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TABLE 7.-Monthly and 

ment of the wind from 
1906-25 

Y e s  

1905 __.__________ 
le00 _._..._ ~ _ _ _ _ _  
1907 .__._._._.___ 
1908 ___._______ _ _  
1909. - _ _  _ _ _ _ _ _ _  ~ - 
1910. _ _  ____._._ _ -  
1911 ___.___._.___ 
1912 ___.________- 
1913 .____________ 
1914 __.__________ 
1915 _ _ _ _ _ _ _ _ _ _ _  _. 
1916 .......___._. 
1917 ....._____. _. 
1918 .._._.___.__. 
1919 .._._._.____. 
1920 .._._____.._. 
1921- ._._.___.___ 
1922 _ _ _ _ _ _ _ _ _ _ _ _ _  
1 9 3  _________.__- 
1924 _______._____ 
1825 __.________-- 
1926 __.___.____ _ _  
1927 _ _ _ _ _ _ _ _ _ _ _ _ _  
1928 .__...._____. 
1929 .._____._._-- 
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TABLE 8.-Percentage of winds with easterly component at San Juan, annual percentage of the normal move- 
NE., E., and SE. at San J U ~ I L ,  P.R. ,  P .R .  (upper air) 
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6s 
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121 
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122 
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IO6 
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2 2  
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95 
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i 7  
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140 
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99 
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100 
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i 
f - 
101 
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114 
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101 
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94 
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so 
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114 
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Elevation 1 l k m  I 2 k m  1 4 k m  I 6 k m  I 8 k m  I 1 0 k m  - 

92 
9s 
93 

!: 
96 (upper air) 
90 
85 
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99 
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TABLE 9.--T.'eZocities in meters per second, at San Juan, P . R .  

1 l k m  I 2 k m  I 4 k m  1 6 k m  I 8 k m  1 lOkm Elevation 
------ 

- 

__--__-- 
Annual .___ - ______.._... .-.-.. 1 7.41 6.0) 4.71 5.21 7.21 10.7 

THE TEMPERATURE RELATIONS BETWEEN WATER AND AIR AT SAINT 
ANDREWS, N.B. 

By H. B. HACHEY 
[Atluntic Biological Station, Saint Andreas,  N.B., August 19331 

INTRODUCTION 

One phase of the hydrographic investigations carried 
out by the Biological Board of Canada requires the 
recording of water temperatures throughout the year a t  
various points on the Canadian Atlantic coast. In this 
connection water and air temperatures have been recorded 
at Saint Andrews, N.B., for several years past. The 
records for the period 1921-29, inclusive, have been ana- 
lyzed and form the subject matter of this paper. 

Collection and compilation of data.-The water temper- 
atures were determined twice daily from the end of the 
pier a t  the Atlantic Biological Station, usually a t  8 a.m. 
and 5 p.m. The depth of water a t  the end of the pier 
varies from approximately 10 feet (3.0 m) to 35 feet (10.6 
m), depending upon the tinie and amplitude of the tide. 
Maximum and minimum air temperatures were obtained 
daily by means of a thermometer situated about 20 feet 
(6.1 m) from high-water mark and about 10 feet (3.0 ni) 
above high-wTater level. 

From the recorded data for the period 1921-29, inclu- 
sive, monthly normals for water and air have been de- 
termined and are recorded in table l and plotted in 
figure 1 .  

Analysis of d a t a . 4 i n e  curves were found to fit the 
plotted data quite closely. The equations representing 
these curves are as follows: 

Water, y1 = 6.2 - 6.2 sin ~ (1 ) 
*(x+ 2) 

6 
*(x+ 3) Air, y,=6.0-12.4 ~ 6 

where 

and x= time expressed m months. 

are gwen in table 1. 

lowing results: 

y1 =normal water temperature in degrees centigrade. 
y2 =normal air temperature in degrees centigrade. 

Values of y1 and yz calculated nfrom the above equations 

According to equations (1) and (2) we have the fol- 

1. Normally, the maximum daily mean air tempera- 
ture is reached on July 15, and the maximum daily mean 
water temperature is reached on August 15. 

2. Normally, the minimum daily mean air tempera- 
ture is reached on January 15, and the minimum daily 
mean water teinperat'ure is reached on February 15. 

It is thus shown that in the Saint Andrews region the 
water temperatures lag behind the air teniperatures by 
approximately 1 month. 

Combining equations (1) and (2)) we may write 

(3 1 y 3 = y 1 -  y2=.2-3.1 sin - +7.0 cos 
where y3 is the difference between the normal water tem- 
peratures and the normal air temperatures, equation (3) 
is dso plotted in figure 1, and the calculated values of 
y3 are recorded in table 2. 

By means of a simple analysis of the equation for y3 
the following results are obtained: 

1. The greatest numerical values of y3 are found to be 
y3=7.7 at  x=5 .2  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  June 21. 
~ ~ ~ 3 7 . 9  a t  2=11.2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Dec. 21-22. 

2. Similarly 
y3=0.0 a t  x=2 .2  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Mar. 21-22. 
and a t  x=8 .2  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Sept. 21. 

3.  The average positive value of y3 is 5.0, and the 
average negative value of y3 is 4.7. 

Limitations of the formula.-The value of the analysis 
of the various formulae is limited for the following 
reasons: 

(a)  The normals have been derived from data ob- 
tained over a comparatively short period. The taking 
of air teniperatures has suffered some short interruptions. 

( b )  The variation between the nornials derived from 
the observed data and those derived by means of the 
formula may be as large as 3.3". 

(c )  It is possible to determine sine curves which will 
fit the observed values with greater accuracy. To do 
this i t  would be necessary to determine weekly normals. 
This would result in an increased amplitude and a sbght 
change in the factor determining the phase. 

7i-X T X  

6 
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Discussion.-The annual movements of the sun with 

reference to some fixed point on the earth being truly 
periodic, various periodic effects are produced. Atmos- 
pheric conditions remaining constaut, a determination 
of the intensity of radiation falling daily on a chosen 
area would show a variation following a periodic law. 
In such a case a very shallow body of water would es- 
hibit a similar periodic variation in temperature. If the 
depth of the water was considerable n pronounced lag 
in the water teniperatures would be noted. 

In the practical case, atmospheric conditions are any- 
thing but constant, and the various bodies of water that 
concern us are usually subjected to agencies other than 
direct heat from the sun which tend to determine the 
temperatures of the surface waters. To illustrate, 
various waters are frozen over throughout several months 
of the year with the result that the upper layers of the 
water have about the same temperature throughout the 
period of ice. Other waters are subjected to the influ- 
ence of waters of very pronounced currents which map 
supply varying amounts of either warm water, or cold 
water containing much drift ice or icebergs. The surface 
temperatures of water areas comparatively-free from such 
influences would, however, follow a periodic law. 

Similarly, if the air temperatures in a given region were 
determined solely by direct heat from the sun, the mean 
daily temperatures would follow n periodic law. Various 
factors other than direct heat from the sun, particularly 
air movements, atmospheric conditions, and conditions 
on the earth’s surface, enter to determine the air tempera- 
tures in a given locality and consequently a periodic 
variation is only approximated. 

The temperatures of the surface waters in the St. 
Andrews region are peculiar to the region. A large body 
of water is concerned with tidal effects which bring 
about an interchange of surface and bottom water on a 
large scale. This volume action is responsible for the 
storing of heat absorbed, and for the releasing of heat 
when a transference from water to air can take place. 
That this storing of heat does take place on a large scale 
is shown by the marked lag of the water temperatures 
behind those of the air. 

The interchange of heat between the air and the water 
would be controlled by a number of factors. Defiuitely 
the temperature gradient would play a large part in 
determining the magnitude and the direction of the inter- 
change. For this reason it is of interest to  note the times 
of the year when the temperature gradient normally has 
its ma-ximum and minimum values. The position of the 
sun with reference to the earth’s equator a t  the times of 
maximum and minimum values of the temperature 
gradient is also worthy of note. 

The average positive value of the temperature gradient 
is approximately equal to the average negative value. 
Hence, insofar as the temperature gradient IS concerned, 
the influence of the water on the air m this region must be 
approximately the same as the influence of the air on 
the water. 

SUMMARY 

1. The normal temperature of the water at St. Andrews, 
New Brunstvick, a t  any time can be represented by a 
formula of the form 

. s(z+2) y1= 6.2 - 6.2 sin ~ 6 

where y, is the temperature in degrees centigrade, and z 
is the time in months. 

3. The normal temperature of the air a t  St. Andrews, 
New Brunswick, a t  any time can be represented by a 
formula of the form 

?f(x+3) y2=6.0-12.4 Sin - 6 
where y2 is the temperature in degrees centigrade, and x 
is the time in months. 

3.  The relation between the water and air normal 
temperatures at St. Andrews, New Brunswick, can 
represented by a formula of the form 

T X  TX y3=0.2-3 .1  sin- 6 +7.0 cos- 6 
where y3 = y, - y2. 

4. On July 15 the maximum temperature of the air is 
normally reached. 

5. On August 15 the water normally reaches its maxi- 
mum temperature. 

6. On January 15 the minimum temperature of the air 
is normally reached. 

7. On February 15 the water normally reaches its 
minimum temperature. 

8. On June 21 y3 normally has its greatest negative 
value, Le., the temperature gradient between the air 
and the water has reached its greatest positive value. 

9. On March 21 y3 is normally equal to zero, i.e., the 
temperature gra.dient between the air and the water is 
zero. 

10. On September 21 y3 is normally equal to zero, i.e., 
the temperature gradient between the air and the water 
is again zero. 

11. On December 21 y3 normally has its greatest posi- 
tive value, i.e., the temperature gradient between the 
air and the water has reached its greatest negative value. 
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Month 

January __._____ ~ _ _ _ _ _ _ _  
Febmary .______________ 
March _...______________ 
April _____._...__.______ 
May . . . . . . . . . . . . . . . . . . . .  
June .___________ ~ _ _ _ _ _ _ _  
July __._________________ 
August. ._______________ 
September _ _ _ _ _ _ _ _ _ _ _ _ _ _  
October _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
November _ _ _ _ _ _ _ _ _ _ _ _ _ _  
December _ _ _ _ _ _ _ _ _ _ _ _ _ _  

12. The average positive value of y3 is normally 5.0, TABLE 2 
and the average negative value of y3 is normally 4.7. I Observed values TABLE 1 

Calcu- 
Observed lated Iron 

equation 

-6.4 (26.4 
4 . 4  -4.7 

1.1 -.2 
5.9 6.0 

11.2 12.2 
15.1 16.7 
16.4 18.4 
17.3 16.7 
13.9 12.2 
8.5 6.0 
3.1 --.2 

-3.4 -4.7 

______ 
(a)  

- __  
Month I Air normals I Water normals Y l  

-6.4 
6.4 
1. 1 
5.9 

11.2 
15. 1 
18. 4 
17.3 
13.9 
8.5 
3.1 

-3.4 

Y~=vI--Yr 

7.4 
5.4 -. 2 

-a 8 
-4.7 
-6.2 
-6.8 
-4.9 
-1.8 

1.7 
4.0 
6.0 

7. 2 
4.7 
1.0 

-2.9 
-6.0 
-7.4 
-6.8 
-4.3 -. 6 

3.3 
6.6 
7.8 

A REMARKABLE OCCURRENCE OF CYCLONES I N  SERIES 
By EDWARD H. BOWIE 

[Weather Bureau, San Francisco. Calif., September 19331 

The occurrence of cyclones in series is a phenomenon Some years ago Mr. E. H. Bowie called the writer’s attention t o  
with which all those having to do ,,<t,ll the prepa,ration of the fact  t h a t  the low-pressure areas enter and cross the  United 

States in series. The first low-pressure area in  such a series will 
synoptic charts Illore less fnmilirW* In the Bjerknes enter the country well t o  the  north and pursue a course eastward 
frontal theory such a series is designated a cycbon.efa,mily. over the  northern States; the  second enters somewhat farther 

Tracks of cyclones in the United States during October 1923. 

In an article on (‘The Planetary Syste,m of ConvectioIl”, 
by william R. ~ l ~ b ,  in the M~~~~~~ WEATHER REVIEW, 
April 1916, vol. 44, p. 194, one finds the following: 

south, and so on. The last low-pressure area of the series may enter 
the extreme southwest, and pass along the Gulf and Atlantic coasts, 
although the series do not always carry as far  south a8 this. The 
series follow each other in close succession. The relation between 


