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Short Term Fluctuations in the Vertical Wa t e r St r u c t u r e

by

The classical methods of Physica l Oceanogr aph y e nta i l a

number of bold assumptions, no t t he l east of wh i ch con cern the

time relationship b e twe en ob servation s . The distribution of

ph y s i ca l variab les is usually ma pp ed as though a l l obs ervations

h a d been taken simultaneously , " he re , in reality, they are the

results of a series of stations oc cupied by a singl e ship or ,

at the most, hy a very f e" ships . T'ne satisfactor y results of

pa t t e r n s of vlSter movemen t as i nfer red fr om physical va r iab l e s

ob served i n this W9.y have jus t ified the assumptions f or mos t

areas in the open ocean - - b ut t h e aame ca nn ot be said f or

ob s ervations i n in shore waters , espec i a l l y thos e exh i b i t i ng

l:'J'\l'l<eds t re t ificat i on .

Each su ch case must be cons i der ed separately to ensur e

that ge og raph i ca l va r i a t i on s are not be i ng con f u se d " i t h sh or t

period t.empor-a l, variation s , and tha t t h e inferred move men t

pa t terns are not wholly , or in pa r t, s pu r i ous.

The re a re a number of kn ovm meche n i sms which may br in g

about short period varia t i on s in the vertical stru c ture of a

Vlater mas s . Chan ges in t he pattern of a t mos phe ric pressure

ove r the oce ans requir e a red istrihut ion of mas s in t he under -

l y i ng wate r i n or-der- t hat eq u il ibr ium be mai ntained . Wi nd

s tress may move the l i gh t surfa c e l a ye rs awa y from a c oast,



requiring a cornpensating i nf low of t he lower a nd den s er layers .

The r e gion near the boundary of wel l def i ned , intense oce an

curre nts may app ea r unstable due to os c i l la t io n s in t he po s it io n

of the ho und a r y an d s mall edd ies may eve n be thrown of f t o f orm

isolated patch es wi t h ano malou s structure an d cl~sed circulation

patterns. Ti dal currents may produce confusing longitudinal sh i f t s

in the co astal wa t e r ma s s , or contir-Ibu t.e t he energy which s u s tains

internal wave s of tidal pe riods. F'urtherm ore , in semi-enclos ed

areas, t h e la teral boundar i es may g i ve r is e to favoured mode s of

oscillation, e i t h er of t h e wh ole b ody of water, or of internal

waves . These periodic os c illa t i on s may b e sustained by ene rg y

from random non-periodic d i s t u rbance s.

The waters of the Gulf of St. Lawr ence have, during the last

five years, been SUbjected t o sy s te ma t i c study by the Atlantic

Herring Investigation Committee, the Atlantic Oceanographic Group,

and the Canadian Naval Research Establishment . This report a t t empt s

to indicate the importance of t h e "Time" parameter in the treatment

of t he a cc Umul a t ed data .

An exc e l l en t study of the ar ea was made in 1914-15 (Hjort et.

al. 1919). The method employe d fo r observations was the standard

water b o t t le - reversing t hermome t er t echniq ue . Patt erns of mot io n

inferred f r om the gr ad i e nts of isosters in pro f i l e s obtained in

this manne r ma y be qu al i t at ive l y correct . The coa r s enes s of the

prof i l e , h owever, both in horizonta l and ve rtic al spac ing , tend s

to obscure any variations which woul d have i nd i ca ted a fine



structure of strong curr en t s or short term variat i ons in the

vertical sections. The s ame is .t r u e of similar ob se r va tion s

.made since that time .

Bathythermograph ob s erva t i on s made in t h e area prior t o

1946 , while not part of systemat i c investigation, arouse d the

suspicion t ha t major cha nges in the vert i ca l s t r ucture of the

water mass mig h t take place ov er very s ho rt distances or dur i ng

compara t ively s ho r t per io ds of time. Th i s has been confirmed by

bathyt hermogr aph s e c t i on s made in 1 947 and 1948 . Figures 1 an d 2

sh ow s ections taken along the Gas pe cu r r e n t hy H.M.C . S . "L loyd

Geor ge", the 23rd a n d 24 th of July, 194 7, a n d by H.M. C.S. "New

Liske a r d " , t he l Oth a nd 11th of .June , 1948. The violent osc ll-

lations of the isoth e rms along the s e line s would i nd i ca t e t h a t

there is e i ther a ve r y compl ica t ed ho r i zonta l movemen t or

ve r tical fluc t uation s of con siderable ampl i t ude , or inde e d ho t h .

Lau z i er (19 47 ) ha s publi sh ed data from a Stat i on of f Gr and

River, Quebec , which was oc cup i e d eigh teen times b e tween May

an d Sep tember, 1 946. At t h e 20 met r e , and more pa r ticularl y

at t h e 50 metre le ve l, the f l u c t ua t io n s , from observation to

ob serva t i on, in b oth temp era t ur e a nd sal in ity are so extreme

as t o compl e t e l y mas k the seasonal trends . Some of the most

v i ol en t change s t a ke pla c e b etween a djacen t ob s ervation s

separated onl y by a f ew days . It is h a r dly c on ce i vab le that

these ch an ge s ar e not due t o s ome disturbanc e i n the f o r m of

internal wa ves . His d iagramat i c pr e s en t a t i on of the data is



r epr odu c e d in F igure 3. Lauzier (1 948 ) indicates that there

is a correlation of these data with the stage of the tide, and

his observations in 1 947 b ea r t h i s ou t . On Jul y 21st and 22nd,

1 947 , the Station off Gran rl River an d a no t h er on American Bank

were occupied , the former s ix time s dur i ng a twelve hour period

and the latter four times du r i ng a similar period . Thes e data,

shown in Figure 4, indicate a n in ter na l Yla ve of tidal period.

Lauzier (personal conmun Ic a t Lon I is of the opinion that th i s ma y

be due to a tirlal oscillation of th e pos i t i on of the Gaspe current ,

"ringing it, with its dee p er intern ediate l a yer , inshore at these

po i n t s during certain sta ges of t h e tide .

On Septembe r 7th a nd 8 t h of th e same y ear , tViO time se ries

were ob tained with bathythermogr aphs off the Gaspe Coast . H.M.C .S .

"Lloyd Geor ge" oc cupied Station "A" (l a t . 48
056

'O O"N , Lon g .

64
0

06 145"W ) six miles of f Cap de Rosiers, from 203 0 h ours . (G. M.T .)

Se ptember 7th until 1000 hours Sep temhe r 8th wh en adverse weather

forced ab andoning t h e St at ion . The s t ation vms p i ck e d for eas e of

visual navigation day or n i ght , an d it is not likely that the

positions of individual ob s e r va t i on s d i f f e r gr e a t l y ; A standard

hy drographic cast Vias made a t 20 30 ho ur s , wh en the St ation Vias

first oc cupied but wea ther did no t pe rmi t f urth er ob s ervation s of

this nature . H. M.C.S . "New Li s keard" oc cupie d St at i on "a"
o 0

lLat. 49 13' N, Lon g . 63 53 ' W), 21 mile s from St ation "A" on a

line towards South- Vlest Po i nt , Ant i c os t i I slan d, from 1715 h ours

Septem,>er 7th to 1700 hours Sep t emhe r 8 t h, ke ep i ng St ation on



a lir,hte d b Uoy dropped fo r that purpos e . Hydr ograph i c ca s t s

wer e ma de at 1640 hours a nd 1830 h ours , Se pt emher 7th . Both

sh i p s ma de hathythermo r,r a ph ob s e r vations ea ch h our when possible .

The results of these tine series are shown in Fif,ure s 5

and 6 . Both s t ation s exhi"it prea t v!\rip.tions in the dep t h of

isother ms helow the 35 de rree F . isot herm. Her e , where adjace n t

i so t he rms a re s e pa ra ted " y grea t e r vert i cal distances, th e a l mos t

ver t i ca l B .T . tr!! ce i n t roduces the pos s i b i l i t y of e r rors in read­

in g , hu t thi s co u ld n o t caus e a l l the variations i nd i ca t e d . At

St ation "R" the r e was c ompara t i ve l y l ittl e os cil la t ion of t h e

inte n se t he rmocline, a l though just be l ow i t , t h e 35 de gree i so-

therm fluctuated r ath er rer,ul arly with limi t s in dep th of 75

a nd 110 f eet. The va r i ah il ity co nt i nu es t o the full de p t h of

ob s e r-va t Lon , wi t h r a t h er more activi t y be low the c en t er of the

col~ wa ter l ay er. The l owe r 31 de r,ree isotherm ranges from 2 80

At Station "A" t h e situation was somewhat d ifferent. The

35 de gr ee i so t h e rm r-ena i ned co mparative ly s teady, whi le t h e

water b eLow Vln S ah ou t as va riable as that at St ation "R". Here,

moreover, there w!!s a mar-ke d osc i l la t io n in the the rmocline .

the 45 deg ree isotherm r a nr;i ng from 45 t o 85 feet.

The de pths of the 45 de gr e e is ot h e rm ove r the 1 4 hou r

period are plotted s ep ara t ely in F if,U r e 7 . The ob se rved po i nts

are joined by the continuou s s t r a i gh t l ines . Th e dashed l ines

indicat e the gen er a l trend of' the isot he rm , which is s te a d ily



downvmrd wi th t h <, su gge s t io n of a rise t ovmr els the en d of t h e

s eries. The s mooth cu r ve (dot- da sh e d line ) is elr awn t h r-cu gh

the po i nts , perhaps sO!'1cv'h "t f ancif ul l y , t o ind i c a te a rough

periodicity with pe r i od of a pp r-ox I ma t e Ly tw o a nd on e-half h our s .

Littl e , if a ny , s ign i f i canc e sho uld be pl a c ed on t h is periodic ity

as t h e pr oba b il i t y of' i ts real ity i s s lir ht. ("The numbe r of

maxima in a sequ en c e of' un r-e La t ed numbe rs is one - t h i r d the nu.'Ilber

of te rms" (McE" en , 194 9» .

Thfl e x ds t en ce of' this mar ke d o s c i l l a t i on in the thermocline

at Station "A", to gether vli th its ab s e nc e a t Station "B" , po i n t s

to its a ssoc ia t i on wi th t he Ga s pe current. It might b e caused

by a Late r-a L oscil l a t ion of t h e current t '; ansversfl to its d i r ­

e c t io n of' ad va nce (s ee r-ec ent stu ,a "s of tho Gulf' S t r e am (Iselin

a n d Fur, l i s te r , 1 948) ), or it may be the r esult of a s ys tem of'

Lrrt e r-nn I wa vos n t t h e bounda r-y of t h " t wo h od Les of water mov i ng

with eli f f' " ren t ve locit i es an d au s t a Lnod by e ne rgy su ppl i e d f ro m

Internal wav es, o r wav es Vli t h t he i r mf\ximum amplitude

vlithin a f' l uid wh c s e d"nsl.ty va ries wi t h elep t h , ha ve i n r ec en t

ye a r s r ec e ived cons i derable a t t en t i on f ro m oce a nog r a ph ers . Th"

theor y ViaS f'irst de vel oped b y St o ke s (La"," 1 945 p , 370) f' or the

s i mple c a s e of' t wo supe r pos ed f'luiels of' d i f' f " r " n t de n s Lt I e s ,

F jflldsta el (1 933) treated the geno r-nL ca s " "he r e dens ity is an y

f'unction of' dep t h . Hi s r es ul ts a rc stric t ly ap p Ldcab Le onl y t o

waves of' f'requency which a re l ow i n comparison to th fl s t ab i l i t y

pa ram e t e r N (Eckart, 1 94 9 ) . Uf'f o rd (1 947) h as a pplied P j e l d s tad ' s



r e su l t s to expl icit simple density gr a d i en ts in or der to treat

Vlith internal Vlaves observed off t he coa s t of California.

(Ufford 1 947a) .

Eckart (1949) ha s deal t Vlith the more ge n e r a l c a s e , showing

:t:::::: : :c:oo:a:::l::a::l::: e : a : : m:tdl :N"~e ~Th~2 pa:::::er: is

V e h (;'2"
t h e de n s i t y , z is the . depth, ci the 'Lel oc ity of sound a nd g t he

a c c e l e r at i on of gr av ity . It is c lo s flly r elated t o t he s tability

parameter "E" , E : - (:~ +~~ ) . (Hesselb er~land Sverdrup (191 5 » .

N has th fl d i men s io n s of a frequency (s ec. ) an d is the u pper­

limit of p e r mitted frequ en c ie s for inter n al waves of finite

ampl itude . 2"o/N in minutes has b e en c omputed f or a vert ical

ae c t Lon a t s t a tion " An 2030 hours 7th September, 1 947, a nd is

sh own, t og e t h er- wi th t h e tempe r-s tur-e a n d salinity dis t r ib u t io n ,

in Fig. 8 .

It wou'Ld be of i n terest to make a thorough study of internal

VlA ves i n this a rea . F ig. 8 indicate s that one must b e pre pa r ed

f or the ob ser-va t.Lcn of periods down t o the orde r of two min utes .

I t is no t to b e ex pected that the d Ls t ut-b anc es wi l l b e of a

simple nature , thou gh the semi-enclosed natur e of t h e are~ may

i mpos e lateral boundary c ond i t i ons which f av our a few discret e

In c onclusion, t h i s study indi cate s that i nt"rna l waves ,

or othe r sh or t period fluc t ua t i on s in t he vert ica l structure of

the water mass must be t h ough t of as being quit e ge n e r a l in the

Gul f of St. La wr-enc e , Se a s ona l cy cles , pa tter n s of movemen t ,



or other phenomena infer r e d from wid ely spaced hydrographic

ob s e r va t i on s , must recognize the possibili t y of sh or t period

i nternal disturbances of up to twenty me t r e s amplitude, unless

they treat with regions shown t o b e f r e e from such disturbances.

The prob lem requires further intensive study, a nd the

implications should be thoroughly explored.
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