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INTRODUCTION 

The physical oceanography of the deep i n l e t s along the 

coast of B r i t i s h Columbia and S.E. Alaska i s concerned with 

water structure and c i r c u l a t i o n . The structure (temperature, 

s a l i n i t y and oxygen) of the whole i n l e t from surface to bottom 

can be determined r e l a t i v e l y e a s i l y i n a few hours, but to 

determine the c i r c u l a t i o n requires many days to obtain an 

idea of flow at one location, and the entire c i r c u l a t i o n 

would require weeks. 

Pickard and T r i t e s (1957) showed how the transport in 

an i n l e t could be estimated knowing the surface heat exchange 

and the temperature structure ; therefore there has been a 

growing interest i n heat budget studies to permit at least 

some estimate of the i n and out transport. 

There i s good evidence that estuarine c i r c u l a t i o n occurs 

in most i n l e t s , there being a net outward transport of the 

upper layer driven by the r i v e r runoff and a subsurface net 

inward transport to replace the sa l t water removed by 

entrainment into the upper layer. Since the heat supply or 

loss of an i n l e t i s e s s e n t i a l l y ( l ) by transfer across the 

ai r - sea interface, and (2 ) by horizontal advection, a 

knowledge of the surface transfer and the temperature 

structure of the inflow and outflow would give some 

information about the advection i t s e l f . Therefore knowledge 

of the heat budget would y i e l d d i r e c t l y an explanation of 

the thermal structure and i n d i r e c t l y information of the 

c i r c u l a t i o n . 
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Waldichuk (1957) i n h i s study of the S t r a i t of Georgia 

concluded t h a t the S t r a i t was a source of heat to the P a c i f i c 

Ocean. Tabata's (1958) work i n Dixon Entrance gave a c a l c u l a t e d 

net l o s s of about 25$ or 24 lan g l e y s / d a y from the sea s u r f a c e . 

The purpose of t h i s study i s to assess the q u a l i t y of 

e x i s t i n g m e t e o r o l o g i c a l and oceanographic o b s e r v a t i o n s 

a v a i l a b l e f o r the c o a s t a l area i n terms of us i n g them to c a l 

c u l a t e the s u r f a c e heat t r a n s f e r , and to determine the broad 

l a t i t u d i n a l f e a t u r e s of the surface exchange t h a t may be 

evaluated from these lan d based o b s e r v a t i o n s . 

Shown i n F i g . 1 A and B i s the s e c t i o n of the coas t 

s t u d i e d . I t extends from Juan de Fuca S t r a i t i n southern 

B r i t i s h Columbia to Skagway i n the no r t h e r n p a r t of S.E. A l a s k a . 

The c o a s t a l c l i m a t e of t h i s area i s dominated by marine 

weather systems from the N.E. P a c i f i c , though o c c a s i o n a l l y 

c o n t i n e n t a l a r c t i c a i r flows down the many i n l e t s t h a t cut 

i n t o the coast range b r i n g i n g a c o l d r e l a t i v e l y dry a i r 

to the c o a s t . Since the rugged c o a s t a l topography p r e s e n t s a 

wide range of exposures, an estimate of the degree of 

m o d i f i c a t i o n to pa s s i n g weather systems i s r e q u i r e d i n order 

to e v a l u a t e the importance of l o c a l e f f e c t s , and thus how f a r 

the e x i s t i n g data may be e x t r a p o l a t e d . 

Nine r e g i o n s were chosen along the coa s t , F i g . 1 A and B, 

to r e p r e s e n t the major environmental and c l i m a t i c c o n d i t i o n s 

f o r which the e x i s t i n g data appeared a p p l i c a b l e . Due to the 

l i m i t e d time a v a i l a b l e , the study was r e s t r i c t e d to two y e a r s . 



After a preliminary assessment of the data, 1961 and 1963 

were chosen as having t y p i c a l climatic conditions. Since 

published material i s normally available as monthly means, 

the averaging error could be minimized by carrying out 

the calculations for each month of the year. As the 

meteorological variables required to calculate the sea 

surface heat transfer are influenced by the land surface 

over which the observations were taken, the data for these 

two years were considered as a function of exposure. What 

appeared to be the most representative data were used to 

evaluate the surface heat transfer for each region. 

The calculated surface heat transfer was used to 

interpret some of the measured temperature structure of the 

coastal region. 
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HEAT BUDGET THEORY 

Net Balance 

The simplified equation for balance of heat energy in 

a column of unit plan area, extending from the sea surface 

to the sea f l o o r , shown schematically i n F i g . 2, can be 

written as, 

Q s (1-r) + Q b + Q e + Q h + Q v = Q e ( i ) 

where Q = incident short wave (solar) radiation 
s 

received on a horizontal surface at sea 

l e v e l , both dir e c t and dif f u s e , 

r = f r a c t i o n of short wave radiation r e f l e c t e d 

by the sea surface, 

Qjj = net heat transfer by long wave radiation 

from the sea and the atmosphere, 

Q e = heat transfer by evaporation and 

condensation of water vapour, 

Q n = net transfer of heat by sensible heat 

conduction across the a i r - sea interface, 

Qv = net gain of heat in the water column by 

advection, and 

Qe = heat used for l o c a l heating of the water 

column. 

In numerical calculations, the unit used for Q w i l l be 

1 langley/day ( l gm. cal./sq. cm. day), while a positive 

sign w i l l indicate flow into the column, and vice versa. 
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T h i s n e g l e c t s changes by 1) conduction from the earth's 

i n t e r i o r , 2) h e a t i n g by chemical or r a d i o a c t i v e p r o c e s s e s , 

3) d i s s i p a t i o n of k i n e t i c energy, or 4) p r e c i p i t a t i o n . 

The net exchange of heat by r a d i a t i o n may be lumped as: 

R = Q s ( 1 - r ) + Q b (2) 
and the heat t r a n s f e r by c o n v e c t i v e processes above the sea 

s u r f a c e as 

C = Q + Q h (3) 
e h 

Then 

Q D = R + C ( 4 ) 

i s the heat energy a v a i l a b l e f o r t r a n s f e r downward i n the 

column, from s u r f a c e to deeper l a y e r s . 

Short Wave R a d i a t i o n 

A f t e r e n t e r i n g the atmosphere, e x t r a t e r r e s t r i a l 

r a d i a t i o n i s subjected to s c a t t e r i n g by the a i r molecules 

and contaminants, i s absorbed by a i r molecules, mainly 

water vapour, and i s r e f l e c t e d and absorbed by c l o u d s . 

Upon reachin g the sea s u r f a c e there i s a p a r t i a l l o s s by 

r e f l e c t i o n . 

To s i m p l i f y e v a l u a t i o n of these e f f e c t s , the atmospheric 

t u r b i d i t y and c l o u d cover can be considered s e p a r a t e l y . The 

v a l u e of i n c i d e n t s o l a r r a d i a t i o n that i s r e c e i v e d on a 

h o r i z o n t a l s u r f a c e on a g i v e n c l e a r day i s taken as a c o n s t a n t . 

T h i s assumes that the a i r mass, and t o t a l p r e c i p i t a b l e 

water vapour and contaminants along the r a d i a t i o n path f o r t h a t 

day are c o n s t a n t . The assumption should be a good a p p r o x i -
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mation f o r the c o a s t a l r e g i o n , f o r only o c c a s i o n a l l y i s 

there any l a r g e amount of dust or smoke i n the atmosphere, 

Kimb a l l (1928), Mateer (1955a), and Budyko (1956) 

have c a l c u l a t e d v a l u e s of Q q f o r areas i n c l u d i n g the 

c o a s t a l r e g i o n , Mateer (1955a) presented, contoured f o r 

each month, the mid-monthly value of Q Q f o r Canada as 

could be d e r i v e d from the then e x i s t i n g data. The only 

r a d i a t i o n measurements on the P a c i f i c Coast available f o r 

h i s work were from F r i d a y Harbour, Washington. For the 

present study, data was a v a i l a b l e from l ) C l i m a t o l o g i c a l 

S t a t i o n , U n i v e r s i t y of B r i t i s h Columbia, Vancouver, and 

2) Annette, A l a s k a . D a i l y values of s o l a r r a d i a t i o n 

measured at these two s t a t i o n s were p l o t t e d f o r a l l 

a v a i l a b l e y e a r s . The l a r g e r values i n a month may 

u s u a l l y be taken to represent the s o l a r r a d i a t i o n 

r e c e i v e d on a t o t a l l y c l e a r day. O c c a s i o n a l l y there may 

be r e f l e c t i o n from clouds that l o c a l l y i n c r e a s e s the 

measured value above a c l e a r day v a l u e , and a smooth 

curve drawn j u s t below the highest p o i n t s i s a good 

estimate of c l o u d l e s s day r a d i a t i o n Q q ( F r i t z , 1949). 

An example i s shown i n F i g . 3 . 

The c a l i b r a t i o n of the p y r h e l i o m e t e r at the 

U n i v e r s i t y of B r i t i s h Columbia between January 1959 and 

A p r i l 1960 was approximately 15% lower than i n more 

recent y e a r s , the change o c c u r r i n g at the i n s t a l l a t i o n 

of the present Eppley p y r h e l i o m e t e r . The recent r e s u l t s 

are taken as c o r r e c t . 
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C o l u m b i a o b t a i n e d b y t h i s m e t h o d w e r e s u f f i c i e n t l y c o n s i s t e n t 

f r o m y e a r t o y e a r t o s u g g e s t a n a c c u r a c y o f a p p r o x i m a t e l y _ 15 

T h e m i d - m o n t h l y v a l u e s o f Q q f r o m A n n e t t e w e r e m o r e 

s c a t t e r e d , a n d t h e mean v a l u e c o u l d h a v e a n e r r o r o f _ 5%. 
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g i v e n b y M a t e e r ( 1 9 5 5 a ) a n d K i m b a l l ( 1 9 2 8 ) . 

S u b s e q u e n t t o M a t e e r 1 s ( 1 9 5 5 a ) w o r k a c h a n g e o f 

c a l i b r a t i o n s t a n d a r d t o t h e new P y r h e l i o m e t e r S c a l e o f 1 9 5 6 

m a k e s M a t e e r ' s v a l u e s 2% h i g h e r t h a n p r e s e n t d a y m e a s u r e m e n t s 

T h e v a l u e s g i v e n b y M a t e e r a n d t h o s e c a l c u l a t e d f o r t h e 

U n i v e r s i t y o f B r i t i s h C o l u m b i a a r e d i f f e r e n t b y t h i s 

m a g n i t u d e o v e r m o s t o f t h e y e a r . K i m b a l l ' s v a l u e s a r e 

a p p r o x i m a t e l y 20% h i g h e r . 

T h e v a l u e o f o f o r t h e c o a s t w a s t a k e n a s t h e d i s -o 

t r i b u t i o n g i v e n b y M a t e e r , c o r r e c t e d t o f i t t h e v a l u e s 

e s t i m a t e d f o r t h e U n i v e r s i t y o f B r i t i s h C o l u m b i a . A s t h e 

v a l u e s u s e d a s t y p i c a l f o r t h e r e g i o n o f A n n e t t e a r e 

g e n e r a l l y l o w e r t h a n t h e c l o u d l e s s d a y r a d i a t i o n c a l c u l a t e d 

f o r A n n e t t e , i t i s ; l i k e l y t h a t t h e Q f o r n o r t h e r n r e g i o n s 
o 

i s l o w . 

T a b l e I I g i v e s t h e v a l u e s o f Q q u s e d f o r t h i s s t u d y . 

T h e y a r e f o r t h e 1 5 t h d a y o f t h e m o n t h , a t a p o s i t i o n 

c e n t e r e d o n t h e r e s p e c t i v e r e g i o n s . T h e v a l u e s a r e e s t i m a t e d 

t o b e a c c u r a t e t o + 5%. 
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T h e c l i m a t o l o g i c a l s t a t i o n a t t h e U n i v e r s i t y o f B r i t i s h 

C o l o m b i a r e c o r d s s i m u l t a n e o u s l y h o u r s o f s u n s h i n e a n d s o l a r 

r a d i a t i o n . F r o m t h i s d a t a , a l i n e a r r e l a t i o n s h i p b e t w e e n 

r e l a t i v e g l o b a l r a d i a t i o n ( t h e r a t i o o f i n c i d e n t s o l a r 

r a d i a t i o n t o c l o u d l e s s d a y r a d i a t i o n ) a n d t h e m o n t h l y m e a n 

o f p e r c e n t p o s s i b l e s u n s h i n e w a s o b t a i n e d b y a l e a s t s q u a r e s 

f i t . T h e c u r v e , a s s h o w n i n F i g . 4, i s : 

Q s ( 5 ) Q— = 0 . 3 5 + 0 . 0 0 7 0 S 1 ' 

w h e r e Q g = a v e r a g e i n c i d e n t s o l a r r a d i a t i o n f o r t h e m o n t h , 

Q Q = c l o u d l e s s d a y s o l a r r a d i a t i o n o n 1 5 t h o f t h e 

m o n t h , 

a n d S = p e r c e n t p o s s i b l e s u n s h i n e f o r t h e m o n t h f 

w i t h r a d i a t i o n i n l a n g l e y s / d a y . 

T h e i n t e r c e p t a t s = 0 a n d t h e s l o p e o f c u r v e s d r a w n 

t h r o u g h v a l u e s f o r a g i v e n m o n t h w e r e n o t i c e d t o v a r y w i t h 

s e a s o n , t h e i n t e r c e p t l o w e r a n d s l o p e h i g h e r i n w i n t e r . 

B e c a u s e o f i n a d e q u a t e d a t a t h e e f f e c t w a s n o t e v a l u a t e d . 

T h e v a r i a t i o n i s s m a l l , a s e v i d e n c e d b y t h e s c a t t e r i n p o i n t s 

a t l a r g e c l o u d c o v e r . 

T h e e q u a t i o n i s c o m p a r e d w i t h s i m i l a r f o r m u l a e b y 

F r i t z a n d M a c D o n a l d ( 1 9 4 9 ) , M a t e e r ( 1 9 5 5 b ) , a n d K i m b a l l ( 1 9 2 7 ) 

i n F i g . 5. T h e F r i t z a n d M a c D o n a l d e q u a t i o n w a s c o r r e c t e d t o 

a l l o w f o r t h e d i f f e r e n c e i n o b s e r v a t i o n m e t h o d . T h e c l o s e 

f i t t o r e s u l t s f r o m o t h e r a r e a s s u g g e s t s i t s v a l i d i t y f o r 

t h e c o a s t a l r a n g e u n d e r s t u d y . T h e s u n s h i n e m e a s u r e m e n t s i n 

C a n a d a a r e t a k e n w i t h a C a m p b e l l - S t o k e s s u n s h i n e r e c o r d e r 
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which has a t h r e s h o l d of 0.1 to 0.4 l a n g l e y s / m i n . t h e r e f o r e 

at high l a t i t u d e s i t may be necessary to c o r r e c t f o r the low 

sun angle (Mateer, 1955b). 

Observations of hours of sunshine and amount of cloud 

cover at the Vancouver and V i c t o r i a a i r p o r t s were used to 

o b t a i n a r e l a t i o n s h i p between percent p o s s i b l e sunshine and 

c l o u d c o v e r . One t h e o r e t i c a l p o i n t was used at zero cloud 

c o v e r . The data, f i t t e d t o a q u a d r a t i c , y i e l d e d : 

S = 97 - 2.6C - 0.79 C 2 (6) 

where S = percent p o s s i b l e sunshine f o r a month, and 

C = monthly mean cloud cover on a s c a l e 1 to 10, i n 

which 10 r e p r e s e n t s complete o v e r c a s t . 

A combination of the formulae . ( 5 ) and :..:'( 6 ) above 

y i e l d s : 
Q c 2 

—S = 1.03 - 0.018C - 0.0055 C , _* 
Qo ( 7 ) 

with the same d e f i n i t i o n s . T h i s formula i s compared with 

s i m i l a r r e l a t i o n s h i p s i n F i g . 6. 

Recent s t u d i e s have shown that the type of cloud i s 

important i n e v a l u a t i n g i n s o l a t i o n . F r i t z (1954) r e p o r t s a 

v a r i a t i o n i n a b s o r p t i o n of r a d i a t i o n with cloud d e n s i t y and 

t h i c k n e s s . Haurwitz (1948) graded clouds i n t o c l a s s e s from 

low s t r a t u s and fog of small t r a n s m i s s i o n , 20% - 35%, to high 

c i r r u s of l a r g e t r a n s m i s s i o n , 8Q%„ 

Cloud albedo i s thought to vary with s o l a r z e n i t h angle, 

and with c l o u d t h i c k n e s s and type, i n c r e a s i n g with an i n c r e a s e 

i n t h i c k n e s s of the same type of c l o u d . The v a r i a t i o n w i t h 
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z e n i t h angle i s probably the most important. 

These v a r i a t i o n s are suggested reasons f o r the wide 

range of cloud cover c o r r e c t i o n formulae developed. Shown 

i n F i g . 6 i s a comparison of c l o u d cover formula. 

Ashburn (1963) and Tabata (1964) used data from Ocean 

S t a t i o n 'P', a weather ship l o c a t e d i n the nor t h P a c i f i c 

at nominal ; f : : : l a t i t u d e 50°N, l o n g i t u d e 143°W. I t 

i s expected t h a t r e g i o n s such as S t a t i o n 'P f, with a g r e a t e r 

than average amount of low t h i c k c l o u d , would have a lower 

i n s o l a t i o n f o r a g i v e n cloud cover due to higher r e f l e c t i o n 

and a b s o r p t i o n . T h i s c o n d i t i o n appears to e x i s t between the 

formula developed at Ocean S t a t i o n 'P' and t h a t developed 

f o r the lower mainland of B r i t i s h Columbia. 

L i n e a r formulaedo not appear to be accurate f o r the 

e n t i r e range of c l o u d cover. 

The v a l u e s of water albedo used were taken from a 

l i n e a r i n t e r p o l a t i o n of a t a b l e g i v e n by Budyko (1956). 

Burt (1954) c o n s i d e r e d the v a r i a t i o n of water albedo with 

wind speed and s u r f a c e c o n d i t i o n s to be small compared to the 

e f f e c t of s o l a r z e n i t h angle. 

Long Wave R a d i a t i o n 

The r a d i a t i o n emitted by the sea i s c l o s e to t h a t of a 

b l a c k body, and d e s c r i b e d by the equation: 

(8) 
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where Q r = the energy emitted in langleys/day, 

S = the emissivity, 0.970 after Anderson (1954), 

cr = the Stefan-Boltzmannconstant, 1.171 x 10 

langleys/day °K 4, 

and 

@s = the absolute temperature of the surface. 

The counter radiation by the atmosphere i s a function 

of t o t a l water vapour content, a i r temperature, and cloud 

cover and type. 

In F i g . 7 four d i f f e r e n t methods used for calculating 

the e f f e c t i v e back radiation, Q^, are compared, using data from 

region 1, 1963. 

They are: 

1) Anderson (1954) 

Q b = Q p [ 1 - R 4(0.740 + 0.025 Coc + 0.00490 e -

0.00054CBe)] (9) 

2) Brunt (Sverdrup et a l , 1942, p. 112) , ; ( 

Q b = Q r [ 1 - (0.48 + 0.046C + 0.081/? - 0.0068CVe)] 

3) Budyko (1956) " ( 1 0 ) 

Q b = Q_, [ l -(0.61 + 0.0039nC2 + 0.067^ -

0.00067nC 2Ve) + 4R 4 - l ) ] (11) 

4) and Sverdrup's method given i n Sverdrup et a_ (1942) 

p. I l l - 112. 



where 

e f f e c t i v e back r a d i a t i o n i n lar i g l e y s / d a y , 

energy emitted by the sea i n l a n g l e y s / d a y , 

R r a t i o of a i r temperature to sea surface 

temperature i n K, 

C cloud cover i n s c a l e 1 to 10, and 

e vapour pressure i n mb. 

The Budyko and the Anderson v a l u e s f o l l o w each other 

c l o s e l y . Brunt's equation does not allow f o r the changing 

temperature of the a i r and t h i s has caused i t to be r e l a t i v e l y 

constant through the y e a r . Sverdrup's method, almost 40% 

higher i n summer than other r e s u l t s , o b t a i n s i t s g e n e r a l 

shape from the cloud cover c y c l e . 

As Anderson's formula i s the most complete, and c o n s i d e r s 

the back r a d i a t i o n on a proper b a s i s , i t i s used i n t h i s 

study. The formula was developed by c o n s i d e r i n g the counter 

r a d i a t i o n of the a i r as a f u n c t i o n of cl o u d amount, cloud 

height, vapour p r e s s u r e , and a i r temperature. The terms are 

summarized by the e m p i r i c a l formula: 

a + b e 

where a = 0.740 + 0.025 C exp (- 0.0584h) 
(12) 

b = 0.00490 - 0.00054 C exp (-0.060h) 

and 1600 ^ h ^ 0 0 

= the atmospheric r a d i a t i o n i n l a n g l e y s / d a y , 

= the absolute a i r temperature, 
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e = the vapour pressure at 2 meters height, 

0~ = the Stefan-Boltzmann's constant, 

1.171 x 10" 7 langleys/day °K 4, and 

h = the cloud height i n thousands of feet. 

A curve of cloud cover vs cloud height i s given in 

F i g . 8. Values were used from a l l stations i n coastal 

B r i t i s h Columbia and S.E. Alaska recording both variables. 

Cloud height was taken from t h i s curve. 

There was a noticeable trend in the curve of increasing 

cloud height inland. This i s not shown in F i g . 8. 

As Anderson's formula was developed for region with a 

continental climate, two assumptions of i t s a p p l i c a b i l i t y to 

the coastal climate could introduce error. F i r s t l y the 

vapour pressure measured in a coastal region, such as the 

one being studied, would not represent the higher t o t a l water 

content normally found in the coastal climate. Secondly, the 

type of cloud and cloud height are important. The coastal 

region with a higher frequency of stratus and alto stratus 

would tend to give higher atmospheric counter radiation for 

a given cloud cover and cloud height* Both of these 

differences would reduce the actual Q b. 

The comparison of d i f f e r e n t formulae in F i g . 7 indicates 

that the possible overestimation of from these assumptions 

i s evident only i n Budyko's formula which gives lower results 

during parts of the summer. The difference i s not large, and 

thus such errors are taken to be small. 
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Evaporation and Sensible Heat Conduction 
Semi-empirical equations with bulk t r a n s f e r c o e f f i c i e n t s 

have been developed to describe energy t r a n s f e r by s e n s i b l e 
heat conduction and evaporation upon s u b s t i t u t i o n of mean 
values of meteorological observations. The b a s i s f o r the 
formulae i s the concept of an eddy motion, which t r a n s p o r t s 
the property i n a manner analogous to molecular t r a n s f e r . 
A bulk or eddy t r a n s f e r c o e f f i c i e n t together w i t h the 
gradient of the property i s taken to describe q u a n t i t a t i v e l y 
the t r a n s f e r of the property by eddy motion. Although t h i s 
i s admitted to be an e m p i r i c a l approach, our poor under
standing of the p h y s i c a l d e t a i l s of the t r a n s f e r processes 
at the present time leave us l i t t l e choice but to use i t . 
For most heat budget stud i e s where d i r e c t measurement i s not 
p o s s i b l e t h i s form of equation i s usedj however the accuracy 
of using c l i m a t o l o g i c a l means wi t h t h i s type of formula i s 
s t i l l d o u b t f u l . Due to the present l a c k of a b e t t e r method 
of estimating the evaporation and s e n s i b l e heat conduction, 
formulae of t h i s form w i l l be used i n t h i s study. 

The equation f o r conservation of a property 'S 1 i n a i r 
fl o w i n g over a water surface may be w r i t t e n as, 

where AjL i s the kinematic eddy d i f f u s i o n c o e f f i c i e n t of S, 

(13) 
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a n d U i t h e v e l o c i t y c o m p o n e n t , i n t h e i d i r e c t i o n . 

U n d e r t h e a s s u m p t i o n s o f ; 

1 ) s t e a d y s t a t e , 

2) u n i d i r e c t i o n a l m e a n m o t i o n i n a h o r i z o n t a l d i r e c t i o n , 

3 ) n e g l i g i b l e h o r i z o n t a l d i f f u s i o n , 

4 ) n o down s t r e a m a d v e c t i o n , a n d 

5) >̂ , t h e d e n s i t y , b e i n g c o n s t a n t , 

t h e e q u a t i o n may b e r e d u c e d t o : 

F = A z d f " , e ( 1 4 ) 

w h e r e F , i n d e p e n d e n t o f h e i g h t , i s t h e v e r t i c a l f l u x o f 

h e a t , w a t e r v a p o u r , o r momentum w h e n S r e p r e s e n t s 

t e m p e r a t u r e , s p e c i f i c h u m i d i t y o r w i n d s p e e d r e s p e c t i v e l y . 

T h e s e a s s u m p t i o n s may b e a n o v e r - s i m p l i f i c a t i o n f o r 

some w a t e r b o d i e s i n t h e c o a s t a l r e g i o n w h e r e s h o r e e f f e c t s 

a n d a d v e c t i o n c o u l d b e i m p o r t a n t . 

D i m e n s i o n a l a n a l y s i s o f t h e a b o v e e q u a t i o n s h o w s t h a t 

o v e r a s o l i d b o u n d a r y i n t h e a b s e n c e o f b u o y a n c y f o r c e s , 

S a s s u m e s a l o g a r i t h m i c p r o f i l e . T h i s i s s u p p o r t e d b y 

o b s e r v a t i o n s o f w i n d p r o f i l e s t a k e n o v e r l a n d ( S h e p p a r d , 

1 9 5 8 ) . Some m e a s u r e m e n t s o v e r w a t e r i n d i c a t e t h a t a s i m i l a r 

f o r m f o r t h e w i n d may e x i s t u n d e r c o n d i t i o n s o f n e u t r a l 

s t a b i l i t y ( D e a c o n a n d Webb, 1 9 6 3 ) . 

'A', t h e d i f f u s i o n c o e f f i c i e n t , i s n o t c o n s t a n t b u t i s 

a f u n c t i o n o f h e i g h t , s t a b i l i t y o f t h e a i r c o l u m n , a n d t h e 

n a t u r e o f t h e s e a s u r f a c e . A n a t t e m p t t o e v a l u a t e ' A
z ' 

h a s l e d t o v a r i o u s c o e f f i c i e n t s f o r t h e b u l k f o r m u l a . 
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Following the method of Montgomery, we can define 

c o e f f i c i e n t s : 
r M i 
r E _ _ _ i l i _ 

andfH = - i f ^ r - ^ 2 (15) 

where the subscripts M , E, and H for momentum, water 

vapour and sensible heat respectively. Ua i s the wind v e l o c i t y 

at height a, q i s s p e c i f i c humidity, and T a i r temperature 

at (1) sea surface, ' s T , and (2) height *a'. 

If the logarithmic p r o f i l e theory holds over water, then 

A
z = p*>2 (~M Z U A (16> 

where k i s von Karman's constant. 

Assuming that A z, the d i f f u s i o n c o e f f i c i e n t , i s the same for 

a l l transfers, implies that = IT ~ FH . This choice i s 

on uncertain grounds, due to the dependence upon s t a b i l i t y 

e f f e c t s , and boundary conditions. 

Substitution gives: 

1T= C npU 2= k 2 JM Z U 2 . 0 (17) 
^ Df a a 

Q E = k 2 l~M FE f>L{qs - q a) U a .(18) and Q = k 2 FM fll PC (T - T ) U (19) 
r l / p S 3 3 

T i s surface shear stress, Cp i s drag c o e f f i c i e n t , 

Cp i s the s p e c i f i c heat of a i r = 0.24 cal/g a i . C°, and L the 

latent heat of evaporation = 590 cal/gm. 

It i s from measurements of C^ that a value for l~JJj i s obtained 

and thus the c o e f f i c i e n t s of Q„ and Q„. 

E « 



D e a c o n a n d Webb ( 1 9 6 3 ) e s t i m a t e d t h e d r a g c o e f f i c i e n t 

a t 1 0 m e t r e s t o b e : 

C D ( 1 0 ) = ( 1 . 0 0 + 0.07 U 1 Q ) X 1 0 ~ 3 . . . . . . . . . . . ( 2 0 ) 

U s i n g a mean w i n d s p e e d o f 4.5 m e t r e s / s e c . a n d 

s u b s t i t u t i n g i n t o e q u a t i o n s 18 a n d 1 9 , 

Q_ = 5 . 0 5 ( e - e , n ) U__. . . . . . . . . . . . ( 2 1 ) 
£• O 1U 2U 

QJJ = 3.32 (*̂Q j_ o ̂  ^ 2 0 o . « « . « . . . o . ( 2 2 ) 

w h e r e 

Q E = h e a t t r a n s f e r a w a y f r o m s e a s u r f a c e b y 

e v a p o r a t i o n , l a n g l e y s / d a y . 

Q H = h e a t t r a n s f e r a w a y f r o m s e a s u r f a c e b y 

s e n s i b l e h e a t c o n d i t i o n , l a n g l e y s / d a y . 

e = v a p o u r p r e s s u r e i n mb a t h e i g h t ? a ' m e t r e s , 
3. 

T a = a i r t e m p e r a t u r e i n C ° a t h e i g h t ' a ' m e t r e s , 

a n d 

U 2 Q = w i n d s p e e d i n m e t r e s / s e c . a t 20 m e t r e s 

h e i g h t . 

T h e h e i g h t s ' a ' r e f e r t o e l e v a t i o n a b o v e s e a s u r f a c e 

w i t h 0 a t s e a s u r f a c e . T h e h e i g h t c o r r e c t i o n t h a t i s 

n e c e s s a r y t o r e d u c e t h e w i n d s p e e d f r o m t h e 20 m e t r e l e v e l 

t o t h e 1 0 m e t r e h e i g h t f o r w h i c h C D h a s b e e n e v a l u a t e d h a s 

b e e n i n c o r p o r a t e d i n t o t h e c o e f f i c i e n t s g i v e n ' i n e q u a t i o n s 

21 a n d 2 2 . 

U s e o f t h e s e b u l k e q u a t i o n s a s s u m e s t h a t a v e r a g i n g i s 

u n i m p o r t a n t . T h a t i s , 
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This could introduce s i g n i f i c a n t errors, since cold 

dry continental a r c t i c a i r may enter the coastal region for 

short periods with a r e s u l t i n g large convective loss hidden 

by a monthly average of humidity and a i r temperature. 
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C H O I C E OF DATA FOR A N A L Y S I S 

G e n e r a l 

I t w a s d e c i d e d t o c a r r y o u t t h e a n a l y s i s f o r e a c h 

m o n t h o f t h e t w o y e a r s , 1 9 6 1 a n d 1 9 6 3 . T h e m o n t h l y 

c a l c u l a t i o n w o u l d g i v e t h e l o w e s t a v e r a g i n g e r r o r w i t h 

t h e d a t a a v a i l a b l e . T h e c h o i c e o f 1 9 6 1 a n d 1 9 6 3 w a s made 

i n a n a t t e m p t t o s h o w t w o t y p i c a l y e a r s . 

W h e r e p o s s i b l e , t h e m o n t h l y m e a n s o f c l o u d c o v e r , w i n d 

s p e e d , a i r t e m p e r a t u r e , dew p o i n t , a n d s e a s u r f a c e 

t e m p e r a t u r e w e r e t a k e n f r o m p u b l i s h e d m a t e r i a l . T a b l e I I I 

l i s t s t h e s o u r c e s a n d d a t a u s e d f r o m e a c h . T h e u s e o f dew 

p o i n t r a t h e r t h a n r e l a t i v e h u m i d i t y t o g i v e w a t e r v a p o u r 

c o n t e n t e n a b l e s m o r e a c c u r a t e i n t e r p o l a t i o n s i n c e d e w p o i n t 

i s i n d e p e n d e n t o f a i r t e m p e r a t u r e . 

F o r c o m p a r i s o n , t h e l o n g t e r m m e a n o f e a c h 

m e t e o r o l o g i c a l p a r a m e t e r w a s t a k e n f r o m T a b l e s g i v e n b y 

K e n d r e w a n d K e r r ( 1 9 5 5 ) . 

F i g . 1 g i v e s t h e m a i n d i s t r i b u t i o n o f m e t e o r o l o g i c a l 

o b s e r v a t i o n p o i n t s u s e d i n t h e a n a l y s i s . M o s t a r e o p e r a t e d 

b y m e t e o r o l o g i c a l d e p a r t m e n t s o f C a n a d a a n d t h e U n i t e d S t a t e s 

t o p r o v i d e i n f o r m a t i o n f o r w e a t h e r f o r e c a s t i n g . A l s o g i v e n 

i n F i g . 1 a r e t h e p o s i t i o n o f s t a t i o n s w h e r e s e a w a t e r 

t e m p e r a t u r e a n d s a l i n i t y a r e o b s e r v e d . 

A f t e r a p r e l i m i n a r y a s s e s s m e n t o f t h e d a t a , n i n e 

s u r f a c e r e g i o n s w e r e c h o s e n t o r e p r e s e n t t h e c o a s t a l a r e a . 

T h e s e a r e s h o w n i n F i g . 1 , m a r k e d b y t h e s h a d e d a r e a s . T h e y 

d o n o t d e f i n e a s p e c i f i c w a t e r b o d y , b u t r a t h e r d e s i g n a t e 



t h e b r o a d s u r f a c e a r e a o v e r some w e a k l y d e f i n e d l i m i t t o 

w h i c h t h e a n a l y s i s i s d i r e c t e d . F o r e x a m p l e , R e g i o n 1 i s 

t h e a r e a i n t h e S t r a i t o f G e o r g i a s o u t h o f V a n c o u v e r , a n d 

R e g i o n 5 t h e e a s t e r n s e c t i o n o f D i x o n E n t r a n c e . T h e n i n e 

r e g i o n s a r e c o n s i d e r e d a s s u f f i c i e n t t o r e p r e s e n t t h e 

g e o g r a p h i c a l d i s t r i b u t i o n o f t h e c o a s t . 

I n c h o o s i n g t h e r e q u i r e d d a t a f o r e a c h r e g i o n a n a t t e m p t 

w a s made t o c o m p i l e t h e a v a i l a b l e l a n d - b a s e d o b s e r v a t i o n s 

s u r r o u n d i n g e a c h r e g i o n a n d e x t r a p o l a t e t o " o v e r w a t e r " , 

w e i g h t i n g b y g e o g r a p h i c p o s i t i o n a n d e x p o s u r e . T h e i m p o r t a n c e 

o f v e r t i c a l a n d h o r i z o n t a l c h a n g e s a r e c o n s i d e r e d s e p a r a t e l y . 

V a r i a t i o n o f t h e V e r t i c a l P r o f i l e 

T h e o b s e r v a t i o n s a t t h e s h o r e s t a t i o n s a r e t a k e n a t a 

r a n g e o f h e i g h t s a s w e l l a s e x p o s u r e s . S i n c e i t i s a s s u m e d 

t h a t t h e l o g a r i t h m i c p r o f i l e i s t y p i c a l f o r t h e v a r i a b l e s 

o v e r w a t e r , some e s t i m a t e m u s t b e made o f t h e m o d i f i c a t i o n 

t o t h i s p r o f i l e o v e r t h e l a n d s u r f a c e i n o r d e r t o c h o o s e a 

r e p r e s e n t a t i v e v a l u e o f w i n d s p e e d a t 20 m e t r e s a n d a i r 

t e m p e r a t u r e a n d d e w p o i n t a t 1 0 m e t r e s a b o v e t h e w a t e r 

s u r f a c e . T o a i d i n t h e a s s e s s m e n t s t h e e n v i r o n m e n t o f t h e 

m e a s u r e m e n t c a n b e p u t i n t o o n e o f t w o c l a s s e s j u d g e d b y t h e 

s u s c e p t i b i l i t y o f l o c a l m o d i f i c a t i o n t o o f f s h o r e c o n d i t i o n s . 

( 1 ) C l a s s 1 S t a t i o n s 

T h e s e a r e o b s e r v a t i o n p o i n t s w h i c h h a v e g o o d 

e x p o s u r e t o o f f s h o r e ) a i r f l o w . A n e x a m p l e i s a l i g h t h o u s e 

o n a s m a l l r o c k y i s l a n d o r p e n i n s u l a . A i r f l o w i n g f r o m t h e 

s e a t o t h e o b s e r v a t i o n p o i n t i s p r e s u m e d n o t t o h a v e a l t e r e d 
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s i g n i f i c a n t l y , o t h e r t h a n t h r o u g h i n c r e a s e d m i x i n g b y 

t u r b u l e n c e g e n e r a t e d a l o n g t h e s h o r e . 

O b s e r v a t i o n s t a k e n i n a S t e v e n s o n S c r e e n , a p p r o x i m a t e l y 

o n e m e t r e a b o v e t h e g r o u n d w o u l d t h e n b e o f a n a i r m i x t u r e 

t h a t i s r e p r e s e n t a t i v e f o r some l e v e l b e l o w t h e m e a n s e a l e v e l 

h e i g h t o f t h e s c r e e n s i n c e t h e a i r w i l l t e n d t o f l o w up o v e r 

t h e l a n d s u r f a c e . T h e m e a s u r e m e n t s t a k e n a t h i g h e r l e v e l s , 

t y p i c a l l y t w i c e t h e g r o u n d e l e v a t i o n , a r e t h o u g h t t o b e h i g h 

e n o u g h t o b e a b o v e t h e g r o u n d e f f e c t , a n d c a n b e c o n s i d e r e d 

r e p r e s e n t a t i v e f o r t h a t h e i g h t . F r o m h y d r o - d y n a m i c s , 

c a l c u l a t i o n o f t h e m o d i f i c a t i o n t o a m e a n f l o w f i e l d b y a 

b l u n t o b j e c t s h o w s t h a t i n c r e a s e d f l o w o v e r t h e o b j e c t may b e 

i m p o r t a n t i n c a s e s w h e r e t h e o b j e c t h e i g h t i s c o m p a r a b l e w i t h 

t h e o b s e r v a t i o n h e i g h t , s u c h a s a t C a p e S t . J a m e s . 

(2) C l a s s 11 S t a t i o n s 

M o s t o f t h e o b s e r v a t i o n p o i n t s p u t i n C l a s s 11 a r e 

a t a i r p o r t s , o f t e n m o r e t h a n a m i l e f r o m t h e s h o r e . T h e y a r e 

r e f e r r e d t o a s p o o r e x p o s u r e , i n t h a t t h e p r o f i l e o f t h e a i r 

f l o w h a s h a d t i m e t o c h a n g e f r o m i t s " o v e r w a t e r " f o r m . T h a t 

i s , t h e w i n d p r o f i l e a s s u m e s a s h a p e t y p i c a l f o r t h a t s u r f a c e , 

dew p o i n t w o u l d b e e x p e c t e d t o d r o p t h r o u g h c o n d e n s a t i o n a n d 

i n c r e a s e d m i x i n g , a n d t h e t e m p e r a t u r e w i l l b e m o d i f i e d 

d e p e n d i n g o n t h e s u r f a c e e n c o u n t e r e d . 

A n e x a m p l e o f t h e d i f f e r e n c e d u e t o e x p o s u r e o f t h e 

s t a t i o n c a n b e s e e n i n F i g . 9. I n t h i s i t s h o w s t h e a n n u a l 

c y c l e o f a n a v e r a g e o f d i f f e r e n c e s i n m o n t h l y mean d e w p o i n t 

a n d a i r t e m p e r a t u r e b e t w e e n C a p e L a z o a n d C o m o x a i r p o r t . A t 
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both s t a t i o n s the o b s e r v a t i o n s were taken i n a Stevenson Screen 

on top of a p l a t e a u approximately 125 f e e t above mean sea l e v e l 

i n the S t r a i t of G e o r g i a . Cape Lazo s t a t i o n i s more exposed 

to d i r e c t a d v e c t i o n , s i t u a t e d on a p o i n t p r o j e c t i n g s l i g h t l y 

out i n t o the s t r a i t , w h i le the Comox o b s e r v a t i o n s were taken at 

approximately one mile from the shore. The d i f f e r e n c e i n mean 

a i r temperature i s s m a l l , Comox having a s l i g h t l y l a r g e r range 

from wi n t e r to summer. The e f f e c t on dew p o i n t i s more 

pronounced, Comox having lower val u e s a l l y e a r . The d i f f e r e n c e 

i n c r e a s e s d u r i n g thensummer months when the frequency of winds 

from the northwest i s h i g h e s t , and a i r i s f l o w i n g over l o n g e r 

s t r e t c h e s of l a n d . 

Using t h i s c l a s s i f i c a t i o n the o b s e r v a t i o n p o i n t s were 

put i n t o two groups, as g i v e n i n Table IV. Also i n Table IV 

are the o b s e r v a t i o n h e i g h t s f o r each s t a t i o n . The a c t u a l 

range of h e i g h t s f o r wind o b s e r v a t i o n s at C l a s s 1 s t a t i o n s i s 

between 15 and 40 metres. Required are v a l u e s f o r the 20 metre 

l e v e l . To use a wind speed r e p r e s e n t a t i v e f o r 15 or 40 metres 

as r e p r e s e n t a t i v e f o r the 20 metre l e v e l would r e s u l t i n an 

e r r o r of 2% and 6% r e s p e c t i v e l y under the assumption of a 

logarthmic p r o f i l e i n n e u t r a l s t a b i l i t y . 

The "over water" height f o r which ground l e v e l 

o b s e r v a t i o n s of temperature and dew p o i n t are r e p r e s e n t a t i v e 

i s u n c e r t a i n . I f the o b s e r v a t i o n s are r e p r e s e n t a t i v e f o r a 

range from 5 metres to 25 metres, and used f o r the 10 metre 

v a l u e , e r r o r s of 12% and 8% r e s p e c t i v e l y would r e s u l t . 



A s w i l l b e s h o w n ( F i g . 16 a n d 1 8 ) , t h e m o n t h l y m e a n a i r 

t e m p e r a t u r e a n d dew p o i n t c a n h a v e a c o n s i s t e n t t r e n d a l o n g 

t h e o u t e r c o a s t r e g a r d l e s s o f h e i g h t o f o b s e r v a t i o n . B e c a u s e 

o f t h e a p p a r e n t l a c k o f v a r i a t i o n w i t h h e i g h t i n t h e 

c l i m a t o l o g i c a l m e a n s , n o h e i g h t c o r r e c t i o n s w e r e made t o t h e 

o b s e r v a t i o n s a t C l a s s 1 s t a t i o n s . T h e 1 0 m e t r e a n d 20 m e t r e 

h e i g h t s u s e d a r e a c o m p r o m i s e o f e x i s t i n g o b s e r v a t i o n l e v e l s . 

No s i m u l t a n e o u s o b s e r v a t i o n s a t t w o d i f f e r e n t l e v e l s h a v e b e e n 

made a t a C l a s s 1 s t a t i o n . I n f o r m a t i o n o n t h e d i f f e r e n c e i n 

c l i m a t o l o g i c a l m ean o f t e m p e r a t u r e a n d d e w p o i n t b e t w e e n s a y , 

g r o u n d a n d t h e t o p o f a l i g h t h o u s e , w h e r e s e a s u r f a c e 

t e m p e r a t u r e o b s e r v a t i o n s a r e t a k e n w o u l d b e a u s e f u l c h e c k . 

W h e r e c o v e r a g e w a s a d e q u a t e , o n l y C l a s s 1 s t a t i o n s w e r e 

u s e d . S u c h a c h o i c e w a s p o s s i b l e f o r a l l r e g i o n s e x c e p t i n 

t h e S t r a i t o f G e o r g i a , w h e r e M e r r y I s l a n d i s t h e o n l y e x a m p l e 

o f g o o d e x p o s u r e f o r a i r t e m p e r a t u r e a n d d e w p o i n t . 

H o r i z o n t a l D i s t r i b u t i o n o f M e t e o r o l o g i c a l a n d O c e a n o g r a p h i c  
V a r i a b l e s 

E a c h v a r i a b l e w a s p l o t t e d o n a w o r k s h e e t t o s h o w t h e 

g e o g r a p h i c a l d i s t r i b u t i o n . T h e r e g i o n a l m e a n w a s t h e n 

e v a l u a t e d o n a b a s i s o f q u a l i t y o f t h e s u r r o u n d i n g s h o r e d a t a . 

T h e g e o g r a p h i c a l c h a r t i s r e p r e s e n t e d i n t h i s r e p o r t b y a 

' s c a t t e r d i a g r a m ' w h i c h r e d u c e s t h e d a t a t o a t w o d i m e n s i o n a l 

p i c t u r e . S o l i d d o t s a r e u s e d f o r C l a s s 1 s t a t i o n s , o p e n d o t s 

f o r C l a s s 1 1 . 

( 1 ) C l o u d C o v e r 

A c o m p a r i s o n o f t h e a v e r a g e m o n t h l y c l o u d c o v e r , a s 

e s t i m a t e d f r o m 24 o b s e r v a t i o n s u s e d b y C a n a d i a n s t a t i o n s , w i t h 

t h e a v e r a g e f r o m t h e f o u r ' s y n o p t i c ' o b s e r v a t i o n s shows 
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g o o d a g r e e m e n t . T h e s e s y n o p t i c o b s e r v a t i o n s a r e t a k e n t o b e 

r e p r e s e n t a t i v e o f mean c o n d i t i o n s f o r o n e - q u a r t e r o f t h e d a y 

c e n t r e d o n t h e o b s e r v a t i o n t i m e . V a l u e s a t 1 0 0 0 a n d 1 6 0 0 P S T 

a r e u s e d a s r e p r e s e n t a t i v e o f c l o u d c o v e r d u r i n g d a y l i g h t 

h o u r s . I n F i g . 1 0 , t h e m o n t h l y a v e r a g e s o f t h e d i u r n a l c h a n g e 

o f c l o u d c o v e r a t t w o r e p r e s e n t a t i v e s t a t i o n s a l o n g t h e c o a s t 

s h o w t h a t t h e r e i s a m a r k e d d i u r n a l v a r i a t i o n f o r t h e s o u t h e r n 

s t a t i o n s , t h e r e b e i n g up t o o n e - t e n t h m o r e c l o u d d u r i n g t h e 

d a y l i g h t p e r i o d . T h e d i u r n a l v a r i a t i o n d e c r e a s e s p r o 

g r e s s i v e l y t h r o u g h t h e m o r e n o r t h e r n s t a t i o n s t o a t y p i c a l 

m a ximum o f t w o h u n d r e d t h s i n S . E . A l a s k a . F o r r e g i o n s s o u t h 

o f A l a s k a t h e c l o u d c o v e r w a s u s e d i n t w o p a r t s . One w a s a 

d a y t i m e a v e r a g e a s r e q u i r e d f o r i n s o l a t i o n c a l c u l a t i o n s . T h e 

o t h e r w a s a n a l l d a y a v e r a g e t o e s t i m a t e e f f e c t i v e b a c k 

r a d i a t i o n . 

F i g . 1 1 g i v e s a s c a t t e r d i a g r a m p f d a y l i g h t c l o u d c o v e r 

f o r s t a t i o n s u s e d i n t h e a s s e s s m e n t o f e a c h r e g i o n . T h e 

d i s t r i b u t i o n i s c o n s i s t e n t a l o n g t h e e n t i r e c o a s t , i n t h a t 

t h e t r e n d i s e v i d e n t f r o m m o r e t h a n o n e s t a t i o n . T h a t i s , 

t h e f i n e s t r u c t u r e i n c l o u d c o v e r v a r i a t i o n i s g e n e r a l l y 

c o n f i r m e d b y a l l s t a t i o n s . 

A n " a p p r o x i m a t e o b s e r v a t i o n r a n g e " i s g i v e n i n F i g . 1 1 . 

I t i s t h e a p p r o x i m a t e d i a m e t e r o f t h e f i e l d o f v i e w a v a i l a b l e 

t o t h e o b s e r v e r who m a k e s a n e s t i m a t e o f c l o u d c o v e r . T h e 

l e n g t h s h o w n h a s b e e n c o r r e c t e d f o r t h e NW - SE t r e n d o f t h e 

c o a s t . 

T h e e x t r a p o l a t i o n s e a w a r d i n t o t h e r e g i o n s u n d e r s t u d y 

s h o u l d g i v e v a l u e s o f mean c l o u d c o v e r t o w i t h i n _ 5%. 



I n t h e S t r a i t o f G e o r g i a c l o u d c o v e r d i s t r i b u t i o n i s c o n 

f i r m e d b y s u n s h i n e r e c o r d i n g s . S i n c e a c o m p a r i s o n o f f o g 

o c c u r r e n c e s w i t h s u n s h i n e - c l o u d c o v e r d i f f e r e n c e d i d n o t s h o w 

a s i g n i f i c a n t c o r r e l a t i o n , t h e e f f e c t o f f o g i s t a k e n t o b e 

i n c l u d e d i n c l o u d c o v e r e s t i m a t e s . 

F i g . 1 2 g i v e s a c o m p a r i s o n o f m o n t h l y m e a n c l o u d c o v e r 

w i t h a l o n g t e r m a v e r a g e f o r t h r e e c o a s t a l s t a t i o n s . T h e 

v a l u e s f o r 1 9 6 1 a n d 1 9 6 3 a p p e a r t y p i c a l f o r a l l r e g i o n s e x c e p t 

p o s s i b l y f o r g r e a t e r t h a n a v e r a g e c l o u d c o v e r o n t h e w e s t c o a s t 

o f V a n c o u v e r I s l a n d . 

( 2 ) W i n d 

A n e s t i m a t e o f t h e m o n t h l y m e a n w i n d s p e e d w a s made 

b y c o n s i d e r i n g t h e s h o r e m e a s u r e m e n t s a s f u n c t i o n s o f e x p o s u r e 

a n d t h e w i n d d i r e c t i o n . T h i s w a s d o n e a s f o l l o w s . 

M e a n w i n d s p e e d a n d f r e q u e n c y o f o c c u r r e n c e b y 

d i r e c t i o n w e r e o b t a i n e d f r o m t h e C a n a d i a n a n d U n i t e d S t a t e s 

m e t e o r o l o g i c a l r e c o r d s . T h e d a t a w a s p l o t t e d i n t h e f o r m o f ' 

w i n d r o s e s f o r e a c h m o n t h o f t h e t w o y e a r s . F r o m t h e d o m i n a n t 

w i n d d i r e c t i o n s a s s h o w n b y t h e . ; p l o t t e d m i l e s o f w i n d p e r m o n t h , 

a n d c o m p a r i s o n o f i n s t a n t a n e o u s w i n d v e c t o r s , a b r o a d p i c t u r e 

o f w i n d p a t t e r n w a s d e v e l o p e d . 

T h e r e a r e t w o b a s i c w i n d p a t t e r n s w h i c h , f o r c o n 

v e n i e n c e , h a v e b e e n d e f i n e d b y r e f e r e n c e t o t h e d i r e c t i o n o f 

t h e w i n d a t E s t e v a n P o i n t . W i t h t h e w i n d f r o m t h e s o u t h e a s t 

d i r e c t i o n ( S . E ' l i e s ) a t E s t e v a n P o i n t , Fig„ 1 3 , A a n d B, t h e 

w i n d o v e r m o s t o f t h e c o a s t f o l l o w s t h e same g e n e r a l d i r e c t i o n . 

T h e r e a r e t w o p o s s i b i l i t i e s a t some s t a t i o n s i n S . E . A l a s k a , 
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b u t t h e S c E ' l y f o r m i s m o r e common, 

When t h e w i n d i s f r o m t h e n o r t h w e s t d i r e c t i o n ( N . W ' l i e s ) 

a t E s t e v a n , F i g . 1 3 C a n d D, t h e c o a s t s o u t h o f D i x o n E n t r a n c e 

w i l l g e n e r a l l y h a v e w i n d s f r o m t h e same d i r e c t i o n , w h i l e 

r e g i o n s o f S . E . A l a s k a w i l l e x p e r i e n c e S . E ' l i e s . T h e a l t e r n a t e 

f l o w o f N o W ' l i e s f o r t h e e n t i r e c o a s t a l a r e a i s a l s o common. 

F i g . 1 5 s h o w s t h e m o n t h l y r a t i o b e t w e e n S ^ E ' l i e s a n d 

N o W ' l i e s f o r E s t e v a n P o i n t a n d L i n c o l n R o c k . T h e t o t a l m i l e s 

f r o m a S . E . (N.W.) d i r e c t i o n w a s t a k e n a s a sum o f w i n d m i l e s 

w i t h a S . E . (N.W.) c o m p o n e n t , h a l v i n g s o u t h w e s t e r l i e s a n d 

n o r t h e a s t e r l i e s ? s o u t h e a s t e r l i e s a r e t h e m o s t common w i n d 

d i r e c t i o n i n w i n t e r a n d l e s s s o i n summer, a l t h o u g h e i t h e r w i n d 

d i r e c t i o n o c c u r s t h r o u g h o u t t h e y e a r . 

W a l d i c h u c k ( 1 9 5 7 ) s h o w e d a c o u n t e r c l o c k w i s e g y r e i n t h e 

s o u t h e r n S t r a i t o f G e o r g i a d u r i n g s u m m e r . No i n d i c a t i o n w a s 

f o u n d o f t h i s . T h e m o n t h l y t o t a l o f w i n d f o r summer p e r i o d s 

i s c o m p l i c a t e d b y t h e s t r o n g s e a b r e e z e s w h i c h d e v e l o p , g i v i n g 

a c o m p o n e n t p e r p e n d i c u l a r t o t h e s h o r e , a n d w h e n c o m b i n e d w i t h 

t h e g r a d i e n t w i n d m a k e f l o w d i r e c t i o n s d i f f i c u l t t o i n t e r p r e t . 

N o t a l l l i s t e d C l a s s 1 s t a t i o n s g i v e a r e p r e s e n t a t i v e o p e n 

w a t e r w i n d s p e e d d u e t o t h e m o d i f i c a t i o n b y t h e l o c a l t o p o 

g r a p h y . T a b l e I V s h o w s t h e C l a s s 1 s t a t i o n s a s e i t h e r g o o d 

o r p o o r f o r e x p o s u r e t o t h e t w o m a j o r w i n d d i r e c t i o n s . B y 

d e f i n i t i o n , C l a s s 1 1 s t a t i o n s a r e n e c e s s a r i l y p o o r . 

F i g . 1 5 i s a s c a t t e r d i a g r a m o f mean w i n d s p e e d f o r o n e 

m o n t h w h e n n o r t h w e s t e r l i e s a n d f o r o n e w h e n / s o u t h e a s t e r l i e s 

w e r e d o m i n a n t . T h e c u r v e i s d r a w n t h r o u g h s t a t i o n s l i s t e d a s 



26 
good exposure in Table IV, except for the most northern 

group. It i s evident that the mean wind speed i s low at 

stations of poor exposure. 

For each station the mean wind speed was obtained by 

increasing the wind mileage in the poor exposure dir e c t i o n 

u n t i l the r a t i o of S.E. component to N.W. component was the 

same as at the closest station of good exposure in both 

di r e c t i o n s . This method may have l i m i t a t i o n s when the sea 

breeze i s important. The mean wind speed for each region was 

estimated using the corrected values. 

The exception i s in the S t r a i t of Georgia region where 

Tsawassen Ferry Terminal i s the only station of good exposure 

in a l l d i r e c t i o n s . A mean between Tsawassen and Merry Island 

was used for Region 1. In Region 2, values were the Comox 

airport mean increased by the r a t i o of Region 1 winds to 

Vancouver airport winds. Simply using the same mean speed as 

Region 1 may be a better choice. Region 8 winds are an average 

of Eldred Rock and Sisters Island values. There i s some 

channeling near Eldred Rock that would give means higher than 

those t y p i c a l further south. Sisters Island means appeared 

u n r e a l i s t i c a l l y low. 

Shown in F i g . 16 i s a comparison of monthly mean wind 

speeds with a long term means for selected stations. The 1961 

and 1963 values are near average, except possibly for higher 

winds at Estevan Point. 
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( 3 ) A i r T e m p e r a t u r e a n d Dew P o i n t 

T h e m e a n m o n t h l y a i r t e m p e r a t u r e d e r i v e d f r o m d a i l y 

r e a d i n g s o f max - m i n t h e r m o m e t e r s w a s f o u n d t o b e a g o o d 

r e p r e s e n t a t i o n o f t h e i n t e g r a t e d m e a n t e m p e r a t u r e f o r t h e 

h o u r l y o b s e r v a t i o n s . U s e o f t h e f o r m e r m a k e s t h e m e a s u r e m e n t s 

o f t h e m o r e n u m e r o u s c l i m a t o l o g i c a l s t a t i o n s a v a i l a b l e . B e c a u s e 

o f a d i u r n a l v a r i a t i o n i n c l o u d c o v e r a n d w i n d , c h o o s i n g a 

d a i l y m e a n f o r a i r t e m p e r a t u r e c o u l d i n t r o d u c e a v e r a g i n g e r r o r 

a s s h o w n b y e q u a t i o n 2 3 , p a g e 1 6 . T h e r e s u l t i n g i n c r e a s e d h e a t 

l o s s a t n i g h t b y e f f e c t i v e b a c k r a d i a t i o n o v e r t h e r e d u c e d 

d a y t i m e l o s s w i l l t e n d t o c a n c e l t o t h e f i r s t a p p r o x i m a t i o n , 

s i n c e c l o u d c o v e r a n d a i r t e m p e r a t u r e c y c l e s a r e a l m o s t 

s y m m e t r i c a n d i n p h a s e . T h e d i u r n a l v a r i a t i o n o f s e a b r e e z e 

c o u l d b e i m p o r t a n t , p a r t i c u l a r l y i n i n l e t s . T h e d e w p o i n t 

h a s some d i u r n a l c y c l e , up t o 1 o r 2 C°«, T h e m e a n o f t h e f o u r 

s y n o p t i c o b s e r v a t i o n s i s c o n s i d e r e d r e p r e s e n t a t i v e f o r a 

m o n t h l y a v e r a g e , s i n c e t h e i m p o r t a n t v a r i a t i o n i n dew p o i n t 

O c c u r s w i t h p a s s i n g w e a t h e r s y s t e m s r a t h e r t h a n a s a d i u r n a l 

e f f e c t . 

F i g . 1 7 , a s c a t t e r d i a g r a m f o r a i r t e m p e r a t u r e , g i v e s 

t y p i c a l summer a n d w i n t e r d i s t r i b u t i o n s . T h e d i f f e r e n c e i n 

m o n t h l y mean a i r t e m p e r a t u r e s b e t w e e n C l a s s 1 a n d C l a s s 11 

s t a t i o n s i s g e n e r a l l y s m a l l . T h e m o r e n u m e r o u s c l i m a t o l o g i c a l 

s t a t i o n s c o n f i r m t h e r e g i o n a l v a l u e s t h a t may b e i n t e r p r e t e d 

f r o m t h e p o i n t s g i v e n . A m e a n t e m p e r a t u r e , t o t h e n e a r e s t 

0 . 5 C ° w a s c h o s e n f o r e a c h r e g i o n . T h i s m e t h o d s h o u l d p r o v i d e 

a c l i m a t o l o g i c a l m e a n f o r t h e 1 0 m e t r e h e i g h t t o + 1 C ° . 



F i g . 1 8 i s a c o m p a r i s o n o f m o n t h l y m e a n a i r 

t e m p e r a t u r e s o f 1 9 6 1 a n d 1 9 6 3 w i t h a l o n g t e r m a v e r a g e . 

A s c a t t e r d i a g r a m o f d e w p o i n t t e m p e r a t u r e s i s s h o w n 

i n F i g . 1 9 . C l a s s 1 1 o b s e r v a t i o n s a r e t y p i c a l l y l o w e r 

t h a n t h o s e f r o m t h e n e a r b y C l a s s 1 s t a t i o n s . T h e v a l u e s 

i n t e r p r e t e d s h o u l d b e w i t h i n ^ 1 C ° i n a l l r e g i o n s e x c e p t 

f o r t h e S t r a i t o f G e o r g i a . Dew p o i n t f o r R e g i o n 2 w a s 

o b t a i n e d f r o m a m e a n b e t w e e n Comox a n d M e r r y I s l a n d . V a l u e s 

f o r R e g i o n 1 came f r o m V a n c o u v e r a i r p o r t . I t i s s u s p e c t e d 

t h a t t h e s e a r e u n d e r e s t i m a t e s , b u t t h e y a r e u s e d f o r l a c k 

o f b e t t e r d a t a . 

F i g . 20 c o m p a r e s t h e d e w p o i n t a t t w o s t a t i o n s w i t h art 

a v e r a g e v a l u e j i t i n d i c a t e s t h a t t h e t w o y e a r s a r e t y p i c a l . 

( 4 ) S e a S u r f a c e T e m p e r a t u r e 

O b s e r v a t i o n s o f s e a s u r f a c e t e m p e r a t u r e t a k e n a t 

s h o r e s t a t i o n s a l o n g t h e c o a s t a r e u s e d t o g i v e a n e s t i m a t e 

o f s e a s u r f a c e t e m p e r a t u r e i n e a c h r e g i o n . T h e m o n t h l y 

m e a n s u s e d a r e t h o s e c o m p i l e d b y t h e P a c i f i c O c e a n o g r a p h i c 

G r o u p ( 1 9 6 2 , 1 9 6 4 ) a n d t h e U.S. C o a s t a n d G e o d e t i c S u r v e y 

( 1 9 6 4 ) . 

P i c k a r d a n d M c L e o d ( 1 9 5 3 ) a n a l y z e d t h e s e a w a t e r 

o b s e r v a t i o n s t a k e n a l o n g t h e B r i t i s h C o l u m b i a c o a s t , a n d 

r e c o g n i z e d t h r e e g r o u p s o f s i m i l a r p r o p e r t y c y c l e s . U s i n g 

a v a i l a b l e c r u i s e d a t a a n a t t e m p t w a s made i n t h e p r e s e n t 

s t u d y t o f i n d w h i c h s t a t i o n s g a v e t h e m o s t r e p r e s e n t a t i v e 

t e m p e r a t u r e f o r e a c h r e g i o n . I n F i g . 21 i s s h o w n a 

c o m p a r i s o n o f m e a s u r e m e n t s t a k e n i n Q u e e n C h a r l o t t e S o u n d b y 



t h e P a c i f i c O c e a n o g r a p h i c G r o u p , . . ( 1 9 S 5 ) , w i t h t h e s e v e n 

d a y r u n n i n g m e a n o f s e a w a t e r t e m p e r a t u r e s a t P i n e I s l a n d 

a n d M c l n n e s I s l a n d . D u r i n g t h e w i n t e r , o b s e r v a t i o n s a t b o t h 

l i g h t h o u s e s a r e c l o s e t o s u r f a c e t e m p e r a t u r e s i n Q u e e n 

C h a r l o t t e S o u n d . I n summer M c l n n e s I s l a n d f o l l o w s t h e 

i n c r e a s i n g o f f s h o r e t e m p e r a t u r e s , w h i l e P i n e I s l a n d r e m a i n s 

r e l a t i v e l y c o o l . T h e l o w e r P i n e I s l a n d v a l u e s a r e t h o u g h t t o 

b e d u e t o t i d a l m i x i n g ( P i c k a r d a n d M c L e o d , 1 9 5 3 ) . A s i m i l a r 

c o m p a r i s o n w a s made f o r o t h e r s t a t i o n s w h e r e c r u i s e s g a v e 

s u f f i c i e n t c o v e r a g e . W i n t e r s e a s u r f a c e t e m p e r a t u r e s t e n d 

t o b e u n i f o r m i n a n y o n e r e g i o n , w i t h l i t t l e g r a d i e n t p e r 

p e n d i c u l a r t o t h e c o a s t . S h o r e o b s e r v a t i o n s t a k e n i n t h i s 

s e a s o n a r e c o n s i d e r e d a s r e p r e s e n t a t i v e . T h e summer d i s 

t r i b u t i o n i s m o r e v a r i a b l e , i s a f f e c t e d b y t i d a l m i x i n g , a n d 

o f t e n h a s l a r g e h o r i z o n t a l g r a d i e n t s . T h i s may b e s e e n i n 

m o s t c o n t o u r e d summer s e a s u r f a c e t e m p e r a t u r e c h a r t s f o r t h e 

c o a s t a l w a t e r s . W a l d i c h u c k ( 1 9 5 7 , p a g e 3 5 8 ) s h o w s a n e x a m p l e 

o f s u c h a d i s t r i b u t i o n i n t h e S t r a i t o f G e o r g i a f o r J u n e 1 9 5 0 . 

I n F i g . 22 i s s h o w n a t y p i c a l summer a n d w i n t e r d i s t r i b u t i o n 

o f m o n t h l y m e a n v a l u e s o f s e a s u r f a c e t e m p e r a t u r e m e a s u r e d a t 

t h e c o a s t a l s h o r e s t a t i o n s . O n l y t h r e e s e p a r a t e s t a t i o n s , a l l 

w i t h p o o r l o c a t i o n i n r e s t r i c t e d c h a n n e l s , a r e a v a i l a b l e i n 

S . E . A l a s k a . How w e l l t h e y r e p r e s e n t t h e a c t u a l s u r f a c e 

t e m p e r a t u r e s i s u n c e r t a i n . F o r t h e - w i n t e r s e a s o n i t s h o u l d b e 

p o s s i b l e t o o b t a i n a mean s e a s u r f a c e t e m p e r a t u r e t o _ 1 C ° f o r 

e a c h r e g i o n . I n summer i t i s d o u b t f u l i f t h e l i g h t h o u s e 

o b s e r v a t i o n s c a n b e u s e d t o g i v e mean c o n d i t i o n s t o t h e same 

a c c u r a c y . 
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HEAT BUDGET COMPONENTS OF THE C O A S T A L WATERS 

S e a s o n a l C y c l e o f C a l c u l a t e d S u r f a c e H e a t T r a n s f e r 

U s i n g t h e m e t h o d o u t l i n e d i n t h e p r e v i o u s c h a p t e r s , 

m o n t h l y s u r f a c e h e a t t r a n s f e r w a s c a l c u l a t e d f o r e a c h m o n t h 

o f 1 9 6 1 a n d 1 9 6 3 . T h e r e s u l t s a r e s h o w n i n F i g . 23 a n d 2 4 . 

I n b o t h y e a r s t h e b r o a d a n n u a l c c y c l e i s m o d i f i e d b y t h e n o n 

u n i f o r m c l i m a t i c c o n d i t i o n s . T h e f i n e s t r u c t u r e i n t h e c y c l e 

i s n o t l o c a l a n d g e n e r a l l y o c c u r s a l o n g t h e e n t i r e c o a s t 

w i t h r e g i o n a l t r e n d s . F o r e x a m p l e , t h e h i g h l o s s i n N o v e m b e r 

o f 1 9 6 3 , t h o u g h e v i d e n t i n a l l r e g i o n s , i s m o r e p r o n o u n c e d 

t o t h e n o r t h . A c o m p a r i s o n b e t w e e n 1 9 6 1 a n d 1 9 6 3 s h o w s t h a t 

f r o m y e a r t o y e a r t h e : ; s u r f a c e h e a t t r a n s f e r f o r a g i v e n m o n t h 

may v a r y c o n s i d e r a b l y . E x c e p t f o r F e b r u a r y , m o s t m o n t h l y 

v a l u e s a r e w i t h i n 20% o f t h e m e a n c u r v e f o r 1 9 6 1 a n d 1 9 6 3 . 

B e c a u s e o f t h e c l o s e c o u p l i n g b e t w e e n t e m p e r a t u r e s t r u c t u r e 

i n t h e u p p e r l a y e r s o f t h e s e a a n d r a t e o f s u r f a c e h e a t 

t r a n s f e r , t h e s e c a l c u l a t e d d e v i a t i o n s f r o m a m e a n a r e 

s u f f i c i e n t l y l a r g e t h a t t h e y s h o u l d b e o b s e r v e d a s d e v i a t i o n s 

i n a mean a d v e c t i o n o r mean h e a t s t o r a g e i n a s t u d y w i t h a 

t i m e s c a l e o f m o n t h s . 

T h e l o w l o s s i n F e b r u a r y 1 9 6 3 w a s d u e t o a s m a l l v a p o u r 

p r e s s u r e a n d t e m p e r a t u r e d i f f e r e n c e b e t w e e n t h e a i r a n d t h e 

s e a s u r f a c e . T h i s may b e t y p i c a l o f p a r t i c u l a r l y c l o u d y 

w i n t e r m o n t h s . T h e h i g h l o s s t h a t o c c u r r e d i n N o v e m b e r 1 9 6 3 

may b e common i n t h e w i n t e r c o o l i n g c y c l e . 

T h e h e a t i n g s e a s o n v a r i e s i n l e n g t h , w i t h a g e n e r a l t r e n d 

t o i n c r e a s e d d u r a t i o n i n t h e s o u t h . I t i s a p p r o x i m a t e l y s i x 
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m o n t h s l o n g , i n t h e n o r t h e r n r e g i o n s , a n d s e v e n t o t h e s o u t h , 

b u t l o c a l v a r i a t i o n s e x i s t . F o r e x a m p l e , i n r e g i o n s 6 a n d 7 

d u r i n g 1 9 6 3 t h e f i n e s t r u c t u r e i s s i m i l a r , b u t t h e h e a t i n g 

s e a s o n d i f f e r s b y a p p r o x i m a t e l y t w o m o n t h s . T h i s i s t h e 

r e s u l t o f t h e n e a r b a l a n c e b e t w e e n g a i n s a n d l o s s e s d u r i n g 

F e b r u a r y o f t h a t y e a r . 

C o m p o n e n t s o f t h e m o n t h l y h e a t t r a n s f e r f o r R e g i o n s 1 a n d 

7, 1 9 6 3 , a r e s h o w n i n F i g . 25 a n d 2 6 . T h e y a r e t y p i c a l o f t h e 

s e a s o n a l c h a r a c t e r o f t h e c o m p o n e n t s i n t h e s o u t h e r n a n d 

n o r t h e r n r e g i o n s . T h e l a r g e s t i n p u t o f h e a t c o m e s f r o m t h e 

s h o r t w a v e r a d i a t i o n , w i t h v a l u e s i n R e g i o n 1 r a n g i n g f r o m 

a p p r o x i m a t e l y 5GO l a n g l e y s / d a y i n summer t o 1 0 0 l a n g l e y s / d a y 

i n w i n t e r . T h e s o l a r i n p u t , m o s t v a r i a b l e i n s u m m e r , i s 

s t r o n g l y i n f l u e n c e d b y c l o u d c o v e r . F o r a l l r e g i o n s l o n g w a v e 

r a d i a t i o n i s r e l a t i v e l y c o n s t a n t t h r o u g h t h e y e a r , v a r y i n g 

b e t w e e n 50 l a n g l e y s / d a y a n d 1 0 0 l a n g l e y s / d a y , l o w e s t d u r i n g 

t h e summer d u e t o i n c r e a s e d c o u n t e r r a d i a t i o n b y t h e w a r m e d 

a i r c o l u m n . T h e r a d i a t i o n b a l a n c e i s g e n e r a l l y n e g a t i v e f o r 

p a r t o f t h e w i n t e r . 

T h e c o n v e c t i v e t r a n s f e r s , e v a p o r a t i o n a n d s e n s i b l e h e a t 

c o n d u c t i o n , a r e h i g h e s t i n w i n t e r , l o w e s t i n s u m m e r . V a l u e s 

d u r i n g t h e c o o l i n g s e a s o n a r e t y p i c a l l y b e t w e e n 1 0 0 l a n g l e y s / d a y 

t o 2 0 0 l a n g l e y s / d a y . E v a p o r a t i o n l o s s e s a r e n o r m a l l y g r e a t e r v 

t h a n t h o s e b y s e n s i b l e h e a t c o n d u c t i o n , b u t o c c a s i o n a l l y t h e 

l a r g e t e m p e r a t u r e d i f f e r e n c e b e t w e e n a i r a n d w a t e r d u r i n g t h e 

w i n t e r m o n t h s c a n r e s u l t i n l a r g e r t r a n s f e r b y s e n s i b l e h e a t 

c o n d u c t i o n , a s s h o w n i n F i g . 2 6 . I n summer Q. n o r m a l l y h e a t s 



t h e w a t e r s u r f a c e , t h o u g h t h e i n p u t i s s m a l l , t y p i c a l l y l e s s 

t h a n 20 l a n g l e y s / d a y . Q g i s l o w m o s t o f t h e summer g e n e r a l l y 

l e s s t h a n 50 l a n g l e y s / d a y . ( V a l u e s s h o w n f o r R e g i o n 1 a r e 

s u s p e c t e d t o b e h i g h b e c a u s e o f u n r e p r e s e n t a t i v e d a t a . ) 

T h e p e a k s o f t h e n e t i n p u t c y c l e d u r i n g 1 9 6 1 a n d 1 9 6 3 

w e r e f o u n d t o b e a p p r o x i m a t e l y 4 0 0 l a n g l e y s / d a y t o 3 0 0 

l a n g l e y s / d a y i n t h e s o u t h e r n r e g i o n s a n d b e t w e e n a b o u t 

4 0 0 l a n g l e y s / d a y t o 5 0 0 l a n g l e y s / d a y i n n o r t h e r n r e g i o n s . 

L a t i t u d i n a l C h a n g e o f S u r f a c e H e a t T r a n s f e r 

I n F i g . 27 i s g i v e n t h e y e a r l y a v e r a g e o f s u r f a c e h e a t 

t r a n s f e r , Q D , f o r e a c h r e g i o n s t u d i e d . 

T h e r e i s a g e n e r a l d e c r e a s e n o r t h w a r d , w i t h l a r g e l o c a l 

v a r i a t i o n s s u p e r i m p o s e d . T h e same r e l a t i v e d i s t r i b u t i o n 

o c c u r r e d i n b o t h 1 9 6 1 a n d 1 9 6 3 , a l t h o u g h t h e a b s o l u t e v a l u e s 

d i f f e r c o n s i d e r a b l y f o r some r e g i o n s . S i n c e m o s t c h a n g e s i n 

e x p o s u r e a r e r e p r e s e n t e d b y t h e r e g i o n s c h o s e n , t h e g r a d i e n t 

i s p r o b a b l y r e p r e s e n t a t i v e f o r i n t e r m e d i a t e p o i n t s a l o n g t h e 

e n t i r e c o a s t . 

A l s o i n F i g . 27 a r e s h o w n t h e a v e r a g e r a d i a t i o n b a l a n c e 

a n d a v e r a g e c o n v e c t i v e t r a n s f e r s . R h a s a n a p p r o x i m a t e l y 

u n i d i r e c t i o n a l d r o p w i t h i n c r e a s i n g l a t i t u d e , e x c e p t f o r t h e 

d i p i n R e g i o n 3. T h i s d i p i s d u e t o t h e n o t i c e a b l e p e a k i n 

c l o u d c o v e r a t N o r t h V a n c o u v e r I s l a n d . T h e d i f f e r e n c e i n 

c a l c u l a t e d v a l u e s o f R f o r 1 9 6 1 a n d 1 9 6 3 i s w i t h i n a f e w 

p e r c e n t o f t h e t o t a l , s u g g e s t i n g s m a l l y e a r l y v a r i a t i o n . T h e 

mean s l o p e o f R i s a b o u t 3 0 $ h i g h e r t h a n v a l u e s c a l c u l a t e d b y 

M o s b y a n d M c E w e n ( S v e r d r u p 1 9 5 1 ) f o r t h e m i d - N o r t h P a c i f i c . 
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B u d y k o ' s ( 1 9 5 6 ) r e s u l t s a r e a l m o s t 1 0 % h i g h e r t h a n t h e p r e s e n t 

c a l c u l a t e d R. T h e r a d i a t i v e i n p u t i n t h e c o a s t a l a r e a i s e x 

p e c t e d t o b e a b o v e t h e m i d - P a c i f i c v a l u e s a t t h e same l a t i t u d e 

b e c a u s e o f l o w e r c l o u d c o v e r . 

T h e mean o f t h e c o n v e c t l v e l o s s e s i s a p p r o x i m a t e l y 

c o n s t a n t a l o n g t h e c o a s t , i n c r e a s i n g s l i g h t l y t o t h e n o r t h . 

T h e r e a r e w i d e f l u c t u a t i o n s w i t h r e g i o n a n d y e a r , t h e h i g h e r 

l o s s e s b e i n g f o u n d i n t h e l e s s p r o t e c t e d r e g i o n s o n t h e o p e n 

c o a s t . T h e r e g i o n a l v a r i a t i o n i s d u e l a r g e l y t o t h e v a r i a t i o n 

i n s e a s u r f a c e t e m p e r a t u r e . 

I n F i g . 28 t h e a v e r a g e s u r f a c e t r a n s f e r i s s h o w n 

s e p a r a t e l y a s t h e h e a t i n g a n d c o o l i n g s e a s o n . T h e s i m i l a r i t y 

t o t h e r e g i o n a l t r e n d s o f t h e r a d i a t i v e a n d c o n v e c t i v e l o s s e s 

i n F i g . 27 s h o w s how t h e f o r m e r d o m i n a t e s t h e h e a t i n g s e a s o n , 

w h i l e t h e l a t t e r i s r e s p o n s i b l e f o r m o s t o f t h e v a r i a t i o n 

i n t h e c o o l i n g s e a s o n . 

S h o w n i n F i g . 29 a r e t h e a v e r a g e s o f c o m p o n e n t s i n t h e 

t r a n s f e r f o r 1 9 6 1 . T h e l a t i t u d i n a l t r e n d i n R r e s u l t e d f r o m 

d e c r e a s i n g s o l a r r a d i a t i o n i n p u t t o w a r d h i g h e r l a t i t u d e s . 

T h i s d e c r e a s e i n s h o r t w a v e r a d i a t i o n i s c o u n t e r - b a l a n c e d 

s o m e w h a t b y l o w e r l o s s t h r o u g h e f f e c t i v e b a c k r a d i a t i o n i n 

t h e n o r t h e r n s e c t i o n , w h e r e w a t e r t e m p e r a t u r e s a r e l o w e r a s 

w e l l a s c l o u d c o v e r h i g h e r . T h e m e a n a n n u a l s h o r t w a v e 

r a d i a t i o n i n p u t , Q g ( l - r ) , v a r i e s f r o m a p p r o x i m a t e l y 

2 8 0 l a n g l e y s / d a y i n R e g i o n 1 t o 1 8 0 l a n g l e y s / d a y i n R e g i o n 8. 

Q b g i v e s a y e a r l y a v e r a g e l o s s o f a b o u t 1 0 0 l a n g l e y s / d a y t o 

7 5 l a n g l e y s / d a y b e t w e e n t h e same r e g i o n s . 
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O f t h e t w o c o n v e c t i v e t r a n s f e r s , e v a p o r a t i o n i s d o m i n a n t 

i n a y e a r l y a v e r a g e . I t i s r e a s o n a b l y c o n s t a n t o v e r t h e 

r e g i o n s c o n s i d e r e d , v a r y i n g b e t w e e n 5 0 l a n g l e y s / d a y t o 

8 0 l a n g l e y s / d a y . T h e r e i s n o d e f i n i t e t r e n d a n d i t i s m o r e 

a f u n c t i o n o f l o c a l i t y . T h e a v e r a g e s e n s i b l e h e a t c o n d u c t i o n 

i s l o w e r t h a n t h e a v e r a g e e v a p o r a t i o n , w i t h mean v a l u e s o f 

a p p r o x i m a t e l y 25 l a n g l e y s / d a y o v e r m o s t o f t h e c o a s t , i n c r e a s i n g 

t o 4 0 l a n g l e y s / d a y i n R e g i o n s 7 a n d 8. 

Th e m e a n o f t h e a n n u a l i n p u t f o r t h e t w o y e a r s d e c r e a s e s 

f r o m a p p r o x i m a t e l y 70 l a n g l e y s / d a y t o 30 l a n g l e y s / d a y b e t w e e n 

w e s t V a n c o u v e r I s l a n d a n d D i x o n E n t r a n c e . T h e d e c r e a s e b e t w e e n 

t h e s e p o i n t s i s d u e l a r g e l y t o t h e d r o p i n n e t g a i n f r o m t h e 

r a d i a t i o n b a l a n c e , t h o u g h some i n c r e a s e i n e v a p o r a t i o n l o s s 

a l s o o c c u r s . 

N e t i n p u t f o r R e g i o n s 1 a n d 2 i n t h e S t r a i t o f G e o r g i a 

i s a b o u t 90 l a n g l e y s / d a y . T h o u g h t h e c o n v e c t i v e l o s s i s 

s l i g h t l y l o w e r t h a n o n t h e o p e n c o a s t , t h e h i g h e r g a i n i s 

l a r g e l y d u e t o t h e h i g h e r r a d i a t i v e i n p u t . T h e S t r a i t o f 

G e o r g i a h a s n o t i c e a b l y l e s s c l o u d c o v e r t h a n w e s t V a n c o u v e r 

I s l a n d d u r i n g t h e summer p e r i o d . 

A t r a n s i t i o n i n a n n u a l i n p u t o c c u r s a t t h e s o u t h e r n 

c h a n n e l s o f S . E . A l a s k a b e t w e e n R e g i o n 6 a n d R e g i o n 5. T h i s 

r e s u l t s f r o m t h e much l o w e r c o n v e c t i v e l o s s e s i n R e g i o n 6 d u e 

t o l o w e r s e a s u r f a c e t e m p e r a t u r e . I n S . E . A l a s k a t h e r e i s a 

d e c r e a s e o f Q D f r o m a p p r o x i m a t e l y 50 l a n g l e y s / d a y t o n e a r z e r o 

b e t w e e n R e g i o n s 6 a n d 8 r e s p e c t i v e l y . 



T h e l a r g e d i f f e r e n c e b e t w e e n t h e 1 9 6 1 a n d 1 9 6 3 v a l u e s 

o f n e t s u r f a c e i n p u t i n R e g i o n s 2 a a n d 4 i s t h e r e s u l t o f 

l o w e r i n p u t w i t h h i g h e r l o s s e s o n e y e a r , a n d t h e o p p o s i t e 

t h e o t h e r . 

H e a t S t o r a g e 

T h e a n n u a l b a l a n c e b e t w e e n s u r f a c e h e a t t r a n s f e r , h e a t 

s t o r a g e a n d a d v e c t i o n c a n b e e s t i m a t e d b y c o m b i n i n g t h e 

c a l c u l a t e d s u r f a c e h e a t t r a n s f e r w i t h m e a s u r e m e n t s o f 

t e m p e r a t u r e s t r u c t u r e . T h e r a t e o f c h a n g e i n h e a t s t o r a g e 

may b e e v a l u a t e d f r o m t h e c h a n g i n g t e m p e r a t u r e s t r u c t u r e . 

T h e d i f f e r e n c e b e t w e e n s u r f a c e e x c h a n g e a n d l o c a l s t o r a g e 

w o u l d b e d u e t o a d v e c t i v e t r a n s f e r . 

M e a s u r e m e n t s o f t e m p e r a t u r e s t r u c t u r e a r e a v a i l a b l e f o r 

S a a n i c h I n l e t , B r i t i s h C o l u m b i a f o r 1 9 6 1 a n d 1 9 6 3 . T h e r a t e 

o f h e a t i n g o f t h e w a t e r c o l u m n i n S a a n i c h I n l e t w a s e s t i m a t e d 

f r o m t e m p e r a t u r e p r o f i l e s ( b a t h y t h e r m o g r a p h s ) a n d 

o c e a n o g r a p h i c m e a s u r e m e n t s t a k e n d u r i n g 1 9 6 1 a n d 1 9 6 3 a t a 

s i n g l e , c e n t r a l s t a t i o n i n t h e i n l e t . I n t e g r a t i o n o f t h e 

h e a t c o n t e n t i n t h e w a t e r c o l u m n w a s d o n e b y a s u m m a t i o n 

a p p r o x i m a t i o n . 

S a a n i c h I n l e t i s a n e x a m p l e o f a b a s i n w i t h s m a l l 

e x c h a n g e o f t h e d e e p w a t e r s , t h e r e s u l t o f l i t t l e o r n o 

e s t u a r i n e c i r c u l a t i o n . H o w e v e r H e r l i n v e a u x ( 1 9 6 2 ) r e p o r t s a 

c o n t i n u o u s a d v e c t i o n o f t h e s u r f a c e l a y e r s i n t h e i n l e t b y 

t i d a l a c t i o n s u g g e s t i n g t h a t t h e i n l e t h a s a d i r e c t c o n n e c t i o n 

w i t h e v e n t s i n t h e s o u t h e r n S t r a i t o f G e o r g i a t h r o u g h a d v e c t i o n . 

No a d v e c t i v e e x c h a n g e o f b o t t o m w a t e r w a s n o t e d t o h a v e 
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o c c u r r e d i n e i t h e r y e a r s t u d i e d . 

A c o m p a r i s o n o f t h e r a t e o f h e a t i n g c a l c u l a t e d f o r 

S a a n i c h I n l e t f r o m t h e t e m p e r a t u r e s t r u c t u r e a n d t h e s u r f a c e 

h e a t t r a n s f e r o f R e g i o n 1 i s g i v e n i n F i g . 3 0 . T h e c a l c u l a t e d 

s u r f a c e h e a t t r a n s f e r a c c o u n t s f o r t h e t e m p e r a t u r e s t r u c t u r e , 

t o w i t h i n 20% o f t h e p e a k v a l u e s t h r o u g h t h e w i n t e r a n d s p r i n g 

o f t h e y e a r . A h i g h e r r a t e o f h e a t i n g i n S a a n i c h I n l e t i n t h e 

s p r i n g o f 1 9 6 3 i s e x p e c t e d d u e t o l o w e r c l o u d c o v e r i n t h a t 

a r e a , c o m p a r e d w i t h v a l u e s u s e d f o r R e g i o n 1. B e g i n n i n g i n 

J u l y o f b o t h y e a r s a n d c o n t i n u i n g u n t i l l a t e i n t h e y e a r , 

O c t o b e r f o r 1 9 6 1 , t h e c h a n g e o f h e a t c o n t e n t i n t h e i n l e t 

w a s w e l l b e l o w t h e c a l c u l a t e d n e t i n p u t a t t h e s u r f a c e i n 

R e g i o n 1. T h e d i f f e r e n c e i s t h o u g h t t o b e t h e r e s u l t o f a 

l o s s b y a d v e c t i o n . T h e t e m p e r a t u r e p r o f i l e s i n d i c a t e t h e 

e x c h a n g e t o b e i n t h e s u r f a c e l a y e r s . T h e o n s e t o f t h i s l a r g e 

a d v e c t i o n l o s s c o u l d b e a s s o c i a t e d w i t h e i t h e r 

( 1 ) e s t u a r i n e c i r c u l a t i o n , o r 

( 2 ) w i n d t r a n s p o r t . 

T h e f i r s t p o s s i b i l i t y w o u l d o c c u r i f t h e e s t u a r i n e 

c i r c u l a t i o n i n t h e S t r a i t o f G e o r g i a r e s u l t e d i n a n a d v e c t i v e 

l o s s f r o m t h e S t r a i t , a n d t h e n e t l o w e r h e a t i n g t r a n s m i t t e d 

t o S a a n i c h I n l e t b y a t i d a l e x c h a n g e . 

T h e r u n o f f c y c l e o f t h e F r a s e r R i v e r f o r 1 9 6 1 a n d 1 9 6 3 , 

F i g . 3 1 , h a s a p e a k i n J u n e f o r b o t h y e a r s , w i t h a p p r o x i m a t e l y 

h a l f t h e t o t a l summer d i s c h a r g e p a s t a t t h i s t i m e . W a l d i c h u K 

( 1 9 5 7 ) s h o w e d t h a t t h e o u t f l o w o f w a t e r f r o m t h e S t r a i t o f 

G e o r g i a w a s d e l a y e d a p p r o x i m a t e l y o n e m o n t h p a s t t h e p e a k i n 



t h e r u n o f f c y c l e , c l o s e t o t h e o b s e r v e d o n s e t o f a d v e c t i o n 

l o s s i n S a a n i c h I n l e t o A l s o i n F i g . 31 a r e t h e e s t i m a t e d 

w i n d d i r e c t i o n s a t C o m o x . T h e r e i s no d e f i n i t e i n c r e a s e i n 

N.W. c o m p o n e n t f o r J u l y o r A u g u s t , s u g g e s t i n g l i t t l e d i r e c t 

d e p e n d e n c e o n w i n d d i r e c t i o n . 

I g n o r a n c e o f t h e m a g n i t u d e o f t h e a d v e c t i v e e x c h a n g e i n 

m o r e d e t a i l t h a n t h a t s h o w n m a k e s a n a c c u r a t e e s t i m a t i o n o f 

e r r o r i n t h e c a l c u l a t i o n s i m p o s s i b l e . . T h e c l o s e c o r r e s p o n d e n c e 

o b t a i n e d d u r i n g t h e c o o l i n g s e a s o n , a n d f i r s t p a r t o f t h e 

h e a t i n g s e a s o n , a n d g o o d r e s p o n s e t o t h e l o w l o s s i n F e b r u a r y 

1 9 6 3 , s u g g e s t s t h a t t h e a b s o l u t e a s w e l l a s t h e r e l a t i v e c y c l e 

c a l c u l a t e d i s c l o s e t o a c t u a l c o n d i t i o n s , p o s s i b l y t o w i t h i n 

20% o f t h e p e a k v a l u e s . 

I t i s a l s o i n t e r e s t i n g t o c o m p a r e t h e y e a r l y c y c l e i n 

h e a t s t o r a g e i n t h e S t r a i t o f G e o r g i a c a l c u l a t e d f r o m 

P.O.G. ( 1 9 5 4 ) w i t h t h e s u r f a c e h e a t t r a n s f e r f o r 1 9 6 1 a n d 

1 9 6 3 . A s u m m a t i o n a p p r o x i m a t i o n w a s u s e d t o o b t a i n a v o l u m e 

i n t e g r a l o f t h e t o t a l h e a t c o n t e n t i n t h e t o p 200 m e t r e s o f 

t h e e n t i r e b a s i n . T h e c h a n g e i n h e a t c o n t e n t w a s t h e n u s e d 

t o c a l c u l a t e t h e r a t e o f f l u x t h r o u g h t h e s e a s u r f a c e * , W h e r e 

d a t a w a s a v a i l a b l e , t h e f u l l d e p t h r a n g e w a s u s e d . V a l u e s 

o b t a i n e d f r o m t h e t o t a l i n t e g r a t i o n w e r e n o t s i g n i f i c a n t l y 

d i f f e r e n t f r o m t h e r e s u l t s f r o m t h e t o p 2 0 0 m e t r e s . T h e 

r e s u l t s a r e c o m p a r e d i n F i g . 3 2 w i t h t h e a v e r a g e o f c a l c u l a t e d 

s u r f a c e h e a t t r a n s f e r i n R e g i o n s 1 a n d 2 f o r 1 9 6 1 a n d 1 9 6 3 . 

T h e s e a s o n a l c y c l e i n h e a t c o n t e n t o f t h e S t r a i t o f 

G e o r g i a i s s h o w n t o b e s i m i l a r t o t h a t o f S a a n i c h I n l e t , w i t h 
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t h e same p o s s i b l e l a r g e a d v e c t i o n l o s s i n t h e l a t e summer a n d 

f a l l m o n t h s . T h e c a l c u l a t e d h e a t i n g o f t h e w a t e r c o l u m n f o r 

1 9 5 0 s h o w s a h i g h e r l o s s i n J a n u a r y , a n d h i g h e r g a i n i n A p r i l 

t h a n c a l c u l a t e d s u r f a c e h e a t t r a n s f e r f o r 1 9 6 1 a n d 1 9 6 3 . I n 

J a n u a r y 1 9 5 0 t h e S t r a i t o f G e o r g i a r e g i o n w a s a b n o r m a l l y c o l d 

d u e t o t h e i n f l u x o f c o n t i n e n t a l a r c t i c a i r , a p o s s i b l e 

e x p l a n a t i o n f o r t h e h i g h e r l o s s . A p r i l a n d J u l y 1 9 5 0 h a d 

l o w e r c l o u d c o v e r t h a n t h e mean f o r 1 9 6 1 a n d 1 9 6 3 . T h i s i s 

t h e p r o b a b l e r e a s o n f o r t h e i n c r e a s e d h e a t s t o r a g e i n A p r i l 

1 9 5 0 . T h e r e m a i n d e r o f 1 9 5 0 w a s s i m i l a r t o 1 9 6 1 a n d 1 9 6 3 . 

W a l d i c h u k ( 1 9 5 7 ) c a l c u l a t e d t h e n e t a d v e c t i v e e x c h a n g e 

i n t h e S t r a i t o f G e o r g i a d u r i n g 1 9 5 0 . T h i s Q y t e r m i s a d d e d 

t o t h e h e a t s t o r a g e , Q , a l s o c a l c u l a t e d f o r 1 9 5 0 . T h e 

r e s u l t s h o w s g o o d a g r e e m e n t w i t h t h e a v e r a g e s u r f a c e h e a t i n g 

i n 1 9 6 1 a n d 1 9 6 3 o v e r m o s t o f t h e y e a r . T h e h i g h v a l u e i n 

Q + C) f o r May 1 9 5 0 o v e r t h e s u r f a c e h e a t t r a n s f e r , Q n , i s v © u 

p r o b a b l y d u e t o a n o v e r e s t i m a t i o n o f t h e a d v e c t i v e l o s s 

d u r i n g t h e f i r s t p a r t p f t h e y e a r . A g a i n n o e s t i m a t e o f 

a c c u r a c y i n t h e c a l c u l a t i o n s i s p o s s i b l e , b u t o n t h e a s s u m p t i o n 

t h a t 1 9 5 0 , 1 9 6 1 a n d 1 9 6 3 h a d s i m i l a r m e t e o r o l o g i c a l c o n d i t i o n s , 

i t a p p e a r s t h a t t h e v a r i o u s c o m p o n e n t s o f t h e h e a t b u d g e t 

i n t h e S t r a i t o f G e o r g i a c a n b e c a l c u l a t e d t o w i t h i n 2 0 % o f 

t h e p e a k v a l u e . 

T h i s same p a t t e r n o f p o s s i b l e l a r g e a d v e c t i v e l o s s e s 

t h r o u g h t h e r u n o f f p e r i o d w a s f o u n d i n some o f t h e c o a s t a l 

i n l e t s f o r w h i c h a t i m e s e r i e s o f m e a s u r e m e n t s w a s a v a i l a b l e . 



Shown in F i g . 33 i s a comparison of the surface heat 

transfer calculated i n t h i s study with the heat storage i n 

Dixon Entrance for 1954 - 1955. The heat storage terms are 

those evaluated by Tabata (1958). Because of yearly v a r i a t i o n 

i n climatic conditions and the large advection influence, a 

dire c t comparison of magnitudes i s not possible. The 

difference does indicate that an advective loss occurred 

during July - August of 1954, and March - A p r i l of 1955. 

There also appears to be a net advective gain of heat through 

the winter months. 
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E f f e c t o f S u r f a c e H e a t T r a n s f e r o n S u r f a c e a n d D e e p W a t e r  

T e m p e r a t u r e 

( l ) S u r f a c e W a t e r T e m p e r a t u r e 

T h e s u r f a c e t e m p e r a t u r e c a n p o t e n t i a l l y b e m o d i f i e d 

b y t i d a l m i x i n g a l o n g t h e s h o r e , u p w e l l i n g , w i n d m i x i n g , 

a d v e c t i o n , a n d s u r f a c e h e a t t r a n s f e r . I t a p p e a r s t h a t a l l 

t h e s e f a c t o r s p l a y some r o l e i n t h e s u r f a c e t e m p e r a t u r e d i s 

t r i b u t i o n o b s e r v e d a l o n g t h e c o a s t . T h e r e i s a n o t i c e a b l e v a r i 

a t i o n i n t h e a m p l i t u d e a n d p h a s e r e l a t i o n s o f t h e s u r f a c e 

t e m p e r a t u r e c y c l e f o r t h e d i f f e r e n t c o a s t a l r e g i o n s . 

A. S e a s o n C y c l e 

I n a l l r e g i o n s s t u d i e d , f o r 1 9 6 1 a n d 1 9 6 3 , 

t h e s u r f a c e w a t e r t e m p e r a t u r e w a s o b s e r v e d t o b e a t a m i n i m u m 

c l o s e t o t h e e n d o f t h e c o o l i n g s e a s o n , a s e x p e c t e d . I n some 

r e g i o n s t h e r e w a s a s l i g h t i n c r e a s e o f a p p r o x i m a t e l y 1 C ° 

b e f o r e t h e o n s e t o f s u r f a c e h e a t i n g . T h i s i s c o n s i d e r e d t o 

b e d u e t o t h e u p w a r d m i x i n g o f w a r m e r d e e p w a t e r i n a r e a s 

s u c h a s t h e S t r a i t o f G e o r g i a , o r w a r m i n f l o w o n t h e o p e n 

c o a s t , i n c o m b i n a t i o n w i t h a d e c r e a s i n g s u r f a c e l o s s . 

T h e o c c u r r e n c e o f t h e t e m p e r a t u r e m aximum i s v a r i a b l e a n d 

may b e m o r e t h a n a m o n t h b e f o r e t h e e n d o f t h e h e a t i n g s e a s o n , 

F i g . 3 4 0 T h e e a r l i e s t o b s e r v e d p e a k s w e r e i n J u l y o r A u g u s t 

i n t h e p r o t e c t e d r e g i o n s , s u c h a s t h e S t r a i t o f G e o r g i a a n d 

S . E . A l a s k a . T h e p o s s i b l e r e a s o n f o r t h i s p r e m a t u r e m a x i m u m 

c a n b e s e e n i n F i g . 3 5 f r o m t h e c o m p a r i s o n o f s u r f a c e 

t e m p e r a t u r e a n d c a l c u l a t e d r a t e o f h e a t i n g i n t h e S t r a i t o f 

G e o r g i a , 1 9 5 0 . T h e t e m p e r a t u r e s a t E n t r a n c e I s l a n d a n d 

C a p e M u d g e b e g i n t o d r o p w h i l e t h e w a t e r c o l u m n i s s t i l l 
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h e a t i n g a t t h e r a t e o f 1 0 0 l a n g l e y s / d a y . T h e l o w n e t i n p u t 

f o r t h i s t i m e o f y e a r r e s u l t s f r o m t h e a d v e c t i o n s e a w a r d o f 

t h e w a r m e d s u r f a c e l a y e r s , w h i c h a r e r e p l a c e d b y c o l d e r d e e p 

w a t e r . W i n d m i x i n g i s s u f f i c i e n t t o o v e r c o m e t h e n e t i n p u t , 

b y m i x i n g c o l d e r d e e p w a t e r t o t h e s u r f a c e . I n r e g i o n s l e s s 

a f f e c t e d b y a d v e c t i o n l o s s f r o m t h e w a t e r c o l u m n , t h e s u r f a c e 

t e m p e r a t u r e w i l l c o n t i n u e t o r i s e u n t i l n e a r t h e e n d o f t h e 

h e a t i n g s e a s o n . 

I n F i g . 36 i s a c o m p a r i s o n o f t h e r o o t - m e a n s q u a r e v a l u e s 

f o r r a t e o f s u r f a c e h e a t t r a n s f e r a n d m o n t h l y c h a n g e i n s u r f a c e 

t e m p e r a t u r e i n c o r r e s p o n d i n g r e g i o n s . T h e r e l a t i v e d i s t r i b u t i o n 

i n a m p l i t u d e d i f f e r e n c e s f o r t h e c o a s t a l r e g i o n s a p p e a r s t o b e 

s t r o n g l y i n f l u e n c e d b y f a c t o r s o t h e r t h a n t h e s u r f a c e h e a t 

t r a n s f e r . T h e p o s s i b l e e f f e c t o f a d v e c t i o n a n d w i n d m i x i n g 

o n a m p l i t u d e , F i g . 3 7 , c a n b e s e e n i n a c o m p a r i s o n o f 

t e m p e r a t u r e s t r u c t u r e i n t h e S t r a i t o f G e o r g i a w i t h t h a t o f f 

w e s t V a n c o u v e r I s l a n d . I n t h e S t r a i t o f G e o r g i a m u c h o f t h e 

summer h e a t i n g h a s b e e n r e m o v e d b y t h e e s t u a r i n e c i r c u l a t i o n . 

W i t h t h e s u b s e q u e n t e q u i v a l e n t c o o l i n g c a l c u l a t e d f o r t h e 

t w o r e g i o n s , t h e r e w o u l d b e a g r e a t e r c h a n c e o f l o w t e m p e r a t u r e 

a t t h e s u r f a c e i n t h e S t r a i t o f G e o r g i a , p r o v i d e d t h e 

s t a b i l i t y o f t h e w a t e r c o l u m n i s t h e s a m e . T h e s t a b i l i t y i s 

g r e a t e r i n t h e S t r a i t o f G e o r g i a , t h u s w i n d m i x i n g w i l l n o t 

d i s s i p a t e t h e s u r f a c e c o o l i n g a s r e a d i l y . A d v e c t i o n o f w a r m 

w a t e r i n t o R e g i o n 2 a i s a l s o e v i d e n t f r o m t h e c u r v e s i n F i g . 3 7 . 

U s i n g v a l u e s c a l c u l a t e d f o r O c t o b e r 9 t o D e c e m b e r 31 o f 1 9 6 1 

a s e q u i v a l e n t t o t h e same p e r i o d i n 1 9 6 0 , t h e c a l c u l a t e d d r o p 

by s u r f a c e 
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; h e a t t r a n s f e r . l n t n e S t r a i t o f G e o r g i a o v e r t h i s p e r i o d h a s 

a mean o f 1 1 4 l a n g l e y s / d a y a n d t h e c a l c u l a t e d v a l u e from t h e 

t e m p e r a t u r e p r o f i l e i s 1 0 1 l a n g l e y s / d a y „ O f f w e s t V a n c o u v e r 

I s l a n d t h e c a l c u l a t e d m e a n l o s s a t t h e s u r f a c e i s 88 l a n g l e y s / 

d a y w h i l e t h e c a l c u l a t e d c h a n g e i n h e a t c o n t e n t i s o n l y 

l o l a n g l e y s / d a y , i n d i c a t i n g a n i n f l u x o f w a r m w a t e r . A s s e e n 

f r o m t h e t e m p e r a t u r e p r o f i l e , t h e a d v e c t i o n a p p e a r s t o b e 

t h r o u g h o u t t h e u p p e r w a t e r c o l u m n . F o r t h e summer, h i g h e r 

i n s o l a t i o n a n d g r e a t e r s t a b i l i t y i n t h e S t r a i t o f G e o r g i a a r e 

s u f f i c i e n t t o y i e l d h i g h e r s u r f a c e t e m p e r a t u r e s t h a n t h o s e 

o f f t h e w e s t c o a s t o f V a n c o u v e r I s l a n d . T h u s a g r e a t e r r a n g e 

o f s u r f a c e t e m p e r a t u r e s i n t h e S t r a i t o f G e o r g i a i s p o s s i b l e 

f r o m t h e e f f e c t o f 

1 ) e s t u a r i n e c i r c u l a t i o n 

2) s t a b i l i t y , a n d 

3 ) n o w a r m a d v e c t i v e i n f l u x . 

S i m i l a r c o n d i t i o n s t o t h o s e o f f w e s t V a n c o u v e r I s l a n d a r e 

p r o b a b l y i n f l u e n c i n g s u r f a c e t e m p e r a t u r e s i n t h e R e g i o n s 3, 

4 a n d 5. T h e l o w r a n g e o f v a l u e s n e a r P i n e I s l a n d i s t h o u g h t 

t o b e p a r t i a l l y d u e t o t h e l o w s u r f a c e h e a t i n g ' i n s u m m e r , a n d 

a n a d v e c t i o n i n f l u e n c e o f h e a t i n g i n w i n t e r , c o o l i n g i n s u m m e r . 

T h e t r a n s i t i o n t h a t o c c u r s b e t w e e n D i x o n E n t r a n c e a n d 

S 0 E . A l a s k a i s p r o b a b l y d u e t o t h e same f a c t o r s w h i c h r e s u l t e d 

i n t h e d i f f e r e n c e s a c r o s s V a n c o u v e r I s l a n d . I n D i x o n E n t r a n c e 

t h e y e a r l y c y c l e o f s u r f a c e t e m p e r a t u r e i s k e p t l o w b y 

e f f i c i e n t w i n d m i x i n g a n d a d v e c t i o n . T h e c o m p a r i s o n o f 

c a l c u l a t e d t r a n s f e r t o h e a t s t o r a g e e s t i m a t e d b y T a b a t a ( 1 9 5 8 ) 
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s h o w e d a n i n f l u x o f w a r m w a t e r d u r i n g w i n t e r a n d o f c o l d d u r i n g 

summer.. F o r S . E . A l a s k a t h e summer h e a t i n p u t i s k e p t n e a r 

t h e s u r f a c e b y t h e g r e a t e r s t a b i l i t y o f t h e w a t e r c o l u m n . T h e 

r e m o v a l o f m o s t s u r f a c e h e a t b y t h e e s t u a r i n e c i r c u l a t i o n 

t h e n m a k e s w i n t e r c o o l i n g e f f e c t i v e . 

T h e g r e a t e r r a n g e o f t e m p e r a t u r e s i n S . E . A l a s k a o v e r t h a t 

i n t h e S t r a i t o f G e o r g i a i s p r o b a b l y t h e r e s u l t o f t h e c o l d e r 

b o t t o m t e m p e r a t u r e s f o u n d i n S . E . A l a s k a . T h e d i f f e r e n c e i s 

a p p r o x i m a t e l y 4 C ° . 

B. L a t i t u d i n a l V a r i a t i o n 

S h o w n i n F i g . 38 i s t h e mean s u r f a c e 

t e m p e r a t u r e f o r t h e c o a s t a l r e g i o n s i n 1 9 6 1 a n d 1 9 6 3 . T h e r e 

i s a g e n e r a l d e c r e a s e n o r t h w a r d , f r o m a p p r o x i m a t e l y 11°C t o 

7°C b e t w e e n t h e S t r a i t o f G e o r g i a a n d n o r t h e r n S . E . A l a s k a . 

T h i s g r a d i e n t i s i n f l u e n c e d b y t h e same f a c t o r s w h i c h v a r y 

t h e a m p l i t u d e b e t w e e n r e g i o n s . F o r a g i v e n s u r f a c e h e a t i n g i n 

summer S . E . A l a s k a w i l l a t t a i n t h e h i g h e s t t e m p e r a t u r e c h a n g e , 

f o l l o w e d b y t h e S t r a i t o f G e o r g i a a n d t h e n b y t h e m o r e o p e n 

c o a s t s t a t i o n s . F o r a g i v e n c o o l i n g a t t h e s u r f a c e , t h e o r d e r 

o f d e c r e a s i n g e f f e c t i s t h e s a m e . Due t o t h i s v a r y i n g e f f e c t 

f o r a g i v e n s u r f a c e h e a t t r a n s f e r , t h e m e a n s u r f a c e t e m p e r a t u r e 

d o e s n o t r e f l e c t t h e m e a n a n n u a l i n p u t c a l c u l a t e d f o r t h e 

c o a s t a l r e g i o n . 

( 2 ) D e e p W a t e r T e m p e r a t u r e 

A. S e a s o n a L C y c l e 

T h e c y c l i c a c t i o n o f s u r f a c e h e a t i n g a n d 

c o o l i n g h a s b e e n o b s e r v e d t o d e p t h s o f 1 0 0 m e t r e s i n i n l e t s 



( P i c k a r d , 1 9 6 1 ) a n d 1 0 0 m e t r e s o r m o r e i n t h e N o r t h P a c i f i c 

( T a b a t a , 1 9 6 1 ) . I n t h e d e e p c h a n n e l s o f S . E . A l a s k a , 

t e m p e r a t u r e s e c t i o n s s u g g e s t a s e a s o n a l i n f l u e n c e t o b e t w e e n 

1 0 0 m e t r e s a n d 2 0 0 m e t r e s ( I n s t i t u t e o f O c e a n o g r a p h y , 

U n i v e r s i t y o f B r i t i s h C o l u m b i a , 1 9 6 4 ) . 

B. L a t i t u d i n a l V a r i a t i o n 

F o r c o a s t a l r e g i o n s a n d i n l e t s w i t h 

a d e e p s i l l b e l o w 2 0 0 m e t r e s , c o n n e c t i n g a c r o s s t h e 

c o n t i n e n t a l s h e l f t o t h e d e e p w a t e r s o f t h e P a c i f i c , t h e 

b o t t o m w a t e r w i l l h a v e a g r a d i e n t n o r t h w a r d s i m i l a r t o t h a t 

f o r t h e n e a r s h o r e P a c i f i c a t a s i m i l a r d e p t h . T y p i c a l 

t e m p e r a t u r e v a l u e s a r e a p p r o x i m a t e l y 7.5°C t o 5°C b e t w e e n 

J u a n d e F u c a S t r a i t a n d C h a t h a m S t r a i t . F o r i n l e t s w i t h 

s i l l s s h a l l o w e r t h a n 1 5 0 m e t r e s , t h e r e i s p r o b a b l y some 

i n f l u e n c e o n b o t t o m w a t e r f r o m t h e s u r f a c e h e a t i n g , e i t h e r 

f r o m p e n e t r a t i o n b y w i n d m i x i n g o r t h r o u g h t h e l o c a l 

f o r m a t i o n o f b o t t o m w a t e r . W a l d i c h u t V : ( 1 9 5 7 ) f o u n d t h e 

b o t t o m w a t e r f o r t h e S t r a i t o f G e o r g i a t o b e f o r m e d b y 

t i d a l m i x i n g a t t h e s i l l . A d e c r e a s e n o r t h w a r d o f b o t t o m 

t e m p e r a t u r e s i s r e p o r t e d b y P i c k a r d ( 1 9 6 1 ) f o r t h e i n l e t s 

o f B r i t i s h C o l u m b i a . B o t t o m t e m p e r a t u r e s i n i n l e t s a n d 

c h a n n e l s o f S . E . A l a s k a a r e a t t h e t e m p e r a t u r e s o f t h e d e e p 

w a t e r i n f l o w o r l o w e r , ( I n s t i t u t e o f O c e a n o g r a p h y , 

U n i v e r s i t y o f B r i t i s h C o l u m b i a , 1 9 6 4 ) . 
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SUMMARY AND C O N C L U S I O N S 

I n t h i s s t u d y a n a t t e m p t w a s made t o e v a l u a t e t h e h e a t 

t r a n s f e r a c r o s s t h e a i r - s e a i n t e r f a c e f o r r e g i o n s a l o n g t h e 

c o a s t o f B r i t i s h C o l u m b i a a n d S . E . A l a s k a u s i n g e m p i r i c a l 

f o r m u l a e a n d e x i s t i n g d a t a . T h e t w o y e a r s c h o s e n f o r t h e 

a n a l y s i s , 1 9 6 1 a n d 1 9 6 3 , a r e t y p i c a l o f c l i m a t i c c o n d i t i o n s 

f o u n d a l o n g t h e c o a s t . 

An e m p i r i c a l r e l a t i o n w a s d e v e l o p e d t o r e l a t e r e l a t i v e 

g l o b a l r a d i a t i o n t o c l o u d c o v e r a n d c l o u d l e s s d a y r a d i a t i o n . 

T h i s e q u a t i o n h a s a n a c c u r a c y o f a p p r o x i m a t e l y * 10%, When 

c o m p a r e d w i t h f o r m u l a e o b t a i n e d f r o m d a t a a t S t a t i o n 'P' i t 

i s e v i d e n t t h a t i n o v e r c a s t c o n d i t i o n s , i n s o l a t i o n i n t h e 

c o a s t a l r e g i o n i s a b o v e t h a t i n t h e o p e n o c e a n , t h e r e s u l t 

o f c h a n g i n g c l o u d p r o p e r t i e s . A n o n - l i n e a r e q u a t i o n i s 

r e q u i r e d i n t h e c o a s t a l r e g i o n s i n c e t h e r a n g e o f c l o u d c o v e r 

i s b e y o n d t h e l i m i t s o f l i n e a r f o r m s . 

F r o m a c o m p a r i s o n o f f o r m u l a e f o r c a l c u l a t i n g e f f e c t i v e 

b a c k r a d i a t i o n , e q u a t i o n s o f B u d y k o ( 1 9 5 6 ) a n d A n d e r s o n ( 1 9 5 4 ) 

a p p e a r t o s h o w e q u a l r e s p o n s e t o v a r y i n g c o n d i t i o n s f o u n d . 

i n a c o a s t a l c l i m a t e . 

T h e c o n v e c t i v e t r a n s f e r o f h e a t b y e v a p o r a t i o n a n d 

s e n s i b l e h e a t c o n d u c t i o n w a s e v a l u a t e d u s i n g s e m i - e m p i r i c a l 

e q u a t i o n s t h a t e m p l o y a b u l k t r a n s f e r c o e f f i c i e n t . C h o i c e 

o f a v a l u e f o r t h e c o e f f i c i e n t r e q u i r e s a s s u m p t i o n s a b o u t 

t h e p r o f i l e o f p r o p e r t i e s a b o v e t h e s e a s u r f a c e . T h e 

l o g a r i t h m i c p r o f i l e p o s s i b l y v a l i d f o r n e u t r a l s t a b i l i t y o f 

t h e a i r c o l u m n i s a s s u m e d t o b e a s u i t a b l e r e p r e s e n t a t i o n o f 
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a v e r a g e c o n d i t i o n s . I n t h e w i n t e r m o n t h s w h e n t h e c o n v e c t i v e 

t r a n s f e r s a r e a l a r g e f r a c t i o n o f t h e s u r f a c e h e a t e x c h a n g e , 

s i g n i f i c a n t e r r o r may b e i n t r o d u c e d b y t h i s a s s u m p t i o n . T h e 

l o s s e s w i l l p o t e n t i a l l y b e u n d e r e s t i m a t e d b e c a u s e o f t h e 

u n e v a l u a t e d i n c r e a s e i n t u r b u l e n c e r e s u l t i n g f r o m a n u n s t a b l e 

a i r c o l u m n . 

I t w a s f o u n d t h a t t h e l o c a t i o n o f t h e o b s e r v a t i o n 

s t a t i o n i s i m p o r t a n t i n o b t a i n i n g " o v e r w a t e r " v a l u e s o f w i n d 

o r dew p o i n t , a n d p o s s i b l y a i r t e m p e r a t u r e . T h e c o a s t a l 

s t a t i o n s w e r e c o n s i d e r e d i n t w o c l a s s e s o f e x p o s u r e . T h e 

d a t a a t t h e m o r e r e p r e s e n t a t i v e s t a t i o n s g a v e h i g h e r mean dew 

p o i n t , h i g h e r mean w i n d s p e e d , a n d a s m a l l e r y e a r l y c y c l e o f 

mean t e m p e r a t u r e . T h e r e i s some u n c e r t a i n t y a s t o w h a t 

" o v e r w a t e r " h e i g h t i s r e p r e s e n t e d b y s h o r e m e a s u r e m e n t s 

t a k e n c l o s e t o t h e g r o u n d . A t a d j a c e n t s t a t i o n s o f s i m i l a r 

e x p o s u r e b u t d i f f e r e n t h e i g h t s , t h e r e w a s n o n o t i c e a b l e 

v a r i a t i o n i n m o n t h l y m e a n s ? t h a t c o u l d b e a t t r i b u t e d t o t h e 

h e i g h t d i f f e r e n c e . 

A p l o t o f h o r i z o n t a l d i s t r i b u t i o n o f t h e m e t e o r o l o g i c a l 

a n d o c e a n o g r a p h i c d a t a w a s u s e d t o i n t e r p o l a t e t o t h e r e g i o n s 

o f i n t e r e s t . 

T h e r e a r e a s u f f i c i e n t n u m b e r o f s t a t i o n s a l o n g t h e 

c o a s t t o s h o w t h e d i s t r i b u t i o n o f c l o u d c o v e r i n t h e r e g i o n s 

s t u d i e d , w i t h o v e r l a p p i n g i n some c a s e s . T h e c l o u d c o v e r h a s 

c o n s i s t e n t v a r i a t i o n a l o n g t h e c o a s t , i s m o r e u n i f o r m i n 

w i n t e r , a n d n o r m a l l y l a r g e r i n t h e m o r e n o r t h e r l y r e g i o n s . 

A 1 0 % d i f f e r e n c e i n m o n t h l y mean c l o u d c o v e r b e t w e e n a d j a c e n t 
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s t a t i o n s i s uncommon r e g a r d l e s s o f e x p o s u r e . 

C l o u d c o v e r w a s f o u n d t o b e t h e m o s t i m p o r t a n t v a r i a b l e 

i n c o n t r o l l i n g t h e h e a t t r a n s f e r d u r i n g t h e h e a t i n g s e a s o n . 

A f u r t h e r s t u d y i s r e q u i r e d t o s h o w how w e l l t h e e x i s t i n g 

m a t e r i a l may b e e x t r a p o l a t e d i f t h e s e o b s e r v a t i o n s a r e t o 

be u s e d f o r c a l c u l a t i o n s i n t h e m o r e p r o t e c t e d i n l e t s . T h e r e 

w a s n o d e f i n i t e t r e n d i n c l o u d c o v e r v a r i a t i o n p e r p e n d i c u l a r 

t o t h e c o a s t l i n e . I n a l l a r e a s , c l o u d h e i g h t i n c r e a s e s 

i n l a n d . D u r i n g t h e summer t h e S t r a i t o f G e o r g i a t y p i c a l l y 

h a s l o w e r c l o u d c o v e r t h a t t h e w e s t c o a s t o f V a n c o u v e r I s l a n d . 

T h r o u g h m o s t o f t h e y e a r t h e r e w a s a p e a k i n c l o u d c o v e r a t 

t h e n o r t h e n d o f V a n c o u v e r I s l a n d . T h e c h a n n e l s o f S . E . A l a s k a 

w e r e g e n e r a l l y f o u n d t o h a v e m o r e c l o u d c o v e r t h a n t h e o p e n 

c o a s t . 

A i r t e m p e r a t u r e i s w e l l r e p r e s e n t e d b y t h e s t a t i o n s 

a l o n g t h e c o a s t . T e m p e r a t u r e s f r o m t h e c l i m a t o l o g i c a l 

s t a t i o n s o n l y a d d d e t a i l . A mean g r a d i e n t t o l o w e r a i r 

t e m p e r a t u r e i n n o r t h e r n l a t i t u d e s i s f o u n d i n a l l m o n t h s , 

t h o u g h i n summer t h e c h a n g e may b e l e s s t h a n 0.5 C ° . T h e 

a m p l i t u d e o f t h e a n n u a l c y c l e o f a i r t e m p e r a t u r e i n c r e a s e s 

a s o n e p r o g r e s s e s f r o m t h e m o u t h t o t h e h e a d o f c o a s t a l 

i n l e t s . 

Dew p o i n t w a s o b s e r v e d t o b e a s t r o n g f u n c t i o n o f 

e x p o s u r e , p a r t i c u l a r l y i n t h e summer m o n t h s . T h e s t a t i o n s 

o f g o o d e x p o s u r e s h o w a c o n s i s t e n t v a r i a t i o n o f dew p o i n t 

a l o n g t h e c o a s t . Dew p o i n t g e n e r a l l y d e c r e a s e s n o r t h w a r d , 

s o m e t i m e s w i t h a p e a k i n s o u t h e r n S . E . A l a s k a , a r e g i o n o f 

h i g h p r e c i p i t a t i o n . 
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T h e r e i s a n o t i c e a b l e c o r r e l a t i o n b e t w e e n dew p o i n t 

a n d w a t e r t e m p e r a t u r e , s u g g e s t i n g t h a t t h e o b s e r v e d dew 

p o i n t v a l u e s a r e l a r g e l y t h e r e s u l t o f l o c a l e v a p o r a t i o n . 

I t may b e p o s s i b l e t o u s e s u c h a v a r i a t i o n t o i m p r o v e t h e 

e x t r a p o l a t i o n o f d a t a . 

M o d i f i c a t i o n o f w i n d s y s t e m s b y t h e m o u n t a i n o u s c o a s t a l 

t o p o g r a p h y p r o d u c e s t w o d o m i n a n t w i n d d i r e c t i o n s , c a l l e d 

s o u t h - e a s t e r l i e s a n d n o r t h - w e s t e r l i e s , t h a t t e n d t o l i e 

p a r a l l e l t o t h e c o a s t . T h e w i n d s a r e d i v i d e d i n t o t h e t w o 

t y p i c a l m i d c h a n n e l f l o w p a t t e r n s , b y u s i n g t h e w i n d d i r e c t i o n 

a t E s t e v a n P o i n t a s a r e f e r e n c e . B e c a u s e o f t h e e f f e c t o f 

t o p o g r a p h y , t h e r e i s c o n s i d e r a b l e l o c a l v a r i a t i o n f r o m t h i s 

g e n e r a l " m i d c h a n n e l " f l o w . 

G o o d e x p o s u r e r e q u i r e s t h a t t h e w i n d s b e b l o w i n g 

d i r e c t l y o f f t h e w a t e r t o w a r d t h e s t a t i o n w i t h l i t t l e e f f e c t 

f r o m t h e s m a l l s c a l e t o p o g r a p h y . T o a p p l y a f i r s t o r d e r 

c o r r e c t i o n f o r v a r y i n g e x p o s u r e , t h e mean w i n d s p e e d a t a 

s t a t i o n w i t h o n e d i r e c t i o n o f p o o r e x p o s u r e w a s a d j u s t e d b y 

e q u a l i z i n g t h e r a t i o o f w i n d m i l e a g e b e t w e e n n o r t h - w e s t e r l i e s 

a n d s o u t h - e a s t e r l i e s t o t h a t o f a n e a r b y s t a t i o n w i t h g o o d 

e x p o s u r e i n b o t h d i r e c t i o n s . T h e mean w i n d s p e e d d o e s n o t 

h a v e a d e f i n i t e l a t i t u d i n a l v a r i a t i o n b u t t e n d s t o b e h i g h e s t 

a t t h e m o r e e x p o s e d s e c t i o n o f t h e c o a s t . 

E x t r a p o l a t i o n i n t o m o r e l o c a l r e g i o n s r e q u i r e s a n 

e x t e n s i o n o f t h e f l o w p a t t e r n a n d some e v a l u a t i o n o f e f f e c t s 

o f c h a n n e l l i n g . T h e s e a b r e e z e may i n t r o d u c e a s i g n i f i c a n t 

i n c r e a s e i n e v a p o r a t i o n l o s s d u r i n g t h e summer b e c a u s e o f 

i n d u c e d a d v e c t i o n . S q u a m i s h e s , a n o t h e r l o c a l i z e d e f f e c t , 
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a r e m o r e i m p o r t a n t t o t h e c a l c u l a t i o n o f c o n v e c t i v e l o s s e s , 

s i n c e t h e y o c c u r i n t h e w i n t e r m o n t h s . T h o u g h a s q u a m i s h 

may b e o f r e l a t i v e l y s h o r t d u r a t i o n , t h e c o l d d r y a i r a n d 

h i g h w i n d v e l o c i t i e s c o u l d p r o d u c e s i g n i f i c a n t i n c r e a s e i n 

s u r f a c e h e a t l o s s i n t h e i n l e t s w h e r e t h e y t e n d t o b e 

l o c a l i z e d . T h e f u l l i n t e n s i t y o f t h i s i n f l o w o f c o n t i n e n t a l 

a i r i s n o t n o r m a l l y r e c o r d e d a t t h e p r e s e n t c o a s t a l 

o b s e r v a t i o n p o i n t s . 

T h e s e a s u r f a c e t e m p e r a t u r e a l o n g t h e c o a s t w a s 

o b t a i n e d f r o m o b s e r v a t i o n s t a k e n a t s h o r e b a s e d s t a t i o n s . 

W a t e r s u r f a c e t e m p e r a t u r e s a r e l o w e s t t o t h e n o r t h t h r o u g h o u t 

t h e y e a r . C r u i s e d a t a s h ow t h a t t h i s m e t h o d o f o b s e r v a t i o n 

p r o v i d e s a r e a s o n a b l y g o o d e s t i m a t e o f o f f s h o r e c o n d i t i o n s 

d u r i n g t h e w i n t e r m o n t h s , s i n c e t h e s u r f a c e t e m p e r a t u r e s 

a r e r e l a t i v e l y u n i f o r m p e r p e n d i c u l a r t o t h e c o a s t . I n s ummer, 

d u e t o t i d a l m i x i n g a n d h o r i z o n t a l g r a d i e n t s , t h e 

r e p r e s e n t a t i v e n e s s i s d o u b t f u l . F o r t u n a t e l y i t i s t h e w i n t e r 

p e r i o d w h e n c o n v e c t i v e l o s s e s a r e l a r g e a n d a n a c c u r a t e s e a 

s u r f a c e t e m p e r a t u r e i s m o r e i m p o r t a n t . 

F r o m t h e c a l c u l a t i o n o f t h e m o n t h l y s u r f a c e h e a t t r a n s f e r 

t h e r e was f o u n d t o b e a s t r o n g a n n u a l c y c l e w i t h a s u p e r i m p o s e d 

f i n e s t r u c t u r e . T h e d e v i a t i o n s f r o m a mean c u r v e may b e a s 

l a r g e a s 40% o f t h e p e a k v a l u e s , a n d a r e - n o r m a l l y p r e s e n t 

a l o n g t h e e n t i r e c o a s t . T h e o b s e r v e d p e a k t o p e a k a m p l i t u d e 

f o r t h e a n n u a l c y c l e i s a p p r o x i m a t e l y 7 5 0 l a n g l e y s / d a y . 

I n t h e summer p e r i o d t h e r e i s a d o m i n a t i o n b y t h e r a d i a t i v e 
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t r a n s f e r . T h e n e t t r a n s f e r b y e v a p o r a t i o n a n d s e n s i b l e h e a t 

c o n d u c t i o n r e m a i n s s m a l l a n d n e a r l y c o n s t a n t a t a b o u t 15% o f 

t h e n e t r a d i a t i v e t r a n s f e r . D u r i n g t h e w i n t e r t h e c o n v e c t i v e 

t r a n s f e r s a r e t h e l a r g e s t t e r m s , a n d t o g e t h e r c o m p r i s e a b o u t 

75% o f t h e t o t a l l o s s . 

E f f e c t i v e b a c k r a d i a t i o n i s a p p r o x i m a t e l y c o n s t a n t 

t h r o u g h o u t t h e y e a r . 

A c o m p a r i s o n o f t h e s u r f a c e h e a t t r a n s f e r w i t h t h e 

e s t i m a t e d h e a t s t o r a g e i n S a a n i c h I n l e t a n d t h e S t r a i t o f 

G e o r g i a s h o w s t h a t f o r t h e s e w a t e r b o d i e s , n e t a d v e c t i o n o f 

h e a t e n e r g y a p p e a r s t o b e i m p o r t a n t o n l y d u r i n g t h e summer 

e s t u a r i n e c i r c u l a t i o n p e r i o d . I n m o r e e x p o s e d a r e a s , s u c h 

a s D i x o n E n t r a n c e a n d w e s t V a n c o u v e r I s l a n d , a d v e c t i o n may b e 

i m p o r t a n t t h r o u g h o u t t h e y e a r . I n t h e s e e x p o s e d r e g i o n s , 

a d v e c t i o n i s o b s e r v e d t o r e m o v e h e a t f r o m t h e w a t e r c o l u m n 

i n s ummer, a n d a d d h e a t i n t h e w i n t e r . F r o m t h e c o r r e s p o n d e n c e 

b e t w e e n s u r f a c e h e a t i n p u t a n d h e a t s t o r a g e o v e r t h e p e r i o d 

o f a p p a r e n t l y s m a l l a d v e c t i o n , i t a p p e a r s p o s s i b l e t o c a l c u l a t e 

t h e s u r f a c e h e a t t r a n s f e r f o r t h e r e g i o n s s t u d i e d t o w i t h i n 

2 0 % ( o f t h e p e a k v a l u e s ) , u s i n g e x i s t i n g d a t a a n d f o r m u l a e . 

T h e l a t i t u d i n a l v a r i a t i o n i n a n n u a l s u r f a c e h e a t t r a n s f e r 

w a s c a l c u l a t e d t o d e c r e a s e f r o m a p p r o x i m a t e l y 90 l a n g l e y s / d a y 

i n t h e S t r a i t o f G e o r g i a t o n e a r z e r o i n n o r t h e r n S . E . A l a s k a . 

T r a n s f e r s i n t h e c o o l i n g s e a s o n , w h i c h d e p e n d l a r g e l y o n t h e 

c o n v e c t i v e l o s s e s , a r e r e s p o n s i b l e f o r m u c h o f t h e r e g i o n a l 

v a r i a t i o n . T h e c o n v e c t i v e l o s s e s r e f l e c t t h e v a r y i n g s e a 

s u r f a c e t e m p e r a t u r e . T h e n e t i n p u t d u r i n g t h e h e a t i n g s e a s o n 
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s h o w s a m o r e u n i f o r m g r a d i e n t a l o n g t h e c o a s t , a n d v a r i e s 

r e l a t i v e l y l i t t l e f r o m y e a r t o y e a r . 

T h e m i n i m u m i n s e a s u r f a c e t e m p e r a t u r e o c c u r s n e a r t h e 

e n d o f t h e c o o l i n g s e a s o n , w h i l e t h e s u r f a c e m a x i m u m t e n d s 

t o o c c u r b e f o r e t h e e n d o f t h e h e a t i n g s e a s o n , e a r l i e s t i n t h e 

r e g i o n i n f l u e n c e d b y t h e e s t u a r i n e c i r c u l a t i o n s y s t e n u 

T h e o b s e r v e d v a r i a t i o n i n t h e a n n u a l r a n g e o f s u r f a c e 

t e m p e r a t u r e a p p e a r s t o b e c o n t r o l l e d b y a c o m b i n a t i o n o f h e a t 

l o s s b y t h e e s t u a r i n e c i r c u l a t i o n , s t a b i l i t y o f t h e w a t e r 

c o l u m n , o f f s h o r e a d v e c t i o n o f u p w e l l i n g , a n d b o t t o m 

t e m p e r a t u r e s , a s w e l l a s s u r f a c e h e a t t r a n s f e r . T h e g r e a t e s t 

r a n g e o f a m p l i t u d e s o c c u r i n S . E . A l a s k a , f o l l o w e d b y t h e 

S t r a i t o f G e o r g i a a n d t h e n t h e m o r e o p e n c o a s t a l s t a t i o n s 

i n D i x o n E n t r a n c e s o u t h t o V a n c o u v e r I s l a n d . 

S i n c e t h e s e a s o n a l c y c l e o f t e m p e r a t u r e s h a s n o t b e e n 

o b s e r v e d a t d e p t h s b e l o w 200 m e t r e s , t h e d e e p w a t e r o f t h e 

c o a s t a l a r e a w i l l p r o b a b l y b e i n f l u e n c e d b y t h e s u r f a c e h e a t 

t r a n s f e r o n l y i f d e e p w a t e r i s f o r m e d l o c a l l y , o r a s i l l 

f o r c e s d e e p i n f l o w t o b e a b o v e t h i s d e p t h . 

F u t u r e s t u d i e s t o s h o w how w e l l t h e s u r f a c e h e a t t r a n s f e r 

may b e c a l c u l a t e d b y e x t r a p o l a t i o n o f t h e e x i s t i n g d a t a w o u l d 

b e s t b e e v a l u a t e d i n a w a t e r b o d y s u c h a s P o w e l l L a k e o r 

a s h a l l o w s i l l e d i n l e t f o r w h i c h t h e a d v e c t i v e e x c h a n g e i s 

s m a l l . M o s t o f t h e s u r f a c e t r a n s f e r w i l l t h e n b e r e f l e c t e d 

i n t h e h e a t s t o r a g e t e r m . 
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Fig. 1A: Observation Stations for Coastal B r i t i s h Columbia. 
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F i g . 9: A v e r a g e A i r T e m p e r a t u r e a n d Dew Point Difference between Comox and 
C a p e L a z O j B r i t i s h C o l u m b i a . co 
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Fig« 1 0 ; A v e r a g e D i u r n a l C h a n g e i n C l o u d C o v e r s D a y t i m e - A l l D a y 
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F i g . 12s C o m p a r i s o n o f M e a n C l o u d C o v e r f o r 1961 a n d 1963 with a l o n g term mean. 
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F i g . l 3 A : C o a s t a l W i n d P a t t e r n f o r S E ' l i e s a t E s t e v a n P o i n t , 
s o u t h c o a s t . 



F i g . 13B: Coastal Wind Pattern for SE'lies at Estevan Point, north coast. 
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F i g . 1 3 D : C o a s t a l W i n d P a t t e r n f o r N W ' l i e s a t E s t e v a n P o i n t , 
n o r t h c o a s t . 
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Figc 1 6 s C o m p a r i s o n o f M e a n W i n d S p e e d f o r 1 9 6 1 a n d 1 9 6 3 w i t h a l o n g t e r m m e a n . 2 



F i g . 1 7 : S c a t t e r D i a g r a m o f M o n t h l y M e a n A i r T e m p e r a t u r e a t C o a s t a l S t a t i o n s , 1 9 6 1 . 
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F i g . 1 8 : C o m p a r i s o n o f Mean A i r T e m p e r a t u r e f o r 1961 and 1963 w i t h a l o n g t e r m mean. ^ 
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F i g . 19: Scatter Diagram of Monthly Mean Dew Point at Coastal Stations, 196^. 
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F i g . 20: C o m p a r i s o n o f Mean Dew P o i n t f o r 1961 and 1963 w i t h a Long Term Mean. 
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F i g . 21t C o m p a r i s o n o f S h o r e O b s e r v a t i o n s o f S e a S u r f a c e Temperature w i t h C r u i s e 
D a t a , Queen C h a r l o t t e Sound. 
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F i g . 22t S c a t t e r Diagram of Monthly Mean Sea Surface Temperature at Coa s t a l Shore Stations. 
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Fig. 23: Y e a r l y C y c l e o f t h e C a l c u l a t e d M o n t h l y Mean S u r f a c e Heat F l u x , 1961. 
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F i g . 24: Y e a r l y C y c l e o f t h e C a l c u l a t e d M o n t h l y Mean S u r f a c e Heat F l u x , 1963. 
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F i g . 25? Annual Cycle of the Monthly Mean for Components of the Surface Heat Transfer, Region 1, 1963 • 
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F i g . 26: A n n u a l C y c l e o f t h e M o n t h l y Mean f o r Comppnents o f t h e S u r f a c e Heat T r a n s f e r , R e g i o n 7> 1963-
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F i g . 27? L a t i t u d i n a l Change of Mean Annual Surface Heat Transfer, Radiation Transfer, and Convective 
Transfer, 1961 and 1963• o 



F i g . 28: T o t a l Heat T r a n s f e r d u r i n g t h e H e a t i n g and C o o l i n g S e a s o n , 1961 and 1963* 
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F i g . 29s L a t i t u d i n a l Change o f A n n u a l Mean f o r Components o f t h e S u r f a c e Heat T r a n s f e r , 1961 



F i g . 30s B a l a n c e o f Heat Budget Components i n S a a n i c h I n l e t , 1961 and 1963• ^ 
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F i g . 32: C o m p a r i s o n o f Heat S t o r a g e i n t h e S t r a i t o f G e o r g i a , 1950; w i t h Average S u r f a c e Heat T r a n s f e r , 
1961 and 1963. 
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F i g . 33° C o m p a r i s o n o f Heat S t o r a g e i n D i x o n E n t r a n c e , 1954 and 1955; w i t h t h e Average S u r f a c e Heat 
T r a n s f e r , 1961 and 1963• 
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F i g . 3'4: Phase o f Temperature Maximum w i t h End of H e a t i n g S e a s o n . 
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F i g . 35? I n f l u e n c e o f A d v e c t i o n on S u r f a c e T e m p e r a t u r e i n t h e S t r a i t o f G e o r g i a , 1950 . 



Figo 36s Root-Mean-Square V a l u e s o f R a t e o f S u r f a c e Heat T r a n s f e r and S u r f a c e Temperature Change, 1961 and 1963 
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F i g . 37? Change i n Heat C o n t e n t o f Water .Column o v e r one C o o l i n g Season, S t r a i t o f G e o r g i a and 
West v a n c o u r v e r I s l a n d , 1960-1961. 



Fig. J8t Mean S u r f a c e Temperature o f C o a s t a l W a t e r s , 1961 and 1963 


