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ABSTRACT 

'r'k~e physical oceanography of the Ray of F'undy is examined, The 
large tides and tidal currents, attributable to a resonance effect, are a 
domlnant force in the system, Variations in water levels and currents are 
caused by the predictable variability I n  the tidal generating forces, and 
by the less predictable meteorological forcing and fresh water input, The 
large tides glve rise to unusual effects such as tidal bores and reversing 
falls* The potential and kinetic energy and dissipation levels associated 
with t h e  tides are all very large, Examinacions of hydrographic data and 
modelling results have indicated strong vertical mixing caused by the 
tides, but horizontal exchange in the system 1s low compared to low-tide, 
open-sea situations, The mean currents in the upper Way are 3.argely 
tidally-driven, but in the lower Hay, fresh water runoff plays a major  
role, The ice characteristics are also greatly influenced by the tidaX 
range and tidal currents, Wave information in the Bay is sparce, but wave 
energy typically is not large, 

Key words : physical oceanog~aphy, Bay of Fundy, tidal dynarni cs, nzarrterl" c 
model studies 

Z,'oc4anographfe physique de la ba i e  de Fundy fait liobjct du 
r)r@Pqent rapport. De fortes mardes et d8&normes courants tidaenx attrl- 
buablrs 2 un effee de rgsonance, constituent une force dominante dans 4e 
systG~ne, Certaines variations du niveau de I'eau et des courants sont 
caus4es par %a variabilit4 preirisible des forces g&n&ratrices de la mar4e 
astronomique, ainsi que par le for~age mht&orologique direct et Isapporr en 
eaux dsuces, Les grandes imrges donnent lieu 3 des ph6nomPnes particullers 
cornme le mascaret et les chutes r4versibles, LQ6nergie potentielle et  
cin4tique de m&e que les niveaux de dissipation associ6s 'aux mar4es sont 
tous tr6s 6Seev6s. L i  eexamen des donn4es iiydrographi ques et des rhsrat carps d e  
q1od6Sisatisn one r4v&l4 l'existewce dPun mglange vertical t c 2 s  Cort, leyuel 
est dd aim mardes, tandis que l'&eii~ange horizontal est e'aible dans l e  
systgme eomparafivement 2 ce guE existe dans les zones littorales de faible 
mar& el: de mer libre, Dans la hafe du Nord, ies courants iiloyerrs qont 
gdngralement mus par les marges, mais dans la kaie du Sud, I Vcoulement des  
eaux douces joue un rGle de premier plan, Les caract4ristiques glacielles 
sont aussi domlnges par 4e rnarnage et les courants tidaux, On ne sait pas 
grand chose de la houle qul t-6gne dans la Raie, mas lQ6nergie d e s  vaguos 
est slnguliGretnent faible , 
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INTRODUCTION 

There are many processes important in the physical oceanography of 
the Bay of Pundy, One picture is obtained by thinkfng In terms of the 
dominant M2 tidal signal of 12,42 hrs, the annual signal and the annual 
means sf current and hydrographic parameters, Although this would cover 
most o f  the dynamics of the system, much of interest is attributable to the 
varfabllity in these signals, The very predictable variations in tides and 
the less predictable annual and short time scale variations in meteorology 
are of great importance to the synoptic picture of the Bay and significant 
to many non-physical aspects of the environment, This paper attempts to 
briefly describe what is known about the dominant processes in the Ray of 
Fundy and indicate some important areas of variability in these processes. 

THE SEA LEVEL TIDAL REGIME 

Prior to the late 1960's the large tidal oscillations in the Bay of 
Fundy were thought to be caused by the near resonance between the M 2  tide 
(period 12,42 hours) and the natural period of the Bay, Defant (1961), for 
example, referring to the Bay, stated "the resonance condition Is almost 
completely fulfulled". However, when a detailed calculation was made (Rao 
2968), the free period of the Bay of Fundy alone was found to be about 9 
hours which could amplify the tides, but is far from resonance. Later, 
Garrett (1972, 1974) showed that the entire Gulf of Maine and Bay of Fundy 
(Fig. 1) combined to form one resonant system with a period of close to 13 
hours, Duff (1981) has suggested that "frequency entrainment" - a process 
by which a system forced near to natural period will convert energy to this 
natural period from the forced period, - may also play a part in the Large 
Fundy tides, 

Figure 2 shows the amplification of the tide incident on the shelf 
edge, The tidal range increases from the shelf edge by a factor of 2 1 / 2  
t o  Boston, 3 to Yarmoutk, 6 to Saint John, 10 to Upper Chignecto and 12 I n  
upper Minas. Greenberg (1979) demonstrated that most of the energy enters 
vfa the Northeast channel and the northern shelf, with some entering 
through Great South Channel. 

The above describes the M2 component of the tide - the largest 
single constituent with a period of 12.42 hours and representing 90% of the 
tidal energy, It can reasonably be considered by itself to represent the 
"mean tide". The amplitude of the next two largest constituents, N2 
(period 12,56 hrs) and S2 (period 12,00 hrs) are a factor of 4,7 and 6 
smaller than M 2  respectively. The ratio of these terms is fairly constant 
throughout the Ray of Fundy and Gulf of Maine (Garrett 1972), It is prLn- 
eipally the beating of these three frequencies that provides the spring- 
neaps variation over the course of 15 and 29 days. Beating results from 
the superimposing of two waves of different frequencies, which leads to a 
maximum combined range when the waves are in phase, and to a minimum when 
the waves are out of phase. The diurnal variation in this system is caused 
by two main constituents: K 1  (period 23.94 hrs) and O 1  (period 25.82 hrs), 
These are far enough from the natural period that they lead to no resonant 
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Fig. 1, Location Map f o r  the  Bay of Pundy and Gulf of Maine, 





amplif ication. The amp1 ittnde of these constituents is fa i r1  y constant 
throughout the Ray and Gulf at 10-15 cm, The beating of these two signals 
also leads to a spring-neaps cycle, The beat frequencies of the seml- 
diurnal and diurnal tides themselves Reat, creating a third beat frequency 
that leads to two times a year when higher than normal tides are experi- 
enced. In the Bay of Fundy and Gulf of Maine the ratio of the highest tide 
range of the year to lowest is about 2:1, This is small compared to some 
areas, such as near the French tidal power plant at La Rance where the 
ratio is about 6:P, The largest and smallest tides are typfcally seen 
twfce yearly, but the rnajor part of the variability occurs over the I S  day 
and 29 day cycle (see Pig, 3 below), 

Over the longer period the tides are amplified by an 1 8 , Q  year 
nodal variation. The effect is to change the different constituents by 
different percentages. The largest effect in the Pundy-Maine system is 
from the &3,7X variation in M 2  amplitude, It is thought that frictional 
effects and the competing effect from diurnals which have a nodal variation 
out of phase with the semi-diurnals, would reduce this to 12,6% (Garrett 
1 9 7 7 ) .  

TIDAL CURRENTS 

Much of what has been sail about varlabllity in tidal elevation 
applies to tidal currents. It is harder to get accurate tidal constituents 
from current observations for three reasons, Simple continuity tells us 
that the tidal current will he closely related to tidal elevation, but vary 
with basin configuration and topography, A general hourly pfcture of mean 
tidal currents is given in the Atlas of Tidal Currents (CHS 1 9 8 1 ) ,  based on 
the numerical model described in Greenberg (19791, Some $enera1 observa- 
tions, can be made. The currents are of the order l m,s-* around Southwest 
Nova Scotia and over Georges Bank, The rest of the Gulf of Maine has lower 
tidal currents - about 0,5  m,s-' and even lower .in the western corner of 

- 1 the Gulf, The tidal currents increase from 0 ,75  to 1, m,s from the mouth 
of the Bay to Cape Chignecto and continue fairly uniformly at thae level in 
Chignecto Bay. On the Nova Scotia side, the entrance to Minas Channel has - 1 tfdaP currents of 1 to P,5 m,s increasing to as high as 4 m,s- in the 
narrows by Cape Split then decreasing to a typical strength of Z 3 me,- ' in 
the MInas Basin. 

TIDAL BORES AND REVERSING PALLS 

Tidal bores are found in some shallow rivers that flow into the 
head of Chignecto Bay and Minas Rasin such as the Petitcodlac River, They 
occur when a large amplitude tidal wave travels over shallow water. The 
speed at which a tidal wave moves 1s proportional to the depth of water 
over which it travels* In very shallow water, the amplitude of the tidal 
wave is significant with respect to the depth sf the water, Thus the Pead- 
ing and trailing edges of the wave are retarded as they move, The typical 
shallow water tide rises quickly on the flood and receeds slowly oil the 
ebb, In a tidal bore situation, the wave steepens to the extent that it 





b r e a k s .  Much energy  f s  d i s s i p a t e d  i n  a t i d a l  bore  so i t  cannot  c o n t i n u e  
i n d e f i n i t e l y  over  t h e  sha l low w a t e r ,  Thus t h e  P e t i t c o d i a c  bore  does not  
p e n e t r a t e  a s  f a r  upst ream fo l lowing  t h e  s i l t a t i o n  r e s u l t i n g  from t h e  com- 
p l e e f o n  of Moncton Causeway. 

Revers ing F a l l s ,  found a t  the  mouth of t h e  S a i n t  John R i v e r ,  f s  
d r i v e n  by t h e  combina t ions  of h i g h  t i d e s  and r i v e r  runoff  over  a  s h a l l o w ,  
narrow, r e s t r i c t i o n ,  A t  t imes  of normal r i v e r  f low,  h igh water  i n  t h e  
ha rbour  causes  a n  i n f l o w  p a s t  t h e  P a l l s  and low water c a u s e s  a n  ou t f low.  
The mean l e v e l  of t h e  r i v e r  behind t h e  F a l l s  is  more v a r i a b l e  and a lways  
h i g h e r  than  t h e  mean l e v e l  of t h e  ha rbour ,  During t imes  of hfgh r u n o f f ,  
t h e  l e v e l  of t h e  r i v e r  i s  s o  h i g h  t h e  f a l l s  do not  r e v e r s e ,  The o u t f l o w  a t  
t h e  f a l l s  a t  low wate r  i s  " c r i t i c a l " ,  meaning t h a t  i t  is  f lowing  a t  i t s  
maximum r a t e ,  and lower ing  low t i d e  would not  i n c r e a s e  t h e  f low,  A t  h i g h  
wa te r  t h e  in f low i s  n o t  a s  r e s t r i c t e d  f o r  normal r i v e r  l e v e l s .  Although 
t h e r e  i s  no i n f l o w  d u r i n g  hfgh r u n o f f ,  t h e  o u t f l o w  a t  t h i s  t ime i s  re-  
t a r d e d ,  A consequence of t h t s  regime i s  t h a t  t h e  mean l e v e l  i n  t h e  r e s c r -  
v o i r  t e n d s  t o  r e f l e c t  t h e  h igh  t i d e  l e v e I s  i n  t h e  ha rbour  ( P i g ,  3 ) -  A t  
t imes  of h igh  r u n o f f ,  ( i n f e r r e d  from t h e  F r e d e r i c t o n  r e c o r d )  t h e  e f f e c t s  
a r e  more pronounced downstream a t  s p r l n g  t l d e s ,  A t  low runof f  t i m e s ,  r i v e r  
l e v e l s  seem t o  peak d u r i n g  the  h i g h e r  s p r i n g  tides, Flood ing  s i t u a t i o n s  
caused by high runof f  cou ld  he more s e v e r e  when t h e  peak runof f  o c c u r s  a t  
t imes  of h i g h e r  than  normal t i d e s ,  

ENERGY CHARACTERISTICS 

The p a r t i t i o n i n g  of t i d a l  energy i s  d e s c r i b e d  i n  Greenberg (19799 
from which t h e  f o l l o w i n g  i s  e x c e r p t e d ,  

Values  of mean energy and mean work P a t e s  a r e  g iven  i n  Table  I ,  
The d i s t r i b u t i o n  of k i n e t i c  energy and f r i c t i o n a l  work is  shorn  i n  P i g ,  
4 ,  and 5. The p o t e n t i a l  energy i s ,  p r e d i c t a h l y ,  h i g h e s t  i n  t h e  upper 
r e a c h e s  of t h e  Bay of Fundy, where t h e  t i d a l  range i s  g r e a t e s t ,  I n  t h e s e  
a r e a s ,  i n  p a r t i c u l a r ,  and g e n e r a l l y  i n  t h e  Bay of Fundy, t h e  mean p o t e ~ ~ t i a l  
ene rgy  i s  h i g h e r  than  t h e  mean k i n e t i c  energy, I n  t h e  Gulf of Maine t h e  
k i n e t f c  energy  is  g r e a t e r  than t h e  p o t e n t i a l  ene rgy ,  and i s  concer i t r a t ed  i n  
a wide band from around t h e  Nantucket  a r e a ,  through Ceorges Rank, a c r o s s  
t h e  Fundian Channel,  and i n t o  t h e  Ray of Pundy, There  a r e  l o c a l  maxima 
through Great  South Channel,  Nor theas t  Channel and a t  t h e  e n t r a n c e  t o  t h e  
Ray of Fundy. The mean k i n e t i c  energy of rhe  New Hampshire c o r n e r  of t h e  
Gulf of Maine i s  very  low, The k i n e t i c  energy per  u n i t  a r e a  r e a c h e s  a  max- 
imum i n  t h e  narrows by Cape S p l i t ,  where t h e r e  a r e  s t r o n g  c u r r e n t s  through 
t h e  deep channel .  The wean k i n e t i c  energy i n  Chignecto  is  i n  compar ison,  
v e r y  low. The f r i c t i o n a l  dissipation i n  t:le Gulf of Maine is c o n c e n t r a t e d  
i n  a  band s i m i l a r  t o  t h a t  of t h e  mean k i n e t i c  ene rgy ,  but  w i t h  maxima o v e r  
t h e  s h a l l o w  a r e a s .  There  is v e r y  l i t t l e  d i s s i p a t f o n  i n  t h e  New Hampshire 
c o r n e r  of t h e  Gulf .  The f r i c t i o n a l  d i s s i p a t f o n  i n c r e a s e s  g r a d u a l l y  from 
t h e  body of t h e  bay i n t o  Chignecto  Ray. There  i s  a d r a m a t i c  i n c r e a s e  from 
Cape Chignecto  into Cape S p l i t ,  then a r e d u c t i o n  i n  d i s s i p a t f o n  i n  t h e  
Minas Bas in ,  a l t h o u g h  v a l u e s  a r e  s t i l l  r e l a t i v e l y  h i g h ,  







Using the values in Table 1, the dfssipative Q, where Q = 
Frequency x energy was found to be 5.0 for the entire system and for the 
Dissipation rate 
Gulf and Bay considered separately. Q is a measure of the damping of the 
system, 

TEMPERATURE AND SALINITY CWARACTEKLSTXCS 

An integrated study of the temperature and salfnfty characteristics 
for the entire Bay of Pundy remains to be done, We can, however, put to- 
gether a picture that gives us some idea of the hydrography of the region 
from different studies, recognizing year to year varlabflity most noteably 
from variations in fresh water runoff in the St. John River (Bumpus 1960) 
and to some extent from meteorological effects. The data used for this 
outline comes from Hachey (19521, Bailey (19541, Bailey et ale (1954) who 
looked in detail at aspects at the mouth of the Bay; Amos and Joice (1977) 
who examined the Minas area; Amos and Asprey (1981) who looked at Chignecto 
Bay; and Kate Kranck (personal communication) and Don Gordon (personal 
communlcation) who surveyed the main body of the Ray, 

Bailey (1954) studied long term measurements across a transect from 
St, Andrews to Digby Neck. He found data from the years 1950-1952 to be 
very similar, but quite different from the 1917 data in which similar 
salinities were observed, but temperatures were 2.0" C colder. Re identi- 
fied tidal mixing, vernal warming, runoff, and autumn and winter cooling to 
be important processes in the seasonal hydrographic picture, The analysis 
of data from a station north of Grand Manan Island (Bailey et a4. 1954) 
from three depths showed sinusoidal variations over the year, Salinity 
reached a maximum near bottom (about 33 /,,) with little seasogal 
variation and a minimum at the surface in the spring (about 30 /,,) 
where the seasonal variation was greater. The temperature minimum of near 
0°C was noted at the surface in the wlnter and the maximum at this station 
was 13°C in the late summer, found at a11 depths, 

The spatial variation of salinity and temperature in the Ray can be 
pieced together from several sources of data, At the mouth of the Bay 
whgre there is extensive stratification the salinity in summer is about 
33 /,,, but fresher at the surface. The surface salinity falls 
regularly from the mouth t8 near 31°/,, by Cape Chignecto, In 
Chignectg Bay values of 30 /,, have been found and in upper Minas 
Basin 28 /,, has been observed, En the fall and winter, when there 
is less fresh water runoff, the salinities tend t o  be higher and more 
spatially uniform, Surface temperatures in the late summer show a pattern 
of colder llBC water at the mouth of the Bay wzrming to l4OC at Cape 
Chignecto and rising further to 17°C in Chignecto and 2l0C in upper Minas 
Basin, In the fall, the temperatures are spatially more uniform and cooler 
than in summer. In the winter, the gradient is reversed, with the coldest 
(0°C) water at the head of the Bay and 3"-4°C water at the mouth, 



TABLE 1, Mean energy and work f o r  an M 2  t t d a l  c y c l e  f o r  d i f f e r e n t  a r e a s .  

( 1 )  Prom t h e  head of Minas t o  Cape D P O r e  

( 2 )  From t h e  head of Chfgnecto t o  a l i n e  midway between Cape 
Enrage and Cape Chignecto ,  

( 3 )  Covering t h e  Read of t h e  bay b e f o r e  i t  d i v i d e s  i n t o  Chignec to  
and Minas , 

( 4 )  The Bay of Fundy a r e a  covered by t h e  medium mesh. 

( 5 )  The Gulf s f  Maine and c o n t i n e n t a l  s h e l f  a r e a  covered by t h e  
c o a r s e  mesh, 

The d i s s i p a t i v e  Q of each r e g i o n  i s  a l s o  g i v e n ,  

(from Greenberg 1 979) 

Area 

Mean Mean 'Flean Mean R a t e  
P o t e n t i a l  KinetSc T o t a l  of F r i c t i o n  
Energy Energy Energy D i s s i p a t i o n  
1 0 1 4 ~ o u l e s  1 ~ ' ~  J o u l e s  lo1 '  J o u l e s  10'' Watts  Q 

1, Minas 1.15 .38 1.53 1-02. 2.1 

2 .  Chignecto  .38 .03 .41 .06 9.6 

3 .  Upper Fundy .65 . 21 -86 .22 5 , 5  

4 ,  Lower Pundy 2 ,39 1 ,59 3 -97 .60 9 , 3  

4,57 2,20 6-77 L ,90 5 - 0  

5 ,  Gulf of Maine 4,34  8.45 12,79 3,60 5 .O 

T o t a l  Fundy- 
Maine 8,91 10,65 19 -65 5,50 5 .O 



BORIZOFSEAL AND VERTICAL M I X I N G  

Although some s t u d i e s  of h o r i z o n t a l  mixing have been made, t h e r e  is 
much scope f o r  i d e n t i f i c a t i o n  of t h e  impor tan t  p r o c e s s e s  i n ,  and q u a n t i f y -  
fng o f ,  t h e  water  exchange i n  t k e  Bay, Retchum and Keen (1953) analyzed 
hydrograph ic  d a t a  f o r  t h e  Bay of Pundy aitd concbuded t h a t  durlrag t imes  o f  
heavy runof f  i n  t h e  St, John River  the  ff iushing rime was abou t  76 days ,  
When runof f  is  l e s s  impor tan t  t h e  f l u s h i n g  t h e  would be much l o n g e r .  
Holloway (%"PI)  ana lyzed  s a l i n i t y  and runoff  d a t a  and found t h e  eddy 
d i f  f u s i v i t y  i n  t h e  Minas Basin t o  be r e l a t e d  t o  t h e  t i d a l  Er ic tZon a long  2 

1 the a x i s  of t h e  Basin .  The e s t i m a t e d  v a l u e s  were of t h e  o r d e r  200 m .s- a 

T h i s  is a  v a l u e  s i m i l a r  t o  what one would expect i n  a  t y p i c a l  open c o a s t a l  
a r e a .  

T i d a l  c u r r e n t s  cause  much of t h e  v e r t i c a l  mixing 4n t h e  Bay of  
Fundy and Gulf of Maine, G a r r e t t  e t  a l ,  (1978) found t h a e f o r  t h e  sumirner 
months below a  c r i t i c a l  v a l u e  of t h e  r a t i o  of d e p t h  t o  t i d a l  d i s s i p a t i o n  
t h e  wa te r  w a s  v e r t i c a l l y  w e l l  mixed; wPi lLe  above t h a t  v a l u e ,  wa te r  could  be 
s t r a t i f i e d  (Fig* 6 a 8  b ) *  Most of t h e  Bay n o r t h e a s t  of S a i n t  John i s  w e l l  
mixed a s  a r e  a r e a s  around Grand Manan I s l a n d ,  B r i e r  I s l a n d  and southwest  
Nova S c o t i a ,  When sumer  h e a t i n g  i s  reduced and meteorologbcaf  fo rc ing  %nee-- 
c r e a s e d ,  i n  t h e  l a t e  f a l l ,  w j n t e r  and e a r l y  s p r i n g ,  t h e  s t r a t i f i c a t i o n  is 
reduced throughout  t h e  Bay ( B a i l s y  1954) -  

Prom t h e  above and t o  some e x t e n t  from t h e  d a t a  i n  t h e  p r e v i o u s  
s e c t i o n ,  we can s e e  t h a t  t h e  t i d e s  a r e  very  e f f e c t i v e  a t  v e r t i c a l l y  m i x i n g  
t h e  Ray, but  t h a t  h o r i z o n t a l  exchaages  a r e  corapara t ively  low, even wi th  the 
e x i s t i n g  l a r g e  t i d a l  e x c u r s i o n s .  

Numerical model s t u d i e s  (Tee 9976, Greenberg 1983) have i n d i c a t e d  
t h a t  t h e  b a r o e r o p i c  r e s i d u a l  e i r c u l a t l o n  a t  t h e  head of the Bay is  l a r g e l y -  
d r i v e n  by t h e  t i d e s ,  T h i s  i s  a l s o  suppor ted  by o b s e r v a t i o n s  (Godin 1 9 4 8 ,  
Tee 1 9 7 7 ) ,  S t rong  r e s i d u a l s  and f o u r  g y r e s  have been i d e n t i f i e d  around 
Cape S p l i t  and Cape Blomidon ( P i g ,  71, Around Cape Chignec to ,  Cap D t O r  a m d  
l n  Chignecto  Bay, model r e s u l t s  show d i s t l n c t  mean c u r r e n t  p a t t e r n s  b u t  
t h e r e  a r e  no t  s u f f i c i e n t  o b s e r v a t i o n s  t o  v e r i f y  them, Some o b s e r v a t i o n s  
s u g g e s t  t h a t  i n  p a r t s  of Chignecto  Bay, t h e  mean c u r r e n t  v a r i e s  i n  magni- 
t u d e  and d i r e c t i o n  w i t h  dep th .  I n  t h e  main body of t h e  Ray of Pundy some 
s f  t h e  mean c u r r e n t s  seem t o  be t i d a l l y  g e n e r a t e d  w h i l e  o t h e r s ,  such a s  the 
p r i n c i p a l  counterc9ockwise  g y r e  i n  t h e  lower Bay seem t o  be d r i v e n  baro- 
clinically, p r i n c i p a l l y  from t h e  f r e s h  water i n p u t  from t h e  S a i n t  John 
R i v e r .  The computer model a g r e e s  with o b s e r v a t i o n s  of a  t i d a l l y  d r i v e n  
g y r e  o f f  S t ,  John and s t r o n g  seaward f low n o r t h e a s t  of Grand Manan (F ig .  
8). The model does  no t  adequa te ly  r e s o l v e  t h e  r a p i d  changes  i n  topography  
a t  t h e  mouth of t h e  Bay, s o  t h e  i r r e g u l a r  p a t  t e r n  shou ld  o n l y  be thought c. f 
as ev idence  t h a t  t i d e s  do g e n e r a t e  s t r o n g  mean c u r r e n t s  t h e r e ,  The sea- 
s o n a l  wind s t r e s s  does  n o t  seem t o  p lay a  major r o l e  i n  d e t e r m i n i n g  t h e  
mean c i r c u l a t i o n  p a t t e r n ,  
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I c e  ohse rva t lonc ;  a - e  n o t  r o u t i n e l y  made i n  che Ray of Funtiy, 
i i e f e r e n c e s  t o  i c e  i n  tl te B;ly o f  Fundy S a l l i n g  D i r e c t i o n s  (Ailon 1982) d e a l  
a s  much w i t h  t h e  Gulf of S " c  Lawrence a s  z i t h  t h e  uppe r  Bay, Frt>rr: t h e  
SaPLing D i r e c t i o n s  and from ATPPB ( 1 9 6 9 ) ,  Greenberg  (1977)  conc luded  t h a t  
a t  t i m e s ,  Cumberland B a s i n  and Sheopody Eay a r e  c o v e r e d  wtkh f a s t  i c e ,  T h e  
o n l y  r e c e n t  s y s t e m a t i c  i c e  s t u d y  (Gordon 3nd Desplanque  1983)  c u n t r a d i c t s  
c h i s ,  Th'ey found t h a t  t h e  hreaicinp e f f e c t s  nC t h e  t I d a 1  rarrge. a n d  rr,ove~nent 
by t h e  t i d a l  c u r r e n t s  k e p t  t h e  I c e  i n  p i e c e s  a n d  i n  mot ion  most of  t h e  
t i m e ,  The r e a d e r  -is r e f e r r e d  t o  (;ordon dnd i)t?spIanqtae (1983)  f a r  s de-- 
t a i l e d  s trrdy incl~md-lng i c e  e f f e c t s  or? s ed  iment  and on h i o i o g y ,  

T h e r e  have  heen some wave t ~ ~ e a s u r e n e n t . ;  I n  t h e  uppe r  Bay, b u t  w i n t e r  
obse rva t lkons  a r e  d i f f i c u l t :  b e c a u s e  of  i c e  c o n d i t i o n s .  O b s e r v a t i o n s  i~ ti le  
lower  Bay r e p o r t e d  f n  !Jeu nr:d Vancisll ( 1916)  a t  Tyner  P t ,  (near P t ,  
Lepreau )  i n d i c a t e  t h a t  t h e  s i g r i i f i c a n t  wave h e i g h t  from November t o  A p r i l  
e x c e e d s  P m 2555: of  t h e  Cfme and e x c e e d s  2 rn 4% of t h e  t i m e ,  Prom May t o  
Oc tobe r  wave e n e r g y  i s  r e d u c e d ,  r e a c h i n g  minlrnum v a l u e s  -- a p p r o x i m a t e l y  
h a l f  t h e  w l ~ l t e r  h e i g h t s  - d u r i n g  t h e  S a t e  summer, T h e r e  were t t .~o d i s t i n c t  
wave p e r i o d s  n o t e d :  -= a  9 second p e r i o d  a t t r i b u t e d  t o  s e a  swell g e n e r a t e d  
o u t s i d e  t h e  a r e a ,  and a  5 second p e r i o d  from l o c a l  g e n e r a t i o ~ .  Longer 
p e r i o d  waves have  been  obse rved  dur-Eng bsd  s to r in s  (e,,s;, i 6  s e c  d u r i n g  Che. 
"Groundhog Day" s t o r m  of  1376) .  O l>se rva t  t o ~ ~ s  from P'linas Ra.;d,n (t2i;ros and 
J o i c e  4 9 7 7 )  show lower  e n e r g y  l e v e l s  t h a r  o h s e r v e d  i n  t h e  l ower  Bay, w i t h  
t h e  s f g n i f i c a r t t  wave h e l g h t  e x c e e d j n g  O,6 ITI o n l y  10% of t h e  t i n e ,  The 
o b s e r v a t i o n s  s u g g e s t  t h a t  l a r g e r  waves g roup  a round  a  4-5 s econd  p e r i o d .  
O h s e r v a c l o n s  from C h i g n e c t o  Ray (Ar o s  an6 Asprey 1981) a r e  s j m i l a r  except.  
t h a t  t h e y  do i n d i c a t e  some l o n g e r  1,el-f o d ,  higher waves i n  c e n t r a l  
C h l g n e c t o ,  

Wave arnpl f t~xde  and wave pei:iod a r e  itncsm t o  Int:r:ease w i t h  the  dcnra- 
t.L.on, fc?tch and s t r e n g t h  o f  t h e  w i ~ d  (Hassel.rnann e t  ale 1973), Wave devei--  
op~nen t  4,s a l s o  i n f l u e n ( - e d  by t h e  st: r e n g t h  of t i d a l  streams (3T1l f f ps 1 9 7 7 1 ,  
Wave a m p l j t u d e  is  a m p l i f i e d  when wfinds oppose  c u r r e n t s  and i s  d e c r e a s e d  
when wind and c u r r e n t s  run  i n  t h e  same d i  r e c t i o a ,  T h e r e  Is  a l s o  a n  
a p p a r e n t  f r e q u e n c y  s h i f t  from t h e  Doppler  e f f e c t  of  t h e  waves nlcving i n  t h e  
c u r r e n t .  Wlnd d a t a  colnjiiletl by E n i ~ i r o n m e n f l a n a d a  (Anon 1902h)  a t  Monlcton 
A i r p o r t  and D e b e r t  A i r p o r t  f o r  !."iart:h and Auglrst a r e  shown i n  F3.g- 9, T h e y  
r e p r e s e n t  p e r i o d s  of  s t r o n g  and wezk wincs  r e s p e c t i v e l y ,  I t  c a n  he s e e n  
where some dominant  wiird d i r e c t i o r i s  al ig: '  w i t h  t h e  a x e s  of t h e  h a s f n s  which 
would l e a d  t o  increased wave ene rgy  and n i g h t  i n t e r a c t  w i t h  t i d a l  s t r e a m s ,  
(More r e c e n t  d a t a  froin Sacicvi.Lie, CJ,B,, c , h i ch  woulrl he more r e l evan t :  t o  
Cumberland R a s l n ,  have  y e t  t o  be c o m p i l e ? ,  An f n i t i a l  cornpar l son  of  some 
s f m u l t a n e o u s  d a t a ,  i n d i c a t e s  t h a t  t h e r e  p r e  d i f f e r e n c e s  be tween Lhese and 
t h e  Moncton and  D e b e r t  d a t ? ) ,  

S torms c a n  caube  d e v i a t i o n h  from p r e d i c t e d  t i d e  h e i g h t s ,  w i e h  
s u r g e s  o f  2 m o r  more obse rved  i n  r h i s  a r e a .  The d u r a t i o n  and h e i g h t  
depends  on t h e  c h a r a c t e r i s t i c s  of  khe g e r e r a t i r l g  s t o m  (wind ,  p r e s s u r e ,  
s tor in  t r a c k ,  e t c , ) ,  The e l e v a t i o n  anomof i e s  can l a s t  a  few h o o r s  and m i g h t  
s e t  up a n  o s c i l l a t i o n  r h a e  would n o t  d i e  dowrr n n s i l  w e l l  a f t e r  t h e  s t o r m  



F i g ,  9. Mean wind s t r e n g t h s  and f r e q u e n c i e s  f o r  d i f f e r e n t  wind d i r e c t i o n s  
f o r  a h i g h  wind month (March) an3  a  low wind month ( A u g u s t ) .  
Averages  are from 6 y e a r s  d a t a  a t  Deber t  A i r p o r t  and 26 y e a r s  d a t a  
a t  Moncton A i r p o r t ,  



had  p a s s e d ,  I n  t h e  Bay of  Fundy, s u c h  s u r g e s  a r e  most s f g r ~ i f i c a n t  i f  t h e y  
a r r i v e  a t  a  tline of  h i g h  wa te r  when a r e a s  o u t s i d e  t h e  normal t i d a l  r ange  
woulrl he a t  r i s k ,  Al though r a r e ,  s u c h  f l o o d i n g  h a s  been r e p o r t e d ,  c a u s i n g  
damage t o  some o f  t h e  dyked l a n d s  a round  t h e  upper  Ray. 

I n  t h e  above ,  r i d e s  have been  emphasized due  t o  t h e i r  dominance % n  
t h e  sys t em and p e r h a p s  a l s o  due t o  t h e  ~ u t h o r ' s  p e r s p e c t i v e ,  I n  t h i s  b r % e f  
d e s c r i p t i o n  of  t h e  p h y z i c a l  oceanography ,  t i le  p r e d i c t a b l e  (mean, s e a s o n a l  
and t i d a l )  p r o c e s s e s  have bee11 exposed  and r h e  impor t ance  of t h e  v a r i a h i l -  
i t y  i n  t h e s e  p r o c e s s e s  h a s  been emphasfze: l ,  Some of  t h e  a r e a s  where work 
needs  t o  be done have  been i n d i c a t e d ,  
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QUESTIOtiS AND COMMENTS 

M. Dadswel l :  Are you aware  of  t h e  w e a t h e r  s t a t i o n  set up  s e v e r a l  y e a r s  ago 
a t  F o r t  B e a u s e j o u r  (Read oF Cumber-:and R z s i n )  by AES? The winds  a r e  q u i t e  
d i f f e r e n t  t h a n  t h o s e  r e c o r d e d  a t  Mencton A i r p o r t ,  

N.  G reenbe rg :  NO -- 


