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The purposc of Ihis rcvicw is to high light the importance and lïclds o f applicat ion 
of knowledge of curre n! s in environ rn cntal s Ludi cs. Severa l topie s are 
successively addresscd: Ihey indudc current measurement techni ques and the 
possibilitics and applications of exisling models (dispersion, sediment transport. 
pr irnary and secondary produc ti on .. . ). Some uses in the fie ld of coastal 
engineeri ng, watcr quality management . coastal rnanagemem . oceanographie 
studies, t'IL'. are briefly described. 

The conclusion is that know1cdgc of currents is a compulsory stage in aIl eoastal 
environrnenlal sludies. 

Ol.'ea llologica ACla, 1991. Proceedings oC the International Culloquiurn on the 
cnvironment of èpicorninental seas. Lille. 20-22 Man:h_ 1990, vol_ SI) , nOIl . 29-46. 

Rôle de l'hydrodynamique dans les études d'envi ronnement. Cas des 
mers à marée 

La conna issa nce des cou ran ts est primordial e dan s les é tudes concern an t 
l'environnement littoral. Le champ d'application est très étendu. 

Après avoir brièvement passé en revue les moyens actuels de détermi nation des 
courants (mesures), on d6.:rit les possibilités actuelles des modèles (2D. 3D) ainsi 
que leur champ d'utili sation (étude s de dispersion. tran sport sédimentaire. 
produc tion primaire ct secondaire ). On décrit ensuit e brièveme nt quelques 
applications possibles dans le domaine du gén ie côtier, de la gestion du li ttoral, 
des études océanographiques. t'le. 

La connai ssarlœ des cou rants est une étape obligatoire d:m s toutes les élUdes 
d'environnement liuoral. 

Ol'e(ll!o!o/:iclI Acta. 199 1. Actes du Colloque intcrnation:11 sur l'environnement de.~ 

mers épicontiner11ales. Lille, 20-22 mars 1990. vol. sp. nOIl , 29-46. 

Until recentl y man managcd Ihe coast wilh oui mu eh 
concem for consequences Ihat werc not directly rc1ated 10 
hi s imm ediate inlc rests. During the last fi ftee n yea rs , 
however, publi c op ini on ha s beco me se ns it ive 10 
envi ronmental protcction and Ihe iliercasi ng development 
or cOil.~tal activities calls for some Corcsighl wilh regard to 

the impact of new projecls on the environ ment and Ihe 
d ive rse activities alread y tak ing plilce in Ihe zone in 
questi()n. 

Any eoastal aetivilY not only uses raw materials or spacc but 
al so a lters the aptitude of the site 10 support (Jl he r uses. 
Projeeted or eslablished activily, al though profitable, could 
contrihute lU an eventual eCOliomic decline of the whole system 
or cvcn degradc the coastal zone to an irrcversible extent . 
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ln France. Ihe Environmental Proleclion Law of 10 July 
1976 slates Ihat "de\"elopmenl prnje(.·\!i or ""orks . which 
a rc und ertaken by a public body or whÎ eh re4uire 
authorization. must re~pce t cnvironmental considerations". 

Sludies to deterrnin e o r prcdi et the im pact of such 
dcvelopment arc largely based on hydrod yn;Hnic~. Sea 
eurrellls transport masses of wuter wit h their biological 
and ehernieal content. mi x ail these sub~t;mcc), (O:ltural or 
anthropic) and arc Ihe ,ource of physical Slresse.' exerttd 
on the sea bed and immobile l\Irueture!<o. 

RANGE OF PROBLEMS 

The eoa.'tal at."livilies requiring a knowlcdge of dynamics 
include : 

\Vaste dischll rge 

The fundamenlal problcm fadng environmemal enginecr.. 
is thal posed by Ihe di lulion uf ernuen ls of ail kind s 
di sc harged into th e sea. and Ihe associated long-Ierm 
persislence and effec t ~. Waste input can comprise point 
source discharge (urban and indu.,trial) or non-poi nt source 
di scharge (agricultural ). ln Ihe laller case. nOIl - poi nt 
sources are Ihose thal provide inpu t il1lo waterways in Ihe 
1"orm of storm waler runoff fro m agricuh ural. urban and 
forcst lands and from bascnow to SlrealllS and atmo~pheri t" 

deposition on land and watt"r. 

Pollulant), may be conservalive (Irarc meta ls. certain 
organic pollulanl~ ~ut:h as PeR. DDT ... ) or biodcgradublc. 
Dec is io n mak e rs should nOI ha ve the same was le 
managemcn t poli cy in both cases. In Ihe former case. 
disposai musi be limi ted \(1 the greatest extent possible 
whatev er the s ile. In the latt e r ca >;e . the dominant 
cir(."lil atioll processes of the site or Ihe acceptanee c;lp;Icity 
of the sea shou ld oc t'lkcn into ;ICCOUnt : S0111e wastes c;m 
calhe problenls in , hel tered ar~a, hut nOl in expo)ed 
zones. Thi ~ is especially Ime for nutrÎents : in enclosed 
zo nes co nsurnptian take ~ place locally as di spersal 
cxehanges are low. Where\'er there b large flushing rate. 
nUlrienls arc Iran ... poned and dihned by Ihe water ll1a~.,. If 
off- shore water is not too enriched (oflen the case for 
Francc) good dispersion of w:lste can oc a .,olution 10 ilS 
··elirnination". If the offshore water mass is alrcady very 
enriched (as in the North S~a. for example) Ihe problellls 
arc mercl y displaced. 

Drcdgi ng 

The pursuil of economh:: at" liv il) in pariS orten requi rc~ 

rna imenancc or exploitation dredging (canal deepening). 
Dred g in g ca nnot he do nc witho ut impaetion Ihe 
environ ment. Its Illost important cffect' are Ihe following: 
rck-~~~ of ~oluhle pollutants: rnodificfltion of CUrTent~ :md 
salinit)' regi mes following the deepening of a eoastal Lonc: 
;dtc ration of be nt hic po p u l ati()n~: dencase of 
photosynthesis a' a re !> u1t of increascd lurbi d i!}': 
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!<oubmerged bottoms and coa~tal we tlands and tidelands 
\~ Îth Iheir as~iated organisills. are orten obli leratcd b}' 
dredging. 

D~\'cI()pmcn t can include : 

COII~"fru("/ioll tl/port.s. di kes. bt'(lches. g roins 

They locally modify CUITenl'. coastal drift. water residence 
lime. turhidity .... which affec t sediment pattern~ uf the 
seabed (and Ihus thc nalure of benthic populati ons). 
biological production (anoxia. red tides). nearby seagrass 
bcds. 

Dm" cOl1.wl"IIClioll (i ll ('~lfIl(/riel" ur m:ro.l".\· rirel"S) 

It regularizes Ihc n ow an d decreases sed iment input: 
mod ifie s the stratification o f coas tal wale rs with 
consequences on currents, oxygen conlcnt of waler!> ... : ean 
change the ecology of a coastal zone and fi shing stad, 
(decrcase in freshwmer input). 

Ril'er (1i1't~rsiOIl 

The consequences arc generally irnponant: increase in the 
stralification al Ihe river rnoUlh e;1I1 induce deoxygenation 
or :lI1oxi a of Ihe bottom laye r (é lang dc Berre aft er 
diversion of Ihc Durull ce) . chan ges in the sedi ment 
re~ idua l drift after strat irkalÎon may requ in: noticeable 
incrca),c (If dredgi ng (Charleston harbour. ;n Simmnn~ and 
Herrmann. 1972). 

Opelling or do.~ing (/ la8o("11/ or eOlmal pond 

Thi s C:1I1 have major COJ\ sequence~ . The <.'Cology of the site 
can oc completely rnodificd (fresh or scawalcr. re~idcncc 
ti me of ve ry differe ll t watcrs . . different sensili vit y to 
eutroph ization and pollulion .. . ). 

Th i!> bricf ~ummary, \\hich i~ by no IIlcal1S c;\ hau~l i\\=. 

demon slrate s the ec onorni e impo rlance o f coas tal 
de vclopmenl and the conservation of li ccrtain quaI il)' of 
environmelll. 

DETERM INATION OF CURRENTS 

Withoui exccption. sOllle knowledge of coastal dynal11ic~ 

is an indi spensable ~tage in undcrslanding the phenolllena 
and th e correc t orga ni za ti on of rc !<oe arch s tudi es. 
Dispersion re tlccb. in re:llity, the current gradienls and 
hi gh frequenc}' IllTbulcnce cornponenlS. The core of Ihe 
prohlcm i>; to delemline currems al cvery ,cale nf 'pace 
and lime. 

Several techniques arc avai lable : di rect measurelllent by 
current mctcr~: direct measurcrnent by drogut" tracking: 
direct rneasuremcllI by radar: indirec t mea su rcrncnt b) 
ob~cr\'alion of tracers of wmer mas~e~ (dyc ditTu~ ion :md 
an ificial radioactive Iracer,): cakulation b}' hydraul ic or 
malhem:l\ical rnooels. 
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Thcse mcthods are not equally valid. They have different 
re s ult s and areas of appli catio n, but mathematical 
modell ing has reeently made considerable progress and is 
today an indispensable 1001 not only for dccision makers 
(who have already been using them for several years) bul 
also for the other disciplines of oceanography (chemistry. 
biology. bacteriology ... ). 

Aft e r a di scussio n of Ih e prese nt s late of current 
dete rmi nat ion. so me poss ible deve lopment s wi ll be 
presenled: sed iment transport, modelization of primary 
and secondary production. The paper wi ll conclude wilh 
sorne applications of present-day knowledge. 

Determination of currents by measurements 

Currenlmeler 

This technique, much employed a few years ago, presents 
many disadvanlages: diffîcult and costly deployments: 
record only whal happcned al a single point (known as an 
Eulerian representation): need for mooring of numerous 
current meters 10 take into account com pl ex bathymctry 
which generalcs a large hcterogenei ty of currents: .need 
for long record ings (oveT one mon th) 10 ensure correct 
inte rpretation of measuremen ts; frcquenl ly erroneous 
measurements: very low precis ion: long-term drifts are 
difficult to extract !"rom the global signal. 

Drogue trading 

Drogues cquippcd wit h a float in g anchor and lilllc 
infl ucnced by wind can be trac ked from land (by a 
theodoli te) or by rad iolocation (A rgos satellite). Daia 
il1lerpretation is rather de lieate but produces whal is 
known as a Lagrangian representation of the currents. 
Howevcr il is difficult 10 separale the significant part of 
Ihe signal l'rom the random inOuence part creatcd by 
locali zed gyres of lillle relcvance. Oespitc improved 
design, drogues may he sensitive to the wind and cannot 
bc used if the inOuence of the lauer is too important. Such 
rneasurements are generally ex pensive (purehase or hire of 
buoys, hire of boat for laum:h and recovery, losses .. ). 

Radar 

Mea sureme nt s o f hi gh-frequ ency radar echoes back 
scallered from the sea surface ea n be used ta deduce 
information on both waves and surface currents. Th is 
tcchnique is relatively new and should be used. in the 
future, as a complement tO 3-D models. 

For exemple, Prand le ( 1987) oblained Ihi rty days of 
synoptic hourly surface cu rrent vectors for 84 locations 
wi th in a nearshorc region sorne 18 km sq uare. The data 
were separeted into lida l and non tidal notions. It was 
possible 10 deteonine the wind-driven component and the 
influence of density-driven currents. 

Tracers 

Dye diffusion in sea water can describe, as a function of 
space and lime, the concentration of a substance di spcrsed 
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by the combined effects of stirring, mix ing and diffusion. 
Thi s method is often disappointing in the coastal region : it 
requires a large number of observations, gradients arc 
large, sources are multiple and traeers are often non
permanent. 

Remote sensing pro vides a sy noplic view on ly on the 
surface and the parameters it detects are short- tived. 

Arti ficia l radioactive tracers can g ive a good 
representation of generallong-term movemenls. 

Determination of currents by hydraulic models 

(Thi s subject is beyond the scope of the present paper). 
Today, hydraulic models arc no longer used for current 
determination excep t fOf model1ing nea rshore field 
currents and cases where mathematical modelling is not 
yet competitive as. for example, in the case of sediment 
Iransport innuenccd by eurrent and swcJl. 

Determination of currents by mathematieal modelling 

In hydrodynamics, a malhematical mode! is a sequence of 
calcu lation s reso lvin g Ihe so-called Navier-Stokes 
equations, which describe the movements of a fluid and ilS 
dissolved constituents. and which, in theory, enable almost 
ail sea movements ta be described and predicted. 

In practice, their solulion be ing eXlremely eomplex, il is 
neccssary to simplify them case by case 10 rcsolve cach 
problcm al reasonable COSI. 

Usual1 y, the fotlowing sepal"'..Jt ion of frcquencics is carricd 
out: high frequencies (turbulence); movements of a few 
hours (tides); long leon movemcnts (gcneral circulation). 

Scientists also endeavour 10 reduce Ihe number of spatial 
coordinates and define onc -dime nsional ( 1-0 ) modcl s 
(venical or horizontal co-ordinates), Iwo-dimensional (2-
0) model s (hori zontal and venical planes) and threc
dimensional (3-D) models : 

- 1-0 current models arc adapted 10 Ouvial conditions and 
arc of lin le intercst in sea studies exccpt in estuaries: 

- 2-D modcls are at present the essential tool for applied 
marine siudies. They arc very efficient , quick to set up, 
unexpensive and very precisc (Le Hir, 1986: Mauvai s el 

al., 1989; Ni houl ct al. , 1989: Salomon, 1989): 

- Ihrec-dimensional (3-D) models are top-range. They are 
particularly weil adaptcd to marine studies of vertica l 
movcment s that are often too s low to be measured by 
current measurcrncnts of wind-induced currents, and of the 
di s pe rsal of fluvial plumes (ex.: Backhau s, 1985: 
Backhaus and Soctje, 1988; Darras et al., 1987: Manoha. 
1989: Lazure el al., 1990 ... ). 

ln cvery case the rnodels calculate currents, watcr levels 
and concentrations of dissolvcd substances providcd the 
fo llowing Imperatives arc satisfi ed: knowledge of depths 
throughout the site; know ledge of fluxes (of water and 
dissolved clements arriving on the site from river inputs, 
elc); knowledge al eac h moment of watcr deplhs and 
concentrations on the perimcler of the studied si te. 
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Thi s fina l condi tion is very constraining. OIS wmer dcpths 
are rareJy known with su rfi cient precision. Scienti sts 
oncn procced . therefore, by successive approaches 
acco rd ing to the detailcd sub- Illodel rnethod: an initiOlI 
large-scOlie mod e l u ses Ihe off~ h ore boundary 
conditions: a second smaller-scale model Ihen uses the 
boundary conditions of the previo us s[udy and 50 on. In 
Ihis \Vay il is possible [0 dctcrrnine the currents of il bOly 
or port basin. 

Grid size can vary from seve rai kilometres (large-scaJe 
model) [0 a few metres (detaiJcd 1l1odcls). Grids can be 
regular or variabl e us ing the Cartesian coordinatcs and 
spherical or cylindrical systems. 

Apan from the dete rm inalion of cxisti ng cu rre nts. in 
whit.: h il corn petes wilh previous melhods. malhematieal 
modclling also has the cnonnous advamage of permilling 
simulat ion. i. t' .. the previ sion of a hypothelical situation 
corresponding ta the geollleiry of a sile (canal d igging. 
dike construction) or n uxes int roduced 10. or e xcl uded, 
from [he stud ied wne. It is consequently the best taol for 
developmcnt studies. 
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RES ULTS OF MODELS 

Tidal currents 

Tidal rnechaniSIllS are the easiest la simulatc hccausc [hey 
constitute a detcnninistic phenolllenon. Moreover the tide 
is a barotropic phenorncnon. Ih:lt is. it acts in a uniform 
manner on Ihe whole o f Ihe water layer. II is therel"ore 
poss ible to dcvclop 2-D models (i n a hori zonta l plane) 
which are now highly-perfccted. 

The comparison of ealcula[ed wi[h measured CUITCnlS i), a 
de li ca te one. l n the onc easc. il is il pin-po int 
measuremenl: in the other case. the information rcpresents 
the average CUITenl in Ihe grid studied. Therc is. however. 
a generally gond agre e me nt belween modcl s and 
measurements. 

Tidal residual circulation 

If [he eurrents of several cycles of lides are fïlt ered by 
introducing variations due (0 spring and neap tides II) Ihe 

Figure 1 

a; 1 .• .mg·'N'" âf<.·,,/m;uII i" rb .. Clum""/ 
(,ru" ill</; J. -C St,ll)/I/(m). 
b; InSh di.pU.fIQ" i" 1I1 t' OUII",,.I (P. 
(;''''8",.,,101<:1 al. ). 

a : Circu lalÏQIl à loug IcnllC en Manche 
(J .. c. Satvrnvn). 
b : di'pcr<ion de 115Sh cn 1-.lanchc. 
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Figure 2 

Sulinit)'fi('ld ,,('/If th(' surjiJC('. /"o;ry· Vilo;nt' (J.·C Sufornmr. P. La::ury,. 

Champ (le, s.tlinilé prh de la surface dans le secteur Loire·Vilaine (J.·C 
Salomon. P. l..azure). 

boundary conditions of thc models. an average circulation. 
where tide has disappeared. is obtaincd. This ci rculation is 
induced (cxcluding th e spring-neap tide cycle ) by 
topographie effects. islands. headlands (vortex creation). 
tidal wave distorsion (pmpagation at low depth ... ). 

Figure 1 (Salomon el al .. 1988: Guegueniat et al., 1988) 
shows the good agreement betwee n tide resi duaJ 
circulation in Ihe English Channel and the distribution of a 
radioactive tracer which wou ld bc considered permanent 
( In Sb). The pri vi lcgcd trajcc torie s of tran sportat ion 
correspond to the isoli nes of concentration. Dispersion and 
the presence or eddies ellsurc homogenization between the 
main trajectory and Ihe coas!. 

Currents creuled hy difTerences of density 

Fresh watcr of cont inental ori gin mixcs with sca water 
insidc estuarics and along the coaSlal zone. The different 
salinities creale the characlcristÎc circulation of estuary 
zones: rcsidual ci rculation dirccted downstream at Ihe 
surface and upstream al Ihe boUom. In the coaslal zone. 
geoslrophy. friction and dcnsity induce helicoidal currents 
bctwcen the su rface and the bouom. Natural heating of 
water in summer creatcs the same type of phenomenon but 
on a smaller scale . 

It is obvious Ihal Ih e strat ifi catio n which provokes 
vertical currcnts cannol be simulalcd wi th 2-D modcls 
whi c h int egra le c urre nl vc locity in the ve rti ca l 
dimen sion. 3-D Illodels. the deve lopmen t of whi ch is 
morc rccent. must bc used. 

Figure 2 (S lIl Olilo n and Lazure. 1988) represen ls Ihe 
s:ll in ily field nellr the surface in the LoirelVil aine sector. Il 
is possible. using a 3-D model. 10 study the modilicllt ion 
of currcnts induced by the salinilY gradients. Comparison 

33 

with Figure 3 shows the modifi cati ons induced in the 
c irculati o n in the North Sen by den s it y gradient s 
(Ollckhaus and Maier-Rei mer. 1983). 

Whenever. for reasons of cast. il is not possible 10 use a 
3-D model. 2-D horizontal models. wilh IWO layers. can 
be used. Infonnation is IJbviously degraded but may be 
salisfaclory. 

, . . , " .... " ......... . . 
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quite orten uscd as costs are lowcr and their 
use mueh morc s imp le. Result s are panly 
erroneous. $cientific engineers rnu.\t use 3- D 
model s as soon as possible. However. it is 
wise to analyze carcfully the advantages of 3-
D models together with their increased cos\. 

Figure 4 shows sOllle horizontal and venical 
movements induced by the wind in the Loirc
Vilaine SCClor (Lazurc and $aIOl11on. 1990). 

. . . . ~ . .... . " . . . . . . ... -_ ... 

Wh cn wc eonside r o nl y the average 
modification induccd by wind on the general 
circulation. it is possible to use a 2-D mode! 
which will g ive rea sonab le re su lt s when 
Iimited to quitc short pcriods. For long-term 
general ci rcula t ion (several mOlllh s). 
important precautions must he taken. Besides 
comp ul sory use of 3- D models. good 
meteorological stati sties mu st be a va ilable . 
8ackha us ( 1985) wa s able 10 carry out a 
simulation in the Nonh Sca for six months. In 
one calculation, the wind was introduced by 
its daily average veloci ty; in another, in the 
form of it s mo nt hly average velocity. 
Comparison of trajec tories obtained by the 
two s imulations ove r six months s howed 
differences of several hundred kilometres. 

Figure 4 

Residual ci rcul ation in the Nonh Sea, under 
differenl mcteorological condit ions, has been 
wi de ly swdied. in particular by van Pagee 
( 1986: 1988), Backhaus and Ma ier-Rei mer 
( 1983), Back hau s and Hainbueher ( 1987). 
Nihoul et {II. ( 1989) and Prandle ( 1984: 1987). 

Suml" hl/d:.mual alld l'er/ical mtn'i!meIlfS i",h'cell by 11,1' .,.illil ill l''i! Ulirt"· Vi/"i"e seClOr 
(P. /""'.1Ir1" 1. 

ln the Nonh Sea. tidal residual circulai ion is 
sOlll c time s ve ry s mal!. Met eoro logical 
conditions th us play an imponant role in long
te r tn tnoveme nt s of the water ma ss. 

Courants horizurllllUx cl \'crti",aux induits par le ,"cm dans te see t..,,,r Lo ire-Vilaine 
(p. Lal.ure). 

Currcots ioduced by wind 

ln coaslal zones, wind is often the main driving-force of 
long-term Illovemcnts. It aets on the \Vater surface, which 
itself transmits pan of this force towards the lower layers 
by turbulence and v iscos îty. At sea, the cu rre nt o nl y 
concerns the first fcw ten s of metres of w"ter. Near the 
coast. currents arc guided by the fOTlll of the sea bcd. The 
spccd cotnJXJIlcnt. whieh is annulled, creates a depression 
or an accu mulation of waters. consequently a pressure 
gradient. Thi s in turn is aecompanied by ve rti cal 
movcment s and gcostrophic c urrent s whic h are 
superimposed on the original drifl. 

The result can be complex. Il is orten diflicult to observe 
bccause wind 1s by natu re highly variable and weak 
cu rrents are masked by the tide (whcncver presem). Il Îs 
eq uall y diflicult to study theoretically hecause. in contra.~ t 

with the tide, the venieal dimension must impeTatively he 
introduced into the ealculations. 

Logicall y. the study of wi nd-induced current :; require.~ 3-D 
modelization. In prac ticc. 2-D model s are. regrettabl y. 
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Comparison of residual circulation in winter. 
establishcd by Nihoul (1989), with the map o f 

trajectories of Cs 137 (Fig. 5) deduccd from llleaSUremcnlS 
(Kautsky, 1988) shows the agreemenl between models and 
long-term drift. 

UTILIZATION OF MODEL RESULTS 

Dispersion of d issol\'ed elements in watcr 

Resolution of thc ad vection-di spersion eq uatîon permits 
the calculation, without difliculty, of the dispersion of" 
di sso lved clement (pollutant). supposed pe rma ncnt. 
Whenever gcneral circulation is strong. dispersion can he 
trealed sa tî sfactorily in a s implified ma nn e r. Wh!!n 
advec tion is low. di spersion plays a very importa nt foIe 
(turbulence) and mu st he studied carcfully. Figure 6 show." 
two schem"tic representations of the concentrations of a 
pollutant in tcnns of the relative importance of advection 
and di spersion. 
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Figure .5 

a } CumpllfisOIr be/".u" lran.~pofl rO<lle.ç o[ C.t 1J7 
dedllced frolll rhe mea$" fCmnHS of rlr/' (Jcli"iIy 
concell/ft1liO/r disrribuliO/, ill lire yntrs 1971 lU 1984. 
DOII" d litr",s indic<I//:" 1I:"I/I{HJf<lI)' dijjert'lIr Irlllt)'porl 
ro/Ilt'1 (II. Kall/sky). 
h) a/ld cI,lc"loled re.tid//(ll dfc"/min,, ilt JO"'l<If)' 
(J.C.J. Nihoul ct al.). 

a) Trajectoires des rejets de CS l37 déduites de mesures 
d'activité, Les poin tillé, indique nt des trajectoires 
tcmporuires (II. Kautsky). 
Il) Circulation ré~;duellc en janvier (J.c.J. Nihoul el 
al.). 

~=.="=~='=.=-=.="=m'==;_~~~'~;=~:l~'="=:':'~, =~:::::::::=--~n:W:,:e:-;i:n:,p~ortant role on concentration than die-off rates 
and. on the other hand. that survival times vary from a few 

@ hou rs to a fcw days (d ie-off is low in hi gh turbidity, 

For non-permanent di sso lved eonstituent s. Ihe laws of 
consumption or disappcarance musl he introduced jnto the 
modcl. As these laws arc less well-known than the law of 
phys ical dispersion, they are generally the pararneters 
which limit the performance of the mode!. The model 
pcrmits simul ation of diffcrcnt laws of consumption and 
di spersal , and the consequent enhance ment of relc vant 
know ledge . Figure 7 (Salomon ;Hld Pornrnepu y, 1(90) 
shows the simulation of enterobacteriae wastes. Analysi s 
of Ihese rcsulls linked with on-site measurcments shows. 
on the one h,md . that physical dilution of efllucnt plays a 

Figure 6 

Rdmi"1:" illll'Qr/imn' of mhn'ri(m (lIId di.'pu."lmt 
(J.'c. SIlIOIII(m); 

- " 'lreuHt!f lIenem/ <:Îrc,,/mimt i .• Slmll};. dis{",rxiOl' 
<"lm IX' rreaud .wlis[arllJfely in Il sill/t'lift"lI "'U)": 
- ".I"m " d"n'I;,m is /u .. •. ,11,., ... rsiOI) fl l<l)'j' <1 "" r)' 
im{mrlm" ru/,' (u"bll'''''ce ) ami m'lM !JI:" slf/dit'd 
<'(trl:"[I1/I): 

Importance relative de l'advection et de la 
di spersion (J.-c. Salomon). 
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moderatc sunshine, large concentrations of nutrients and 
organie maller .. . ). 

The fa te in the sea of a warm walcr mass (e.g. from a 
nudcar power plant) ean he assimilated to that of a non 
permanent di sso lved poll utant : exc hanges with the 
almosphere arc trcated as disappearance raIe. Numcrous 
2- D and 3-D rnod els of thermal plumes ha ve becn 
develo[led . Fi gure R ( Manoha , 19R9) show s a 3-D 
simulation of the plume fOf thc Gravelines nuelear powcr 
plant. Measurements carried out on thc power pianI site 
cQnfirm the rc sults of modelling, principal differences 
occurring al slack lides. 

Dispersion of clcments associated with particlcs 

Numerous pollutants are adsorbed on particu late matter 
espccially on the fine grai n fraction of sediments (mud and 
organic matter). By adsorption to certuin material the laws 
of decrcasi n~ baclcria or viruses I,."an he m(Mlificd . Il was 
possible 10 show very long survival limes (die-off rates of 
fou rlcen days wilh a maximum value of fOrly d;IYs). 
Besides advection and dispersion, the sellling of particles. 
the deposition rate and rcsuspcnsions must also he taken 
into aceoun!. Al deplhs of less than 20 m. Ihere could bc 
resuspcnsion caused by swcll. In order to study an ;Iverage 

' " 
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Figure 7 

Em~rolx",leri" "UII"~lImlli(m mudd/illg (l/ lu'" (IIrJ higll lide ill Iht' &/.1' 
()f Mnr/()ix (J .. c. S()/m,rmr and M. l'ml/mep'')'), 

Modél isation dc la conccnlralion cn entéToh3Ctérics li basse mer Ct 
pl~iJ1e mer cn bai~ d~ Morlaix (J.-c. Salomon. M, POllllllepuy), 
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SusfH'l/ded looli alld oocleria COIICl'lI/rmÎ<m (j'ru Iil'illg wul tll/(/chl'd). 
Ray of M()r/aix (P. I.e H ir). 

Conccnl/3tion. en un poin!. des malihcs en ~u <pcnsion Cl de.~ bactérie< 
(liées el libres). B3i~ d<' Morlaix (P. Le Hir). 
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Tid8 / Ph8Sll$~·~~ê.~~~ 

Flood Plume 

Figure li 

Gr'II"e/ill(S ,,,,deaf f/u ... er p/am: 3·D Illumai plume sÎlm"OIioll (I_N.H. ). 

Centmle <Je Gravelines: simulation [ridimensionnelle du panache direet 
(L.N.H.). 

transportation the action of currents is orten s tudied 
without taking lnto account the effects of swell . 

Figure 9 (Le Hir el al .. 1989) represems the enterobacterial 
concentrations obtained by disa~soc i aling the part of free 
bacteria from those ad so rbed on the sediment in the 
Morlaix river. 

Transportation and dispersion or sediments 

Movements of fine sediment s are usually di stingui shed 
from those of coarse sediments (e.g., van Rijn, 1989) . 

COl/ne sedimelll (s(Uullllld gravel) 

They bchave morc simply than mud (whcnever thcy arc 
not mixed wit h mud). They are not altered and do nOI 
Ooccu late. They arc partly transported in suspension (the 
fines\) and partly near the botlom by bcd load Iransport. 

Their move ment can not. however. be de scribed with 
prec ision. Numcrou s expcrimental rcsult s have becn 
obtai ned in labo rat orics in o rder to detcrmine th e 
quantities tran sponed in term s of a certain number of 
paramclers (c uTTent vclocity, shcar stre ss, mean grain 
s ize ... ). Unfortunately. div ergence wit h experirnental 
resul ts is large and no formula is Tcally sati ~ fact{)ry . 
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Moreover, in shallow dcpths. swell intclVenes. 

Il is, therefore. difficult at the present time ta make long. 
term forec as ts. Howevc r so me atte mpt s a t "half· 
foreeasling" have been made. based on linkages between 
the resulls of modelling and tcchniques of extrapolation of 
phenomena viewed on sile (e.J.:. de Yriend et ClI .. 1989). 

ln a few special cases (when. for example, the introduced 
penurbation is very large. one ma)' hope to obtain an idea 
of short· and mid · term evolutioll . Fi gure 10 (Pechon. 
1(88 ) shows the res ulls of a simul at ion earried OUI al 

Ca lais harbour. 

Th e int roduc tion of 3· D Ill ode ll ing has pe rm itted 
inves ti gat io n of the problem o f th e cqu ili brium of a 
sedimentary panide. in the waler mass. and results have 
been improved. The problem at prese nt is one of COSI. 

Result s of model s arc e ncouragi ng. and long·term 
forccasli ng should progressively improve. 

Th e prob lem of link ing models of currenl and swe ll 
rcmains. Some trial s arc being earried out (e.g. Andersen 
et (Il. , 1988), but for man)' yenrs to come mathematical 
modclling of sand transpons will requiTe numerous ill -fitu 

observations. 
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u ; S,,,,d ITO"sp()rf (P. 8all$Uul/n and P. W/l/J:t'r }; sidt·ua" s()nar 
intt rprrlflliQlI. 

b; Htd ll1ud lrunsp"rl ,md SIISI,.."sion calcU/lUiml fA. Orbi). Spri"S liflr. 

a CI C : Comparaison des ré.~ulla l s du sonar Jalé/at CI du I/an ~ porl 

lhéuriquc de chalTi3gt" (P. 83ssouilc ii el l'. W~lker : A. Orbi). 

From the re sults of anal )' tieal and em pirica l mod els 
ad ap ted to sand)' sediment it is poss ible to ealculate 
thcorctical Înstantaneous nows from bedload transport. 
Gencmlly there is good agreement bct ween the maps of 
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Ma!ihe< en su~po: n siun : mo:sures et calcul (p. I.e Hir). 

Ihe di s!TÎbul io n of superficial sediment and maps o f 
theoretical bcdload Imnspon. In the Gulf of St Malo, for 
example, siudies carried OUI by IFR EMER have shown 
tha! Ihere is slability almost everywhere. For spring tides 
only a few points are in a bedload movement situation at 
the moment of tides. Comparison of these rcsults wi th 
informat ion oblained usi ng s ide -scan sonar data 
(movemcllts of ~andy bcds) shows \·ery good agreement 
(Fig. Il : Bassoullet, 1986; Orbi. 1(86). 

Fille gmill (01" cohe!";I '(» ~"(>(Iilllellll· (1I11/{Ü) 

They arc lIleasured in lens of micrometres. They rorm 
aggregalcs :lnd nocs and, Ihrough mixlure wilh wmer. 
ca use n uid .~ 10 have co mp lex pro pe rti es ( pl as li c. 
thixolropic ... ). Suspended in water, Ihey seule slowly with 
large vari,tlions in Ihe rate, aecording lu Ihei r physieal stme 
and Ihal of their cmironmenl. Whell thesc ~cdi1llem ~ are 
rcsuspendcd. Iheir bchaviour can bc considered as thm of a 
di~solvcd constituent on whieh a sen ling raie has to be 
applied. The estimai ion of the fl u;"l:es of sedi mem From the 
seabcd 10 w:ller and vice versa is very difficuh (Le !-l ir et 
al .. 19H9 Il and b). Another problem is to manage Ihe 
sedimcmological cOlllpanment of Ihe bcd. In the course of 
lime. these malerials age, sen le. l o~c pan of thei r water 
siructure and change chemically. Il is. thcreforc. difficull 
10 rnake long-Ierlll forecas!lo. In eSluarie s. turbidity 
maxima have been reproduced corrcelly (Markofsky and 
Lang. 1989). For short pcriods. Ihe resul ts may bc good 
(Fig. 12, Le l'Iir et (If., 1989). A~ lo hown in the previous 
chapter. cOll ce nlration s o f poliutalll s assncialed with 
pan ide malter can lx- lo imulalCd. 

IJrimary prod uct ion 

NU1l1crous 1l1odcls of primaTy production of \'ery diffcrcnl 
co mplexi !ie, now cxisi (t'.g .. Uill en CI La ncelol. 1988: 
Fransz, 1985: lorgenloen, 1986). The sim plest rcproducc 
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the nilroge n cycle witho u! re mineralizat ion in Ihe 
sediment. Th e mos l sophi s ti cated s imu lalc ni trogen . 
phosphorus and silicium cycles and to a cenain extent lakc 
cxchangcs wlth sediment into occount. 

The limiting e lcmcms for dcvelopment of ccnain ~pccielo 
(N or P) c an be sho\\ n . including s ili ci um for 
dial omll1agcllale developmcnl. Most modeb deal with 
chlorophyll bi()ma~s, loO il is usually necessary to lake 
advection. the paramcler essemial for the avai libi lit)' of 
nutricnts. into ;ICCOunt . Sorne Illodels use dynamics results 
directl y. MO~ I detcriorate information and use boxes. 
Currenl resulls are Ihus transfonncd inlO Ihe flux from one 
box into anolh er. Thi s lo ss of informatio n which 
inlroduccs an artefac tual dispersion is regrettable. But it 
may bc nOled Ihat time SCOlies for prirmtry production are 
from several weeks 10 se veral months. The usc of 3-D 
Illodel s over such pcriods is onerous. Il is. however, 
possible 10 use a Lagrangian model of residual ci rcu lation. 
Evolved modcls of primary production incJude exchange 
with sediment (nitrogcn rcmineralîzation). Moreover. Ît Is 
obvious Ihat the benth ic ecosystem and particularl y ÎI S 
algal biomass has a retenlion effect in relation 10 Ihe waler 
mass as shown by Riou and Gosse ( 1989: Fig. 13). 

!-I avÎng lo imulated primary production. it is possible to 
delermine the ox ygcn co ntent of Ihe water mass. the 
oxygen content depending on bcnthic demand. planklon 
respiration and atmospheric exchange. Chapelle ( 1989) 
was Ihus able 10 reproduee the anoxÎa of 1982 in the bay of 
Vilaine which provoked a high fi sh !norlality. Figure 14 
gives a conceptual drawing of the biological modcl (the 
phosphorus cycle is in preparation ). the box-mode!. Ihe 
pcrcentage of variations of minimum o;"l:ygen in the oollom 
bo;"l:es accord ing lu the 1984 simulation. 

Figure 15 represents the annual cycles of sal inity. minerai 
nilrogen. phYloplanklon and oxygen satumtion pcrcentage. 

Fii;ur ... JJ 

{) if/",,,,,'"" /JI'I"""" Iw",l(I/l'hlw{,h"'~WII (;: Cfmz) l'roilurlion mil' 
(/rrnrdm~ 11): r""'.II(1t "'UI/j'I: • {'(>tlxloi m(l(l,,1 Il III, ;,ûII"/II/Ocl'tllx-mtll{" 
111/111/ 1·'·/lrlllIHm reJ"rrd /J,. 50 'k /J . Ni""IIIl(t f~ Gm,,·,. 

Dtffén:nl· ... lJe prodUClton annuelle de phytoplan",'on (i; Clm2) ... nlT ... : • le 
rnolJèlc eÔlter ; - le modè le {"Olia a ... ·"" une léi;éut,on ali;ale 
ma.rohcnlhrquc rédu.l ... lJ" ~O q Il I(too.l'. (;0'''-''. 



Modelling of the plankton ecosystem 

Thcsc model s are intcndcd to unders tand the la ws 
govern in g the successio n of spec ies in the pelagie 
ecosystem. 

Nutrients --> Phytoplanklon --> Herbivores --> 
Carnivores 

Initially rclatively si mple. they become more and more 
co mpl ex until they reac h a very high degree of 
sophi sticat ion. The quality of th e model depends. of 
course. on the relevance of" the proeess introduced 
vertica l diffu s ion. temperature. grow th rate. growth 
limitation. mortality rate. assimilation rate. sedi melllation 
of diatoms depending on the concentration of silicate and 
popu lation age, slOrage of silici um by diatoms ... 

Biologica! knowlcdge plays an incrcasingly important role 
as the model becomes more complex. 

50 the Andersen and Nival mode! ( 1989) supposes that 
copepods prefe r Oagcl latcs tu diatom s. but captu re 
more din oOagell ales than microflage llates. and thaL 
copcpods have a bcller filtration rate when the prey are 
largcr in size. 

Resuhs are remarkable. Figure 16 shows the resulLS of onc 
40-day simulation off the British Columbia coast. One can 
see the good agree ment wiLh s ilicatc , nitrate. dialOm 
mea.~ urcm e nts. Agreement is not 50 good for othe r 
parameters. 

These results were obtaincd in a confïncd area vertical 
stahiliLy bcing the only dynamic paramcter. Trials are now 
taking place to Jink Ihi s biolog ica l mod el 10 a 3- D 
ci rculat ion model. 

Seeonda ry benthic production 

ln the coasta! zone, seco ndary benthic production i5 
largely dcpcndent on the dctritic companmenl of diverse 
origin: phytoplankton, grass bcds. macroalgae. marsh!and. 
ri ver inputs ... Waste matter bcing principa lly produced 
oUl s ide the study area. a knowled gc of dynarnics is 
therefore essential. 

Numerou s model s ha ve becn produced for ben thic 
populations (Iocal ized monospccific models for the same 
geog r<lph ica l zone). These .~o-c alted ·· populat ion 
dynamics" models interpret growth and morlality rates in 
the life spa n of one co hor!. Th e produ ction o f the 
popu lation is equal to Ihe sum of the produc ti on per 
cohon. Recruitment is usoally considered constant_ which 
is 11 seve re limit at ion on the rea li sm of Ihe mod el. 
Howeve r_ thi s approach ha s supplied nurn ero us 
production/biomass relation s whieh can be u .~cd in 
specifie models. 

The Integration of the benthos in ecosystem model s is 
reccn\. Brylin ski ( 1972) inl rod uced. in hi s Engl ish 
Channel steady state model. bcnthic rauna in the form of a 
single eornpanment. Krcrner and Nixon ( 1978) introdueed 
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l'rimoty pmdlli·,ion ami o~)"ge" COIII'·I11I111X/(.J/Ù,S (A. CIU/IH.'llc). 

VILAINE 
RIV ER 

Modéli.\;'llion de la pfOdu(·lion prinl~irc cl de la conl·cnmuion en oxygi.'nc 
(A. Chapelle). 

several macrofauna (bi va lves, deca pods . spon ges . 
cndofauna) cornpa rlments into thcir si mulat io n of 
Narragansel Bay. The most recem model s introduce the 
bac terial co mparl mcnl. both as a tTOpll ie source and a 
reminerali zati on clement for organic malter (Chardy. 
1988). Although the cxehanges within the maerobenlhic 
eompaTl menl can he eorreclly simu!aled by a pinpoint 
mode!. the role of microbiola and Ihe pelagos-ben thos 
coupling (or scdiment-wll tcr column) rcrnain, on the olhcr 
hand . very diffïcu lt to determ inc. Il seems. howcver, that 
the role of the benthos in eoasta l ecosystem model s is 
becoming more and more important in as much as a 
significam part of Ihe regenerated primary production is 
altribut:lble to il. 
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APPLICAT IONS 

Phytoplankton 

• • o • 
• ~ 

days 

Oi Sa lUf(u,on " 

1) W~hout zooplankloo respiration. 

2) Wtthout benlhic OKYgen deman<!. 

3) Wrthoul phytoplanklon respiration. 

4) Wrthout remineralization. 

5) Wrthoul pelagie demand. 

The present possibilities concerning current dctcrrnination, 
dispers:.d of cons tituents and biological produc tion 
associated with nutrients have jusi bcen brielly described. 
Wh:n are the existing applications? It is difficult to provide 
an exhaustive reply, as the domain in question is very 
large. but modcls arc used in: 

Coustul engineering 

Here. modclling clucidatcs the influence on currents and 
sedimentary dynamics of construction work. groins. dikes. 
es tuary du ms. building-u p of eoas tal zone. cana l 
deepening. coastal Cfosion protection (although in th is 
question. swell is ohen the principal parame ter: e.g:. 
Lccntvaar and Nijbocr, 1986). 

\Valer qualily management 

Th e aptitude of a si te ta rece ive a certain quantity of 
poll utants depends largcly nn its mixing capacity. Figure 
17 shows. for one bay. the different impacted surfaces in 
relation \() different input locations. 

11 is also possible. Ihrough llIode lJing. to determine the 
re spc~·li\'e influences of different waste inputs in a given zone. 

We can then determine which input must bc conlmlled in 
order to maintain a saLÎsfactory bacterial quatily of the 
coastal zone. 
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,II(}dpllill,~ (t'su l /s(A. CIl/lI'f'U<,). 

Ré< ult at< de la ,1"IOI.l<'li,.atiun CA. Chap<:lId. 

When ~ensiti ve zones (shelllï sh area. beaches) are near 
waste outfalls. it is possible 10 define release limes which 
oplimize sensilive zone protection. 

Olher issues Ihat can bc examined include: 

· Di sposai of dredged sediment : where? when? how much 
(e.g., Mommaerts et al., 19H7)? 

· Fish farm effluent disposai: brceding biomass tolerance 
in a coaslal zone 

· Mari time con~ t ruc tion works. 

Knowlcdgc of residence times of water is fundamental 
idea la fi ght againsi eUlrophic31ion : in a particular arta, a 
weak flu shing rate will induce a local consurnption of 
nulrienls. but a large flushing mte will penni t the dilulion 
of nutrienlS in the \IIaler masses bcforc bcing assimil ated. 
by vegetation. 

h has been shawn (Menesguen and Salomon, 1988) that 
macroalgae proliferation (ul va) ins ide the bay of St. 
Brieuc is certainl y duc 10 nutrient inputs, but also ta the 
Irapping of the coastal \limer l11ass which has difficu hy 
diluling \II ilh offshore water. 1t see ms thal nitroge n 
reduc tion has more impon anl co nsequences on ulvae 
biomass lhan ph os ph orus redu ct ion. Figure t 8 give s 
Lagrangian residual cireul:llion in Ihe bay of SI. Brieuc. 
areas of ulvae proliferation and bioillass reduction in 
relation to nitmgen and phosphorus deereases. 

Present-day 10015 are not totally predicti ve: for a given si te 
il is nOI poss ible 10 determine preci sel}' the ca rrying 
capacity of the arca (e.g. nlgal mass bloorns. anoxia). [t is 



foreseeable that in the medium term pcrcentages of risk 
will be obtained in rela tion to sea agiwt ion, winds. 
frcshwater int10w and. of course. t1ushing time. 

Coastal management 

Determinatioll of the biotie cap"c;t)' of" clI11;vtlled 
~'helljish area 

Is is ccono mi ca lly inte res lin g to know the op tim al 
possible biomass in a cult ivated shcllfi sh area. Below 
th is bi omass. max imum bcnefi t of available nutrients is 
not achieved. Above. growth slows and certain iII nesses 
can appeaT. 

The Marennes-Qleron basin is the larges! French cultivated 
shellfish area (4() {)(XJ metric tons of oystcrs per year). 
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Figure 16 

ROLE OF HYDAODYNAMICS IN ENVIAONMENTAL STUDIES 

Numerous jn .~jtu studies, as wei l as a numerical mode! of 
oysler growth. have highlighted OUI the primordial role of 
phytopl anklOn flux in the gmwlh yield of shelllish slocks. 
One part of this food comes from outside the area and is 
brought by eurrents. Another part is produced inside the 
arca thanks to the nutrient input of the diluted plu me of the 
Ri ver Charente (Héml e l al .. 1983; J 988; Bacher. 1989). 

A model is at present bcing set up to determine primary 
production inside the basin, consumption of phytoplankton 
by oystcrs and oyslcr growth. The esti matc of opt imal 
yield for the basin is expected. A s imple mode l of the 
nitrogcn cycle without the oyster compartment has already 
been linked to an advect io n di spersion "' box" mode!. 
Figure 19 shows the implantation of the "'box" system and 
the fir st re sult s of the s im ul ation of chloro ph yll 
concentration (Menesguen, 1989). 

s 
• - .. • 
~ " .. 

otATOMS : meuuremenh 

.. .. .. 
" 

.. .. .. 
" 

~Wù~""~ .. cLCu;; .. C"~=.~~n""'»""'.~w .. 
Time {dl 

OtNOFUCE:LlAT E:S meuurem enls 

.. .. 
1. , .' '- . -. ,~ .. 

" , .. 
"-'-'-~"~~~~~' :............c...;j .. 

DI:-IOFUCE:lL\TES s,mulatlon .. 
-,~~ . 
E' ~. - ·'~ :;; ' ~' : ... -... . 
ï>. " ~ ' -, . 
u .. ~ 

Q • 

. ... 
" - .. .. .. 

Isoplnhs from the s;mul(/(;Im of/Ile mode! r:ompilrtd lU fi tld IlItl/!iUl"f'mtllIS rv. A,rderlm, (JIu) P. Nily,l). 

I !iOCOrl(:~n!r.l1ioM s imulées ~! mesuré~s (V. An<.lcr.;un. P. Nival). 
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Figure 17 

Diff<'fl!ltI impllCIl'/1 sl"flll'~r jll relmioll 10 III" illpll! pt>illl 
(J, -c. SllIomoll), 

Innucnce du poin! de rejet sur la comaminUlion d'une wne 
cÔ!iè re (J.-c. Salomon). 

....... Figure 18 

Vll'u mm'.< gm"'lh III1J11ellil rfl (Huy nf SI. 
/J, i .. .,r: A. M ellrs8ucnJ. 

li ." Au, 'rcl;,'r ,,,,u uiSflr'J';"" ff u.(n 
IfmmJ:I, Il, .. mu /IIode/. 
h." Experted ,'arilllioli (if Ihe mlui"''' /II 
.wlI/mu bio",,, ss ,,<,<,ording 10 dif/i""'u 
/ne/J' uf ,.'d" cl;UI' l'f N- /IIru f' - i",mls. 
c: M llp of calclffmed fallfWrllil/l1 rfsidlm/ 
l'lfrrrlIIS //1111 slrmrded liI,'(I<'. 

Modé li sm ion de la croi~sa n ce des ul \"es 
en baie de Saint-lJrieuc (A. ~lcne~guen). 
a : nu~ à Ira\"cr~ Ic ~ boi(c~ du modèle. 
b réd "c,ion ~im "l ~e (1<' I~ bio rr,",~e 

rna.'\irna1c en ronction d'un ubais~ernem 
des apfl"lns d'amie Cl de phMptlOre. 

Advecti'Y& and dispersi'Y& ftuxes tlvough 
the bo~ model 

Expected variation of the maKimum summer 
biomass aCCOfding 10 ditfelE1111 

c ca n e de coulan ts résiduel s 
1"J:!r.mJ:!icn,. 

levets 01 rllduction 01 N- and P- inputS. 

_ $US"" ~II'II 

[l:I 5 TI""II~ Il 

''', 

Map 01 calctJlatlld lagraoglan residual CU/lents and stranded ulvae. 

Oceanographie sludies 

A large number of marine spceies have a pelagie larval 
;,tage (musscls: three 10 four weeks: seaseallops : three 
wceks: oystcrs : fiftecn days 10 Ihrec wceks: "ea urchin;, : 
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three 10 fo ur wee ks: c rayfish : several mo nlhs). Sinee 

these spec ies spcnd part of thcir lire cycle away from the 
benthie region in the overlyin g water colu mn. the 
ultimatc rate (when the free-liv ing larvae Icave the w;JICr 
eol umn 10 develop inlO a bcnlhie adull) of these larvae 
depe nds on residual cîn:ula lion. In sorne excepti onal 



cond ition s (w ind ... ). there could be no 
recruîtment as larvae arc transported into 
an unfavourable benthic habitaI. 

Examination of residual circulation chart of 
shelf se ns. the Eng li sh C hannel for 
ex ample. shows the pre se nce of many 
gyres. When the period of gyres is dîITerent 
from that of lan/ae production. a species 
can only be maintained by linking two or 
three gy res wh ich fe rt ilize eac h other 
(Salomon. 1989 (1 and h). 

Models arc now capable of reproducing 
fronts and upwe ll ings (Nihou l, 1989). 
These zones are bi ologica ll y interesti ng 
bccause thcy arc highl y product ive. They 
are dominated by phytoplankton primary 
production. 

Sorne coasta l ccosys tems ncar large 
es tua rie s are so metim es in a re lat ively 
sa ti s factory sUIe desp ite enormo us 
pol1utant input from the estuary. This is the 
case for the "baie de Seine". According to 
Cabioch et al. ( 1989). there is apparently a 
double paradox : qua si normal marine 
populations in structure and funetion in the 
immediate proximity of an estuary subject 
to strong pe rturbation impul ses (high 
riverflow and pollution). 

~ . ·r·· 

Figure 19 
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The eu rrent hypolhes is conee rnin g thi s 
anomaly is as follows: population sell li rlg 
phase (spring and summer recruiTm e nT ) 
takes place during marine dom inant inpul 
Ihrough botlom res idua l circu lation as it 
conve rges towa rd s the es tuary (about 5 
cm/s). The seabcd adjacent to the estuary is 
supplied wilh larvae or iginatîng in the 
extemal zone (or other distant areas of the 
same nalure), and so renews its populat ions 
whatever the perturbation suffered by local 
adult populations: perturbations of benthic 
communities by hi gh r ive rfl ow and 
pollut ion arc predominant during winter 
and only participate in the normal decline 
of such populalions in any circumslances at 
this pcriod (and of rccruitement mortality). 

Primar)' pmJurtiOll mtHll'lIjnS in U" Q)'S/l'r cul/url' ~Olll' ( Marf!II"I' .• · O/iron. f "rm,a ; A. 
M I'III'$gul'nJ. 

ft thus seems thm this phasal discordance 
between the period of se lliement of 
popu lation s and major pe rturbat ions 

Simulation de la pro<Ju<:tkJn primaire dans U!1C :m!1C de: culture marine (Man'noes.OIéron ; A. 
Mcnesguen). 

togethcr with the predominance of marine input in a 
recruilment period explain both the pcmlanencc of marine 
populations so close 10 the estuary and the interannual 
regulari ty of its kinetics. 

" cJping dceision making in case or accident 

From the dcnsity of a chemi cal pollutan l (oil or other) 
accidcntally introduced inlO the cnviron rncnt. il is possi ble 
10 prcdicl ilS displaccment and claborate a coastal protection 
strategy. In case of pollu tion by light hyd roca rbons. 
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treatment of the spill (thickening in order to si nk them) in 
estuarine zone must bc avoided : by passing into the lower 
level they will cause upstrearn contamination. 

In vestigation of residual currents can 
tool in Ihe scarch for floaling wrecks. 

CONCLUS ION 

serve as a precise 

As has bcen shown, Ihe range of applications of coastal 
dynamics is huge. Present results are important and show 
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th al oceanography Is rcsolutely engaged on Ih is palh of 
quantificillion based upon il better underst:ll1ding I:IWS of 
nature. Besi des the "\radi t ional"' aspec ts of coastal 
engineering where results have hcen used for se\'eral years 
(waste di spersal. ero~ion -sed illlentation ). a new fie ld of 
activity is opening up to shelf sea physieists who must now 
combine their efforts. with Ihose proouccd by other sciel11Îsts 
(e.g. mari ne biologists. che mi SIS. microbiologists c Ie.) in 
suggesting ways of rendering currel11 coaslal development as 
compatible as possible with the prese r\lation of coastal 
ecosystems and with the perpetuation of coastal resources. 
Given the imponance in our society of the problems related 
10 environ mental protection. it may be imagined Ihal in a 
few years time. Ihe resuhs of coastal dynarn ics wi ll have 
numerous applications: in p:lTlicular they will permit Ihe 
taking of decisions. 

DynamÎc modell ing has reached il high degree of preci sion 
and is general ly rel iable. But sophisticated models (which 
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only omit il few terms from the equalions) are cololly. Any 
panicular appli cat ion ncccssi tatcs determination of the 
type of simplifi cation to be introduced: 100 much. and 
resu ll s arc fa1.-.;e: 100 linl e. and costs rise. There will 
Ihcrcforc have to be a delicatc choiec involving. in each 
case. the judgement of an experienced modeller. 
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