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V/ATFJl HEPLACm'ENTS Oli THE SCOTIAN SHELF

h y



Vla ter RepLa c emen t s on the Scotian Sh e l f

b y

I n t r odu c t i on

I n 19 49 , t he Na va L Re seA r ch E~ t !lb l i AhMent , in co -oper a t i on

with t h " At l An t l c ' Oc e anop,r Aph i c Gr oup , expande d ob s erva t ions of

t emperatur e co ndition s i n the TlAter colunn a t t h e SAm" r o Li !,h t -

sh i p of f Hal i f a x , N. S. Th i s expa na Lon con s i s t e d chiefly of

t empe r a t u r o d istr i h u t i on i n the wat flr column. The respon s ibil i t y

of nna Lya Lng the s e d ata has b e en n s auncd b y the Neval Ros earch

Establi shMent, and this r e port de a l s Tli th ob s er ve d wa t er

r-npI a c emen t s , wh ich havc r c c entl y been discus a ed a nd pres ente d

for pub Li c a t i.on by !.;e s a r s. Longa r-d and Banks in mor e de t n i l ed

fo rm ( i n pre s s ) .

Fo r c onvenie nc e , cur r en t s in t he oc e a n a r e d i v ided into

thre e p,rou p s:

(1) Con ve c t i on or s l ope eu rron t s as soc Ls t e d with t he

di s t r i bu t i on of de n s i t y Anll pressure;

(2) Curre n ts a a s oc i a ted >li t h the tide s ; an d

(3) Drif t cu r ren t s i n1t i o t fld and n!a i n t.e i n e d by the

f r ictiona l draG of wind s on the au r-rn c e ,

It is the a ppl i c a t io n of thi " l a t t e r ph en omen a to t h e

Scotian Sh elf wh i ch wi l l hero b e c on s Lder-e d , Illu s t r a tions of

TlRter movemen ts an d r-ep I a c on e n t s hav e " een f urn i sh ed in ea r l i e r

papers (Ha ch e y, 1 93 4 ,1 937). HO>le ver , whil e t h e r e su l t ant

movemen t s a nd r eplacem ent s ca n h e ob a nr-ve d , i t is diff i cu l t



to ev alua t e t he comp onents eris i ng f r om the various factors .

Wor k pr ima rily done i n t his a r e a used ohservational data

taken at weekly or greater i nterva l s , an d usual ly only in

HAlif ax Harh ou r , Ylh ich mea nt t ha t mAny short t erm fluctuations

went uno hserved , a nd , in an y case , the e x t e n t of p.ny water

r e pla c emen t vms no t rlef i n i t e l y kn own, At Sambro Li gh t s h ip,

loca t e d ah out eip, h t mil es of f s h or e , twice daily ohs ervation s

of t h e wat e r coLurin , as . ,;' 11 as oh s ervat ions of atm ospheric c on-

di t i ons , have h e en recorded since 1949 . During Oc t.ob e r , 1 949,

waters were c ompl etely repl a c e d . Thes e replacements were

as aociatedYlith a trop i ca l cyc lone , Rnd i t is of interes t to

an alyse the r elationship hetween the two ph en omena.

Ekman's Theory

A succe s sful t h e or y of wi nrl dr i ven cur ren ts was rleveloped

by Ekman (Sverdr up e t a l, P . 489 -507 ) from a numh e r of type

prohlems Ylhich h e s olved by ord inar y hy dr orlyn ami cal me t hods ,

A particulAr pr-ob'Lern wa s c oncer-ned with a steady and uniform

wi n d hlowi nG in a constant a nd uniform d i rect ion ou t i sd e and

parallel to a stra i gh t an d i nf i n i t e ly l ong COAst, whe r e the s ea

is c onside red to b e of u nif or m rlep t h. In such a case, a s l ope

of the s u rface vl111 be developed perpenrl i cular to the coas t ,

and gradual ly incr e a s e until t h e t o t a l flow, perpenrli cular to

the c oa s t , rlue to wi nd and pr e s s u re p:rAd i en t , is zero .

If t he depth of the vlinrl cu r r ent b e r epresented b y D, and

that of the s ea, by d, t h en t hree cu rrents wi l l e xist , prov i de d



(a) a surface drif t current deflected to the ri p,ht of the

wi n ds direct ion ,

(b) a mi d- wa t er cur ren t pa ra l l e l t o t he coas t, a nd in the

vrl nda direct io n, and,

(c) a b o t t om cu r re n t mov Lng mor e or l e s s in a d ire c t i on a t

d gh t -e nrol es t o the coast.

Genera l Ca se f or South Coast of N. S .

II no rth-east or so uth-Vleet wind a long the Scotian coast ,

s houl d , a c c or-dfn g to Ekman's the or y , c ause on- s h or e or 01'1'-

b y a north-east Ylind ve e r off to the r i p;h t, Vli t h the r esult tha t

surf ac e wnt er-a t end to pil e up a long the CORst , wi t h conseque n t

of fsho r e moveme nt of the deeper vlAt ers.

Ob serv~t ions a t Sa m"ro Lightshi p

Observations made At Samb ro Li gh tship during the cyclone of

Oct ober, 1 949, indicate a complete replacement of de epe r and

colder Vlaters h y wa r me r surfac e vra t er- , With ref e rence to

Fi eure I , the replacement , whi ch b e r-an about October 17th, is

c leArly i n d i c a t e d . The pe r i od b e f ore Oc to be r 17th i nd i ca t e s a

n orm al structure Vlith a t empe r-e tur-e d i f fe r en c e b etwe en top a nd

b o t tom of 20
0

f ' , nnd a 50 ft. su rfnce l a yer of an app ro xima t e

t emper,.tur e of 56 F . Durinf~ t he I nth and 1 9th , the s ur f a c e

layer i s rapidly thickening , an d b y the 22 n d it ex tends n early

to the bottom, wi t h a t.enp e r-a tur- e d i f f erence b e t we en t op and
o a

b ottom of abo u t 2 F , and an a verReo t orrpe r-a t u r-e of ab out 55 F.



I t i s t h e 2 5 t h b ef or e the co lder b o t t om wat er beei ns to re-appear ,

and h y t he 2At h norm al conditions h ave r eturn ed. Dur ing t h is

period win d d ire c t i on s c or r elate exc e e d i ngly well, as one wou l d

ex pect f r om Ekman 's theory, with t he r e sul t i ng r ep lacement . For

about a we e k pre vious to the 22nd , t h o wind was f r om a dir ect i on

between e a s t and north - a d irec t i on i de a l for piling warme r

surf a c e wat e rs a long t h e coa st an d e ven tually t o r epla c e the

colder sub- su rface water. By t he 23rd t h e wind has changed

direc t ion t o th e s outhwe s t, and t henc e forward r ema i n s in a

gen e r"l we s t erly dir ection . Thi s, r es ul ts i n the c e ss a tion of

surface r e pla c ement and co l de r b ottom waters r e t urn t o the wa to r

column. By the 28 t h , water condition s are a ga in normal , b e i ng

similar t o t hat of t he 17th, exc ept t h a t the s urface l a yer is

slightly t h i c ke r .

It is interesting t o note tha t wh ile dur i ng the 27th , 28 t h

and 2 9th, wi nds f r om the west an d nor-bh-we s t , at t a i n e d ve loc i t ie s

up t o 30 m. p .h ., t he viatel' s t r uc t u r e un der-we nt no a ppreciable

cha nge. A·cc or r.i nr, to t h eo ry , with whi ch the se observat io ns agre e ,

wi nd s from t h e north-w e st wou 'l d t en d t.o produc e movement pa ral l e l

t o the coas t wi th l ittl e on-shore or of f -sho re movements a nd

h onc e l i t t l e ch a nge i n wate r co l urm structure .

~

Drif t cu r rent s initia t e d and l"Ialnt a i ned b y the wind a re

c apabl e of c au sing widespread r-ep l .eceme n t, of coastal waters.

The effect of a north e as t win d Alone t he Sco tian Coast is to

pile s urface wat er a l ong t h e co ast and ult imately to replace the

co l de r h ottom wa t er. In t h e co urse of' this d i sc uss ion , the



effe ct of pres sure in produ c i ng this r eplac ement . ha s b ee n

negl e c t ed. Whil e the a tmos phe r i c pr e s su r e gradient du r ing this

peri od, were, i n a l l pr oba bility , te nd i ng t o produce the s ame

resul t , it is fa i r ly safe to as sume t ha t the role played by

this fac tor is a r e l atively mi nor on e.

The direction, strength a nd du r a tion of the wind are

f ac t o r s \7hich enter i nto this phe nome non of water replacemen t s ,

rle"'')n s t r a t ed b y th~ o", e ,r'/R t ion~ Ln t.n e ,n te r c olumn at the

Samhro r.if;htship. Fu r ther obs ervation s a re required to eluc id a t e

the re lative i mportan c e of the t hree fa c t ors .
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