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& SUMMARY

. The effects of atmosphéric pressure, wind,
currents, and water density on sea level at Sydney
have been examined, It was found that an iRerease
in atmospheric pressure tends to decrease sea level,
the change in sea level being greater than would be
expected if the total pressure on the sea bed remailned
constant, -Jacobs' (1939) explanation for a similar
effect on the California coast is believad to apply
also at Sydney, = This is supported. by the existence
of a correlation-between sesz level at Sydnéy and at-
mospheric pressure gradient normal to the coast.

“ It was found that changes i1 ‘water density in
the upper 50 metres a few miles off the coast were
too small to-have an appreciasble effect on sea level.
The available data from stations beyond the edge of
the continental shelf were too meagre to establish a
definite connection between sea level and the density
of the upper 600 metres. - .

Tables giving some details ‘of tide stations on
the New South Wales coast, and the differences in
observed sea level (relative to the local datum)
between each station and Fort Denispn, are included
85 an Appendix,- R

B T

In citing this report, abbreviate as follows:

C.S.,I.R.0. Aust. Div. Fish, Oceanogr. Rep. No. 9,
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MEAN SEA LEVEL VARIATION

ON THE COAST ‘OF NEW SOUTH WALES

B&‘B. V. Hamon
I. INTRODUCTION -

* "Méan sea level is obtained by averaging the Qbsefved1
tide 'heights in a given period, so as to reduce tidal com-

 ponents of astronomic origin as much as possible, . The
- most usual averaging period is one month, and extensive

tables of monthly mean sea levels have been published (UGGI’

1940, 1950)., In general, the monthly means show.a marked

seasonal effect. = On the east Australian coast, for example,
sea level is highést in May and lowest. in November, the
range being about six inches. Celeariare e Pl

The causes of non-astronomic variations in sea level.
depend on the time scale. ' Thus secular trends in annual
mean sea levels, when established over centuries or at least

- many decades, are probably of geological origin. - At the .-

other extreme are storm. surges, which may be of only a few
hours' “duration ‘and aré caused by the.strong winds.that -+
accompany intense ‘atmospheric depressions. -Neither long-. .

“term trends nor storm surges will beé considered further in

this report, which is mainly concerned with variations be-
tween these extremes of the time scale, S e

Although annual and semi-anniual tidal components of . . :
astronomic origin are recognized theoretically, it is gen-
erally agreed that their amplitudes are negligible, especially
in mid latitudes (see e.g., Pattullo et al. 1955). The
observed changes 1n monthly mean sea level must therefore
have other causes, - Previous investigators have found ‘that
the observed changes can be accounted for fairly well by
variations in atmospheric pressure, and in the density of .
the upper layers of the ocean. .The relation between sea
level, atmospheric pressure and water density appears to be-
such that the total mean pressure at any fixed point on the
bottom in sufficiently deep water remains constant, .- Thus
sea level rises when the barometer falls, the ratio- of. .
corresponding changes (the "barometer factor") being equal
to the ratio of the densities of mercury and sea water (13.2).
Sea level also rises when the mean density of a vertical
column of sea water decreases.

Pattullo et _al. (1955) examined the variations of
monthly mean sea level on g global scale; and found that
general agreement between observed sea level and the sum of
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the density and atmospheric pressure effects was widespread.

They suggested the term "steric sea level" for the sea level

computed from the density (or specific volume), and that con- ‘
ditions be referred to as "isostatic" when .the total pressure,

due to ocean and atmosphere, at a point on the deep sea floor

does not change with time, These convenient terms will be

adopted in the following discussion. Variations in steric

sea level are very closely equal to variations in dynamic

height, when both are calculated from the same reference level,

If isostatic conditions can be estoblished as normal for
a particular region, one should be able to obtain the mean
density of the upper layers of the sea near the coast from
observations of sga level and atmospheric pressure. The mean
densities obtained in this way should be of value in supple-
menting the information obtained by the mnre usual methods,
especially when hydrographic cruises can be made only at
infrequent intervals. The investigation reported here was
carried out with this end in view. Pattullo et_al. (1955)
included south-east Australia in their global survey, but
considered only the average conditions over many years.

i

‘Since there is appreciable variation from year to year, it

appeared worthwhile to investigate the validity of the iso-
static condition in more detail, using values of sea level,
steric level and atmospheric pressure thet apply to identical
periods, ; o ' :

In the following sections, the tidal records from three
different tide gauges in the Sydney area have been used.
These gauges are at Camp Cove and Fort Denison (both in Port
Jackson) and at Cronulla (Port Hacking). The standard
deviations of the differences between corresponding monthly
means at the three stations are small compared to seasonal
changes in monthly mean sea level, so that the records from
any of the three gauges may be used to study changes in mean
sea level at Sydney. (See Appendix, Table II).

The monthly mean sea levels have been computed as either
the mean of three-hourly heights (Port Hacking), or the mean >
of high and low waters (ell other ports). Investigations
have shown that the differen:t methods of calculation are of
no consequence, since shallow water tidal effects are
negligible at the ports considered,

¢éz od
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II. THE FFFECT OF ATMOSPHERIC PRESSURE
ON SEA -LEVEL . “fwf-?i e

... Many studies of the effectJOf atmdspheric:preSSure on _
sea level have been reported. . Close (1918)‘reViéwed‘earlier
work, and gave a number of new determinations of. the "boro- -

-meter factor" relating sea level to .atmospheric pressure.

In géneral, he found good agreement with the valtie-of 13,27

to be expected from the isostatic hypothesis. . Nomitsu =

~ and Okamoto -(1927) found that approximately 25 per cent. of
the variations in sea level at Japanese tide stations could.

be explained by means of atmospheric pressure changes, @ ' -

using the factor 13,2, The remaining 75 per cent. was due -

to changes in water density. Rouch (1944), analysing data
collected in the Antarctic in 1908-10, found excellent

.:agreement with the expected barometer factor, especially
.- ‘when differences from the previous day's value were taken
.- for both pressure and seas level. This l:ttcr procedure’ '

tends to- eliminate slow changes in water density.

| f‘mThéfdepéhdénce of séa level on atmospheric pressure at

?Sydney:has been investigated in two ways. =~ In the first;

corresponding daily values of mean sea level and atmospheric:
pressure were plotted against one another, -and the points
Jolned consecutively by straight lines. A number of short
periods, in which marked changes of fatmospheric pressure
ocecurred, were.chosen from the records for the years 1054=" "~
56.... It was considered that: this method of plotting should .
reduce the .effects of slow changes in density. “In generaly’
the graphs showed -a decrease in sea level with increase in' -
atmospheric-pressure, -the ratio being in reasonable agree- -
ment with the expected barometer factor of 13.2; -"There =
were- however a few anomalies, and a suggestion that sea -~ .
level changes sometimes lag behind the corresponding -pressure
changes by about one or two days. A more detailed analysis
would be necessary to confirm the existence of this lag."

The daily sea levels used for this. investigation were the
means of eight tide heights at three-hourly intervals, and ™"
consequently contain appreciable astronomic components.

The second method of investigating the effect of pressure
on sea level was by using monthly means instead of daily
means.  Heasonal effects were reduced in this case by plotting
all the: values:for a particular mohth in one diagram. The = ...
effects of relatively long-term changes in annual rnean sea’ =
level were allowed for by subtracting the appropriate five-
year running mean agnnual. sea level from each monthly mean,
although these long-term changes are relatively small. .

Figures 1 and 2 show the results in the form of scatter
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diamgrams for.the months .of January, April,-July, and October,
for the years 1899-1951. " In all .cases there is evidence that
sea- level increases with decreasing atmospheric pressure. In
both January and April, however, the barometer factor appears
to be significantly greater than the expected value of 13.2.
Similar results were obtained by .Jacobs (1939) for sea lével

on the.Californian coast. Jacobs suggested that "the départ-
ures in atmospheric pressure represent widespread meteorological
changes which, themselves, serve to alter the dynamiec picture
of the ocean," On this view, the”connection between pressure
and sea level is at least partly an indirect.one. . "Jacobs
showed that, particularly in spring and summer, low values of
monthly mean sea level occurred wheh the articyclone over the
North Pacific was best 'developed, or ‘was displaced towards ‘-
the coast., The sign of the change in mean sea level was. =
consistent with the effects to.be expecteéed from the geostrophic
winds-associated with the anticyclone. ..It. seems: probable from
Jacobs! work. thatithe :change in sea levelifor—a-given'thangé in
pressure can be- regarded as made up of two parts. . The first
part is the direct barometric effect, given by the barometer
factor.of 13,2, and the second part is really a "current-effect"
(Section, III (b)) due to winds that-are correlated with the .
pressure change, . This point will be discussed more fully:
in'Sgction III (e). - S ' SR

" A barometer factor significantly greater than 13.2. has. :
been found for daily values of mean sea level and atmospheric
pressure at Fremantle, Western Australia (Bennett. 1939), and-
at other Western Australian ports (Bennett,: private comm= =
unication), . The daily levels and pressures.for Fremantle -
~ for the month of August 1933 show an exceptionally close

correlation, with a barometer factor of 22: . Jacobs' ex- " ¢
planation cannot apply in this case, since there would not
be time to establish the necessary currents, and in any case
the mechanism suggested could not be expected to result in: -
such a close correlation even under the best circumstances.
The factor 22 does not appear to apply at all times at '
Fremantle, and further investigation is desirable, :

III. THE_EFFECTS OF WIND AND CURRENT
oo ON SBEA TEVEL. . ' : ‘
Wind can affect sea level in two different ways. Palmen

(quoted by Jacobs 1939), refers to these two effects as. :
"Windstau" (wind Setuupi and "Stromeffekt," -(current-effect).

€52 o0d

(a) Wind Set-up

Wind setZup can be considered as a piling-up of water
against the shore by a wind that blows normal to the .coastline.
An on-shore wind causes a rise in sea level, while an offshore
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Fig. 1. Monthly mean atmospheric pressure at Sydney plotted
against the difference between monthly mean sea
level and the 5 year rumning mean annual sea level,
for all months of January (upper) and April (lower)
in the period 1899-1951. The dashed lines have a
slope corresponding to 13.2 inches of sea level per
inch of atmospheric pregsure.
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inch of atmospheric pressure.
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wind causes a fall in level.

. The magnitude of the effect, for a given wind, depends
on the depth of water, being greater for shallow water.
This effect has been extensively studied in shallow seas
(e.g. the Baltic Sea) and in inland lakes, and has been
used to obtain values of the stress exerted by the wind on
the surface of the water, . To:the writer's knowledge
appreciableé wind set-up has not been reported for por%s on
the open coast of continents. where:the continental shelf
lsirelatively narrow. - Jacobs:(1939)  could find no cor- .
relation between sea level on the Californian coast and
the local winds, and Nomitsu -and Okamoto (1927) did not
find an effect due to wind on the Pacific coast of Japan.

uiThé:order of magnitude of the Wind set-up to'be "
expected - on . the east Australian coast can be calculated
from the following formula (Proudman l953,'p,143).e

s

- . st 2 ~ R . = \
Ua

where g.ls the-acceleration due to gravityy h the depth of
water, Uy ‘theé wind speed and & ‘tHé slopé of the water
surface ?n“thé‘direction‘of'thefwinda Taking U, = 15 m/sec
(approx.: -30-mi'p.h, ‘or Bedufort force 6), h = 150 metres
(approximate average depth over the continental -shelf),
and taking the greater value‘of the two limitsigiven-above,
one findS{} BRI A T I
!

_éw?

Taking the"width of ‘the continental shelf as 20 miles,
and assuming no disturbance in level at the' outer edge of
the shelf due to the wind, the change in level on the coast
would be 0.9 inch, While strong on-shore or off-shore -
winds may produce detectable short-term variations in sea
level, the effect on monthly means should be much less
than one inch, and can be neglected, -

AP

fov 8in

(b) Current-effect

The term "current-effect" refers to changes in sea
level that accompany currents parallel to the coast, due
to the action of Corlolis forces. These changes in sea
level can be related to the wind only to the extent that
the wind 1s considered to cause the currents. Whereas
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wind set-up is due to winds normal ‘to the cogst, the current-
effect can be expected to depend on winds parallel to the
coasts Iti.should be noted however:that. the currents will
depend-in a complex way on:the wind system over an apprec-;,
lable area;iand. that there i3 no a priori reason to expect

a direct ccnnectlon w1th 1ocal winds° - : »_,g
If steady-state conditlons are. assumed and non—llnear4
terms: in. the equations~of motion are neglected the current-
effeetion: séa level -depends. onlyron the surface water =
veloc1ty and the Ccrlolis fcrce, acccrdlng to the equatlon,

nK/L = 2uJSin @ v/g

where S 315 the change in helght in a dlstance L across
the current,.andw, @, v, and g are respectively the ang-
ular velocity of. the earth, .the latitude, the surface ,
water veloeclty,:and thé acceleratlon of gravity. - ‘In‘'the’
southern hemisphere, sea level increases to the 1eft when
facing in the direction of the current. In the latitude
of Sydney (34°S), the-order of magnitude of the change in
level is 0,02 inches per mlle for a surface current of

1 knot. :

Assuming a relatively narrow current parallel to the
coasty:the above equation gives only.the difference .in sea
level between the coast and the offshore edge of the current
Since the-sea level 'in the open sea cannot be taken: as- "
constant, one.camot expect a direct relation between. cb-
served sea level.at ‘one coastal station and the current: ..
parallel.to the coast. - The position is improved if :sea -
levels at an island on the other side of the current are
also available. In this way Iselin (1940); Vertheim
(1954); and Stommel (1954) have used sea 1evel differences
between Key West and Havana, and between Bermuda and
Charleston, to study variations in the strength of the -
Gulf Stream. - Since total mass transpert is usually.the
guantity of 1nterest an-additional assumption of .pro=. e ﬂ
portionality between mass: transport and surface current :
has to be made 1n these studies. :J_ju;r. CL T e b

The abcve equatlon expresses a bakance between the-
Coriolis force, which is at right angles to the water
velocity, and the component of gravity parallel to the
sea surface. The equation does not hold when other forces
are avallable to: balance the Coriolis forcey: " Thus' the.
familiar "Ekman‘ spiral” type of wind-drift in.the open sea’
does not require a slope of the.-sea surface, ‘since.the .
Coriolis forcé-on an element -of: water is assumed to be
balanced by:the nett frictional force on the: element.,

€5z 0d
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If conditions are isostatic in the deep water near the
coast, then sea level on the coast depends only on the .

'vertical density structure near the coast (neglecting.

atmospheric pressure effects). It follows that changes
in sea level at the coast depend on the current only to
the extent that the current is accompanied by changes in
density structure along its 1nshore edge.

(¢) Correlation between Sea Level at Sydney
and itmospheric Pressure Gradient
Hormal to the Coast

If the explanation suggested by Jacobs (Section I1)

for the lncreased value of the barometer factor is to hold

also for Sydney, there should be a correlation between

sea level at Sydney. and some measure of the atmospheric
pressure system over the Tasman Sea, Of the. pressure. :
data readily available, the monthly mean pressure differ-
ence between Sydney and Lord Howe Island seemed the most
sultable, Figure 3 shows the seca levels (corrected. to an .
atmo'spheric pressure of 30,00 in. Hg.) and the. pressure .
differences for the period 1942-54, and Figure 4 shows the

average values for each month owver the same perlod of years.

It is clear from Figure 4 that there 1s’a close .
agreement in shape and in phase between the two average
curves. . Figure 3 shows further that when either quantlty
varieg only. sllghtly for a period of several months, the
other.. also varies only slightly (e.g., the periods March ~'¢;
194272 Marceh’ 1943, and March 1951 - December 1952),  There
is howeVer apprec1able difference in shape of the: two - s
curves in individual years,.e.g. 1943 and "1944,

Figures 3 and 4 strongly suggest that changes in mean '
sea levels at Sydney are associlated with winds in the

- western part of the Tasman Sea, since:the pressure difference

between Sydney and Lord Howe Island is a measure of the
average geostrophic wind at right angles to the line . join-
ing then, This average wind makes an angle of about 25“
with the direction of the coastline, and it is assumed.
that it is the component parallel to the coast that is™
effective. VVhen the pressure at Sydney is greater :than.
that at Lord Howe Island, the wind component will be from
the south, . This will tranSport surface water towards
the coast, and will result in a field of mass which in
turn will.be associated with a -gradient current in the
direction-of the wind, and also with an increased sea
level on the .coast. The increase in sea level for a
positive dlfference in pressure between Sydney and Lord
Howe Island agrees. w1th observation (Figs. 3 and 4).
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" Detailed agreement between sea level and pressure
difference is -not to be expected since, as already mentioned,
the currént along thé coast may be influenced by winds over
& large area, and there is in any case no unique relation- -
ship between current and ses level. _ : ‘

Pattullo et al. (1955) mention that the effect of wind
on sea level is likely to be larger than the pressure effect,
and of opposite sign. The explanation for the opposite
slgn is presumably as follows. A high mean pressure will,
on the average, correspond to an anticyclone centred at the
station in question. The winds associated with this anti-
cyclone will cause surface water to be displaced towards -
its centre, thereby raising sea level at the station, whereas
the direct pressure effect 1s a lowering of seg level, o
Cases ‘in’ which the ¢ffects of winds and pressure ‘are of the -
same sigh, as on the south~east coast of, Australia-and the
coasti.of-Californid) 'can be explained by @ssuming that * "
pressure systcms tend to reach maximum development when. "
their centres are some distance offshore. A high pressure.
at a coastalistation might then be associated’ with an ‘even
higher pressure st the offshore centre of the pressure
system, = The- direction of the geostrophic winds would be* "
such as to transport surface water away from the coast,.
and lower sea level at the coast. o

“Scatter:diagramsiin which mean‘monthly pressures at 7
Sydney were plotted against pressure differences bétween”
Sydney-and Lord Howe:ISland- for:all months of January and
November 1932~1953, ‘confirmed. that there is:a tendency for
high pressures at Sydney to be‘correlated with'an e¥en
higher pressure at Lord Howe Island, - No similar’correl-
ation was apparent for July. o

R

IV, {THE RELATION BETVEEN MEAN SEA LEVEL =~/
£if et o UAND STERIC SEA LEVEL RN

- Three attempts have been made to relate the’'sbsérved ™ ¥
sea level ‘at Sydney to sterie sea levels, " In €ach case; . .-
the obsérved sea levels have first been cdorrectéd to a ;
fixed atmospheric pressure of 30.00 in. Hg., using & 'baro-
meter. factor of 13,2. . - . = wuenso o R

Son kel
Tl

:’Cé) “PortfHagkiﬁg}Spdtiqq“ingn§ﬁ¥y?M§éﬁﬁru;

This 'statlon s about' 3 “miles offshore, and was ‘dec= * -
upied at intervals of between one and two weeks, - The 'ddata’
used are for the period 1950-54, (C.S.I.R.O.' Aust, 1951(c),
1953(a), 1953(b), ‘1954, 1956). '- The mean density (&4) of the
water column between 5 and 55 metres depth was calculated for
each date, Monthly means were then calculated by averaging

¢62 od
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the values in each calendar month. These monthly means
were converted to_stericisea;levels,byrmgans of the re-
lation (approxinately valid for a column’of water 50 metres
deep).- LT T TR UL AR

~lunlt of &'y = 2 inches chargs in sea level.. - -7

The results are shown in Figure 5, together with the
corresponding corrected sea levéls., It 'is clear from
Figure 5 that the density changes in the upper 50 metres:of
inshore water are toc small to havejapgappgéq;able“efﬁept s
on sea level., This conclusion may be.¢ontrasted with - :. L
those of La Fond-(1939), who found that the density changes .
in the upper 75 metres five miles off La Jolla, California; .
accounted for most of the observed sea level change,, and . .
Doniol~(1956), who found similar“conditions=p£fxDakar:f VRN
(West‘Africa)éﬁf e S

~(b) “Offshore Station - Daily Means

_During the ‘period 1938 - 1955, a station at latitude:

-During the ‘period ati d

34“05!5;Qngitud94151°35'E% (approximatelijQ;milas,easti
n -

of: Sydney; and -just beyond the edge of the ‘continental

nade to.a deépth ‘of 600 metres or more (CvSyI.R.Q.. | -
1951(4),1951(b)).  The steric sea 18vels weit, cal-
culated "for each ‘gtedsion from the 6"t values, by numerical
integration,’ using the formulg -~ - & SRR e

[ ¥

¢

where h is the depth in netres, and. S the steric sea level
referred to an arbitrary zero, . .. ...

'riiél?:'ia;;?::
o) e

[

The corresponding obSéTv@&”Eéé'levélside‘the?part;df S
ular days on which the station was cccupied”were obtained . . ."
from the tidal records for Canp Cove (just inside Port 7.7
Jackson) by Doodson's nethod (Doodson and Varburg 1941,

p.111). The sea levels were corrected to an atmospheric
pressure of 30.00 in. Hg., using the mean of the 9 a.m. and
3 p.m. pressures at Sydney Veather Bureau.

The corrected sea levels so obtained are plotted
against the corresponding steric sea levels in Figure 6.
If the isostatic condition were fulfilled, the points should
be grouped about a straight line with 45° slope., The
scatter of the points in Figure 6 is so great that no
useful conclusion can be drawn as to whether the isostatic
condition is fulfilled or not.
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A number of reasons can be suggestéd for the large
scatter in Figure 6, Probably the most important is that
the steric levels are in effect single observations, which
make no allowance for horizontal variation, or short period
changes in mean density due to internal waves,

(c) Offshore Stations - Monthly Means

Since the variations in monthly mean sea levels at
ports within a few hundred miles north or south of Sydney
are closely correlated (Fig. 7), it should be.satisfactory.
to use all the density observations taken just off the edge
of the continental shelf within the latitude’'limits of say
30°8 to 38°S, to calculate steric sea levels. Such cal-
culations have been made for all cases'in which two or more
stations were occupiéd in one month., A comparison of the
mean steric sea levels in the latitude ranges 30-32°S,
32-36°8, and 36-38°8, indicated that the steric sea level
decreases with increase in latitude at a mean rate of
0.065 ft. per degree of latitude. A correction to a stand-
ard latitude of 34°S was made ‘dn this VPasis. Thé sterlc
levels within-each month weré then averaged, and thé averages.
plotted against the mean sea-lével "at’Fort Denison for the
same monthycorrécted to a pressure of 30.00 in, Hg. (Fig. 8)..

The station mumbérs, datés, and mean sea levels are given

in Table l.'- Unfortunately, the’ different seasons are not.. . ..

uniformly represented, ‘8ince only twp valies fall in the... 3
period February to July, compared-with sixteen in the period
August to January. The results must again be regarded
as inconc}usiyg. O T T e
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Fig. 6. Daily mean sea level at Camp Cove plotted
against steric sea level 20 miles east of
Sydney, for 26 days in the period 1938-1955.
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Fig., 7. Monthly mean sea levels at three ports on the New Soufh Wales coast
for the period 1951-1956,
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Fig. 8. Monthly mean steric sea levels off the New South

Wales coast plotted against the corresponding
monthly mean sea levels at Fort Denison, corrected

to an atmospheric pressure of 30,00 in. Hg. The
length of the verticel line through each point is
twice the standard error of the particular mean
steric sea level, This standard error was calculated
from a pooled estimate of the standard deviation of
an individusl steric sea level (0.36 £t), and the
number of stations in each month. :
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MONTHLY SThnIC AND OBSEnVED SEA _LEVELS

Statlon number and
dqy of“month”
(1n brackets)

- --Mean

Sﬁgzip

~TGea
.T“Level
- (ft) i -

“Mean
Observed*

Sea .
 Level.. -
(f1)

1939

o Finesi DEQ)

A b e

1942

Cas Aug“
N Sept.

v
1Aug.
194,1__

o o NoVe 178
Dec.

July

Jano :

Jdan, . L{

Jan,_m

§:39(§3), 41(26),

48(ll), 49(12),
52(13)

163(2), 85(11)

= (1%L8§9 <1é)

96(12), 102(14),

" 104015), .106017) |

1(5),(3§§23J3 41(25)

1é4(1) 127(3), 129
(3), 132(R), 138
(163, 140029y

- 142(30), 144(31) |

200(16)
205(4) 212(25)
214(3) 215(5),
21716), 221(16)
223(2), 224(4)
“22716), 256(26)

203(18) o

S 266(13, 302(15)a‘

309(23)
346(26)9 349(27) '
2(9)9 g(ll), 7(14), .

}.67(3), 73(5), 79(6),
175 8al8)

93(12),
~100(20),

20(8),
11)-

 95(12])
: 106(21

0,67

-~

(:f l 18:}‘.;-,‘-':. ;
WU “_5'6:-“_:‘ E

| 1.;afT'

095 |
' Oo 56 S .‘.

0.79 |

1 14

0.67 |

2,47

0. 45;:§;w_ﬁ_._

2.38 '

v 2-18

2,24
2,32
2,44

of 30.00 in, Hg.

*Corrected to an atmospheric pressure
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 APPENDIX
 TABLE I

TIDAL RECORDS FOh N S M.

Location | Dates Halntaining gggn? Néﬁeé
e — AUthorlty Level
Fort Since 1897 | Maritime ServL H
Denison : - ices Board
X OfNoS .an’n ' . M
Camp Cove | Since | v . H '|Some months
(Port July 1942 ' ©{ .incomplete
Jackson) H 3 AU S | ;
Coff's Since © ' |Public Works | H '|Gauge faulty
Harbour Aug, 1951 | Dept. - | 1 4n 1955 and
v b Y. | Bridge St., o] 1956
| Sydney o
Newcastle -Slnce : - s
: Jan. 1928 | n " H |Influenced by
_ i - : river discharge
Eden ' AFeb; {aNdV§ “h " “H {Unreliable
+ 1954 ' .7 during 1954
A“r. 1955 f ) ,. 'r“l S !“1
'u-Mar. 1956 BRSNS S .
Ballina 1928~l939 1" Y 3ol H |Influenced by
‘ _ RS rive; discharge
Yamba - . 1908- 1937 f t a?**”?;ﬁ. o "
Port ““l'since | Division of', T |cauge. re=sited

Hacking..| Jan, 19425 Fisheries & '~ in August 1956
gl : | . Ceceanography @ oo
i CS(IBOoa;'
:{ . Cronulla .~
* H : Mean half tide 1eve1, obtained by addlng the
helghts of all high and low waters and ‘taking
an average. ' : CL e
T ¢ Mean of three hourly heights throughout eachr
- month, Weekly means are-also available.
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GAUGES ON_THE N.S,W, COAST

Wl @t [ @ | » (6)
) | Number |- Mean ‘Standard|Standard

--LO-CBLA'[:?:i.OI’J.: . Period. - of "Differd Error | Deviat-

 Analysed .. wonths | enée id of the |ion of
(n) of ~-Height'}Mean —}Differ-
L (£t) {.. (ft) jences

Campf_ =Jaﬁ@5l-Dec.52¢p 247 ”20,44 : fQjol' 0.04 .
Cove S NIRRT S

Port~ | v . m 24 ““iiid;éaw'i?b;OIggzﬂjk
Hackingl. .:.. - - ﬂ;;j“fg?j;“ o

Lil .

Coff's |Feb.52-Mar,.53 14 - 0.39 | 0,03 | 0.10
Harbour|. _ 2% RO DRI b RAT

" Aug ° 53_-@80 .54 16 i _,\.0.13 Cen ,‘_‘6,..:'62*-_“: . ‘.Or" 10
et |Aug.Sl-Tec.54) 41 110,23 | 70,03} 0,17
Eden - M&I‘ 2 55;}_]\’18.'.;['.-_5’6“ e . 13‘ N ,..--.;:.'.b,‘.’g_l.,i‘.{: ;“___é"’_._eg"_;.:.: .‘_"‘..B'.i. ‘lo

LRI

Column (4) of Table II-gives-the mean ot (AGHLHLY mean

sea level at gauge in column (1)) - (corresponding monthly
mean-sea’level at Ft. Denison), foi the periods.shown in
Column: (2)<7<" Column. (6) gives tlhe standard deviations (s)
of the differences--between -corresponding monthly means

for the same periods. Column (5) gives the standard

" errorigf-‘the means given in column (4), ¢alculated &s

s/~/f, where n is-the numbér of months.

The large'differerice between the neans for Coff's.Harbour
for the two-periods Feb. 1952<March 1953 and Aug, 1953-
Dec. 1954 suggests the possibility of an error in the .
records during oﬁeTOT_ﬁhese¢périqd$;“or}Of an alteration

in the datudi-between March and August 1953. =
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