [31 

become 

Il dH, 

di dqk' 

Binee I1~ is a. polYllomial of ilw 2nd degree in q", 

assume t.he fOl'm 
!lHo L a,1;" q:, hOln wllieh a,~" 

1,,1Iere ad: are const,ant,~. 

[-IJ 

dII: 
L. , 

will 
"'l l ' 

d~ Il : 

It. is pl'oved (Voinear(\, Le., p. 1~) tlmt" sinee II, is a polynomial 
oi tlle 1st degl'ee in q an([ in q', after 

it follows: 

" ,II 

d 2Il1 d" H, 
rlq, dq1;' - ~jq,.' dqk 

\Vhile, being Ilo a polynomial of tlw :!IH1 degreG in q, after 

tlwn 
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Therefore, thc equations uf Jjcgmnge [4J tf1ke thc form 

~ (a r .," q," + Url:' qr' + arl: q,) = O. 

\Ve have n linea!' cquatiuns with eOllstant coeHiciellts, whose 
systcm ma)' be illtegratctl by putting 

whel'c }. amI Q, are !letel'rrllned so that the equa,tions are sa,tisfietl. 
By sllbstit.utiun thc latteI' become then 

or, a,fter 

'Ve ha,ve n homogclleous linear cquatiuns in n + l unkllOWll 
va,lues, al, Q2 .•• a", A. Thc pl'oblem is possiblc if thc tletel'minallt 
of thc said equations is zero: 

~ (A) ~ O. l6] 

011 the othel' hantl, it is pl'ovecl that Ll (A) = il (- À). Therefore, 
equation [6] has 8qlla.1 l'uot.s two by two, of apposite sign. 

In thc ca.<;c of stable eqllilibl'ium, of intel'est to ns, thcse l'Gots 
(Poincaré, Le., p. 14) are purely imaginal'Y: 

À - ip, 

being I~ real. Thel'efol'e, there are 2n particula.r solutions whieh 
sutisfy the equations of Lagrange and corrcspon!l to thc 2n muts 
of equllotion [6J. 'L'hey eonstitute the harmonic solutions ils Qwn 
of the system, periodical funetiuns of time, propOl'tiollal to an ima,
gina.ry exponentia.L 

Il 
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Bach of t,he system's C011l1)lcx harmonic natural oscillat.ions will be 
given by tllB n v alues 

of lmrameteres q. 
Sincc tllc diffel'ent.ial cquations are linear amI llavc mal codficient.s, 

t,he real lJart. amI tlle imaginary part of tlle comlllex solulions will 
sat.i8fy tlle problem 8elJarat.elr. Tllm, to each C011l1)lex solution 001'
r(lSllOml two real solutions 

q, = eT cos (ftt + (l)T) 

qT - e, sin (p.t + (I),). 
These are /he natu1"al-free-harmonic rea l oscilla/io!!/I of the s.1lstem. 

By combining tlle 2n lmrticular solutions of the diITerential equat.ions 
we oht.a,in the problem's gencra.l solution. 

The periocl of a free osciIlation, corresponding to t,he value of f.1., 
2 n 2 n . 

is given by = - ,- l. The equation in A cIefìnes, therefore, the 
~ ,. 

periods of t,he free oscillations. 
\VB are determining now I] T and (I)" viz. a,. 
If wc indicate by Dr~ t.he minors of t,ho cletorminant ,1(/.), wc 

have 

1<'rom the theory of homogeneous linear equat.ions follo-ws 

The minors are COml)lex quant.ities completely detennined, once i. 
is known. This allows to cletermine a,. 

3.3. Sh~dy of /he f01'cerl 08cillatiolls. 

\Vith the act.ion of non zero extel'nal forces, the term {Jr of the 
Lagrange oquat.ion, eoncerning the l)m'ametor q" t.akes the form 

{Jr = ~ J[rh ei'ht 

where t.he eXllOnential factol'S are harmonic function8 of time. 
\Ve are now considering t.he comlllex component.s of tlw pert.urhing 

force. Eadl of Owm /ViU briny about an i/lochronal forced oscillation with 
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Ihe !1(/1!H! lH!rior/; and when a.1I COml)lments fl,t the s,une time \\"ill H·et. 
IheresuUiny 081'illationwill be Iho stWI oi IllO 08òllaliOli8 clw8ed bN clwh 

oi Ihem, dtu lo Ihe llrinàplr 01 ovotlajJjJilly oi Iho 8lnall J/lOverne?118. 

So we examine onl.\" OIW of them. \Ye put 

'l'o t.his pel"Ìllrbing farce roneflVOlllls a fOl"eml oM~illat.ion 

In that eafle Uw Ln,gnl.nge equations berorne 

cl 

di 

dII 
dqJ: 

(k = 1, 2, ... 11) 

f7J 

[81 

By distingui.~hing Lhe tltree var1s oI II alre:uly cOII,~iael"ml in t.he 
pl'eviou~ pH.mgraph, eqllations [8J beeome 

witll k aJl(l r Yfl.l"ying horn 1 10 11. 
For equfl,Uon [7J, aJl(l by l"w~n.lling [5J we hH·ve t.he set. of equfl,

t.ions 

Sinre }, is given, t.he Cr t al'e known COnstfl-lltS. 
Earh oI thesl' nqllatioIls indwles the Il UIlknOWIl vH1ues ,<;,.;11 is 

the nllmber aI the eqlmtiollH. IJike eq~. [5J, they arn of Lhe n1'8t degree, 
IlO lTlOl'" hornogeneous but with fl. seeond member. The}' \\"ill be ,~oh,,,a, 
therefom, by 1Ite Kramer JndhOll. fn eadl ,~olutioIl at denomilmtor 
shfl,ll allpear the lleterminanL wiLh Cr~ eonfficiellL,~ of Ullknown tenns 
fOl'Jned, whilst at. lllllllC'rator fllta.ll be the 

C'l' C'l!' Cn, are l'elllared by Il,, 11". 
L E" D,h (A)]. 

Rame dnt"l"rnirmIlt. whm'e 
]{", respectivcly [that. is 

A particlliar HOlu1ion of the Vl"obImn of fOl"l.'nll osciIla.t.ions is given, 
1hernfol'e, by t.he n vailles 

:E E" D,h (..1.) 

~ li·) 
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3A. Comparìson bet'/!;ecn forceri ami free osciflntiOJliI. 

'l'he qllantity f, i~ a mtional Iunction which can be dividt,a into 
simllie elemellts. 

II we ilJ(lien,t.e by }'I Olle of the 2n roots oI equation LI (J.) = O, 
wc have StWll t.ltn,t. t.he correspolJ(lillg III'Olwr oscillation is givell hy 
the vn.lue~ of ]l:ìommet.res 

where j varies from 1 to :2n and r Irom 1 t~/l. 

'l'hese q-y' l.lnes are SOIUtiOIlS oI t.he homogeneous diHenmtial 
equatiollS where q, =--= f, Cl.! is a lmrticular solutioll of the same 
equatiollS wit.h a second memh('l'. 

The l)roblem of the forel'a oseillat.ions will thereIore be solyed 
by adding to the lIarLieular solution any solution oI the homogelleous 
equations, ill oLher wonls an its own solutioll. 'l'he mots of the denomi-
nator, }, = }'I) are t.lte ones which de1ìlle tlw jwriO(b of 

oI the systemj to eaeh of such ruot.s corres}londs a term 

free oscilla tions 
L IC, D,,, (!"I 
(J. i. l ) J' ()'I) 

(11 = 1, 2, 'II). By summillg with reSI/t'et. to j (j = 1, :2 . 2/1) wc get 

" 
"'- ~ lù D,h (}.Il 
L (i. i. l ) J' (i.j) 

it is Ai! thc coniugated im:ìoginan· solntions are S'I = (l'I e-;·J;, 

n,,(.i.I) 
11l"0vetl t.lmt (roincaré, l.c. ]la.f(cs li3-1U-20) t.hc ratio -

(.1.'1 {lhl 
is buIc-

}lcndcnt Irom r and h, so t.hat we mn,y writ.c 

which !emls to 

,,- LL ll." Il! ari Ph i 

i, i' l 

from which t.hc eXl)ressiolls oI q, jmrnmet.res Iollow. By writing qro to 
indicate that t.his soluLion is a pnrtil'lI/ar one of t.he nonhomogeneoui! 

equatiollS. wc get. 

<[," ~ L ( ; l " 
(t'l C . ,.... r !I \ 

... _ - L..Jh .1l.~ Pl Fhl 
). - Al I I 

[9] 

j - I 
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;. and l\- h are given constant.~, sinee rcferred to t,he knmnl l)ertuI'hing 

fOl'ee; }'h!-li, Uri aIH! ,Bhl al'e as '\'ell eonstnnts refeITed to the free oseil
Iation, t,he lWI'io~t of whieh is ~tefine~t by the l'oot AI of equation [6]. 

H is vrove~t (Poineal'l'., /.('., V. ::!O) that, :2 fl~ = - A~ , so that" after 

equation [9] may be wI'iU.en 

,,- . 
) 

l'D Uri, l. ! " O i.t . 
/. - /. , 

[10J 

l<]xeept, one eoeffieient whieh does not del)end on j, the generaI 
term of qro will be Uri o }, ~ . l<]veI'Y tenn eorresponds fo a harmonie 
foreed oseillation. By eompll.l'ing thiil oseillat,ion ,\'ith t,Ile eOlTesllon
ding free oseillation, wc sce that ari iii t,hc ilanw fol' both os('illations, 
heing t,he eXllonential eoefIieient ed foi' thc fonncl' aIH! // ,1 foi' the 
Ill.tt.w. 

Eadl fon'el! oseillation ha,~ thus, in its various l)oints, thc sa,me 
phasc dilIcl'cnee a,<; the eo]']'eSjIOlH!ing harmonie natural oseiIlation 
and a l)l'Ol)OI'tionaI am]llituI!e, but it,s VeI'iol! is ~litfel'ent, fl'om it, numely 
that of the l)erfnrbing foree. 

A very interesting faet is to be undcrline~L Let, Uil suVVose tha.t. 
i. is veI'y Imal' one of the values }'J l)ertaining to thc frcc oilcillationil. 

'l'ho cOI"/'ospolldin,q tcnn iII thc cJ.'pl'cssioll of qr b.'oomell thon prodomi
IWI/t, a./J/l the obsclTod forcei! oscil/ation dincl'lI t·cl'y liUle 'Ici/h l'c[lal'l1 
to tllc pcriotl, thc mtio of amplitur10s (l/Id /lle }Jhllsc dincl'cncc iII 'v/ll'ioUII 
points of OIlC of thc sYlltem's Jwnnonic fl'C8 oscilla/iol/s: anll /his tCl/dcl1cy 
to coil/Dillc is aCCOm1H1llicll /Jy a, noa[lnifiea,tion of the rosullin[l motion. 'l'his 
iII tllo caso of l'CSOllance which /akos placo in cetta,in soa, /lasinll 'n'ith II/J"OJJ[I 

fidc actioll, sueh as in thc Fundy Bay awl ot,hcl' a,l'cas, appl'oachill[l 
to a }JI'OJiCl' JWl'1nollic oscillation of tho basins, 

To which cxtcnt, l!oeS this phenonwllon apply to the High Adriatic 
8ca! And, should it oecul' cvcn in limi t,CI! j)]'opol't,ions, whieh is it,s 
lH'eilcnt telll!cney ! ])0 the morphologieal variations f'ontl'ihutc t{) 

aeeentuatc its c!Icot,iI ! 

4. - Or-; FHEE OSCII.Lo\TIO:\'R OF THE ADRL\TIC SEA A1'\D OF l'AHTS OF IT. 

ft iii several eentnricil that the til!es of the A(lI'ia.t.ie have been 
ObilCI'VCI! '.n~t stlH!ic~t. Giuseppe Toaldo deaIs with subject a,t large 
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in a publication of 1781 (H), aJl([ Val'ticularly in artiele YTTT; "Essa," 
on the ti([e of t1lc AI[ria1:,ic GuU" in whieh hc distinguiHhe8 t.he diUl'lla.I 
tide, the "mestrual" (t1lc monthly) ti([(! alll[ the annual til[e. But 
morc accurat(! research \n1S ([OiW t{)wanl t1lc CJl(l of the last centur,\' 
,md in the bcginning of the prcscnt (l".l~), 

Jt. is t1le lliCl'it of yon Kesslitz 1.0 hayp lH'oycd for t.1Ic first timp 
the pxistence of a natural oseillation of Uw .A([l'iatie Bea whose l)eriol[ 
he estimated to be about 2:) hOlll's. He consil[crcl[ this oseillation the 
Ilninol[al of the entire A([riatie, t.he uninode being f\itua,tcd wlwre 
the Adriatic is linkel[ to t1le Mcditcrl'flnean (whieh \HIS eiTeetivelr 
II1'OVP([ by von Sterncck). Also DeIant (20) acccpted von Ke::;slitr,'s 
conclusions alHl ealeulated Ior the period oi 1:lw Allria1:ie, eomillel'ed 
as a guU oi t1le MCI[itcrmnean, a va.Iue oI :!2A hours, near whic1l 
l'l·m·ehel[ hy yon Kesslitz from hi::; oh~(,I'Yations, 

Von KeHslit.z had also obser1'cd a f\t.ationary wave of a ]leriod of 
about 12 1Iour8. 'l'hiH o::;eillat-ion, very near t1le semidimnal til[e, was 
initially interpreted in a ([iffcl'(!nt wny. J)pfnnt eonsil[ered it, as Il 
fUJl([amental oseillation Ior the Adriatic which hc ('lmccù'PI[ likc a 
lake, ,\,1H1 1Iencl' with t,wo tl'(mghs at the l'xtreme Nort1l and South 
(Channel of Otranto). Othcrs aHl'ilmt.c([ it onl}' 1:{) tlw o::;eillation of 
tlw oven Nort1lel'll Adriatie basin, for which von Stcl'ncck iJl(lieat.c([ 
a pPI'iol[ of 12 hOlU'S, Oddone one of 11.5 hours (21). 

Ilow 1[0 the free oseillations oI the Adl'iatie ol'iginat-p? 
Thc intll.wncp of atmos]lherie }lreSHlll'p variations on dosl'l[ basins 

i::; not limiLcI[ - a::; could he all'eady seen, by thc way - to sta,tic 
action; yer}' oiten it induces dynamic phenomena anll givps rise to 
somctinws consil[emble leyel llifIel'Plw(!s. 'l'hc wind, too, has ,m in· 
l'hwnee on t1le spa Ip1'l'1. In t1le Adriatie, as is known, the Sciroceo 
wiJl([ lmshes thc water to\\"ard tlw N"Oi,tlwl'll ('oa.s1:s ami caUf\es 
rises. The Rora, whieh bIo,,::; from EXE, brings about the opposite 
l'ffect. 

'{<'mneesco Yel'eelli, who on l[ifIcrcnt occasions ha,d to look into 
the cJJ:ect of t,Ile weather ]wrturlm.tions on the sea level, ]lointpl[ out 
in a study ([at.cI[ Hl22 (22), in a diagrmn of a year's recordings of t1lc 
Trieste tide gauge, the existpnep of l)eriodiml wayes having a }lel'iod 
of about 11 hoUl's an([ otlwr::; with a lJel'iol[ of about. 22 hours, similarl}' 
to what von Kcsslitz had l)1'eyiousl,v ascertained for the ports 
of .Pola ( l~) and u,agusa (1~). By apl)lying 1.0 thc l'eCOl'([cI[ curyc IiiH 
mcthod of verio([ anal}'siH, YercelIi fOlIll([ - as Iie writes in the f\aid 
::;tlldy - periods or apl)l'Oximately 22.2 honrs alH111 hOlll's for the t,wo 
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abOYll men1ionc([ waycs. Yon KllssIitz's aPllroximat.c yn.}ues ,\"ere 
tllll~ COl'l"cctc(l by Vercelli of about one honr (le~~). 

Conecrning thc uninodnlf!, an nttemllt made by O(hlone wi1 h a 
sma1i model or the .Adriatir, Ied to values which arc pl'obabIy exccs
siye (~I). 

By allllIying y{'l"re1ii's cymoanalysis, Polli exn,mined four scctions 
of tidc gnuge cnrvcs re('orded in Trieste on Jan1l1u'Y :W, Febnmry 2, 
HH8, ,TUlH' :1-n, .1!H8, Oe1oher .18-22, l!H!) n11(1 Alll'il 15-17, 1!)30, 
rcspcctiyely (2~). In llw cxaminllil cascs Polli fOlllHl yalnes of ZlA 
(± 0.7),21.2, 2.1.5 and 2.1.0 honrs fO!" thc unino(laI oI UIC cntin; sea, 
and 12.2 houl's Ior the semitliul'nal waye, thus l'ctlll'ning 10 von KllSS
Iitz's yalue. A l'C'mal'k shouhl be madc, ltoweyCl", about thc nnino(l:ll. 
In renIity, tllC ynIucs giyC'n are mcan valucs. In figul'c .1 oI Polli's 
work (Le., page 70) tl111 first complet.C' wayc shows a pcriod oI 20.3 

hOlll'S, the second one oI 23.1 hour~, the thiril onc oI 21.0 lIOIU"S, tlw 
fif1h one of Zl.!) hO\l1',~, etc. From fig. 2 (Le., page 71) it is hard to 
deducI: tl'mtwortlty Yaluc~. There are clmuly timc-irHlllpnniLent oseiI
lation~, lmying a pseudo-pcriod oI about 28 1IOlll'S, allothcr wi1h OIW 
oI 2.1.,1 hoU!"s. Fig. a (1.e., lmge I-!) shows a8 ,,"eIl tlmt the Iil'st oscil
lation witlt a pnriod oI 2:1.!) hOl1rs is sepamtet[ fl"Om 1:he next whieh 
lms a small amplitudc. The aycrage of 2.1.5 honr.~, t.a.kll11 fl"om Polli's 
work, slrould bc vicwed, thcl'cIorc, onIy as iJl(licative. I shall rcyert 
to it. lat.er. 

Thn Yalue of 21 lroms, calenlated by C. Ba.ic (2-1), ranllot be ron
sidcrcd vCl'y llxaet, :lS tlw ant.hor atlmit.s himself, for having heen 
([lliLuct.ed frOllI too daring ,~ch('mcs, w1lieh cannot blke into n·ceount 
tltc elcmentary conscquenccs oI thc b~l.~ill Iorm Oll tlw llcriml of its 
fl'cC osciIlati(lllS. 

Only a ([iffcrcntial mcthoiL whirh giYllS due eonsidemtion t.o t.lre 
continuous yal'iations oI 1he basin's forltl is nhlc to loaiL t.o aeeclltahlc 
appl·oxinmtionH. 'J'11is is obvious to an'ybo(ly who ha,'! t'ollcctcd ex
llel'icnce in 11w st.ud'y of thc water-surIn·cc oscillatio11s. 'l'hel'efol'e, 
in my Opillioll tlw mosl; tru.~twOl"thy Y:lhws for t.he naturallleriods of 
t.hc Adriatic Bca al'C tho~c collcctctl by Kasumovic e'). He cxt.('1Hll'tl 
Chryst.a.l's mct.hod to somc fourty Cl"O~S sections which lctl him to a 
nOl'mal CUl'Yll, similar t.o tl111 one I fouml in ([Ile time for t.he Ilake of 
LeYico, alld thell to the samn s'ys1mn of ollllmtive fOl"mulas (~"). Tl111 
Iun([anwnt.aI o~cillntio11 of the Adriatic Bea. as a. gulf 0llcn townl'd the 
Meditcl'l'a.ncall tlms proves 1:0 haye t.he value of 22.11 homs (method 
of ClrrystaI) amI ~:Ll!j llOlU"s (mlltho([ of GoIdhcrg) wlrieh nllpl"Oaehcs 
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t.hc "'l'aluc of 23.34 hours as caleulnt.rd by Dcfant. The lrveruge of 
ob.~crvat.ions Icrl Kaflumo .. ·ic t.o thc ·vallle or 2:J.1 ± O.H hourH, whieh 
fairly agrers wit.h the ('alculat.ell value,~. 

ìVith the Chrystal lllllt.hol! a-}l}llied to thc st.retch or sea het.ween 
the Vellet.ian eoasts and the linc l"llllning from nIt.. Gargallo 10 thc 
fsI:lll1ls of Pelagosa, Lagoflta, Curzola, eonsidcrrd afl a lake, l\:afllllnoyic 
o htaill,~ fOI" thc Ila turaI oscillat.ion of about. 12 hours tlw yulue of 11.34 

houl"s, whilc thc average or obser"atioll,~ IcallH him t.o 11.70 ± 0.:1 

hourfl. Thc aut.hor',~ hy}JOt-hl'sis is Hupported b~' the tide gauge reeor
dings flhowing o}l}losite troughs at Veniee amI at Vil'ste, with a 
nodal line I"unlling from Aneona to tlw Isl:lnll of Pago. KaMUllOyie 
l"el!CheH t.his ('onclu.~ion uHel" having shown that Tlefant'fl hypothcflis 
iH CITonCOUfl which malIe tJw osdllation or about 12 hours the uninolial 
of the cntire Adriatic oscilhlting like a Iakl'. 

But lct us reycrt for an instanec to thc uninodal natural oscil
Iution of t.he ,\ilriutic. A~ f suid ahoyc, in m~- o}linion 1t.ç pf'/"iod is thl' 
OIlC calrulatoCll by Ka,~ullmvir, that is III. lei/si 22 hOn/·s. If it is, as eouhl 
bc Iu·Oyerl, the fUlllIamentaI of thc Adriatic as a gulf o}len t.owun! 
t.he centraI )Iedit.crranean, the laws or hydrollyniHnics warrallt thc 
}Iossihility of heing realizell sincl' it.,~ IHl1lallinc rOlllCS out. oyer a haflin 
with natural oseillat.iollH of a longer }Ieriod. That t.his is it-s ori gin 
is alflo pro-vcd, 1Jeflillefl, by the recordings where the wa·VBS allVear 
with their own chul"llcter, sometillles intcn'allcll by roughIy cqual 
w~n'c Ilmgths (Vel"et'ili, 1.1~., t.ablc IV), somctilllcfl 1mrtially overla}I}lf'd 
(Polli, 1.c., vage 70), ,~omctimefl separated by more or IB,~s long int.crvah 
(Polli, l.c., Vagc (1) or evcn isola1ell (Polli, 1.c., pagc (4). "\nil this 
cX11l:dns itsclf hy t.aking int.o account. that thcsc 'ntyes ure oseillatiolls 
or a ba,~ill whieh is o}lcn alloye anot-hl'l", much largcr ba sin. fn that 
way, w1lcn t.hc }Icrturbing cume is arting, t.he oscillatioll rllt,ul"lling 
from the guU hase, proccell.~ bcyond thc nOlle as a vrogrc,~sivc waye 
und nms out 1hen in onc }Ieriod. 'l'hc I"i~c or fI· ncw oscilla1ioll 111·eHIl11-
}IOSCS t.hc continuity of t1le origillating cause or its l"eal11lcarancc 'vhic1l 
lllay be in adyance or after an cntire perioll e7 -31 ). Any metholl of 
period analysis mquircH 1hc continuity of t.1Ie inyestigatllrl wa',.c tra in. 
If it is laeking, thc data 'vill haye to 1)(' :lYcragcd with illevi1allill 
"lengt.hl'ningsH anll ",~hOi"tenings", so 1hat. the I"esnlts :we frcquentlr 
far frOlll rcality. For these n>a.~OIlK [ think that Kasumoyie's llleall 
value of observfl·tiollS (22.7 ± 0.8 hours) gathcreil with othcr methods, 
11esen'es lllore trust. 

Owing t.o t.hc way in whieh it. ha]l1Jens, also tlw waye of about 12 
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huurs is SUÙjllet t.U quick att.enUat.iOll,~ as 800B as t,he l)Crturbillg cause 
bili; t.u appear, althulIgh t.o a lesser aegrce than the ",ave of about 22 
houl's. 

Evcn more limit,at,ca lJll.l't,~ of tlw Aariatic are cavable of sizcable 
lla.tural osciliatiollS (Jìgs. l-G). Th1l8, WhCll n. wmlt.hcr pertul'bat.ion 
moYe,~ from \-Vest, t,I) Jf.ast. alld Cl'osses thc High Aariatie, tllll Gulf 
of Triest.e bceunw8 subject. to a free oscillat.ion at, a rhrthm uf about. 
3.5 hOlll'S, lUI I eoulll VI'UYB in H137. When t.hc cllergy of the }lcrturbillg 
force if! sllfTìcicnt, the lcvel v\l.\'iatioll uf t.he GuU of Tricst,c challgcs 
iuto a natural oscillation of the Gnlf of Venice ai'! a cross oscillation of 
thc High Adriatic n. ft. always takes part in t.lle big wmlt.lwl' events. 
Ai'! tolte firf!t. maximmll is rcached at, Triest,e, some 3.5-1 hUllr~ later 
t,he Venice tille is overlappell hy an inerease varying bet,'Veen 15 alill 
40 ems. Here one gets aware of a vo~sihilit.y uf fureeasting, and be 
it. only pa1't.ially, tllll high 'Vater in Venice (fig~. 1, ,1-6). 

5. - BFFEC'l'S OF DEP'l'H OX THR AlIIPLITUDE 011 l'REE OR FOHCED OSCIL

LAl'IOè'<R 01-' A nASI"'. 

After lmving eXHlllinea the periolls uf tllll chief free ofleillat.ions 
of t.he Adriat.ie, 'Ve are no'V t,rying to fìx t,he behaviolU" of tllll lat.t.er 
in tllll GlIlf of Vm1iee, t.hat. ifl in t.he pm't in 'Vhich wc are interestea. 
To this cna wc have t.u remmnher some a.~l)eet.f! ai hydrodynalllics. 

Aceonling t.o t.he t.heo1'r ana t.o tllll ob~ervat.ion ai the natural 
oscillatium oi a water basin - proviaell tlw ot.hel" conditiOllfl are 
equal - thc aml)litude of ofleilbtions i8 alwaY8 large~t in tlm ~put~ 
of lesser aept.h, al\(l tllll dive1'sit.y gro'Vs 'Vith the inerease ai t,he depth 
differenee at t,he two ext.1'eme~ (in t.llll l'ase uf clo,~ed basin,~). Thi~ 

explains why, ior instanee, t,he lIninollal of tllll LakB of Caldunazzo has 
an alllplitlHlB t.wice as la1'ge in the extreme ~orth (San Crist.oforo) tlmn 
in the South (Lidu of Calaonazzo) (30. 1), 'Vhy t.he uninodal of the J.Jake 
uf Levico is iom timcs a~ la1'ge in the :\U1'th t.han in the Sout.h eG•30 ) 

amI why the allll)litudc in thc Lake of Alhano i.~ abuut five times as 
largc in tllll Baflt. t.han in the ext.rellle ìVc~t whel'c t.he Ilepth is eon
siderahlc (~l). This eftBct heeomcs Illost, spcetaeular wit.h artifìcial 
baflinfl enm.t.ed by dmnllling tllll Alpine vnlleys. Thereiore t.he fundamell
tal frcc o~cillations next to the llam havc alwaXfl cunsiderahly luwcr 
allll)litudes than tlm ones observed a.t, the end more lIp8t,rcam of the 
dam. 
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Le/. 115 eonsi<1m' the ease of the Adriatic. Thi~ sea ma.\" he ronghIy 
eonsideI'G!l as having bGen built up !Jy t'H) consecutive eOll{'a,"itie~, 

Olle of Iimited dept.h in t.he North (CXCGpt /.11(: mnHo-a!lria,tie (hteh oI 
littlG extension) and one of over 1,000 m depth in the Sonth (fig. 8-9). 

'l'he boundal'y-linG bGtween /.he /.wo ba,sins may be 8een ronghIy thn 
jointing-line ViGstn-Hagma, a,~ a,l'ollll<1 this line /.he sea <1epth fallH 
almost a,bl'1lptIy Irom 200 to 1,200 nlGtl'nH (fig. Hl. 

'l'hat being strt.ted, wc are now eonsidering the free O.l'c1llatiOJIII 

of a basin made np by two such eoncavities. In OI'IleI' /.0 hl()('k out thc 
}H'obIem we imagine a ehanllGIlimi/.nd hy two vertical walls ;1; = - b, 
x = + b' im!l wi/.h a step-sha})e<1 in x = O. Thc depth8 in Uw two 

~eetions arc indicated by h amI lì' (fig, lO); they are eonsiderCll rather 
sumll in com})aI'i~on to /.he wavclengths. 

\Ye ha.vG to lind a function rp oI x, Y whieh sa/.islieH the condition 

(Poinead', Le., page 90) 

where .1 2 is tlln Laplacian of qJ. 

Since qJ is alwa,ys pl'Oportional to ci.t, where À expresses t,Ile waye
plùsat.ion, wn nmy wI'ite for the frGn oscillations 

i,2 qJ = gh.1 2 qJ. 

Refcrring to tlw basin's (jeep part, we put. 

aIHl wilI get 

i),a A (J~I 
. . d~rp 

Hlll ~À.(l (,r + b); ~1 • 
<X-

_ i. ~a~qJj !J!..... _ 
dy 

[11] 

o for x - b is mtisfw!l. Besides, 

From equa,tion [11] we get t,herefol'e 

1 
a = .... rjj7.· . [12] 
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For thc less deCI) I)art, IH'ovided 

rp = ..,1' eJ.t cos i }, a' (a: - b'), 

after the bOllmlarr-eonditions have been ful/illed, we get also 

a' = --~--. 
.JiiT;' 

[13J 

rp as a contillllollS fllllct.ion t,akes equal valucs at thc one side of x = O 
and the other, frum whieh follows 

..,1 cos i).ab = A' cos i},a'//. [UJ 

Il ' I - d(ll "(I d~ ) 1"1' dp\ ell1g a: = 0, a so Il ,- must be con ll1UOUS I l· = I l 
({J) , (;(;,x - O \ (·'C/x _ o 

lt follows haAsilli}.ab = - h'a'.!!' sinO.a'b'. [13J 

Dividing equat,ions [U-J, [15] by mcmbel's one oUt,a-ins 

ah ta,llg i},ab = - a'h' tangi/.a'b'. 

Therefol'e, for h' < h is a' ;j= Uj and since for [13J ami [13J 

a'h' 'h' 

ah li 

it, follows 

a'h' < ah. 

In a-bsolute value, we have therefore 

I tang i},ab I < I tang i}.a'b' I. 

Sincc ), is imagillary (IJa.ge 8Ul, the arguments iI.ab alHl O.a'b' 

are realj therefore, since the cosines decl'ease as the tangents increase, 
we have in absolute value 

I cos i},ab I > I cos i}.(t'b' I 

from which follows for eq. [HJ 
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which mcall,~ that /he amplitl,de oj tlte jree '/WL'C rCS1'Us hiHhcr in the 

lcss deep pa.i't oj the basin. 
ìVe are now examining tlle propagat.ion of a forecd /l'tIve alollg 

tlle above mentioned clmnncl. ~\s previously, wc aSHllmc n dI'11th h for 
x < O and one h' far x > O, sO that far x = O tIlc dl'llth t.llJ'llS 
abl'Ll1ltly from h to h' (lig. lO), In mder to al)l)rOach tIle 1u'oblem of 
tidcs, the said deptlls are cOllsidcl'cd illfillitely small ill com1Jarisoll 
to the 1nl.ve lellgt.l1. 

III t.he SCCtiOll x < O we nre considcring a wavc 11l'Ol)agat.ing to
ward thc })ositivc :c's. IIitting agaiust tlle step -,~Iln1led :1:' -= o, tllis 
wavc suiIen; a, partial reflcetion. In tllc fÌrst. Sl'ction tllc 1ll0YCmcnt 
depell(ls tlwrefore on a function 

rp = F (i - ax) + FI (t + ax), 

Sillee tlle eqllation of tlle motion is 

we'lI Ilave in l' 

d-m 
Hh 

[lO] 

In tlle sect.ion bcyond t.llc x = O ste}l-sllalwd, wc havc thc lUo
pngation of t.he residllnl waye 

l' = P 2 (t - a'x), 

wit.h 1 [17J 

a' = l /yh" 

'J'hl'Ollgh thc contillllit.y, in x = O it mmt bc 

dm 1. ' Besiilcs it is jll'oved tk\t. for x = O, also h -~ .- must ue contlllllOlIS, 
, (/:1: 

so tlmt wc'lI havc on botll sides of thc ste1l-S]UqlCll 

ah [E" (t) - P/(t)] = a 71,'1''2' (t), 
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where P' rel)l'(,senfs the derivative of ]l' with rcspeet. to ,1', By 
integTating one obtaillf! 

[19] 

Combined with equat.ion [18], this m!ation allows t.o detm'mine 
1''1 and ]l'?, once ]l' has bccn assigned. 
tions [lG] and [17], it is dedllct.ed 

On the ot.her hand, Irom eqlla-

(l'h' = \' h' 
a h - ç 

ThereIore, for h' < h, Irom cquat.ion [19] IoJlows ]l' -]l'l < ]l' ~ , 

and thereIore, Ior equation [18] 

Th,lts, the movement t{l.kes ]llacc with a'n highcr alll]llitudc in thc lcss 

dcc]l ]lart oj thc char1'llel, 

At !a~t wc are considering a p/'OgflJ,~lIi1Je WlWC pl'opagating a.Iong 
the same channel. 1·'01' [11], t.he eqllation of wave 11l'0}mgation lllay 
be wl'itten 

[20] 

where, in the decper seet.ion (aepth = h), 

rp= B Ci!IX+J.t + B' !: - i px+J.l, [21] 

while beyond t.he x = O st.ep'f\hapea lca(ling to the seeond section, 
on the l)ro!ongation to the Orst sect.ion (in OUl' case repl'esentea b~' 

the Adriatic ,Eteh which extelllls into the High Adrintie) 

]\[OI'eover, from [21] olle has 

hom [20] one gets then 

p~ 1 
- 12 gli. 

[22] 

[23] 
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Fl'om [22] results 

dm .,", -'- = ir'H"e'!' .c-i-I. 
doL' 

and t-herefore, fol' [20J 

so t-ha-t. 

!l'~ 1 
;.~ .'111' 

[25J 

The first continuity-condition requires that [:H] and [22] become 
cqual for X = Oj from ,\"hich 

B + B' = E". [2fiJ 

The second continuit.y-condition, in rOl'l'cspOIHlence t,o thc stcp
shaped (x = O) leluls t,o thc equa.lity 

from [23] and r24J it. thl'l'cfoI'e result,,> 

!l, h (B _ .8') = h' .H", 
~ 

whl'nce for [25J lH](l [20] 

amI, at last" 

2.H = B" (1 , / h' ) + l --
, h 

2B 
H"~ -=_ 

'\ ' h' 1 + -11 

Therefol'e, for 11' < h is B" >.H. 

I 
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Consequentely tlte '/l'iH'C pJ'Opugatilly in /hi! sedion of lesser dCIi/h 

has an hiyhcl' ampl-itIU7i! OUO! Ow o/w adiliy in thc dccper scclion. 
In cOIwIIlSioIl: A system of long waves, in whichevel' 'way it pro

l)agat-es tu\nu'd fhe high Ad1'iatic, readIes the Venet·ian cou.sts with li 
Ia.rgc1' amplittlde tlrlin tlmt 'with which it had l'UIl t.hl'Ollgh Uw Southe1'n 
Adriatie. 

G. - ON TJfB RBSO"'fA"'fCR BFFRUI' IN A «HIGH WA'l'Elt ». 

'Ve are now considel'ing another cause of aynamie elmnges oI 
the seli levcl, in connectioIl "'ith a variation of at.mosphel'ie pl'essure. 

Tlle J apanese H. Yn.ma,aa, Y. Okabe amlllL Kunmza;wa proved ('l:) 
that wheIl a liquia iIltllIneseenee - a.fter a weathel' pel't,ul'batioIl of 
iIlvariabIB inLcnsity a,dvancing at const,ant veloeity OIl the wat.e1' sur
faee - 1'ises along an inclined bed and appl'oaehes the sI1Ore, thc high 

01 Ot/J WiI'PC is all tho highi!), thi! .mwlli!)'is OH! slopi! 01 Ote botiom: the 
sudden incl'ea.se takes l)Iaee when the preSSUl'e va1'ia.tion passes over 
the l'esonance lwint" whieh haa been delined 'with l'e8pect, to the 
water dq)th. 

II P '""' P(X), where X = x - 1ft, expresses the iIltensit.y of the 
atmosphel'ic pl'essul'e pel'tul'lmtion act-ing on UlC water surfaee on 
whirh it pl'opagut,es a,t F-V(lloeH,y (x aeiìning, 'with 11 = O, t,he mean 
l)()sit.ion of the liquùl slll'Iaee), one has 

h(x) = hel l-Àtangh x I ) 
\ L~ , 

whel'e ho indiea1-es the aepth in the point x = O, À is a constant, amI 
L: t.he Iength or the a1'ea slOl)ing down. 

It is pl'oved tlmt the wave-l'eSOna,llce originn.ted by the passn.gB 
of t,he pel'turbat.ion sets in exa-et.ly n.t UIC lte aept.h, so t.ha,t, wc get 

l' gho = F. 

As the cxtension '2L, of the perturba.tioll (- LI < X < LI) in
Cl'ea.ses, we lmve obvionsly a gl'owth of t.he fl.I'ea hit by t.Jw heavy-sea; 
and the more L 2 iIlCl'eaSes, t.he Iess inclined is the bolLom slope 
betweeIl t.wo fixed aepths hl a,nd 10 2 (hl olIshore, 71. 2 nea,r thc coast). 
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The smf:w.e amI the bottom of the water are l'l'}lI'cf!entc<l resJlee
tively br 

y = 1/ (.T, I) all<1 y = - h (,l'). 

Hlt is the horizont.aI comllonent of the liqui<l veloeit.y, thc follow
ing <liffcl'entiai eqllatiollS hn.ve to be sn.tisfled (33): 

ò/t (llt 

+" òl òx 
= - y 

, 
- (,/+P) 
ò:v 

After f1xing the r - variation f1eId 

x-FI 
--- --L--- ,,;;; l, (otherwise P = O) 

"' 

the n.llthol's effcet a series of calcuIu.t.ions with thc following stal'ting 

data· 

P o = 0.10 m, LI = lO km, l' = 15.3302 m!scc 

h . = 24 m, hl = ho (1 + J.) = 40 m, h~ = ho (1 - J.) = 8 m [27] 

where J. = '2/3. Since y = 9.80 m/scc~, one has 

y~ y~ y. 
- 1.00, ~ O.GO, 3.00. 

yho yhl Hh~ 

The resuIts are summarized in two fabies and two figures. \Ve are 
illterestcd hcre to pl'eSellt t.lIe lìgUl'e ,dlich gives thc val'iat.ioll of 1/, 

thn.t is oi the snrfn.cc lifting, in LI as h val'ies (fig. Il). One 
notcs thc cOl1siderable elIect on the a.mJllitude oi the wavy motioH 
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m -, 1 for both fa.lling and 1'ising values: Lhe high water a.c,
companying the lo\\" pl'essure ine1'eases as m. --->- 1, a,ml, after 
l)assing ove1' In = 1, constitutes the f1'ce wayc behiml the 10\\" 

1)1'essnre: it tends to swell aH it moveH UV Lhc ~IoVca bottom, and it 
inerc~tSc,~ ~tll thc morc the ampIer is Lhe originaI wave. The resonance 
eHect becomes more aecentuated when the conditio11S next to the 
state of maxinmm anl}llifieation l'eaeh their maximum extension 
befol'e and afte1' thc rcsonance point, and thcrc{orc WhC11 thc tra11sfe1' 
fl'om thc snbcriticaI to thc i'!n}lcrcriticaI point i,~ rcarhcd ovcr a wide 
bottom having as sIight a sIope as VossibIe. Fig. 12 shows the rc~ults 
of calcubtions made \yith a computer of the CniversiLy of Kyoto 
,vith the starting data [27]. 'l'he values of J' ,u ami l) at the time 
of t = () a,rc rccollStructca in (A), (D) ami (O), rcsvcetivcly on time 
llOint zero (S.O). The thick lines in (B) and (C) show 1. (velocity of cnr
rent) and 1/ (elevation of snrfaee) far appropriate time points. It i~ 
ShOW11 Lhat thc IIW;1)ÙnWII of high-!/"atcr allrl th" ma.rilll1tm CWTCllt vcloeit:1J 
occw· when the p/Jl'tul'batùm app/"o(lehes theuppcr cl/d of thc sloped bottolii. 

The resulting from the actioll of Lhe ,~lo}led bottom anrl of 
the resonance depth, is to be considcrcd the only eUec!, as the 
llHlll,ning of the ~IO}lC ami of the 1'esonance depth one is no!, 
soparable. 

It is to bc underlined, however, that Ow more thc slope 01 the 
bottom grar/es tlte more the amplitttde of the clevrrlùm 01 Ihe s/:a levcl 
ine/"eascs. 'rlms, the phenomenon of rcsonance doci'! not takc vIaee 
in one single voinL. IL is rat.her to be understood as a complex e/Teci 
oycr a morc or leH,~ largc arca. In pmt TI (3'1) of theÌ1' work the abovc 
llamea authors show that the YiHco~iLy efled is neglil,,>ible a,,> far as 
resonance phenomena al'e concerned, amI that fllrthcl'mol'e the high 
wa,Ler origina,Ling from a, elea1'ly larger dimensioned aC}ll'c,~~ion vicwcd 
with res}lect to the linea.r scale of the i'!loped boLtom, does not. }lroyoke 
sizeable cha11ges (Y.}l. es. fig. 5). At last thcy 1)1'oye that Lhc cffects of 
the meteorological agenti'! ean ol1ly be exvressed in terms of a gradient 
of atmosphe1'Ìc 1)1'essure. Thus, thc inflncnee of t.he wind [estimat,ed, 
for instanee, fm' the Ad1'iatic by F. Stravisi (35)] nmy a,,> welllw i11clurled 
in the sanlP ca.l<:nht.ion seheme. In othcr word~, tlw i'!amc kiml of 
a}lproximate solntion i~ valid for ~t meteol'ological }lerturbation taken 
as a whole. 

\Ve will sec t.hat the consirlered etrect concerni'! Ycry closely the 
Gulf of Vcnicc. 



O~ TIlE CAUSES OF . II IG ll WATEH Di 'fI1l1 ~OHTIlEll~ A!'HIATIC 2til 

7. EUSTATIS)[ .\)\1) OTIIF,Jl. C.\US:8S _\CTTXG 0)\ TlI:8 SK\ LE\-EL. 

After the theoretieal refenmces or the lweviuus numbers, we are 
now dealing again with the ~itnation bet,,-een enrth aIHl sea in the 
area of \'eniee. 'l'his situation aepeJl(ls 011 the motiollS oi one or the 
other or - a~ u~ually - of both or them, ~o that the gl'iulual inerl'ase 
or deerease oi the level diirenmee between referenee-})oint~ on land 
aIHl the mean sea leve] (l '1/1 m) is the result or the water and emth 
relative motions, 

Generally speaking, the l m, '1/1 i~ presently inereasing 011 our planeL 
The reasun is seen in the progressive inel'ease or air temperature in 
the last ('entur,V (at least nntil Jfl·W) lwd in the cunsequently more 
inteme iee-melting_ Thi~ inherent increaM', for whi('h the term of 
"eustatism" is also med, has been estimated with a mean value oi 
1.1-1,~ mm/year for the last thirty years. 

Su('h estimates nre extremel~- delicati'. The,\' are rhicfly bascd 
on tùle gauge aata: the tide gaugc ~iteH are, of cuurse, under the in
Huenee of loeal })('rturbatiollS ,,-hieh may di~gui~e - as they l'eall}' 
do - the eourse or the phenomenon undel' a worhlly aspeet, 'l'his gives 
rise to inevitable per}llex:ities and downright eontl'iulirtions. 

In this reganl it may be 11fwful to cali the attention on the results 
of a sturly by "~illiam L. DOlllI aIHl Davia 1\1. Sha,,- of the Lamont 
Geological Observatory {3<l} after which the sea level of the last eentUl'y 
is eonneeted to the behavior uf air tempcrature. On the basis uf 
~tudies by Willett (~1) aJl(l f'arried on by Mitehell (3! ), a yearI,V whole 
temperntme growth 01 o.8°F (OAoC) was in ('.our~e between 1880 

and 1\:14-0, with a worIdIy temperatUl'e growth in \Yintel' of 1.2°F 
{O.GuO} in the same pel'iod {fig. 13, uPl)er part}, 'l'he lower part of 
fig. 13 shows an even larger annual temperature incI'ease uf 1.G°1<' 
(O.!)<>C.') amI one of :.JAoF (1.3<>C') fuI' Winter pel'iods for the latitudes 
betwcen 400 amI 70n N. 

Bincl! t711! /w{finniu[I of lf).J.O a nem fa,et is où,~en'()d; a,n inversion 
of thermic aevelopmenL The moderate eooling oH wllieh tooli: }llaee 
after that year compensateli by about 30% the temperatun; in('rcase 
of the periud 1880-1 f)·1O. 

"\nother clima1",ie parameter be('ame subjeet to a similar c!l'e('t: 
the rain. "\ Ileerease of pnlf'ipitations Ilming the fil'st ·10 ycars of this 
eentury was a~cel'tllilled, followed br an increase uf raininess aHl'r HI·lO. 
'l'his tem}lerature be11avior was refleetell also on t11e sea leyels. ])01111 

and Shaw elaburated the obsel'vatiom; oi nine t idc gauges stat iOIlS 
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on t.he 'O.S. Atlantic fwabonl. 'l'her (h\'idcd thClll into two Aerics, 
onc from thc bcgillning of observationA in Hl39 and t.lte othcr from 
11:140 to 1%0. 'l'hcy aIso cakuIatcd with tlte least squal'es method 
the reetilinear bchaviour of eaeh sel'ies fm' each slation (fig. H), Ali 
st.at.ions exeept. Pm't!alHl shmn,d a h'enli to in('rease 1111 t.o abollt 1f)..J,O, 

Aftpr 11wt rear nll the stationf! nxec}Jt Portland, C'harlef!t.on and Gal
vcslon Allow a. tell<lcncy Loward a. clcar decrcaf!e of thc risc of the 
f!ea Ie-\'cI, aIthough thc risc '\"cnt, on in aH ninc slations. l'ortland 
is undouhlcdly abnormal, Charleston furnishes in('omplet.e lin.t.n· be
fore 1 !)..J,:,!, while other slations arn lIll<lcI' thc action of na.tural aJl(l 
occa,~ionall,v artifieial loeal factors. \Vith thc exccpt,ion of l'ortland 
anli Charlest,on, thc mean rise of sea level wit,h the othcr seven sta
t,iOIlS be[orc 1940 amounted to 0.7 ft (21 cm) for a fHty year period, 
Betwecn Hl..J,O and l!)liO tlw increase of sea level avem.ged OA ft (12 emi 
for a fifty year period, which represents a ..J,()~~ liecrease of tlw rising 
Lmlllency. Thc Lhermic eXlJanf!ion of thc AlIrlaCC layer,~ of thc Oeean 
(with a thiekncss of somc 400 m) may aecount [or about one em only of 
the observed ehanges. 'l'he level inerease is attribut.ed almo,~t entimly 
to thc ice-melt.ing in t.he higllùr lalitulics, so that. tlw tmn}Jerature 
liecreasn beginning with Hj..J,() reSll!Led in a rnliuction of icc-lllelting 
which ~cems to give a rca.f!onablc eX}llanation to t,he lcssened degree 
o[ grm\"th of t.lle sca leve!. 

As suggestml by the n.bove allthors, it, must be underlineli, however, 
that, the hm'e rC}lOrtcli v:lllles of the t.nmli lo rif!e arclloi 11lPi(J(/.l 

01 thc wO!'ld's sca levcl alld Ihaclorc cannol bc Httributcd cntircl:lj lo icc 

lncltiny, In [act" the claboration of t,he t,ide gangc data from the U.S, 
Padfic consts show a rise of sea levcl which is aboul 11(/.11 01 thal obscl'L'cll 

aloll[J Ihc ..Jtlalltic coasl,~. 

'l'hercforc, a. maXilllll111 of cn·ut.ion if! reqllireli when fornca.sts on 
thc bellavinr of eu~tatif!lll are t.o be malie, eS}leeially wilh reganl Lo 
tlw prewnt phenomenon of invcrAion of thc ,,·ordly avcrage telll}lCr
ature, 'l'he Jn.t.tel' aspect, a}lpears t.o have bccn completely neglcctcd 
in the elaborat.ions of the experts engn.ged in finliing sollltions fOl' 
the pl'Oblem of Venice. 

BlIt t.hese are not yet alI thc causcs apt t,o contribute to t,he varia
tiOllS of thc sea leve!' It was observed that the sea level of mwh hemi
Hllhere is high dnring it.s autunn a.nd Iow !luring it,~ f!}Jring (39, ~O); a.c
cording t.o a first. conclusion, the l)rincipal change of t,he lllean level 
if! to be attributed t.o t,lle variat,ionf! of liensity in the Ocean (v. !).3). 
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Thc atmosphcric l)rpssure has a t.angihlp efl'cct., too, whieh is strongcl' 
in high latit.udcs t.han in thc low oncs. 'l'hus, in t.he Pacific as weH 
a,',; in the Xorth At,lantic t.hc pffeet on the yariations of the levcl, t.em
l)Cratul'e, Halinity of thc watcr is mueh Icss important tlwn tllilt of 
atmospherie pressurp (_a). '1'hi.~ is shown, f()]' installee, by Hg. 15 whieh 
givcs a comllarison bct.wepn sea level an<l hchavior of atmosllherie 
lH'cssure along t.he Sout.hcrn eoast of Iceland. 

Quite a difIercnt. aSl)CCt. is taken by t.he same phcnomcna at. lower 
altitwles. A stwIy on the varia.t.ions of sea lpvel at the Bermuda 
Islan<l~ showed (41) t,hat, t.lw wave of maximulll temperature in t,he 
Oeean llrogresses dowllward hy some .1-0 m per month and rcaehes 
its dceppst. llenet.ra.t.ion at. u.hout 200 m in ,Jalluary ancl February. 
III t,lw warmer months an ul)per thermoelinp of a mcan <lPllt.h of ahout 
80 Hl graduaHy llatf,ens as the thermie wavc moves downwaTll. A 
dct.ailed worle of ealeula.t.ions on data. of t.eml)Cmture, salinitT, density 
amI dyna.mic anomaly (UlHImsfo()(1 as correct,ioll hy cms of the eon
versioll of <lept.hs meaSUl'cd inl'cal del)ths) lms shown t.hat funclament.al 
isostatic variations t.ake piace only in the uppcr 2,000 ms. 

A further complex inquir,\' (41) on t.hc t.ilIc gaugP obscrvatiollS ma<le 
at. the BcrllllHlas from Junc 1951 to 1Iay 190:! lccl to thc rc~ults sum
Ilmrizc<l in fig. lO, which shows t,hat, f()]' the BmmwIa arPa the prpao
minant, eJTeet. is t,hc so-callp<l '~steric effeet", t.hat. is t.hc ehange of Icvcl 
brought ahout hy t,]w <lcviations from t.he dCllths of normal llrcssures 
as a l'esult of volumc eXl)ansions. 

Thcrcforc, thc results of research on the sca levcl neal' thc Bcr
llnHlas amI ncar IcehuHI eonfirm previous cOlldusiollS gaillcd frolll 
stu<lics of the Pacific Oecan: t.he val'iat.ions of spa levcl are attrihutable 
to a very large aegrN) to t.he "st.cric efIccts)' ill low lat.itwIes (connectecl 
to clynamic allomalies associatcd to t,he thermic wavc) amI to haro
Ilwtric efIect.s in high lat.itudes. 'rhese conC'lusiolls are hasea on thc 
cont.rast, hct,wcen the yparly zonal t.hcrmic eo]](lition in the oceallS 
and t.hc yearly preSfmre variations in the atmosphcrc. 

This is noto ,Vet. ali. Ot.hcr complieations arise from the faet that, 
evel! t,hc Oeeans are animat.e<l by frcc oscillations. The Xorth Atlallt.ie, 
for instance, shows cOllsidcrahle free oseillations of whieh recently 
the featurcs of t.hc first thrce gravita.t.ional m()(les with l)criods of 21, 
1.1- amI Il llOurs resllect,ivcly, amI st.ructures of one, t,wo an<l thrcc 
amphidromic systems havp becn studivd. 

It is t.me that t.he ahove descrihc<l fads arp at.tcnua.tc<l in t.hcir 
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elIeei,s if estimates C'over more rea,rs. l'he remaining va,lues ~u'e not 
eas,)' to estimate. Besides, although these phenomena we1'e ~Lscertained 
for the Ocemls, this does not neceHsarily mean they do not av})ly, 1,0 

a more 01' less IImited extent" t,o the inbnd Hea·H, eHpecially if they ,~how 
feaLul'eH like t,he oceanf!, sllch a,s l,he Mellit.crranean (*). 

H mUHt be conchllletl, thercfol'e, tha,t the exact valllation, baf!cd 
on f!eleet,ion, of the i\ea levcl val'iationf! are anything bllt easy. Prcsent· 
l}', evel'}' foreeai\t is matle more })roblematic by the inversion of the 
world's temVel'al,nl'C as mentioned above. 

Let m look again at t,he Ad1'iat,ie. 
On the basis of data revort.cd hy )Iof!ctti (44) ('l'ahlc I, Vage ::!1(j) 

I 'wiHhed to determillP the hehaviol' of thc lm'm in thc C'Olll'Se of 
the h1.~t lleClò(lei\ fol' f!ome })orts of thc Dalnmtian awl fstrian 
COa.'!l, e*). Figures li,18 show in graphs the valueH of the lmm for 
Hagusa, Spa.Ja.to and Bucca·ri on t,he Dalma.tian coast a·ml fol' PoJa. 
a,nd Hovigno on the fst,ria·n cmlHt. The Ht,mighl, doti\·a·nd·dashes lineH 
wel'e ealcllla,tell aHer l,he least f!qual'ef! metholl. It if! observed that 
the a,vailable data were too few and Imd too heavy deviat,ions to ftIlow 
Rer.Ul'e appl'OxinmUom. The l'eRlllt.H are t.hm; to be cumliclerecl merely 
iwlicative. 

For Ragusa. a lmrn mean anllllfl,l inerease of 0.7.1- mms could be 
found. For Spalato the mean annual increase was of 2.2 mm,~ in t,he 
examined 1.1- year veriod (t,he Ht,1'ong analogy of the lmm bchaviOl' 
of HagllHl' aIHI Svabt,n bct.ween 1 f),:)8 and 1067 i,~ f!l,l'iking). For Bue· 
enri (in the Glllf of Qual'naro) t.he inel'caf!C !rom 1950 to 1967 wa·H 
1.35 mms/yeal'. For R01:igllo d'Ist/'ia. there \l'ere 2,3 mms of a·nnnai 
increai\e from 105,:) t,o 1967. At Pola. the obse1'"vation vel'iotl of tide 
gaugef! WllS lougei\t, h1.'!l,ing from 1897 t,o 1921 (antlreslllliell in 1962). 

Unt.il 19:>.1 the mean annual incl'eaf!e olmervetl was only 4/10 mms. 

(*) S, Polli (n), for instancc, valucs simnltllneons annnal os('.illations 
of thc lllcall lcvcl of thc .\lcditcl'l'ancan Sca of ali fl.lllplitudc or about 11 ClllS, 
-with maxima in ~ove1ll1)('r an,1 lllinima in ,Jannary. 

(tt) I-i. Polli det,cnninc,l t,hc valuc of thc ccntnry·olll varint,ìon of sea 
levc1s for I J Halian port,s. Thc lllcan Vlllne of the vill'iat,ion for t,hc 
Italian scas COl'l'cspoIl(I~ to an incrcase or thc sen. leve! or 16 ellis/ccnt,ury 
agaillst thc 11 erlH\/centnry of all thc Hea,~ or thc wurld. 
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BvilIently, the result. of the ealeulat.iom eannot. aft'oI'(I sure eon
clusions, as without an}' doubt there are inl1uenees of loeal plwnomenfl. 
WhOfW elIects cannot be easily caught. On an average, however, it 
appears possible to state that the mean lnvel sllffered a major mean 
annual inerease from1!)5ol to lDH7 from Hagufia to Hovigno, To 'whieh 
ext.ent. are these l'esult.s intluel!CplI by the "npparent" in('rease 01 the 
mefl.n leve! td t1w st.rong dynamic varia1ions of the sea leyel due by 
tramient depressions cameà, eS]ledally in the High A(Iriatic ! 

8, - Srm~mE"cE OF GROV:\'D, DlUDYS1W·J.',L 

8.1. "\fter summal'izing some of the reaSOllS responsible IOi' the 
ineI'ea,~e oi t.he sca leve! in t.he worlà, we eome to the ]lhenomenon of 
grouml fiubsiàenec whieh is intimat.cly eonneetcll to the a]lparent 
increase oi the sea level at Yenice, 

A generai phenomenon of subsidence appears to be attachetl to 
the Aàriatic are, at. leafit Irom the Tagliamcnto river mOllth to Ha
venna; thifi subsiàencc is certainly active in the area oI the Po delta, 
where it has reached exceptional pI'Oportions. Coneemillg the llelta, 
the chieI, if not. ullir)lle, reason of the grouml tlexion wafi well àet.eeted 
at its time: tlw disoJ'(lerly extraetion oi methane containing watel'S, 
I eovereà thifi argument exhaust.ingl;r in previous p:lliCr.~ anà woultl 
not. repeat myseH here (~6. 41), \\'e have to limit. oUl'fielves to t.he problem 

of our interest: Venice. 
A trmtworthy eOlll]Jarison oI levelling mnasurcments ealTied out 

in a. delineà area would require levelling linefi eXIlressly set up there, 
in possibly remote time~ and remeasurcà at. reh'lllnr intervalH with 
the same methods and the fillnw exnetness, Such e01\(litiollH (litI actunl
ly not Ill'cva.il in t.he Yeniee area befOl'e HJ70 (-18), 

The Itn.Jian }lilit.ary GeograIlhical Institute (T.n.}I.) earried out 
some IlI'(;('ision levellings in t.he last. 100 years, the lirst begun in the 
lnst. lleeaàes of t.he Ilafit eent.ury amI lìnifihcd in l !l08, t1w ficconll in 
lD25, a high precision line Gelloa-Yenice in lDol:2, a new fundamental 
altinwtrie network in 1!li):2 anà a high preeision levelling in 1%':'\, to 
which must. be alIàetl the levelling.~ Cllrriel1 out. hy I1I'ivate lirms in lDH1 
allll lD(i.J., for t.he account 01 the "}1agifitrato alle AerJ1w" , 

Thus t.he Ilieture is one of heterogeneoUH survcyfi (as to preeision 
allll methoàH meà) made in sumIr,\' tinws with a scal1(1f 111tm.brr oi 



common levelling-m:l,l'ki\. .Anyway, it. is not my business to cl'iticize 

the results. 
f am limiting myRolf t.o rel)ort t.he compal'ison bet"wenn the val'ions 

levellingi\ mafIe at t,he leyelIing-mal'k of Pllnbl llella Dogana (Santa 
)ora·ria clelIa Salut.e). Tllis may be summarizefl in t,he following results: 
between the HH~ ll-ncl tho 19H1 le'vellingi\ t.he mean annua,l subsidencn 
(in a time inteTyal of 19 yeal'R) wai\ 3.3 mmi\; bet.ween 1961 MaL 1968 
('7 yoal's intl'l'val) the mean annual subsiclenee wa,s ~.O mms. '['ho mean 
ll-IlIllH1.1 flexion between 19,1.2 amI 1968 were ~.9 mm,~ .. All meai\urc
ments t.aken >lot, levelling-mal'k Pnnta flella Dogana are lying within 
an nncel'trdnty band of (rvel' ± 1 cm. 

'['he tide gallge measnrement.s shuwecl a mean a,nnllal inel'ea,se 
of t.he l-mm in the onler 01 1.3 mms, attributable to eustatismo 

Concel'lling the COmllarison between the tifle gallge flata o[ Santa 
)oraria della Salnt,e and 'l'riesto a fliffel'enee o[ lovcl wa8 ob8er"\'ed, 
wit[l a cIear M1cll)I'Ob'Tessivn inm·ea8e for Venice, beginning a,round 1936. 

'l'he snbsitlenee Sllow8 no i\igns o[ eontinuit.y or linearity: tllere 
wa.H eviflence of ovmhppings 01 obvious ondulations. ft mnst be 
r;1ll11hasi9:ed, 11owevel', tlmt t11e Lagoon ti(le gauges have 110 suffi
eiently long obsel'vation sel'ies 1..0 enable them to deduct. tlle possible 
perioflieity of the overlappecl wayes ancl tlleir fnndamental l'ha,m,c
teristics (49). Thus, t.he comparison with t,Ile alt,imntrieal l'eRruts is 
only one of first a11(1 l'ough a]l]ll'oximat.ion_ 

Anyway, on tlle lmsn of altimetrie al1fl title gauge obi\erva,tions, 
it appna,l's vossiblo to ('ond11lIe that the Rubi\iclence in the last iO yeal's 
(19:20-1%7) [or the area, or the t'entTe or Venic-e-)largllera is ill t,he 
order or 3.7-3 mms per Mlnum. 'rhe snbsidonee movmnnnt. appears 
to Ilave set in between 1025 a,ml 1030 a11fl is stili in ('·OlU'i\e_ 

Owing t.o tlle abovn mentionorl roasons, t.hei\e rei\ulti\ i\hould he 
aCCel)t.ecl wit.h mental reserye, 

'['hese l'eserves concel'n, of eonrse, alI eondlli\iolli\ allfl illatkni\ 
iLl'awn by stal'ting fl'om tlle above llata, amI among them t.he con
siderat.ion of a total snbRitlence of t.lw Venetian grounrl or some 30 cms 
since 1900. By a-ecepting this cIate one wa,i\ inducecl t.o believe that. 
thc effect.ive high wa,ter, attribut,able to mere astl'ollomical a11fl 1I10teo1'O
logieal l'easons, wonlfl not beeome subjed, to a'V]ll'e(:iablo incrcascs 
in the la.'\t, llef'lHles, whieh would leafl to Uw eonc1usion thM the inCl'ea
secllrequency or the high wa,t.er should be attributn,ble to the l)l'ogrns
Rivo inCl'en.se or t,he rela,tive sea leyel, as the sum of t,he ]ll'ogl'ei\sive 
inherent iIH'Teaso of the sea Invel amI of tlle eontemllOranoous subsi-



01' 'l' II I'. CAVSl';S 01' < [liG I "\YATER]) IN" TIlI'. N"ORTIlI::R1' ADRIATIC 2137 

dence of tlw 1,,'1'01111(1 oI Venice (~ O), Sueh:1 ('01tehlSion is doubtful, 
of eOUl'HB: a sum of llIteertainties cannot, bl'ing f01'/h a, Slll'e dahl {"'l, 
IL i,~ my eonvietion, SU]I]lorted by wha,t. I have to imy Iu1'ther on, that 
the eauses oI the mOl'(l frequent. rises of high wat.er cannot be ,limited 
to the two just diseussed, 

8,2. The resuns snmmarized in the ]lI'(n'io1!H ]HlI'agmph, aboul, 
which their 'very autho1's did not spa1'e rese1'ves, ha:ve met with ampIe 
OPl)Osition, Aeco1'ding t.o SOlll(l it is not trustwol'thy, due to the faet, 
that three recml/. levelings attribnt,e to tlw m:1in ]lOint oi the Slllllmit 
of thB w(l,tm' gaugB in the Calle Lo1'cdan (townhall or Venice) a sub· 
f!idenec 1'c]ll'esent,ed by tllIW-l (liffe1'ent va]ues: 

Magistrato allc Acque !J.9J ems 
l'nblic Works Ministry 18,(j0 ems 
Mili1-:11'y Geog1'fl.phic Institllte (IGM) ~;:;.OO ems. 

"Thc ,~aid diM'l'Bpaneie,~ oi 01'(-l1' donbl(l a,lH1 tri]lle the first. bm
doscismic quantity are illCOm}mtible and thus indicat.e e1'1'01'S in the 
va-rious Icvelings" (""). The author oI this statement indulgcs in a 
de/.ailed cl'itieism of the main points ChOS(l]1 for thB variOllS lrwelings 
and of their more 01' lBss ImlI'kBd nnsnitfl.bility aH wcll as or the stl'idcnt 
eontra,dict-ions of theil' 1'esnlts (**), 

To m-r beIief, the most. inte1'esting part of O, Spagnuolo's work (~ ~) 

(*) G. SII]lino (iii) ma];:es Bome l'emal'ks Oli the mcthMl followerl hy 
:\Ioset.ti ahont the estimates of high wnt{'.f; :lIlIOllg other thing's. he l'epro· 
achei; him t.o have takell illto ('onsiderat.ion the mcall 1I111l1.wl leve! of t.he 
yenl' eXiIlnine(! l'fLtlwl' than - as \\,0111.\ have Jmen more COlTeC't - tlw 
"theol'etklll" sea level as l'l'~lIltillg from the slIhsi(!{'nee of the gl'ollnll anll 
!rom the rise of t.he sea, TIut ('Ten if :\Iosetti's (1cf.{'rminatiollS sholll(! Ile 
vali(I, aeeol'llillg to SllJlillO Olle ('anno t illfer thllt the frc(pwney of t.he ef
fc'Ctive hig-h Wilt,(,1' (Ii(! 1I0t. gl'o\\' (]uring t,lw past (]eca<les; slI('h rise ilppcars 
prov(l(1 if one looks al tlw fil(~t "tllllt frOlli 1!l14 to 1Q43 (that is in thirty 
years) Ulel'e havc beell fou]' hig-h wat.crs. whercas fl'om 1Q44 to l(lGn (that. 
is in 2G ;\'('al'1\) there have hecn devl'lI". 

("oH) Cl'l'tainly, l ('a1l11Ot. illterfero with t.hese critieisms. l am only 
observing that as far lIS the hri(lge over t,he Cl'cva(la Rivcr is coneernl'd 
(ili thc lIeighlJOllrho()(] of Conegliano). the ahntmellt 011 whkh the main 
point, is lllOl~lltC(1 appeal'crl rcstore(! at the end of ?\ovember 1072. ncsidcs, 
l note that tlw Ilatlllll pOÌnt of t,Il(' l.G.:\I. lcvcling is at ahont 50Ù ms (lis · 
til!lee fl'Om t.ll(' Crl'vil(lil, at 0.50 IIIS from thc ;\ort.lwa1\t coniCI' of the hui!· 
rling "Ristorante :l'aziolli Vnite". r also ll1Hlerlille tlw fad, that t.his Illaill 
point i~ on t,he illlme(liate margill of :l'ational JTighway ~l'. 13 [\][(] therefore 
sllbjceterl to very hea'Vy trnllie ffiovelllents, largely hy lwavy vchicles. 
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i~ where he refers the subHidenee to elements of eonstruetion certainly 
eonnectell \\-itll the mean level of sea water "such as the bridges lin
king the numCl'ous islands of Yellit'e to eaeh other, tlw lhiuking wn,ter 
welIs, the fortifications (_ < .) amI a,ll}' otlWl' \\"()rk, havillg a projeet 
dn,te, 01' a date of adual hniltliug opprat.iolls, whieh bem's cOlllleetion 
to the sea ley"l a!l(l \\-hieh shoula he ret.rat'eable wit.h t.he Stat.e Archive 
Ol' iu the YlmM-ia1l lihraries" (Le., pag-e 3-1). The ref!eareh doue by 
tlw author lell him to ret.l'aee Llrawings a,nd building- pl'oject.f! in archivef! 

~Hlll libraries whicIl sIlow, for inst.anee, that. the Ponte della Paglia 
briage, hniJt. iu 13tiO, waf! at the summit of t.he arch at. a llif!t.ancl' of 
"piè 8 1'2" (Le., page 35), that. is a,bout. 2,90 ms trom t.he "Comun del
l'aeqm)," (mean se~), level of that period)_ This v~),lue dilters onlr little 
trom the preseut one (*). 

Yery f!1l1all aifferellees are ref!ulting fOl' the H.ialto bl'illge, the 
Pout.e llelle Gnglil' hl'iag'(~ ana fO!' othel' hriagef!, allll thp f!ame ('Ol)
clnf!ioll is valid for t.he other cent.ur,Y-old workf! sueh as the Porte Ili 
S~mt'Andrea, t.he lmvig-~),tion basins (**), t.he Yilla, della Malcontenta, 
the min water eolleeting basim as those of Campo S~m Trovaso, of 
Pellef!trina eh'. (***), 

!'.:otwit.hf!bl!l(ling, I thillk t.hat. a eleanlllCI' of H)-lo ems ma}' 
wl,ll he pref!umea hdweell Uw ohI amI the lHe.~eut. .~ea level, alt,hongh 
a llart of tIle sinkiug of tIle const.ruct.ion itelllf! must cert~),inly 

be aUribut.ea to t.l!c inevit.able subsidence of builtlings of scyeral cen
t.uries of ag-e suel! as briLIges, forts, cohunns amI other \\-orks bouud 
to sink more or less into the suppOlting groun<l. 

(*) ~pap;Ilnolo t'l'nnslatcs 8,5 Vpnctian fcct int() 2.80 1I1S, whi('h snp;
p;csls tlwl lw ('oll~i(!ercd the Yelwtiall foot illferior to lhc sizc of 0,348 IllS 
whkh if; (,oIllIllonly nsed. 

(**) (.'oncerninp; thc ohI nn\"ig:at,ioll bnsins hctwcen lap;ooll hasins nnd 
ship (·[utals Oli lrtlld, S]Jag:lluolo ]JOiUlS out that tlwy fuuttioued rep;nlnr!y, 
"Aftel' foul' hllIlIln'(1 yeanl of cxiHtenee those iIllpressin,t;" h;plraulk works 
are still in }lprfCd working «on,litious" (L('" pag-c 40), 

(+**) A particulrll' UpOIl whidl the llllthor of thc ahoYc work cnlls 
the l'l'adl'r'H attention reg:anls the t,wo larg:e ('O!\1Il111S risillg- on the l'iazzettn 
di San:'llnn'o, at, thc basin's lIInl'giu_ These cohullus wcre crc(·tcol in 1172 
an,l "nlways rClllaiucol al UiC sallic lc\"cl of their ('l'ectiou as C'au be 11l'Oypd 
hy exallliniug- the old }lrillts showing- the Basin of :-,t" 1In\'(''' (l.(,., pag-c 57), 
1f l alli right, SOlliC expcrts tl'icd to cxplaiu Uw lln("]wugc(l altillietrie yalne 
lIInintaincol hy thc C01UlllIIS for cight celllllries fro!ll t,hl' "haekflow of thc 
gronlld nnder Hw hlllk of the hllil,lings of the Lihrar~' of the l)og:e l'alaec" 
(l.e" pagc 57). l hopc this is ollly a contl'ovcl'sinl salIy, 
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\YiLhouL ILen,ying the suhsi(Lence in ('oUl'~e, othel' scholars contesL 
its olfirially a(LllliLtrd value, partir on t.he groIliH.18 tlmt 80me local 
subsi(Lences came(L b.\- (Ligging deep canals (sudI as t.he eollapse of 
}Jal't of t.he Fort, of Sanl.'AJl(Ll'ea) or by el'osion or ot.her casual caUS(l~ 
'~al'e oft.en present.ed as ~aggings of t,he \\hole lagoon ba8in" (PisenLi 
i],Jl(L R.osa Salva (~J), page lO), \Vithout exc!mLing ~llb~i(Lenee pheno
mena, the mention8(L nuthors aiIÌl'm that they are present. Lo a lIlurh 
lesser extent; if Uw ~ugge8ted values wel'e tnw, many 8everal centuries 
old bl'hLge~ WOll](l be lln~el'viceable since long. 

In an,y evenL, even if t!1(' ~llbsidence oI the Iagoon grollnd Cilllnot 
Iw (Lenied (with its adual amount pl'obahly inferior to the one sug
gesterl by some expel't~), one [ad shouhL be, acconLillg tu mc, strongIy 
uIl(Lel'iincd: the said imbsi(Lcnce L(,]HL~ to inCI'ease towal'(l Chioggia, 
reaching exceptional values at Port.o Corsini. In l!Hli, in Lhe Ill'eface 
to my wol'1, on the phenomena of abnorlllaI subi!idenee arouwL Lhc 
1--'0 Delt,n· I \\ToLp: "H should noL he fOl'gotten that within the area 
~llbjeet to a snhsi(Lence reaching at. some svot.i! 3 1'2 m~ in le~s than 
a decade, there are t.owns like Yenicc amI Havenna, whcrc in t.he course 
of reeent years the undel'ground is suJ1'el'ing llexions which llmy be 
delined nbnOl'mal" ('I") 1.c" vage .'3.'32), AIl(l ~inee LIIP ~llb~i(Lence of 
Uw De\t,n· Hegion 'nl~ aLLl'ihuLe(l i],S earI,y ai! 1U58 to Lhe disor(lerly 
exLracLion of llleLhane containing waters out of llndel'gl'ouml ln-yel's, 
I added (1.c., page 398): '~The e/l'eeL of U1(' exLract.ion which is more 
thi1l1 obviou8 in t,he al'ea wlwre Che drills were bl'Ought down may 
easily exLpJl(L to i], cert-ain (Listance from the extl'llrtion ~it.e~. In Lhis 
l'eg,ud it. should not. be fOl'gotten that Lhe fIexiollS brought about in 
Long Beach after oiI IHUL heen ext.racted reached Ollt ('()llsi(lentbly 
Lo some b()J'(lel'ing areas amI made themselYes feIL ali!o in Lhe -Los 
Angeles arca, at about·W km~ ([isbnee ( ... ), At ahout 16 kn18 dis
Lance from the area of maximulll flexion (Ca VeJl(Ll'nmin), Lhe sulli\i(len
cc oh~el'ved between 1951 awL 1963 'va8 ahont. 35 ClllS, having reached 
the vahw of ai! llluch as 20 cms ±rom 1958 t.o 1963 in only five ymll's, 
thI'Ce oI whieh aitel' the 'milkings' Im-d been stoVped. It. should be 
borne in mimI that li) kms Sorth lie8 Chioggia, amI Venice at. ahonL 
35 kms hom l--'Ol'to Caleri. n I ronc!wLed that, shoLlI(l Lhoi!e eOl"
l'eln-t:.ions be ronsi(lered dal'ing, I would be ghuL if m,y error could be 
IU'Oym!. I l'elJeated the saille eoncevtions in 1970 (~;). 

R.egn.l'(Ling Lhe gl'owing suhsi(Lence Irom Venice to Chioggia aJl(L 
to 1--'0l'ÌO Caleri, a Iew yefln aftm having puhlished the above consider
n-t.iom an eXIJert wrote [("'l), page 253]: "The fn.et LhaL Chiogght sub-
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sided more than 1larghera. :\11(1 Yeniee allll that, Port.o Corsini prcscntH 
stili strongcr motionH, woulll HuggeHt t.hat at leaflt. onc of thc hypo
ccntres of tlw SubHillcnec is sit.uat.ed in thc arca of thc Po Dclta. Be
silles, Llw Hubsi(Lcnec of thc Delta has alremly bcen proved by IH'C
eision Ie-vellings, aImrt f!'Dm tide gnuge !lata". 

This conlirms my rejleaulil jll'll"\'ious Ilcd:wationH, whieh hall fallen 
on genernl ilHlifTlll'ence or (Lcnial (<17). 

'l'o conchule t.heHc short not.es, it may be observed that the olliniom 
cOlwerning t.lw stability of the undergrouml of Venice a,ml its Ingoon 
are most (livergent, ranging from those which deny natly any, even 
the slightcst bending t.o t.hose whieh eonsillcr subsidcnecs of sudi pro
pOl'tions a.s U) suggest the submcrgence of Venicc under the sea level 
wit.hin a few ycars (*). 

9. - G110..,VL\"G FHEQUE.KCY 01" "111G11 WA'l'EW';" A);D 1'1'<:\ l.K'l'El{PI{E'l'A'l'lO.K. 

9.1. There is no Iloubt. that. t.he subsidencc is ha}l})ening; maybe 
it is exaggemt.ed in one direetion amI in the other, so far a.s the extent 
il'! ('om'l'rnmI. 

1\s a ma,tter of fa.ct, unfortmmtely, the "high water" days in 
Venice are alarmingly inere~L~ing. Hpeaking only of the last decades, 
t.lte t.illes of ove1' 110 ems IJaHS from tlw 2 high watlll's of tlw lD16-
1926 }lerioll to 8 between 1937 a.nd 1931i, t.o 3 from 1937 to 19,1H, to 
10 in the Ilecade l!H7-195H and t.o 29 in the deeade 1957-19liH, wit.h 
a tremI to further increase in the following years. Ti one takes into 
account t.he levels over 70 ernH, one pa.sses from Llw 10,1 ea.ses betwlllm 
19li,1 amI 19H1i to 197 from 19HH to 19li8 a,ml reaches the ma,ximUlll 
frequency of the u1111reeedent :2D5 cases between 1 tl08 and 1970 (pi
scnti, n,osa Salva, Le., pllges D muL 10). 

I am no\\" ealling yOUl' attention on a !let.ail to whieh I at.t.ribut.e 
much iml)OI'ta,nce. Generally, the grnphs of sea levcls are redistributed 
on eontill1lOU~ CUI'ves. I t.hink that in this ordel' of examinations such 
a l)roceduI'c temI to disguisc the abI'upt varia,t.ioll8 in t.he beha'vior 
of thc inquired phenomenon. In their abovc said work thc 1\mClicans 

(*) P. cx. according to somc thc sinking ([or gcological rcasuns) was 
about l Iillll/ye1l.l' in tLe Jast l 800 000 yeal'l>, folluwed by 5-7 lI11ll/yeal' u[ 
t.he la.st lustl'UlllS after t.he waier·fuld reduct.iUll: if une adds the rise of 
tlw sea level by eustat.iSlll, Venice should now be floating witL in anybody 
knowing it. 
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Donn and Slmw (~6) prefer to a1'erage along straight lines wilh thc 
lcast squal'es method, Sudi a l)rOCcaure. if avvlied for instancc to 
tlw dingram oi mean le1'els l'l'conI ed at Punta al'lla Salute (fig. Hl) 

with l'eSI)Cct to 1!J:{5-10GO amI HI51-1!)(ì!) resvectiw·ly woula l'cvenl a 
solution oi continuil)' in tlw tendeney of tlw vhenomenon of high 
waters around the year 1 !)50, 

1101'eo1'er, this solution of pontinuity in the beha1'iOl' of the 
1m m around tll(' year 1050 ma)' nlso he obselTed in other l)orts oi the 
'Yest eoast of tll(' GuU oI Venice, "'e consider, for instanee, the 
bellll1'iOl' of the allllUal (mm of Porto COl'sini South oi tlw Delta, 
as resulting from the obsel'vation data Ior the 1034-1!J(jT lwrioll [(~~), 
jHlge 24(j], rel)ortea in fig, 20, One notes dearly the abrupt leav oi 
the tcndeney to rise, aroulHl the ,)'ear li;50, 

But a diseontinuity arouml that perioa beeomes e"vitlent also from 
other stmIies. In particuhr, Ing. Paolo Pirazzoli ( ~ I) based his researell 
UII the yearI,)' I tn tn elabol'at,etl by thc Ilytll'ugraphic Officc of the 
"Jlagistrato alle Acque" of Venice on the basis of the tide gauge l'I'COl'
clings of the ]Jerioa 1871-1\W8, that is from 1871 to 190(j oi the data 
recorded by the tide gauge of Caml)O Sant.Q Stefano, amI from 190(1 

onwanI oi the data oi station of Punta aella. Salute, The Ila.t.a. ajljlear 
ra.t.lwr seu.ttered, but on the wholc they show a tendeney to increase 
(Hg. 21). In order to eliminate o1'erlavvings al tJ'ibutfl.blc to ]Jal'tieular 
metCl))'ologieal conclitions, elTOl'S Ol' other casual rea80ns, Pil'azzoli chose 
a eertain filterillg ojlera.j:.ion by replacing every annual value of {mm 

by "thc a1'cl'age of a. certain number of consecutive valucs of which 
tll(' given 1'alue is the centraI dl'nll'nt". 'l'he results are summarizl'cl 
in tll(' first two figures oi tlw mentionecl work, ~'he author notes tha.t. 
"on t.he WllOle it ma,)' be observecl t,hat thc eurves oI mean eurrents 
jll'eSent the following commOiI features: a l)eriod with small oseilla.t.ions 
al'Ound a rather eonstant value (unti! about 1800), a ]Jel'ioll of growth 
nlmost lincar betwecn 1890 amI uno approximately; n pel'io(L wilh 
im]JOl'tant oscillations al'OUlHI a tenclentially growing va.]ue between 
1010 amI about 1950, another almost linear gl'Owth pel'iOlI bl'ginnillg 
fl'om 1050 forwunl" (l.e" Vage 3). 'l'he ohtainea curves were then 
l'eplaeed by a li118 malIe up by sectiollS of straigllt Ol' jJa.rabolic !ines, 
after which the pll,rameters of the various scctions were cu,leuluted 
wil h the Least squares mel hod after the ]Joints of discontinuity Iwa 
heen chosen, 

It will be notetl that. in all eases the year 1950 constitutes a jloint 
of lliscontinuity, 'l'he supel'imposecl oscillation, too (fig, 21), shows 
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a stl'Ong regain of the sea level tm\"a.nI 1!.l26, aUribut.ed by PirHT.zoli 
t.o the ilHImtI'ial eomebaek or Porto 1\larghera, but. the t.rue tIi8conti· 
nuity dearly marked is t.hat around l!.li)O. 

"Te remember t.hat. , lwginning with t.1Ia.t tlate, there wel·e the 
abnormal ground 8ub~itIenee }lhenomena bl'Ought. about in the Po 
Delt.a regimI by the disortIerIy extn),ct.ioll or met1lane conbinillg wa·· 
t.ers ana t.hat in Sovember l!.li)l t.1Iere "·HS Olle of t.he strollgest. tloods 
of t.he Po in the last. celltnries. 

'Ve have to 8tOp for a certain w1lile on t.1Iese event.s ~),s t.hey aI·e 
intimatel.y conneeted ,,·ith t.he alarming frequency of high wa1ers 
ill tlw Venet.ian lagoons (>lo). 

!.l.2. Epeitu!Jellesis ami salld-jilliH!J iH tlu Hi!Jh A {hiatic. Thc lrrRt 

eoast s1tbsidcncc III/il it,~ COIIRCqlJ.CI/CCR. 

~\s ,,·as recalletI allove, after a long HootI pcriotI, t.he Po Hiver 
bl·oke its bankH in aut.umn 1!.l51 in t1le neig1lbonrllOod of Occhiobello 
~),\l(I l100aetI into a large a,rea of t.1Ie Delt.a,. ft. reachetI the sea over a 
!arge front.. fn t.he long periOlI or high waters a.IIII lIoods, w1lich was 
the common feat.ure of allrivcrs Howing into t.1Ie ~\driat.ie, an very h),rge 
amount of t.m·bitI amI crotIed mat.erù),1 was dmgged into the sea, t.he 
equivalent or whieh is nonnally conveyed only in tCI/,~ oj yca)"R. 

This ha.!; cert.a,inly contrillut.ed t.o accent.uat.e the dilIerence \)('. 
t.ween the meall dept.hs of t.he LQ"\\" ami t.he High Atlriatic aJl(I t~) increase 
ahruptly the nat.ural t.elllIeney t.owm·a a· eonversion of the peI'iods 

(*) Pcriodical anal:rses of the series of sea levcls of SOllle 1talian llorts 
have becn attcmptcd. ~. Pulii applicd t,he cymanalysis to a ftfty year series 
or Trieste (l8DO·l(J42) mlll to a seventr year series o[ Veniee (1872·1!J41) (~' ); 

he ohtainell ["omllouents of 22; 11.3; H; 5.5; 4; 3; 2 years. 'l'he wave of 22 
years, whieh is .'{)llllllon to allllost ali clilllnt.ill analyses prcviollsly lllatle 
by others, .'ol'l'esponds to twke the l'ydllS o[ sllnspots and is (·onsiderptl h:r 
muny allt,hors as a hlllliamental cyele. It. wOIlM be [ollowetl by harlllonic 
cycles o[ Il; 7.5; 5.6 years. 

A slH'ctral aIlnlysis of the data jlertailling 1.0 the l 1JL 1JL of l'ort.o Curo 
sini, Velli.,." Genoa allll Tricst.e was sl1l'<,cssively carrietl out, after the 
I<'Ollricr melhutl, by CUplltO :lilll others (" ), The annual periotls [ounl1 Ior 
all t,ille guuges \\"ere 20.0; 12.5; 8.3; u.1; 4.0; 3.4. 
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of tlle Ioreed and of tlle fme waves to eommon vnlueg, whieh reHultml 
in an inerense or amlllitlJ(lnH of the "high wnters'\ provided the 
mntnol'ologieal pertul'batiOlI~ remain unehallge(L 

But, going furthel' back in time, -we fillll another dear coincidenee 
bet-ween large floods and following "high wnter" inercaHc. 1!J:!U, 19:!7 
alHI Hl28 (aH wdl n~ 1fJ51) '\"ere ycal'~ of large tloods of several Sorth 
rtalianriver,~ [(o?) 'l'able IJ: particulnrly, t.he major f100l1~ of the Po in 
the pre,~ent. eentury wm-n, be~ide~ the above sa id oI 1\)51, tho~e of ::\1ay 
and November 19:!ti [(ol), pagelti;}]. Bnginning with 19:!7 thc frcqucney 
of high waters increased rapidly amI callsn([ t.he simultaneous npparent 
increase of the mean level. l'n Venicc [(on), lJage 7J the ti([(' ~ of 
equal 01' higher Invel (han 1.10 ms m-'cr thc III/III, which hetwecn 
188·1 and 1\)30 ha([ lwcn only three, ro~e abrulltly to lO in the 12 fol, 
lowing yearH between 19:!ti alH! 1!J:}K 'l'o imlllltn local ('hal!g{',~ to 
ilH!ustrinl setttements in the 1>larghera area wouhl be rather o/Y the 
point, fir~tly lweause tJw beginning of those settlements wns mo(!est 
as it eont.inue(! to be fol' many ynaT~ ("'), an([ h('(·all,~c high watel'g 
aecent.uat.ed at the same time also elmwhere, between Yenicc and 
Porto UorsinÌ. ft is my eonviction that tlw 11l·ineÌpat eausp is to be 
sought in the sudden un balance between eust.ati~m aIHl teetonie 
Twnding (ti w lattm- to a lllueh slightm- cxt.ent.) on one side alHl thc action 
of ~Iow ~alHl filling ([Ile to abnormal aiIluxes oi turbi([ ami tn"(1I1ed 
materials on the other, with a elear adyantagn of the latter, amI in the 
silllultaneoug gl'owth of tlw intemet.ion bet'\"cen atmoSI)hern nlHl 
hydroslllwre (llart,1y (hw to the lightening of t.he water aH itH MIlinity 
dccrea~e~), tlw meteorologica l peJ"turbatiollH being equa l. 'T'he ([isap
j)ea1'ance of high wHters in the lfJ::l8-1U-t{ decade (amI the simult-HIl('Ou~ 
appal"lmt ~tan(!ing of the I m m) illllicateg that t/w above lllcntioned 
unbalance wa,~ decrcn~ing wit.h thc retUl"ll of normal turbid matte1· 
components, with tlw return of salinitr ami the per~istellt PIl,~t.a1ism. 

But the natural equilibrium was again brokpn in 1951 with the trp-

('") ",\larghera was en'ated an(l lmilt OI! a limib'(l Hcale. Lat,cr, in 
eontraRt with YOjpi'8 8eI!~ihjelle~~, t,hc area was OjWll(',] to lWW initia· 
tÌ\'es [ tU ), p. H8]". The PXl)l\n~ioll work heg-all in IlIlH allO] plUI<:>d ili 
I!l35. lt i8 lo Ile llot,cd t.hat in \U22 there WPl"(' ](; lIIill~, wl,ill' in 1!l55, 
Wht'll Giuseppe Yollli long sin ce ha(l 11el'n ,Iea.l, t.ht, nlllllber ha,] n'lH"llPd 
180! 

, 
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mendous );"o1'(!mber fIood and the following ~udden inerease of salHI 
filling in Ihe high ~'Hlriati(·. 

~\Ild lw,'c I deem it suitable to re1'et'l on Ilw ~tl'uggle betwetm (!ar1h 
aJl(1 water in thc Po Yalley, a snbjet't, alrcady ('o1'crcd in :Xl'. 2. 

It is knmnl that. lW1:.Wet!ll OlW glarial pCl'iod and al10ther the Po 
depression passed n'l)(!ate(llT Irom the cont,inental to thc sea-col1-
dition. 

I1owever, it i~ to bI! ob~erved - as writes P. J~eonardi - "t.hat 
wilh eaeh rehu·n into the Po depression the sca. s7lallOlferl more a/Hl 

more (lllrl rerhtcrd itl! c.dcnl, for (lcflpitc oI t.he llrogrcssive subsidence 
due to tlw sm!inwntar.\' material COmllaetion amI Io the stilI acting 
vositiv(! bradii<ei~m in t.he eoastal nreas, the wandm·ing sw{'llm! river 
of the Po Valley dellosiled, in tlw mner~ion p(!ri()(lfl, ~uch an a.JllOllnt 
oI alluvium t.hat 1:.he l'o Uulf was gradually Jilled up" (0iIl). 

'l'his fillillg IIl'oee,~s of the High j\driatic gradually accentuated 
dul'ing tlle l:tte~t eenturies in the ('our8e of regnlation amI da m
millg of the l'ivers. 'l'hm, th{' l'o ]){'lta advaneed by some 25 m~ a 
yeal' ("I) bet.we{'n t.he SnHh aJl(1 SYIHh eenlllt'ie,~. lictween 1000 

amI 1804 tlle g,'owth wafl about ;3 m~ }Jer ycar, '''l'he dill'crenre is 
explail1{'(1 by ar1iJi('ial damming' t.lnough whieh the mnjor llart oI 
tlw sn.~Venderl material whieh was first abulll!al1tly lo~t along t.he 
rivelo beds was now cHlTied along allli keVt in the (·IIlTlmt." (""). With 
Iurther refe"ence to tlle l'o, ::\l:H'inelii (G3) ealeulatc(l lhat. the mean 
growth of the ])elta ill Uw SevelttT ymu' ]lcl'iod LS23-1,s!J3 was in the 
O1"(ler of 0.i!l2 ,~quare kms pcr year. 

An est.imate oI suspemled solid material, ealTied by the Po towan! 
the s{'a an(l in 1'ariou~ ways distribuil!(l on tlle sea bottom by t.hc 
rlltTentH, wafl ma,(le a,~ well. 'l'lw amount. Vari(!fl, oI eourse, with the 
('limate and the seasons, 'l'hm, in the period oI t.en Tears - from 
1U14 lo 1(122 ltot Ye"y l'a,iny - t.lw qllalttitT of malm'ial sm1wIlded 
in tlw Po allli rarrie(! olt by it resultcd lo bc abollt li \! million ('ubic 
metres per Tear (64), ,dlCreas in the aboye said seventy Tear period 
::\lnt'Ìlwlli estimales that tlle mean al1nllal dellosit. was in 1:.he on!er of 
20 million cubir nwt.l'eH. '['o thc su,~}Jen(!(!d mat.(!,'inl ranied 011' must 

be added, however, the dragg{'d llart, tlmt ii:! anothcr lO ~"'~ oi solid 
~u~pel1d{'(1 materia!. 

Anyhow, ass1l1uing that e,,{'ry Teal' t.he Po eonveys abollt 30 mil
Hon eubic met.res of [1lH.' ~oli(l mat.erial lowanl tlw sml, a 1l1"icI ealeul
at:.ion shows tlmt t.his is suJlìcient. to eover an area oI arouml 3,000 
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squarc kms (measuring about GO X liO km,~) with a 1 rll/ thiek larl'r_ 
'l'he distribution 'HlUld of eOUl"se not be uniform, l'spedally Ilue to 
ihe eurrents_ 

Hut the l'o is not ihe only river whi('h f1o"-s into the High ~\a1'iati!', 
a1though the largest. l'artit-ular1y the Yenetian rivpl'S from the _\Ilige 
to the Isonzo carry their aggn'IPlte contribuiion oI tUl'hid materinl 
into iIte GuU ot Yeni('e_ AceOI-aing to the data }mblishea hy tlw 
Hr1lrogI'aphic Otliee of the :Magistrato alle ,\eque, the .\dig-e, Ior 
instance, earried in 19,'33 suspemled solitIlllail'rial, as as('ertained fl-om 
~j,ccurate turhitIlllaterial ml'asurements at Boa·m· Pisa.ni, in the amount 
of 1,OUliSOO t.ons (G~). fn ot.her wortls, in 0111' rear tlle .\tIige carl'ies, 
aB a gross estimate, an amount oI llissolvetlnmterial illio tlw sea whicil 
eoveI's an area of al)()ut 100 square kms ,\-ith a 1 em layer, 

'l'his is not ali. Du1'ing ihe 110ml periods the atllux of mail'rial 
is enormously iligher. For instance, when it is swollen, iile IJoim 
River ('al'l'ies a "-ateI' amount of ,'312 times as mue!1 as nonnal. 'l'his 
relation del'reases siwahly it a river Jl()W,~ through fore,~t <lreaK: the 
ratio i,~ onl,)' 70:1 in tile ('ase of the Rhine River downstream tlle ],ali:e 
oI Const.~Hlce (De MarclIi, l.e" p, 2-l'i), .\t any rate it is always on ihe 
very high side, ])uring a ilooa pe1'iml a 1'i\'er iN ahle to eonvey an 
amount of unhoUlll1 material into tlle sea, wllich under nonnal l'on
aitiOlls he conveys in tens of years. 

fn Ulis way, the lifting U}) oI the botiom oI the High .\IIl'iatie 
hy unloading ot fine solitI mate1'ials thl'Ough the rivel's 1I0wing illio 
it l'X(,l'l'aS stronglr the leve! variatiollS l'aUSl'a hy eustasiNm. Remain
ing tile perturhing eanses Ullvariell, tile amplitude oI the osdIlations 
in the High ~\driat.i(' slo\dy tell11s to illerease, '1'11is inCl'('<lSP tnl'lls 
ahl'U})tly st.ronger with suatlen Jlood "-aves (1R,!1-1SS:Z, 1!.J:W-1U:ZS, 

since 19;)1). Hut thp raise oI the sea hoUolllln·ings ahout a siili more 
insitlions variation: tile increase of the }lrOpel' })erioa of the st.J'Ctcil 
of sea suh.ieet to free oseillations, eS}lCeially tho,~e oI the High ,\ariaii!'. 
As ii is kmH\"n, rmnaining t.lle otller eonditions unehangl'tl, ihi,~ lH'riod 
is alJ})]'oximatl'ir inversely pI'oportional to tlll' squa1'e oI deptll and 
j{rlH\-S ~j,s tile latteI' diminislws. Sin ce, for instance, the fl-pe wave oI 
11.S hours is next to the half-day tiae, even a verr ligilt. i1l('I'ea~e of 
iis periOlI - lll'ing in t.he resonanee zone - is ~j,pt. to eame iallgible 
increases oI <lmplitude, 

lll'ginllillg ,,-ith HI;)1, ilm\"evel', iwo otllel' l"l'a80n Ilave eOlltl'ilmted 
t.o acceniuaie the high "-atel's in iile Yl'1wtian lagooll8: 
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1) The more frequeut. J"(~lletition of the tloOf!-wavefl in the Ye
netian river8 ("'): 'ragliamento a.nd I~ivenza CE'ebruarr and Novcmber 
Jn51, Od.. 1("1;)3, nec. ln5'1, Nov. H159, Nov. 1nnI aud t.he most violent 
of Noy. 1%;3 and NoY. 19(6), Piave a·IHI Brenta (:Xov. 1951, Oct. 1953, 
Oet. HWO, :Xov. 1965 a·IHI the strong one of Nuv. 1966), Adige a·IHI 
Bacchiglione (Xov. 1951, Oet. H153, Aug. J966 aIH! the rat.her 1wavr 
OIW of Sellt. HluO, Sept. ln65 amI Nov. 196n). 'l'he !lata are taken 
from Piccoli's mentioned work, Table I. 'rhe progressive accentuation 
amI frequency or tloo!l Il!wnomeua. wit.h t.he consequent progressive 
increase of eonyeyanee oI material into the sea, as gathered from the 
lIy!lrogra-l)hic Service of the ::\Jagi8trato alle ,\cque, is aitributnl! to 
the "recurrenee of inteuse miufalls iu lleriu<lf! always eluser lo eaeh 
ot.her" (Piccoli, l.e., Il. 157). 

2) 'rhe beginuing anI! the ]lrogressive accentuation until l!Ju"l 
ami lat.er of tile belllling uf the Delt.a· area amI, henee, of 11le 0PI)08it:e 
st.rntch t.o sea bottum, eSlJCeialir in t.he seetiou Port.o Corsini-Chioggia. 
For tile reawns given under li. this faet has ereat.ed always bet.t.er 
conditions of the amplification of free or foreed "\\'ayes propagating 
towarl! the coast. 

n.3. Consel[1tcnr:e,~ oi s~j(ldel! vaTiatiOI!,~ oi salinUy in thc High Adriatic. 

J~et us now consider a.not.her aS]leet of the physica.l eonùitiollS 
uf the Northem Adriatic Sea whieh ifl linked to abnormal alflux of 
(80ft.) watcr: salinitr. It is known that the saltuess in the inner 
sea~ is tile lower the smaller is t.lwir eommunieation with tlw Ocea.n, 
the lower is their eV~l]lOration a.nd t.ile iligher is the amount of riyer 
water. ",Yhile for inf\tance tlw salinity of t.he He<l Sea is in the order 

(*) COllccrnillg the tillillg- action of thc Gulf of Veniee hy thc Vpllc1.ian 
rivcrs in lloot1 con(litions (an(l thus cOllcerlling- the highcr hydnHl:vnamic 
precolHlitioll of "high watcl"s") T wOllhl recall that 011 the hasis of tlata 
sllppli{'t1 hy L. UOl"igo [(i8), pago 7] a til"~t grollp of "high watel"S" fl"orn \SiH 
1.0 1883 rnll~t he a(\(\e(l to tho perio<1s trom 1 Hol until tO(lay al)(1 from 1 H26 
to \\)31:\, so that in 18i9 t.lll'n~ was OIlC or 1.ho s1.l"Onge~t 1I00(ls of t.lw l'o of 
tlle last ('c1ltur....- (Giamlotti, l.e .. , p. i). 'l'he al111l1l1ll of 1882 was long- re
melllberc(\ for the tmrnelHlous 1100(ls of a11 Venctian rivol"s, lmg-inning- with 
1.he lu\igo (piecoli, l.e., pages lo6-I.,i). 
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of -Uio;." t.hat oi the Baltie Sea is around 15°/00' bllt. it. is WI'l! apt. to 
tal! under 10°/00 in the Gulfs of Bothnia allll of Finlanrl. 

The flood }leriodH bring thereiore iurther infiueneefl on t.he propl'r
ties oi t.he High Atlriatie Sea. 'l'he enormous quant.ity oi the wat.er 
unlmulea by the flwollen rivm'~ int.o the Gnlf of Yeniee in the rainy 
periorh a}l}lly deep ehange~ to t.he flalinity of the flea water. 'l'he l'e
tlueed salinity eanieH wit.h it, among ot.her thing~, a retluet.ion of 
den,~ily, of IllOleeldal" vùwollity and of s1M'faee lel/sion (""). In other tenm 
it. makes t.he water liyhil'l" a·nrl 'more f!t/,irl. 'l'he extemivenesfl of this 
]lhenomenon concerns in the long l'un tlw whole High Atlriatie, where 
the ~alinit.Y is always considerably redueetl aUer large Ho(}(ls (~l). Ii 
the atmoHIJhere inf1uenceH remain lUwal'ied (lH'esslue variation in mms 
of mereury), t.he relation mercury/watel' ifl no longer 13.2, aH wit.h 
norma! salinit.y, bllt teIHh to 13.3. 'l'he statie leve! variation te11l1.~ 

to inerease, alHl be it only t.o a very light extent., but the increase 
becollles more apIH'eciable on the dynamic fi·ehl, when the tl'eml is 
towanl reHOnanee eonditio11H. In thefle eafles (in whieh the statie l'f

ieet. may be multipliml by ten t.o a hU1Hll"etl times) the tleereafling 
molecular visrosity, aelli\it.y allll sudaee tension may facilitate level 
increafles in t.he ol"(ler of several centimetres. 

Furthermore, isostasy prefluPIJoHes t.hat. per area unit on a eon
ventional suriaee (comllCnflation sudace) act.s a v('rtical cohunn oi 
equa.! mass in any IJoint. oi the eonflùlerea surfaee. Thereiore, t.hat. 
eolullln ha~ a aifIerent height aceording to it.8 tlenflity: it is higher 
ii the matter i~ less dense and lightel·. Patt.ullo (:l ~ . 40) proves t.hat. t.he 
major part. of deviation irom t.he mei\-n sea level is a iunet.ion oi iso
static effeetfl n;HldUng among t.he ~ea pressure and density changes 
(or volnmet.ric rhanges). Thefle eITect.s maint.ain a coniltant pressure 
on the eOlllpenflat.ion flurfaee (which may he t.he bottOlll sudace), 
In col!aboration wit.h 1':. Lisitllin, Patt.ll11o ]lI'oves that aceo]"(ling to 
t.he results oi tide gauge j,,'1'aphfl reeonled in the "Intel'national Geo
physiral Year" tlw seasona.! variation oi the sea level is C'hieO:-' iso

,~talie ("S), at lea~t in t.he larger port.ion of the Pacifico 
~\.fl recalled before, an aecurat.e research work on t.he variations 

of the sea level in the Atlantie areas oi IcelalHl amI the Be1"1l1U(las 
was eontllletClI by Shaw and Donn (n. 7) based upon tlat.a of 1958-

19G2. ~\.mong the other results, a part.iculal· intere~t regarded t.he 
isostatie e!1"ect deriving frOlli t.he "steric effeet" (linked to t.he varia
t.ions of the water slJerifie volume) a11l1 from the barometrie elieet: 
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t,hl' "Hterie elTed" is by far pre(lominant (in its ]Jo~il,ive vaIlLeH) in 
Llw month~ al'01\!Hl Octobcr (Septem]wl'-Der-pm\)er), CSllGrially in file 
yeaI'S 1!Ji)i}·1!J57 anc11Hlil (in Sevl-elllhe1'lH;")5 wiLh mor(\ than:!+ ems), 
as allllE'a1's by t'hl' way al~o fl'om Lhe monthIy averages of tlw (~nt,il'C 

]Jel'io([ shown in lig. lO. 
n'haI ha1l1W11S in the High A(lI'iatie cln1'ing n(Hl af1.(~1' 1Iw gl'eat 

Iloo([~~ 'l'hl' "~teric cITed", aS80eiat'e(l p11l'l,ir-nlarl~· lo the sl,rong 
lcssening of salinity Vallw.~, mn~t l'each ('onsi([erabIe lll'Ollortion~ and 
lelul to 11 level liHing of s(~nlnd ('ms. A Iramition an(l compensation 
area on a sn]rvel'li('aI layer i~ 1)l'obabIy buil(ling lL]I i11 I-hese 11noma
Ions inteJ'val~ 10wa1'(1 the )Ii(l(lle --'\Ilriatic, het.ween Pesaro a11d "\neona, 
,\·he1'8 (~ven in nOl'mal times s11linit"y (fol' inHI,an('(~ in IlIc ('oaHI,al wale1' 
(1)1)()~it..e 1..0 Fano) is lowel' lowanl S\V and incrca~e~ tm\·al'll SB, as a 
eonSC(jueJH'C of IlIc alllux. or the '\·ater~ fl'Om the Ye11etian rivers 
anll llartieula-1'ly from tll(' Po (69), 

111 LIte !lood lWl'i()(ls of the rivel's flowing inl,o 11](\ High "\dl'ialic 
aIl(I in Ihc elosely rollowing onNI Ihe "liglltening" of walt'rs ([ne lo 
1'('([nce(l salini!y may bring about rise,~ of the sea level nmler the iso· 
Hlalic elLed, an([ nlso 1)]'e1la]'(\ ([ynaillie phenomena of am]llifieat,ion 
of wat,er motions, l'enmining Ihe olllcI' ('OIHlitions nnchanged. 'l'his 
eX]llains why the yem's of major Iloo(ls are alHo elw,radeI'ize([ by a 
highcr fr('flnency of high walel'S (*) mal'[;:pd i11 Ilw IHst te11,~ of yem's 
as a consequence or heavier minfal1H. 

\ Vhat is eX]ll'esse(1 i11 th is va m.graph may appeal' lJarllr ('onl rasI i ng 
,\"ith ImI'. H.:3, blLl il.. mlL.~L nol- be fOl'gotten that thcse waters are 
"lightene(P' amI llartieu1arly suilab1e lo snlTel' il1ld to enhanee the 
!lrnami(' bal'ollwtl'ie etl'eds; their lIWIIS is in any war th111 of the liqui(1 
1ayer of nonna1 sea80ns. 

a) 1<'l'Om wha-t is obscr-ve!l lllHlel' (l. 5, antl ~ince t-1w nwan thiek· 
neSH of I,lw sml in eOlTeSllO(l(lcnce l,o l,Ile deep basin of Uw Ronthern 

(*) Tht' 0l'l'(l.~ite (·f)·('d, t'llk('s plaee, of ('Ol1r,,;e, whell Sillinity grnws 
aftrr miIlfallH are .~('lln',(·, mul l'j\"('l'~ ('an,\" IHtl(' wnt(·I". 'l'hp ,1('nsity jm:]"('aH(' 
ma.\' lw sud, aH to ('nllSO "all cfT('d,in! ('oHtradioIl ()f tl,e ~e-a Yolume whkh 
may he ('(lIltrnlle,1 also throu~h t!m ]Wrll'llm'Iltly Iml·cre,l sea lt!\'ds with 
I"e~ped Lo the lHll'llla! Ic\'(']" , [.\loHotti (~7), page 4]. 
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A!ll'iatic may be comi(lere!l cOllstant, in yiew of the dear!y !arger 
extellSion aI that. hasin alHl the millO!' afflnx of hubid mat.eria! from 
t.he small riyers Ilowing int.o it, in yiew of tlw gl'fulually thillllillg out 
mean thiekness of the lrig-h .Adriatic, it Iollows that (the other COIl
!litiolls l'emaillillg U1lchallge<l) the amlllitude of the s!ow moyement.s 
(lf t1le sea - ,dth fmce(l or free "-aves - ill tlw Ilpighbourhood aI 
t.he Venetian coasts is subject. to a shm- bnt. contilluon~ mlati·ve growth, 

b) Bnt, t,lte (lellth (lecn;ase of a basin (or of part, of it.) brings Iorth 
allothel' consequence; t1ie progl'essive ill(,l'l'asc (t,lte other cOIulit.iolls 
remainillg nllcltallge!l) of the petiod of thc basin's fl'cc oscillaliolls. 

As I sai(l, t1le t.heory va!ues t.he })erio<l as inyerscly proportional 
to t1le square root. of depth. ThercIOl"e, a decrease of the mean dellth 
of t,he High ,\driatic provokes an illcrease of tlw periotl of Ilatural 
oseillatiolls of the said sea (*) which is ali tlw more ap]ll'eciab!e if the 
Ilatnral oseillat.ioll of 33 houri'! can be attributetl - aeeonling to Od
done (21) - t.o the f1-ee moyement oI t.he High Adriatic cOllsitleretl as 
a gnlf open t.o the !arge basin in the 80uth, 

In any case, the incn;ase of tlw ]wl'i(xl of t1le free oscillatiOlls 
gives way to a very slow, lmt. unavoi(labIe avvroach of [l O] to l'esonanee 
con!litions, es])eeially as far ai'! referrctl t.o t.he (lim'ual alHl semi
tli\U'llaI ti(les (**). 

(*) If the perkul of tlw nnilHlIlal fl're osdllations of Uw Stl'd(')l nf 
Sl'a between the Venetillil coastR alHl Ow line het-wll{'n tlw 'l'rrilliti IsIH1\(ls 
alHl thc Islantl of l'elag-08a i8 II,!> Iwul';: for Il lllClln dP111]J of (iO m8, lhc 
11Cl'ind of thc unino(lnl hp{'onwB 12.00 hOlll'8 if thc 1I1lHIiI depth is re(hH'{'{] 
h:r 2 1I1S. 

(**) Coneerning Ihe propagation nf Wllyes throng-h UlI' High Adriati.', 
t.hc dfel't of fril'tion on thc sea hnttolll shonI.l al;:n be l'onsitlel'e(l. Hnwcvl'r, 
with Uw exeeptioll of Iwnow ('Ilnllis nlHl of Ycry long prrinds, it is extremrly 
lo"\\'. 

Rehll'l'ing to equnlions [fil or [lOJ, if wc ('onRi(ler the }.J eOi'l'csjJOI\(lillg 
to natura I oseillatiolls. iII thc rnsc of fl'i{'tioll thl'Y will 11C no morc jJlU'l'ly 
illingillary, 1mt lak.' a rcal pal't, nlwllys Ileg"ative as the l'lICl'g.v (]pr!"casrs. 
The l'Ools in I. will 1l(' st.ill imag-inary, eOlljugntetl iII twos, hut ilO lOllg{'r 
iII t.wos e(!lwl aJ\(l of opposite sign. 

Let n8 looli: ai. thc ('ollse(luellres. \rith forecrl oS{'illatiolls we have 

q,. (, cl.{ whi{'h is n pal'ti1l\111l1' solntioll, while thc g-pneral SOllli.ioll nf (Il(' 

ullhomogrneOUR rquatiolls is '7" - f,. eì.t -'-- LA) a,., ~;'JI . 
'l'hc Aj's rlojJClul 011 the inilinl ('OJl(litiolls .• \pplietl (o Uw tirlcs, t.hcse 



2HO l'. CALOI 

Jloreover, it was obsel'yed on other oecasions that. ill basim 
sllhjcct to [oreed oscillatiolls thel'e is a tendeney towa]'(l t.lw unific
ation o[ the pel'io!ls of such wa ves or of some of them with the periods 
of the free oseillations which the basin is calmble to produce: uninodals, 
biuollals ... , 01' o[ some o[ them. [u EllO Oùdone ('0) pl'OYed by ex
periments tlwt a basin is able to challge its eonflguration uut.il the 
Cl'eation or a proper pedoll in tlw o]'(ler of the one pel't.aiuing to the 
pel'tmbing foree. 

~\s far ai! the A!ll'iatie is eoncerned, it is eel'taiuly Ilot fOl'tuitous 
that the ullino!lal o[ about ~3 homs is elose to the Ilaily tille allll tlmt 
the free waye of 11,8 hOlU'H (appl'Oximately) is in the order of the 
half-!laiIy ti(Ie. 

In its natural eOUi'se, this process is ulHloubtl'dly Yel'}' HIo'y. It is 
tl'ue that the basin's pel'iod may be lengthene!l by the sIow raising 
of the bottom thl'Ollgh Ilepo,~its o[ turbi!l nmterial, but sueh leng
thening Illay at the sanw tiIlle be eontmsted by the adyance o[ the 
shore line. 

1'hiH equilibl'ium is in an)" case llnstable, wmetimes failing;j tlwy 
eau be easiIy upset hy slight ehanges o[ the participating forees. For 
instance, ehanges in the cOllllitions of some rivers, eaused by arti-

krlllS \lisappear rapi\lly: aB l" lws a negative real part , rit)t decreases con· 
stant.ly unti! zcro: during the rlevdOlllllCnt oi tlw ti\!es, the movellwnt duc 
to fl'cC' oscillations IIIUSt. be eonsidel'ed finite: the]'c remains only tllC forced 
oscil!ation properl;)' spcaking. 

~eeoll(lly, fridion produces a light del'rease of alllplitudc nnd a littlc 
plwsc displacement (11). \Yc sce , he8i\les, a lcss pcrfeet. resonancc. 'Vc ha,e 
in fal't 

,. f . = _ D, 
). - i-:; 

and t.hc resonnnce i8 H'alizC\l for i. = i.} which provokes the tenrlency to
ward the intinit,c of one of the terlllS which pl'eyails t.llCl'cfol'c dechledly on 
ali Hl(' others. Due to friction ti\(' rcsonance is no lllore as lll'rfect.. In fnct., 
whilc i. is }lUrcly illlag-inary sÌ1l('e the lwrturbing fOl"l'c,s are pssellt,iall:,>' pe
l'iodiral, I.} yet has one negat.ive n'al Il;U't. 'l'lH'r<'fol'e,), -,1,1 is never nll_ 
llullc\l. 

l'ractkally, hOll'cvC'r, the differcnce is not large , siacc the rcal par t 
of ;.} is always ext.l'l'llll'ly smal! a8 an !lh~olllt.c valuc, from whkh follows 
that i. - i.) cnn be('ome VCl',)" small, so that an a!most perieet. l'csonmwe 
is enablcd. 
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ficial barrages, prevent a.n cffident counteraction b,v way o[ atlvan
cement of the beach without clmnging the 810w reduction o[ t.he basin's 
mean tlept.h by 8and tlepositing, as in thc speeific case of the High 
Adria.t.ic (*). 

c) As was ]lOintetl out. repeatedly, a va.st part o[ the Pole~ine 
regiOlI, anywa.y slowl.)' sinking tlown in itsdf, suHeretl consitlerable 
subsidences o[ over 3_5 ms in some pln.ces as a· eonsequence of the 
disortlerly ext.mction o[ met.hanc-watcl"s in the Delt.a. aren., begun in 
19..18 aml eontinued up to 1900 antI st.ilI in course in places harllly 
ouf.sitlc the Delt-a. 

'1'hcsc sinkings hn.ve neeessarily 8preatl also to the coast area antl 
to thc sca· boUom dose to it (**). An ann.logolls proeess due to con
eurring causes a.ntl in part to t.hc sa.me ca.me, took pIace on t.hc High 
Adriat.ic coast from Venice to Ravenna (***). 

Heginning with 19[)1, a progressive light tlecrease o[ the angle 
bef.ween the sea bot.tom and f.he wat.er sl1rfaee near t.he shore is thus 
going on a.long the \Yest coast of the Gulf of Venice. \Vithin tlw tIy
namics of sIow sea-motiollS (linketl t.o the tmnsit o[ pressure va-

(*) Thc amplitullc of oscillation8 in thc High ~\driaj,k may be('ome 
sulJjcet - thc othcr NIlHlitionfl remaining nnchanged - lo an incrcasc 
alBO [or other reasons: the progrcssivc Tcstrktion of the hasin (!i). 'l'his 
is what actuaily (thongh very 810wly) IWIJIJCns, in spite o[ thc llcting 11ra(1i. 
seislll, with thc lltlYllnCclJlcnt of thc tlelta on a front. of several tens of kllls 
which is piling up on the 8ea (at the rate of somc 70 ms pcr ycar in thc phase 
of 101Jlltcd dc1tll) C' ). 

(**) This is lJroveà by thc isokinctics (from -20 to -70 cms/year) 
opene(1 on thc sca, hut not onIy (lnring the strcnuous mi1kings, Imt also 
aftcr their intelTuption in Ihc delta arca (i8okineties !rom -lO to -50 
clllsiyeaT), with 80m(' stiU in ronrse in l!l1Ji [Hgs. 2·5 of (")]. 

(***) Jkginning in 11)50, at l'orto COl'sini thc aIlIlIlal frcquenry of 
high waters increases, cel"lainly nlso on account of grollluL subsitlcncc. This 
iB prove(1 hy thc ohservation that. thc high watcrs of oveT or equal lo 1.00 m 
follow a eurvc o[ always highcT freqneneic~, lower than that of Yeniee in thc 
lJCginning-, hut t.nrning sleepcr antl stccpcr lwg-inning- with l!Hi2 an(l snr
passing widcly thc annnal nnmlJer o[ high watcrs olJscrvpd in Venice. Thns, 
whilc from Hl50 lo Hl61 (in a twelve year ~lJan) the nUlllIJCr of high waters 
in Yenice was 52 and at l'orlo COl'sini 2(i, it rosc from Hl{j2 to H16!l - in 
cighl years - to 66 in Venire aIHI to as many as 14..j. in l'OTto ('or;;ini [pagc 1;4 
of {,~l1. In a few years' tilJlC, hencc, thc frcqneney relation of the Iwo placc8 
was inveTte(l. 
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J'wtiOllS) this is translated int.o a relative increase of t.he motion's 
amplitudc, pUl'imant to the theorr put Iorth under N, a, which says 
that resonance phenomena may ta,kc pIace in the l)l'Ollagatioll of a 
"'lFVy motiOIl towal'(1 thc coast whcn the sea ùottom falls sIowlr 
llown with respeet to it (*), aml tlwt such phellomena arc tIw more 
Ial'ge thc more the sea bottom temls t.o l1attnn out paralIeI to the 
"'a ter sUl'faee, 

'rhe ca·,\{' oùservell by the Japanese (3~) is summlu'ized in Hg, 12, 
From many points of view it seemE to fIt· for the High Allriatie: in 
fact, t.he cIept.hs oecUl'l'illg are of t.lw samo amoullt. AI~o in the IIigh 
Alll'iatic t.he t.ransit yelocitic!s of wea.thOl' llel'tul'bations, eorresponding 
to l'csonallCc phcnomcna, arc of thc oreIel' oI ,..JfJho (Ior h~ varying 
bctween :!O and :!5 ms) (~). In t\\O rcsI1Ccts, however, the sit.ua.t.ion 
of t.he High Acll'iat.ie is dennitely WOl'se: 1) the case examinoll by tlw 
Japalwsn illyolyes a (projnct.ed) llistanen of only 20 kms for tIw ex
trcme depth~ oI ·10 ms awl S ms, whilc in thc High Acll'iatie thc dis
t.a·llcc yaries betwecn 40 amI no kms eS) (*'l'), amI prcsent.s t.Inu; a 
meall slolle bottom clea.rly bel(l"w t.hat. considerecl by t.he Japanese, 
whieh inyolvm; - thc othOl' COJl(litiOIlS romaining II11chang!'d - a· 
mueh more acccntuatcd amplitudc of thc liquid intumcscencc pro
ceedillg t.owa.rc1 the eoasti :!) "\vith the aggrava.t.ing cil'eumstanee oI a 

(*) Of eoal'se, UIC slope may val'y from one area to another. As faI' 
as the delta is eoneern('(1, for instance, a [astel' incl'ea~e of depLh [l'O m the 
COl\.iJt toward the open sea is obsel'ved "in the offshore strip from l'Ol'to 
CalCi'i to l'anta (Iella 'Taestl'a. 'fore ]ll'ecisclr, while Lhe isobates up to 
15 ms maintain tltelll~lllves more or less at the same (listanee from the coast, 
Lhe isolJate~ lJCLween 15 anll 25-:lO ms ]lrogressively go away pro('eeding 
from North to Sonth. In faet, the 25 m isobate 1\orUI of l'anhl della Maestra 
avel'ages a !listance of (j kms from the eoa~t, an(! in the SOllth it reaehes 
a maxinlllm of Il kms off Porto ' -0\;1110" [CialJaUi et), ]lage 191J, 'l'his 
llepen(l!; on the pi'Operties of the matel'ial ilowing into the sea an(1 on t.he 
aetion of the sea-eUiTents, 'rlltls, N ort.h of l'unta llella ~laestl'a the lleposits 
ltave a less fine grain than in UIIl South, while the large san(! area "(1evelops 
towan! North in a (lifl'ercnt naLure all!l a eoarSllr g"l'ain. 'rhis faet sa~gests 
tllilt the watel'-ways NOl't.h o[ t.he l'o e:\rry eoal'ser materia! to the Sila, of 
a llifferenL nat.ure, e\"en if towanl South a finer materia! cal'l'ying l)y the 
suheoast.al eturents ean be seen" [(7~), page 208J. 

(**) On a front o( some 100 kms the 50 m isobate is apart from the 
40m one l)y 25-50 klllS; t.he area hetween the two isohates lIlay thercforo 
he eonsidel'e(l a wide horizontal p!ain, 
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progressive increase of t,he resonance elTect as a consequence of the 
considerable sinking of tlw \Yest coast sinee 1 (l30, the other cOllllit.ions 
remaining unchanged. 

If '\"e eonsider, for instance, the lligh wat.er oeeurrerl in Yeniee 
bet.ween :Xovember 3 and 5, I9/iO, fig. 23 shows us tlmt in those days 
t.lw ]n·tlssurtl variat.ion was about 8 mm of mercury to which corres
ponrletl, as is shown hy fig. 2-t, n, lifting of the sen, level of about (lO cms, 
that is a.bout nine t.imtls t.lw stat.ie value! 

dl ~\s eXIH'essed in :X. 7, we have an inversion of the air temper
ature tremI on the Earth sinee 19-!O, parallel to whieh an aecentuation 
of weather l'henomena, llarticularly or rain hal)l)ened. 

Although these iml)Ortant l'henomena are not retleete([ in what. 
has b(l{m writ.ten and said about Yeniee, it is a facto t.hat. t.lw ~Iagi.~t.l"a.to 
alle Acqne ('Vater control hoanl) ascmtainetl in the la.st rlecatles al
ways more frequent repet.it,ions or weather preeil'itations in the area 
to the High ~\driatic associated (:X. 9.2); besides, tlw freqneney antl 
durat.ion of winds was growing, eSl)eeially the winds from SE-SSE 
(scirocco), as is proved by the 1ig. 2-t pnbli~hed by Prof. Giortlani Soika, 
Direct.or of t.lw Jltlte()J"ological Ohservatory of t.he OSlledale al ~Ia.rtl 

(Lido) amI taken from ("l8). ~Iortl rtlcently [19TO, v. (13), l'age 55J Gior
dani Soika and D. ~Ieneghini st.ated that "these variations, which have 
been more accentuated aml more signilieant. in tlw last. fift.een yea.rs, 
eXIH'ess themselvtls in a heav", increa.se or the Bora ,\"ill{1 in autumn (. ·.l 
and in an increase of t.he Scirocco thl'Oughout summer amI autullln". 
'L'lw anthors lwlie"vtl that this brought about an increase of the seiches. 
In this regartl it lllU.~t btl belie"verl - as is exl'lained furti Wl' - that 
the intesification or the l)henomel1on of free (or forcetl) oscillations 
should not be attributed so much to tlw higher winrl rrequency but 
rather to the acctllltuation of t.heir first reason, ident.i1ied in the "va
ria.tions of a.tmo.~llherie llressure. 

At. any rate, the aecentuation of meteorologica l phenomena, 
linkerl to t,he inversion of the lllean air telllllerature tremI in t.he worhl 
sinetl l(l-!O, is aceomJlanietl b~- an accelltuation of t.he caustls of pertur
hations or the sea level in connection wit.h weatlwr events (*). 

("') Strietl.r slwaking", in or,l('r to ohtain a llIeall scn le\'c\ that can 11e 
tnkell aR a Rlue l'derenee, thi~ should be corred.e(1 fl'OllI thc alterations 
associateli with atlllos}Jherie. }JreHSllre, with wina, evallorat.ioll, tell1pcfatllfe 
variat.iollS etl', .. llot ali ImRy task, inlleed. 'l'he llIost sizcable alt.erat.iolls, 
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This aceou1l1s fol' t.lte illtcrcflt of the st,1\(lics of atlllo~llhcrc and 

hydl'osphel'll intl'Taetion. 
l1: i~ ,~till a wiacflpread beliet that thc WiIHl i8 a fundamental 

rpa~on or thc formntion of free oseillatiom illliquid basins, eithm' e!ose(l 
or 0llen. It i8 ortell said tllat. t.hese o~eillations a1)1)C[\1' ,dWll t.he willa 
suddcnly mitigate~ ili! illtemity, after having blowll fol' a long time 
in thc HfllllC tlircct.ion towarrl a consto If thifl canile rcally exists, lt 
ifl a1together casual alld flny,,"H.y oi H· seeon(lal',y c!Tect. In thc long 
yeal'S dedicated tu tlle stndy IIIlII obscr-vation or this llhellOmeJl()1l, 

l WfIi; able to lu'ove that the ehief cause, if Ilot thc onl.r alle, or thc 
fl'pp osei!!at.iolls ("seiehes") ean hp f(lullIl in the gradicll1:s of at.mo

flllhcrir ])J·Cflf\lIl'C. QlIite often the trnnsit of atmo~plH'l'ic ])J'cf!~Ill'e 

variatiolls o~'er a hasill is ae('ompanied by more or le~s high willlis 

and it is o\\'ing to this eoineidence that one ])J·pfel'f! to attaeh to the 

,dllllf! a gl'eat. iml)Ol'tance t.o t.he developing free or foreed oseillations. 

'l'hif! im]Jol'tance, howevel', is chieti:\' ti\(' outC'ome of pressure pel-t.ul·· 
ba,tionf!; l'athcl', ~ometimcf! thc wind lms a s!aekening elree1: on exiHt

ing oscillationf! (~O). 

\Yhen pressure va,l'iations, even of minimllm extcnt, paf!S ove!' 

any killli of hasins, of tl1" mOf!t. (livel'~jjied f!ha]Jes, dimenf!ions amI 

del)ths, thcy excitc t.here ropcl'i()(lical o~cillatiolls, lHOl)eJ' of the basins 
themselves (~. 78) 01' f01'eed oseillations (77), also if thel'e is no ,\-i1ll1 (' ) 

01' if winds are vel'y wei\k (fig~. 1, 2, 3, 6). 1111111 t.he oll]JOl'1:11nity to 

of ('O\ll'S!~, are t!tose linkel1 to ]ll'e8Snre, nlso heellnse tlte winll i8 n ('Oll8cqnence 
As lar a8 pre88nrc vlIrialions are ['onCCl'llCll, in onlol' to elilllinat.e f'ol"l"eetions 
or to l'ellllCe 1hclII to a lIIinillll1lll, 0]11' 118('S t.o report to lIlenn lle('cnnial 
vnlnes. 1I0WOVCl', tltis is vnlill for slalie vnriat,ions. In the ca8e of ail'·sello 
intenwtion8 in the fichi or rC801JanCC, 811('h l·olTedìon~ are no lunger "alil]; 
in nny ('ase t.ltey will hl' inSllllkient.. Tlte [ad thllt iu two ['01l8cc1Itivc llc· 
['mlcs tltc lItlll08plwric pl'essnre avcragcs vary of only tont.lts o[ lIlillihnrs 
lloes not jnslify lltc eondnsioll that the lllun l!i11 not hCf'OlllC sulJjcet to 
sizeahlc rl!lIWml:C variatiollH; when tllC:r arc maskCl1 anll tlL'I'l"aaeri, tlley 
lt~all tu lmm alterations whieh sltonJtI 1I0t happcn in rcalit:r. A 11~~' nalilie 

alteration of t,he sc1cdell type in fig. 24 of an olongnt,cd fOI'lIl -- lIlOreOVel" 
llwskcli in a [,()lIIplcx rC('onling as 1)('r fig. 23, i8 ollly partially l·o)")"l'd,ell ill 
IIslla! praeti['c. If thl'se altorntiuns illerellsc then in t.he ('onrse of tillll', 
as in Vcnil·o anl1 Porto Corsini, t,hc lIIcan Hea lcvol (valnell with trmlilionaI 
lIlethOlls) is llonnll t,o he fidivc ami t.o l'hange CVCII lllOre wit.h t.illlc. 11 
is t.hercfore morc appropriate lo lll,fine the mcal! scn level of the past llc· 
cades a~ li. lllcall apparM.t leve!. 
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s(;(; t.his confirmed hoth in small closed basim and in wide St'as. \\'lwn 
the rhyt.hm of jlrpSSlIrt, variation is very dose to that of the free oseil
Iat.ions of t.he underlyillg water, tht, negligible baric gradients, in the 
on1er of fl'a·etiom oI 1'01'1' (a1H1 reeO!'dable, therl'fore, only ,,-ith highly 
sensitive mierobarogral)hs), are su/lieient to caILSP for la!'/;: of WilHl, 
large eOl)eriodical movell1l'nts in the basins n. .And slleh mot.ions 
ean happen with a vel'y wide range of 1'hytllln~, "'ith periods from few 
tenths oI a secoml - whieh, if tlll'y t.ake l)lace on the snrfa.ee of tllC' 

two interaeting media, may originate the microseisms ('9) - to very 
slow ones ,,-hieh are able to put in motion all the watl'r oI a big lake 
(~neh as the Ga1'(la La/;:t, whieh in tlw Snmmer and .Autumn months, 
aUer format.ion of t.he surfaee of t.he t.hermaI-Ieav, oseillatt,s fO!' weeks 
amI ,,·eek.~ with ]/eriods of abont. 24 homs, that i~ oI his intel"llal binOllaI 
excite(l hy the dail)' eOl)el'iodieal barometrieal oscillafion) (-I). 

Let ns rct.urn nm\" to the .Adriatic. 
In a recent stndy V. J\loSl'tti, one of tlw most adive and pl'Olific 

eX]Jerts oI the so-called "Comitatolle", ,\eeerhoni alll1 Castplli Ioolwd 
into the inflnenee oI the "'ind on the lifting of the North Adl'iatic 
level by a]J]Jlying to that. sea some models that had been aheady 
u~(;(l hy other anthors Oll other basins (80). 'l'lw allthors affirm that. 
"tlw solnt.ion of the l)1'oblem gives evidenee of tlw lifting of t.he level 
aB an elIeet of the wind and of t.lw eomeqlLcnt appearanee oI the seiehe~ 
"'ith pl'l'Ìods of ahollt. 21 hom'fI, whieh are in l)erIl'et agreement with 
the obse1'vation" (l.e., ]Jllge 18). The applieation to t.he rOllgh Stla of 
:Xovemher :1, .1, :3, 19{W, l'eIerred to Yenietl, is Sllmmed ILI) by Hg. :!ti. 

!ts ea]Jtion ~ay~ "if one lll'gleds the eHeet. of the ~eiehes with an about 
half·daily pl'riod, whieh have not. heen taken into aceount, a eOllflider
able eOrreSl)ondence of t.he t,,·o diagrams is notetl" (l.e., lJage :!9). 

Yet, this corn;SjJOIH]ence is only al)/JanmL )Io~etti himself l)1'oves 
it in u.not.her work (done ,,-it.h 1Iw eollaboration of )1. 'l'. Carrozzo), 
pnbli~hed in the sa me nnmber of the "Bollettino (li Geofisica n (70). 

fil it a new, t.1'nly pffieient. method of tidtl analysis is present.ed. 'l'he 
a]J]Jlieation of this method to tlll' heavy sea oI early N"ovembel' 1966 
letl to t.he se]ml'afion oI tlw variOILs eomponents (Hg. :!4-). Tbe figUl"e 
gives full evidenet' that. th/J highll)atCl" at l'ellicc is largel!l alll.wciatlJ(/ 

to t7te intlwwsCCnc(' which tlevelolJS in <ìIJ]lrOximatel'y thl'C8 11a.ys w; {I. 

cOlIscqw:mcc oi /fu: lIùnultancous /"c{l1~ction oi atmosphrTic ln'cssw'c alli! 

iII rnhanr/Jd hl/feNOll/lIICC phcnon/(")/{/, ]/revailing t.he eOlHlitions 8t't. fort.h 
in K. n. H appears as an elongation eonforming to the rtwalle(l theory 
(fig. l:!). .1.s is shown by lìg. ~4, the ]Jrineipal inhmwscenee is over-
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llllilied by all elltirl' ~l'I'il'.~ or sei('11e.~. C!early pl'ellominHnt among 
1111'S(' m'l' lhe half-daiIr olles, w1lieh Ih'Vl'1op with ;-11(' ('1Iaraetel'i.~tie 

of ampIe i~o!ale(l impnlses (typiea! of Opl'll basim), while tlle o~('il

Iatiom or ahout ~~ llOlll'H, equ:llly di~('ontillilOm, ~llOw Iill1it('11 am])li
l\1de.~ al1(l oyel'{'aml' by Il)(' baH-Ilnil'y Olles, [II all~' ('asI', tbc ()]lI'.~ a~ 

,,-1'11 a.~ Il)(' olhel's are jlLKliljed h~' t1)(' pre~e])('e of ('o}H'l'iOllir'aI press\LI'e 
ynl'iatiolls, ,,'hif'll is eyi!lelleed by Il)(' barometrimI ('Ul'ye of Yellice 
(fig. ~3) ("'). 

There[ol'e, tbc IH'es~lIre -variatiom are Hultkiellt to l'x])laill the 
pllellonWllon or lligh "'ate!' ill Y('lli('e, at l('a~1: ill H .. ~ prillf'ipaI a~pef'1s, 
::\loreoyl'l', Il)(' figure ~3 .~bo"'~ dearly lba1. lbe WiIHI ,nl~ ~Ilh.ieet to 
Slllllll'll ('banges of illlemitr amI dire(,tioll in se-veral or t11e ohs(,l'yatioll 

(*) 'l'llat thc wind i,.; no 11del'lllining- fndor in thc formntioll of hig-h 
wnlers is also PI'0I'(',1 hy the othl'r hcnv.Y sens if ,luI' {'oll~illel'Htioli is p;iven 
to tlw IiIct('ul'olug-i('al eon,1itions in whi<:h they 100k IJlaee, L, Dorip;o (Sl) 
('011l1Hlr('S I I hig-h ti,les m'{'une,1 in \'elli('{l (l'unta 111'lla Salute) with lhe 
lIId('orolng-ieal fndors lll'('vailinl! ,Iul'inl! tllPm; Aprii lij, 1!l3ij: hig-h wlltel' 
147 {'IiIS, IJ)'('~snn' I1t tille pl'ak 742,;5 IIllll», willli 54 klll~ih fl'OlIl SS"\Y (with 
a s1l'Ong' s{'lIwnnl ('OlllpOlU'llt) (fig, 2711); .:\lal'eh 12, 1037: hig-h wn1.1'1' 11!),5 
l'ms, pl'cssure at til]e peak 71i2,O II1I11S, wiml Hn klll~ih frOIll the 3l'1!qnaI1nlllt, 
l'rosswis(' to thc ,\Ilrialil'; ]Jell. 5, 1!l40: high wnlel' 104 C'lIlS, IJCak l)J'cs~\ll'e 

746,S IIlms, willl! 24 kmsih from EKE; DcI', D, ID4H: high wall'r 13n l'ms, 
pcak pl'cssurc 741,S IIlIWi, lig-ht win,l, from the :{nl <1llll first I](UHIl'an1~; 

SOl'. 2D, ID47: hig-h wat('r l26,5 elll~, penk IJl'es~ul'e 747,S IIIIIlS, vcl'.y light 
willlis (S kIll8/h) fl'ulII SS"\Y; ,Iall, 27, I!),H!: hip;h wa1l'1' I 1!l,5 l'IlIS, penli: p1'1'8· 
SUl'(' 71iO IlIIl1S, ('asteTn llIol]orate wi)))ls; ,1an, 28, ID4R: high waters 12H ellls, 
peak pl'('ssurc 742 IlIIl1S, WÌlll! 20 kllls,ih lTusswisp to tho AIIl'iatÌ(' nyS"\Y); 
)iov, 12, ID;'il: high wateT b;1 l'IlIS (fiI!. 271l), pcnli: !l1'cssllre 742 1II111S, \\'illl! 
4S blls/h frOlli SS,,'; ]Jel'. 24, 1!l5S: high watcl' 124 l'lIIS, lwak 11l'('SSUn' 
746,S 1II1l1S, sonlh,win,1 IS kllls/h; ,Iall, ]:;, IOHU: high wntl'r 120 {'IIIS, penk 
pressure 7nU III111S, Willl! 34 blls/h frolli KE (thus tClllling- tu I]PIH'PSS l1w 
1111111); ()l't.. I:;, 10nO: hig-h walel' 145 ('IIIS, penk lll'essn]'{l 748,2 IIIIlIS, willl] 
4S li:lIIs/h frOlli SSE (:H'tnnlly, 011 the whule win,ls llrevni!ell frulli thc :ll'l] 
lIlJ:Hlmnt, 11I1l(]('rnto to nllllust strong-; lìg-. 271'); Ko\', 5, 1!lIìO: high watl~1' 

12:l ellls, IJCak pressure 74-:;,:; IlII11S, llorlh,winl! 8 kllls/h (fil!. 27,1). 
'l'hl' joint pll'lIIcnt of ali thcse high ti,llls is eXl'lnsi\'cly the luw jll'PSSUl'P, 

'l'hl' gonel'alJy lip;ht \\'illl! hlc\\' fWIIl the llIost I!ifrel'ent ,liJ'(~dioIl8, 

'l'hl' 1mll'T is Ihe hi!JhcT llie r1CCjiCT il< tll,l' l'l'd1l·clirm. 01 allJlosjJhel'ic jJl'I'S-
8ure, Wlrl Iherefore, llie liiqhcris iiI< !JTarlienl before allli aflel' Ille minimuJll. 
/lml llie c/08M' il /lppro/lches lo 111,1' l'eSO!l/l!IIIC COlidiliulIS, 'l'his wns exndly 
tho ('ase 011 Xovelllbei' 3, 4, 5, I!)H(] whÌ('h lIIay he eOllsil]orel!, Illllier slleh 
n stmllipoint, n lilllit ease, 
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station8 along thp . .\(hiatie ,,'est eoa~t, ~o that its aetion giyeH rise 
to multivll' solutions, 'j']wt tlle spiehes are not eonneetell to the WilHI 
is }lro1'e(l by tlle faet that t.hey are no/ prc!3cntll'hcn thclfind 1(11/& ra~ 

is affil'ml'd in page :1~ oI {suri but helotc i/ begin8 to bluw trom SI': amI 
"wllen its loeal aC'tion is Rt.rongest, al\(l tllat. t:llPy l'l'adI maximum am
vlitlUleH in agreelllent with O1'erC'allle ('opl'l'io(li('al vr('f\sm'l' yariations 
alHl oI abl'upt in1'ersion8 oI the l'ressuJ'(' beha1'ior, due to }lhenomena 
similar to those shown in fìgs. l-G. 

~\f\ a matter oI Iad, the Irequene}" oI high waters in the Yenetiall 
I~agoon incl'eased stTougly aft.eT 1 \];31. 'l'Ile ~lHhlen altel'Htions of lhe 
sea bot.tom in eonneetion ,\"ith the larg(' nootl of tllP sanH' p'al' illl(l 
oI Iollowing yeal's whieh temled lo raise the amplilmll' of spa motionf\ 
and to Il'ugLhen t.he }leri()(l of It'el' os('illaLions oI the High ~\dria,t.iC', 

the lifting of the water, due to rellueell salt. eontent, iu JJoO{I periods 
whieh stinllùatell the intensifiC'ation oI water motions iu tllP {lylHuni(' 
fi('l!1, togethel' witll tlle l'einfOl'eemenL adion follmdng j·llC Rinking oI 
the ìYest eoasts, both of whi('h l'nhan('(·tl br meteorologieal pertur
batious, may well be RUlllmonetl among the ehieI rea~ons of the alarmiug 
Vllenolllenon. 

In Iront of eveut.s of sueh b'1'audiosity, the queRtion shoul{l be 
raisell uV to wllieh l'xt.l'ul a limitl'd work in the I~agoou may 1)(> ab II' 
to eouutl'l'aeL Lhe hpllVr SI'HS, when the latter al'lwiu' wit h tlH' am
plitude pro}ler to the ol'en sello 'l'he {lnllna of \'('nice must be Reen, 
thereIore, iu lhe wllole of natural vlH'llOmena wllieh C'allllot he easily 
eoutmlle{l br mHU. Iguoring LhiR H~peC't oI the lll'ohlem, would be equi-
1'alcnt to l'enounC'ing a }ll'iori on )l, solutiou, iueomplete HS it. lllay hl'. 
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