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ABSTRACT

A formula making-it possible to deﬁerminejthe deviation in:the
monﬁhly mean séa level atiVancouver andvother B.C.fcoasﬁél stations on
 the basis of meén preésure'and prevailing‘ﬁind ié_deriyed. A'fgrmula of -
similar ‘form is then'abplied'to'fhe errors in individual tidal predictiohs,
"aﬁd its 1imitatiohs'discussed, A summary of the characteristics of a

number of storm surges and the associated "lows" is also included.
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THE EFFECT OF METEOROLOGICAL CONDITIONS
ON SEA LEVEL

. John BOAA;mstrong-

1, : INTRODUCTION

Inundation of low lying coastal areas during severe storms is
a fairly frequent occurrence in certain parts of the world., Most people are
familiar with the disastrous flooding which has occurred in recent years in
such widely separated areas as the Gulf Coast of the U.S.A. and the "low
countries” bordering the North Sea in Europe. This study is an attempt to
- evaluate the contribution of Pacific storms to tides.recorded along the
British Columbia coast,

In the absence of meteorological disturbances, the tides are
dependent only on the relative motion of the sun, moon and earth., The heights
and times of high and low water may therefore be predicted with considerable
accuracy. Variations of up to a foot from the predictions occur frequently
- in the winter months due to-extreme variations in the preévailing meteorological
'conditions, but storm surges oﬁ»greater magnitude than two or three feet occur
only rarely. For this reason there has been little interest in the storm.
surges occurrlng on the western coast of North America, since a surge of a
foot or more, even occurring simultaneously with a spring tide, would cause
relatively little damage compared with that experienced in the "low countries”
of Burope., Nevertheless it was felt that . it would be of interest to know
something about storm surges on the British Columbia coast, and also the
long=term effect of meteorological phenomena on the level of the sea. The
investigation was therefore divided into two:parts. The first sought to
determine a relationship between the monthly mean sea level, atmospheric
~ pressure, and prevailing wind., The second tried to relate the magnitude of

various storm surges w1th meteorologlcal parameters which were felt to be -
31gn1flcanto

24 The Long-Term Effect of Meteorological Phenomena on Sea Level

- The level of the sea varies from month to month as the
positions of the sun and moon change in relation to the earth, However, from
year to year ‘the level is reasonably constant for any given month and for the
year as d whole, Yet the variations about the average for .a particular month
are greater than would be expected from observationdal error alomne, and it
would be of interest to know the reason for this wvariation.

2.1 . - The Determination of Mean Sea Level

Although the heights of individual high and low tides above a
fixed datum line are predicted, there is no prediction of the monthly mean
sea level. As mentioned above, this value changes seasonally and no one
height may be used., It is therefore necessary to determine the mean sea
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level from the actual records at stations with recording tlde gauges. The
standard tide gauge consists of an énclosed float attached by a pulley system
to'a pen which records on a revolving drum. The actual height at the beginning
of each hour is abstracted from the continuous record and the monthly sea level
‘is taken as the mean of these values. These records were available for the
seventeen-year period 1945 to 1961 at the following magor tidal reference ports:

Clayoquot Sound (Tofino)
Prince Rupert

Vancouver Harbour

Victoria Harbour

Alert Bay (1949 to 1961 only)

For each month at each station the average value was determined
(fig. 1l; table 1), The difference between the mean sea level for an individual
month and the 17-year average for that month will be referred to as the sea
lovel deviation, These values should reflect the changes in meteorological
condltlons in-an individual month from one year to the next.

2020 ' Meteorologlcal Forces

ron

‘. In the 81mplest steady state model the sea would be expected to -
act as an inverted barométer : w1th respect. to atmospherlc pressure., If no other
forces are considered, the hydrostatlc effect would be a change of 0,335 feet
in the sea level for a change of 10 mb. in the pressure (1), Howsver, in any.
particular area, the response of the sea surface to changing atmospheric
‘pressure sets up currents which cause accumuldation or depletion of water in the
area. It is therefore not unreasonable to expect the adjustment of the level
of the sea surface to lag behind the change in atmospheric pressure. The
effect of this atmospheric change ‘should therefore be delayed or damped,
probably in a complex fashion, since the transports generated most likely
depend on the areal extent of the pressure disturbance as well as on the local
intensity. In an analysis such as this, where ‘areal factors are very; difficult
to assess, the most that can be derived is an empirical relationship between
atmospheric pressure and sea level., Individual cases may be expected to deviate
considerably from the norm, and most probably these departures may be ascribed
to the 11m1tat10ns mentloned above, : :

Pressure is not the only meteorological phenomenon influencing
sea level, It is well known that currents are caused by wind stress -and ‘are-
proportional to the square of the wind velocity. In the open ocean the total
trangport by the wind is dlrected normal to the wind (4) due to the coriolis
force, and therefore a piling up of water would ocour on the western coast of
North America with the wind blowing up the coast., However, the amount of
piling up depends on the local topography, and in particular is inversely
proportional to the depth of the water (1) so that a theoretical amount cannot

be readily determlnedo

a
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It is possible that other factors such as sea- temperature and
sallnlty which are certainly related to meteorological phénomena, affect the
sea level slightly. The density of sea water varies about 1% on the B.C. coast
and this effect extends downward to about 100 meters (5);-but this change is
mostly seasonal and no definite relationship to sea level could be detected by

the methods of this ana1y51so : o S

203, . Relatlng-Pressure to Sea Level

The average atmospheric pressure is not the same .for every
month in the year. This variation would be reflected in the average monthly
- sea level, the latteér being relatively higher in thése months when the average
pressure is fairly low, - However, as mentioned abové, the average monthly -
sea level 'is also affected by the relative positions of the sun and moon.
Because the two effects cannot be separated, it was found necessary to
determine the average sea level and pressure for each month, rather than the
year as a whole., The pressure deviation of each month from its average was
calculated in the same manner as the sea level deviation and was based on
the figures contained in the Monthly Récord issued by the.Meteorological
Branch of the Department of- Transport for the flve weather stationss

Vancouver Airport (VR): 1945 to 1961
" Victoria City (VI) ‘ :

o , "

Prince Rupert (FR)
”Esteyan Point.(EP) L "H ‘W ow "
Alert Bay (LT) - 1949 to 1961

Estevan Point was chosen ‘to go with the tidal records at® Clayoquot Sound
(Toflno),’as the weather records from the latter are 1ncomp1eteo

The pressure dev1at10n was plotted on a scatter dlagram agalnst
the correspondlng sea level’ dev1at10ng for a total of 964 pairs. of obser-
vations, A density diagram for the distribution is shown in figure 2, the °.
numbers belng points per unit square (1'mb x70.05 feet)., ~The method of
simple correlatlon outlined by ‘Brooks and Carruthers (2) was.used to deter- -
mine the 51gn1flcance of the distribution. The correlation coefficient, v;
was found to be =0,739, the negative sign reflecting the inverse relationship,
-For 100 paire‘of‘values, - 0,324 should occur only once in a thousand times
from a random distribution, This threshold value decreases with increasing N,
so that for the N = 964, the odds against two unrelated varlables produclng a
value of v as hlgh as 0,739 are extremely higho C -

The regression line giving the most probable sea-lewvel for any -
‘given pressure has an equation of the form E (y) =v x, y and x being
the standard deviations in the sea level and pressure observations respectivelye.
Therefore E (y) = 0.0566x (fig. 2) and a deviation in the pressure of 10 mb
would most likeély cause a deviation in the sea level. of 0,566 feet, or almost
7 inches. The standard "error of predlctlon“ of the sea level from the
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pressure is given by the formula , and is equal to 0,154 feet,

Assuming the error distribution to be normal, 68% of the actual sea level
deviations would fall within + 0,154 feet of the regression prediction, The
99% limits are + 0,396 feet. “For purposes of comparison, 9.65% of the monthly

mean sea level deviations exceed h 0,396 feeto

204, Relating'Wind to Sea Level

Because the influence of the pressure on the sea level appeared
to be greater than that expscted hydrostatically, it was suspected that there
was probably a related wind effect, When monthly mean pressures are low in
British Columbia, travelling cyclones pass through the area with above normal
frequency. Characteristically many of these leave a decaying centre in the Gulf
of Alaska as the main pressure surge moves inland, and inspection of mean
charts shows that low average codstal pressure is usually associated with a
"low" centre off shore. With such a low situated just off the coast, the winds
tend to bank the water toward the shore; the wind circulation around‘a high
would have the opposite effect.

As local topography would tend to influence the wind effect
more than the pressure effect, it was decided to test this hypothesis for only
one station. Vancouver was chosen on the basis that it is the only station
where data were readily available for all seventeen years. The theoretical
wind stress in the Vancouver area is shown in figure 3. The tide gauge is
not located in the most favourable position, but it was felt ‘that any build-
up of water along the north shore of Burrard Inlet would be transmltted
at least in part, to the harbour,

. It was initially assumed that the pressure dev1atlon exerted its
- full hydrostatic effect of 0,335 feet per 10 m.b. on the sea level, and there-
fore the sea level deviation was corrected for the corresponding pressure
‘deviation. on this basis. The wind was summarized in the following somewhat
arbitrary way. The total number of miles of wind for each month from the west,
north-west, and north quadrants was subtracted from the miles from the east,.
south-east, and south.” The other two quadrants were not considered. The
difference was divided By the total number of hours in the month and then
squared, negative signs Belng retained. - The average monthly values for the
17-year period were then determined, as was the deviation of each month from
the average., This final value, to be known as the wind index, was plotted
against the "corrected" sea level deviation. (figure 4)
The correlation coeff1C1ent v, for the 204 observatlons was

00349, 31gn1f1cant but considerably less pronounced than the straight pressure
relationshlpo The regression equation of corrected sea level on wind is E(y)

= 0,00552 x, y being §he corrected sea level deviation in feet, x the wind
index in units of mph ° -

It is now possible to write a formula for determlnlng sea level,
X, for a given month, If X is the 17-year average of the sea level for that
month, the sea level deviation is (X ~ X)o. Similarly P is the mean pressure
for the month, and P the 17=year average., It has been assumed that a sea level
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deviation of 0.335 feet is always caused by a pressure deviation of 10 mb.,
. and that the wind accounts for any additional effect in the amount given by
the regression equation above. The formula is therefore:

(X <= X) = 0,00552W - 0.0335 (P - P)

where W is the wind index in units of mph2

.X and X are in units of feet e I

P and P are in units of m1111bars; ‘ L

.'The standard error of predlctlon of sea level using th1s formula is
0,140:ft,.; .the 99% 11m1ts are reduced to + 0, 360 feet.

If the wind 1ndex is. correlated to uncorrected sea level,
the correlation coefflc;ent becomes 0.447, and the formula reduces to simply:

(X'=X) = 0.0101 W

The standard error of prediction increases, however, to 0,171 feet, Com=
parable results for the slightly less reliable tide gauge at Caulfield,
based on the same wind data, yield a coefficient of 0.507, or a 13%
increase, The formula becomeso : » : .

(x «,--50 =.0,0112W
and the standard errofr of prediction is_oow.ColéQ feetg 'These‘resplts‘
would appear to verify the assumption .that most of the wind effect is
‘transmitted-directly to- thes ‘harbour, and that any. effect of stress in the,
harbour is. small. in’ comparlson° o - . S .

2¢50 . . The Comblned Effect of'Wlnd and Pressure

: o In order to clarlfy the effect of w1nd and pressure on the
sea level, an isoanomaly graph was drawn (flgo 5)e. In this graph each sea
level ‘deviation was plotted against its corresponding pressure. deviation
and wind ‘index, and lines of constant sea level deviation were then drawn.
- These lines of constant sea level deviation, or. isoanomaly lined, would be
expected to cross the zero wind index line at the préssure which would produce
that sea 1eve1 dev1at10n hydrostatlcallye However, this is not borne out,

i

R A part1a1 correlatlon of sea 1evel dev1atlon to “both pressure
deviation and wind index was then carried out.. Partial correlatlon
supposedly eliminates from the correlatlon of . sea level and pressure the .
effect which is due to the relationship betWeen wind and pressure, and.vice -
versao - The formula determlned by thls»method ise

(x-%) - 0. .00191 W = 0.0608 (P - F). i

‘This does not-mean that the entlre pressure effect'ls hydrostatic, but
'simply that statistically the best results are obtained, if a linear

v
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relationship is assumed, by‘using this formula. It is probable that a different
method of analysing the wind would produce different results, but there is no
guarantee that there would be any improvement.

The standard error of prediction is not given by a formula in
this case, but determined from the ba31c data it is 0,125 feets This gives the
following results:

(Normal Error

LIMITS " % ENCLOSED Distribution).  ACTUAL.% ‘ENCLOSED
+ 0.,0842 ft. - S s0%. - - . .59.5%
+ 0,205 fto , 90% - 91.1%

+ 0.322 ft. , 99% 97%

. The total range of sea level deviation at Vancouver for the period was 17 1/2
inches. Using this formula a second isoanomaly graph was drawn (fig, 66 o

This is essentially a graphical representation of the above formula., If this

is considered to be a predicted chart and figure 5 an observed chart, the

major area of error in the prediction may be shown (dotted lines). Most of

these errors may simply arise from the assumption, inherent in the partial
correlation, that the relationships between the variables are.linear. The-dis~.
placement of sea level is supposedly dependent on:the square of the wind velocity,
and the wind index was calculated on this basis. Yet there is no reason to
believe that the pressure is linearly related to the wind index.

It may be concluded from these results that while it is possible
to determine a reasonably accurate empirical relationship between sea level
and meteorological phenomena, a simple model camnot be used to explain these
relationships, A detailed analysis based on more complete meteorological data -
might yield better results, but the value of such an analysis would .be limited,

3 . "~ The Effect of'Metéorological Phenomena on Tide Predictions:

The actual heights of the high and low tides are usually dif-
ferent from those predicted. . A test group of data from the tide gauge in
. Victoria's Inner Harbour, consisting of three winter months, had a standard
deviation of 0:556 feet from the predicted value. This is.roughly 2 1/2
times the size of the standard deviation in the monthly means, 0,229 feet.
Except for those surges, known as tsunamis, which are caused by occasional
violent upheavals in the ocean floor, these'errors are directly attributable
to meteorological conditions., It was the object of this analysis to deter-
mine the nature of those conditions existing when extreme storm surges occurred,
-and if possible, parameters for predicting the error in any specific tide.

301, Application of the Long=~Term Formula

The most obvious initial test was to apply the monthly mean
formula based on winds and pressures at Vancouver to individual cases. A
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test group of 64 high and low tides was chosen from data available at
Vancouver during October, 1956 and January, 1959, These were selected so
that all fell within 15 minutes after the hour. The pressure deviation, p,
was taken as the dlfference between the pressure at the beginning of the
hour and the average!pressure for that month, The wind index, w, was taken
as the difference between the square of the southeast component of the wind
at the particular hour, and the 'average for that month as calculated for
~the monthly wind index. Any forecast value admittedly depends on the '
accurate determination of pressure and wind in advanceo L

: . For s1mp11c1ty in the explanatlon it is d631rable to
use symbols for the various quantities involved. . The actual recorded height
of the tide will be referred to as "a"; the predlcted value. given in the
tide tables as "™b". The error in the tide prediction is therefore (a = b).
The meteorological correctlon, m, to be applied to b is defined by the
formulan : S

m = O 00191 w = O 0608 p

and is based on that of sectlon 2050 The m= corrected predlctlon of the
tide will then be.b '+ m = ¢. Ideally ¢ would equal a in all cases, which
would mean that m equals, (a = b)s The error in the m - corrected prediction.
is (a = ¢), and the meteorologlcal corréction can only be cons1dered worth=
while if, on the average, (a = ¢) is significantly less than- {a =b)o It

. 'will bé noted that (a - ¢) is equivalent to (& ='b) = m. For the 64 cases

" considered, the mean' of (a = b) was.0.24 feet, with a standard deviation of
" 0.64 feet. . The.mean of (a = c) was =0.02.feet, with a standard deviation of
0.50 feet (fig. 7) From this analysis it would appéar that the errors,
(a = ¢); in the m= corrected predlctlon are at least more mormally dis= .
trlbuted around zerog even 1f thelr range has not been greatly reducedo

When those values of (a - ¢) that correspond to a glven .
value of (a - b) were averaged it was apparent that in extreme cases (a = ¢)
was. smaller . in magnitude than.(a = b); consequently the meteorological
correction would lead to an improved prediction in these instances. However,
evén with the meteorological correction, there was a residual error inc
for all values of (a =b), which was .reasonably constant and ‘averaged: 0,27
feet,® Unfortunately this means that if the error in b is small, the addition
of the meteorological correction is-likely to make it worse.  The meteorolo= -
glcal correctlon may be d1v1ded into groups as . follows:s co

.(i)'- 24 cases in which 1t_was too small in magnitude
TFi4) 6 cases in which it was exactly correct

(iii) 15-cases in which\if_ﬁas too large, resulting in c
' falling on the other side of a,

(iv) 12 cases in which it was in the wrong direction
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(v) 6 cases in which b was already correct, and m 1ntroduced
an error. :

. . - : : ~ L SN
. W e———— E I\H e
T T

It is of interest that the w1nd 1ndex Wa s large enough to have an. effect only

on 22 of the 64 occasions. Eleven times it made c'worse than it would ‘have been
if only the pressure part of the formula were considered, in spite of the fact
that a data check showed the average sea level: to be about 0.6.feet higher when -
the wind was blowing from the southeast -than when it was blowing from the north=
west, However, at the same time the pressure was found to average 10 mb less
when, the wind was from the’ southeast.. : o

Predictions based on pressure alone, 0.0566 feet per mb., showed a
similar trend of slight improvement at all stations. -Consideration’ of -.only those
cases on which the sea was raised a foot or more at Tofino, which can justlm
fiably be called ‘storm surges, shows that there is a similar trend: (flga‘7)

The straight line is m, the points (a m-b) ~ The horizontal distance .between the
two represents (a - c)o e s

3026 : Characterlstlcs of StormS°.

-Although the use’ of the monthly mean formula makes it posplble to
determine a meteorologlcal correction, m, which is a not too unreasonable .
estimate of the height of a storm.surge (a = ¢), it was fielt that there was still’
considerable room for improvement. However, .as pointed out by Reynolds (3,
"when the pressure system is in rapid motion its effect on water level is very
complex, often 1nvolv1ng resonance9 and 11tt1e is known quantltatlvely of 1ts
effect in practice.”

For this reason it Would appear to. be dlfflcult to obtain a s1mple
formula or graph for predicting accurately the error in every high or low tide
height, Nevertheless, it would be desirable to know the general character=
istics of an approaching storm likely to.cause a ‘surge of more than a foot, and
then, if possible, to forecast the estimated length and maximum height of the -
surge. Unfortunately comparisons between the predicted tide and the actual .
tide have only been made in a limited number of cases, and it was 1mpractlca1
to go through hourly records to find more surges. The best data was available
from Victoria and Clayoquot for the latter part of 1952 and all of 1954, Some.
additional data was available from 1956 and 1959,

The orlglnal eight surges choseng with the apparent maximum helght
and time at Tofino were: . :

to 21:56 PST low water

December 6, 1952 1.8 f

December 30, 1952 " 3.3 fto 52835 " v
February 12, 1954 1.5 fto 21336 - high water
February 17, 1954 1.7 £, 12:14 v v
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March 9, 1954 1.5 %o 9:46 PST low water
November 15, 1954 1.1 £, 22:32 " "
November 19, 1954 1.9 ft, 01526 . " v
December 23, 1954 1.2 ft, 10:50 hlgh water-

: -The path of the -low centre with the pressure of the 1owest
1sobar was noted, as were the extreme 1limits of the paths. It was observed
that all approached from the west, : : . ~ - ‘

Four additional surges were then ehoseﬁ from 1956 and 1959,
‘These were: . : o .

_ January 15, 1956 pt. 20511 PST  low water

Lo e (18) - (1 5 £, ) (2:32).- . . (high water)
S March 2, 1956 . 1.4 ft. ,22:08 . .. . low water .
January 12, 1959 1.5 fto  © 2:40 - . “high water -
- March 29, 1959 1.1 ft. 22307 low water

The first observatlon was that the paths of these lows fell‘w1th1n the

same range as the previous eight. This path was plotted on a chart (figo- 8)
and the extreme range of the low centre. position at the. time of the maximum -
surge was also noted, A line representing the average position of the low
centre at the time of the surge, 6, 12; 18 and 24 hours before was added;
and the average pressure of the 1owest plotted ‘isobar when the low crossed
that line (irrespective of whether it was on time or not) was .calculated, . -
The average surge height was 1,63 feet at Tof1n0°-l 47 1f the extreme

surge of 3o 3 feet is not 1ncluded° T -

From thls chart and the 1nd1v1dual records. it may be concluded
that storm surges are generally caused.by intense low pressure disturbances
approaching the lower B.C. coast from the west to southwest at an average
speed of 25 to 30 kt. The systems tend to deepen slightly until they cause
a maximum surge at Tofino, and then fill over Vancouver Island or move north
to the Queen Charlottes. ‘It is to be noted that the extreme. limits are not

"intended to include the system after -the time of the surge maximum -or
before 1t reaches the 24 hour llneo

3035 . Other Lows

It was reallzed that these lows would probably not be the
only ones to. appear within the outlined area.: Therefore the records for
the entire year of 1954 were .studied to determine when these other cases.
occurred and why they did not cduse appreciable surges. A total of 35
-individual cases were examined in addition to those dealt with above.

In seven cases the low entered the area.from the west but
moved north to the Gulf of Alaska in the vicinity of the 18 line., Two
more headed south after reaching the 18 line. Two got as far as the 12
. line before heading north. One of these was dssociated with a minor surge
‘of 1.1 ft. (high water only) at Tofino. It should be noted that the surge
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of November 19, 1954, followed a somewhat similar path, not quite reaching the
6 line before headlng north,

Ten lows moved 1n from the west and gradually faded out as they
approached the coast. Most varied in pressure from 996 to 1020 mb, Three
deeper ones of the ten had only a brief existence in as far as about the 18
line and appeared to be associated with more intense disturbances farther out -
to sea.

In 6 cases, one of 14 days in extent, weak and indistinct lows
were present in the vicinity of Vancouver Island.

Five lows, averaging about 996 mb., came in along the path
expected to cause a surge, but there was no rise of as high as one foot, at
least at a high or low tide, Four came in during the summer at about the
correct speed; the other occurred in October and took 3 days to come in from
the 24 hour line. '

B ‘ The remaining three could have been classed as surgeso‘ They -
were, February 19, 1.1 feet; October 19, 1.4 feet; and December 6, 1.5 feeto -
The duration of these surges was short, however, and not partlcularly large
at other statlons° .

3.4 Surge Characteristics

In those major cases considered, -the level of the sea was.
raised noticeably above the predicted level for a period of at least two or
three high and low tides. In the majority of  the cases the maximum reached -
¥ancouv§r 4 to 6 hours after Tofino and was half a foot or more hlghero

flgo S : - ' :

S ‘The magnltude of the surge appears to be related to the depth
of +the low, Statlstlcally the relatlonshlp is closer to 0. 0566 feet per mb,
than the static 0,0355 fest per mb.; as mentloned above. P .

The time the low spends near the coast and its approach speed
seem to have more of an effect on the duration than on the magnitude of the
surge at Tofino,

: A check on the wind records from Estevan Point, Pachera Point,
and Spring Island reveals qualitatively that the height of surges caused by
lows of similar pressure is dependent on the wind velocity. It is more
probable that the surge is related to areal than local wind stress, but an
analysis based on gradient or geostrophlc wind is unreliable because of lack
of data from the Pa01flc Ocean. :
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3050 . , Determihatioh of ‘Surge Height

It had orlglnally been hoped that an estimate of the helght of
the surge,,a% "least at Tofino, could be determined. from meteorologlcal para=
meters other than those of: the monthly ‘mean formula, - This:proved to .be.
completely unsatlsfactory° The major attempt involved the setting up of &
grid and' determining the surface pressure at the various points, on the chart
_the reference tune of whlch lay between 3 and 6 hours before the surge.max1muma
No ‘single pressure or pressure dlfference showed a s1gn1f1cant correlatlon
to the helght of the surge, though most showed varylng degrees of blaso_

There are several p0351b1eureasons for the fallure of this
aspect of the investigation. The surge would not necessarily occur simul=
taneously with a high or low tide, Therefore both its time and height of
occurrends ‘would be out. Data yere;obtainedmwithin a ‘rarge of . time before
the apparent maximum, rather than at a fixed time. Furthermore data-are:
sparse in most regions of the Pacific Ocean, Most important, a disturbance
of the complexity of such an interaction between the atmosphere and the sea
may be too complex torbe 31mply forecast W1th complete accuracyo :
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AVERAGE MONTHLY SFA LEVEL, PRESSURE, AND WIND,

Alert Bay Prince Rupert Tof ino Vancouver Victoria
January 9.79 fte 12,81 ft. 7.49 ft.  8.21 ft. 6.46 fto
10126 mb.  101l.2 mbe  1014,4 mb. 1017,0 mb., 1016.5 mb.
- ' 20,30 mph.
February 9,69 12,72 7034 8.17 6.40
© 1013.3 1011.0 1014.7 1016.5 1016,2
. | 9.95
March 9.48 12.50 7.08 7,98 6422
10132 1010,8 1014,1 1015,.3 1015,0
7.24
April 9.25 12,35 6.84 777 5,97
1015.8 - 1014.2 1017.1 1017.3 1017.3
, 1.83
May 9.16 To12,31 6,74 7.84 5.95
1017.2 1016,5 1017.4 1016.6 10169
‘ | 0.23
June 9.16 12,36 6072 7,92 5.96
1016.7 1016,.6 1017.8 1016,7 1016.8
| | 1,71
July 9.08 12.26 6,70 7,95 5,96
| 1018.6 1018.4 1018.5 1017,.4 1017.6
3,28
Mugust 9,14 12.28 6,77 7490 5498
1017,5 ~ 1017.0 . 1017.7- 1016.8 1017,0
2,51 »
September 9.20 12.36 6487 - 7,88 6.01
. 1016.6 1015.5 1016.9 1016.8 1016,9
. | =054
October 9037 12.66 : 7.06 7,93 6,07
1014,7 1011.1 1015.6 1016,7- 1016.5
3,76
November 9,57 . 12,82 7,19 8,06 6.21
1014 3 1010.8 1015,3 1017.5 1017.1
A 11,38
December 9.79 12,97 7,46 8.28 6,48
- 1012.8 1008, 7 1014.0 1016.3 1015.9
: 18,28
9.39 ft., 12,53 ft. 7,01 fto  7.99 fto 6014 fto
1015,3 mbo  1013.5 mb, 1014.4 mb. 1016,7 mby  1016.6 mbe

6,66 mph.,
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