Sea Level Fluctuations in Térshavn,

Preliminary Results
Bogi Hansen.

Introduction

The fluctuations of sea level and currents at the Faroe Islands
make quite an interesting subject. The position of the Islands,
far from the continents, close to a supposed amphidromy and
in one of the key areas with respect to the overflow of cold
bottom water from the Norwegian and Greenland seas into
the Atlantic indicate the theoretical importance, while the very
strong tidal currents on the Faroese plateau make obvious the
practical importance. However to the authors knowledge very
little has been published on the subject, the highlight being a
paper by Adam Poulsen dating back to 1906. He analyzed the
tide in Térshavn and his results are reproduced in table I.

The present study concerns itself with tide gauge measure-
ments made in Térshavn for the most part of 1973. As the
work is still in progress, only preliminary results will be dis-
cussed. These include a tabulation of Harmonic constants and
some investigations into the influence of atmospheric pressure
on the sea level.

Data

The sea level registrations analyzed in this paper cover the
period: Jan 1.st 1973 0000 GMT to Oct 19th 1973 2345 GMT
sampled at 15 minutes interval. The tide gauge was situated in
the harbor of Térshavn and was owned and supervised by the
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Nautical Department of the Danish Meteorological Institute
(DMI). The gauge digitized the measured values and stored
them on papertapes, which were changed each month by the
Harbor master of Térshavn. Edited data were supplied to the
author by the DMI.

The air pressure data also were supplied by the DMI, they
had been recorded at the Meteorological station of Térshavn
approximately 2 km’s distant from the gauge and had a samp-
ling time interval of 3 hours.

Parts of the analysis require that there be no gaps in the
time series. In the sea level series there were two consecutive
registrations missing out of a total of about 30.000. The values
of these were interpolated and filled in. The meteorological
series was much less complete, as about 2 %/o of the registrations
were missing, rather evenly distributed in the period. These
values also were interpolated and inserted at those parts of the
analysis where it was necessary. It is not felt that these mani-
pulations could have any influence on the results presented.

Methods of analysis
We shall assume the sea level h to vary in time according
to the equation

h(k) = ‘Z‘ ci-cos(2-n-fi-}:-At 2 wi) K hP(}:) + hR

) (0

/\t being the sampling time interval and h(k) the height of sea
level at the time k - /\t. The first term on the right is the har-
monic part containing the astronomical frequencies f, . h = is
the sea level height due to air pressure and h, is the rest, which
we may here consider as noise.

Various methods exist for extracting the parameters f,, c,
@, from a tidal series. The method mainly employed in this
work is rather unconventional, firstly as it used the Power
Density Spectrum (PDS) — thereby making no assumptions
as to what frequencies are present — and secondly because the
PDS is estimated by the Maximum Entropy Method (MEM)
rather than by the traditional use of either the Fast Fourier
Transform or the Autocorrelation function.
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The MEM has been used previously in other branches of
Geophysics by a number of authors (ref. 2,3) and has been
used by Arne Nielsen to identify eigenmodes of the Baltic.
(ref. 4). No detailed description of the method will be given
here; interested readers are referred to the papers by Burg,
Lacoss, Ulrych and Andersen (refs. 5 to 10). Suffice it to
mention that the PDS may be calculated from a set of filter

coefficients 21, 2, - -+, a, by the formula
P At
o AN oo L
P(f) = = B s = o (2)
11 - X a - exp(-2.m+i-k*At-£)1° 4
k

The filter is a »Prediction« filter designed to fulfill the equation

h(k) = ai-h(k—l) S O am'h(k~m) Py (3)

minimizing the power P_ of the noise series r, . Methods for
calculating a,,..., a, and P_ from a given time series were
constructed by Burg. The specific algorithm employed in this
study is the one given by Andersen (ref. 10); it has been pro-
grammed in FORTRAN and run on the UNIVAC 1110 com-
puter of the University of Copenhagen. The number of filter
coefficients is optional, resolution increasing with m, however
experience requires m to be less than one half (preferably one
third) of the number of data values analyzed.

Filter coefficients and power of noise having been computed,
P(f) may be evaluated and plotted for any wanted frequency f
in the Nyquist interval, and harmonic constituents- that is
periodic components — will show up as peaks in the spectrum.
In this way one may determine the significant frequencies f
of eq. (1). To determine the amplitudes ¢, consider that the
power P, of an harmonic with amplitude c; is

fi+Af
i %CAZ = \ P(£)-as )
fi—Af

(Actually there is an additional factor of 2 as both positive and
negative frequencies are used. It will be omitted in the formulae
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Fig. 2. MEM-spectrum of Sea level fluctuations Térshavn. Vertical scale
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cited). Hence ¢, can be calculated from the area under the
peak. The width Af is ambiguous, but for an harmonic disting-
uishable from the noise, the peak is so narrow and pronounced
that this makes no problem as long as it is clearly separated
from other peaks. In practise it is not very feasible determining
the integral by numerical quadrature, rather one may employ
the fact, mentioned by Burg (ref. 6) that a significant peak at
a frequency f, will have a definite shape given by the formula

P(£;)

e et L (
1+ (£-£.)%/ 6"

o
~

Integration then yields

ciz = meP(f;)06 (6)

[STTEN

which permits ¢, to be determined from f; P(f) and . Compu-
tational methods which, from a given set of filter coefficients,
find the f’s by binary search, evaluate P(f,) and determine 0
by fitting the peak to equation (5) have been developed and
programmed to the computer; details will be given elsewhere
In common with the Autocorrelation function the filter
coefficients contain no information on the phase of harmonic
constituents of the series. The ¢,’s of eq(l) may however be
found using the MEM in the following way. Assume the f.’s
and ¢, ’s to be known, then construct the two new time series

hl(k) gos(Z'n'fi‘Ar'h)
}= h(k) - £ Cl{ X (7)

hz(k) sin(?-n-fi'At'k)

B

By analyzing these two series as described above, one gets
peaks in the PDS at the same frequencies as for the original
series h and the ratios of the new amplitudes to the ¢.’s will
yield the ¢,’s.

The MEM is very demanding both in computing time and
in storage and the demand increases with length of data series
and length of filter. Therefore even on a large computer like
the one used, it may be necessary to split the data series into
separate parts for analysis. If the series is to be split into n
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TABLE I Harmonic constants of Térshavn according to Adam Poulsen (1906)
GR.P.LAG means Greenwich Phase Lag.

SYMRBT = - ¢ 2 & !
SYMBOL 01 ‘Pi Kl '2!1.)2 !.2 !’2‘. Sy X, "

AMPLIT. e (e R R T T [y e L 0490 2238 cm
GR.P.LAG 53 143 142 917 -168 -159 -142 -~149 72 deg.

TABLE II Results of analysis of a constructed
test time series consisting of 9 harmonics and

white noise of power 9 cm

Values used‘in con- \/’alues_found by ana-
struction lysis with MEM

Frequency | Amplitude Frequency | Amplitude
i cm /B cm
«0.0 100 3+ 00 .00101 Zee 916
LU 3010 3400 .00294 AP
.01000 3,00 00995 Al
.03840 4.00 i3 BT 3.88
.04160 12 508 .04162 .87
.08050 il 00 .08045 i 1 PY
AoLe el 20 8500 .08343 2482
.16080 3.00 16087 2. 80
.24080 8«00 .24092 2.9

parts, this may be done taking the data values modulo n thus
obtaining n samples of the time series with sampling intervals

n- /\t and phase shifted.

As the MEM to the authors knowledge, has not been used
previously in a quantitative study of the Astronomic tides it
may be reasonable to demonstrate its capability in this respect.
A test series was constructed of the form
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AU i e b

5 (8)
with known values for ¢, f, and ¢,. Nine harmonics were
used with frequencies usually found in tidal series. The known
values for amplitude, frequency and phase are listed in columns
1 and 2 of table II. r, was a generated random series — white
noise — which in this case had a power of 9. The series had a
length corresponding to 112 days of quarter hourly sampling.
After construction the timeseries was digitized to integer values
to compare as closely as possible to the actual sea level series.
The series was then split modulo 4 and one of the parts was
analyzed by the methods described. The MEM spectrum of this
testdata is shown in fig. 1. The nine harmonics are clearly
distinguishable on the figure and the values of frequency and
amplitude determined by analysis are listed in columns 3 and
4 of table II to be compared to the previous two columns.

Results

Harmonic constants The sea level data were analyzed by the
methods listed in the previous part. Fig. 2 shows the MEM
spectrum in the total Nyquist range while figs. 3 and 4 show
parts of it enlarged. It was necessary to split the series modulo
12. for each of the resulting 12 series f,, ¢, and ¢, were deter-
mined for the distinguishable peaks. 28 harmonic constituents
were found unambiguously and for each of these the 12 sepa-
rate estimates (or less when unanalysable) were used to find
mean values and standard deviations of frequency, amplitude
and phase. The results are listed in table III. The split series
had a sampling interval of 3 hours, which caused some of the
peaks to be »aliased« (ref. 11). The »corrected« frequencies of
these peaks are listed in the table.

According to Doodson the astronomical tide H at any given
time t may be written (neglecting nodal modulation)

H(t) = X Hi-cos(vi(t) - gL) =% Hi-m:rs(;'n'f i M T ) (9)

ol (o5} =
i C 1

where the V ’s are linear combinations of six astronomical ele-
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Fig. 3. MEM-spectrum and integrated spectrum of sea level fluctuations
Térshavn in the semidiurnal range. Vertical scale linear. Symbols of identi-
fied peaks listed. Some of the peaks are »aliased«.
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ments 7,s,h,p,N,p’ involved in the motions of the Earth and
Moon in their orbits. As the elements vary almost linearly in
time the (almost) constant frequencies f; emerge, giving rise
to the harmonic constituents of the tide. The harmonic con-
stants H, and g, (amplitude and Greenwich phase lag) must
be determined empirically and separately for each place, while
the f, may be calculated theoretically to a very high precision.

The most significant constituents have been given symbols
and the identification of the harmonics found in the tide of
Térshavn is in almost all cases quite straight-forward by com-
paring observed frequencies to theoretical ones. Symbols and
theoretical frequencies are listed in the last two columns of
table ITI for those constituents identified. The phase constants
of table III are relative to the time origin of the data series.
For this origin one may, using the formulas cited in ref. 12,
determine the values of the astronomic elements measured at
Greenwich and from these evaluate the Greenwich Phase lags
g, of formula (9). Furthermore the amplitudes and phase lags
of constituents may be corrected for nodal modulation, that is
for the interference of smaller, unanalysable, constituents lying
close in frequency (ref. 11 and 12).

Table IV lists amplitudes and Greenwich Phase lags for the
identified constituents corrected for nodal modulation along
with global characteristica. The last column of table IV lists
the local time lags. The Equilibrium theory would require
these lags to be zero.

A thorough discussion on the lags and on the relative strength
of the various constituents will be given in a separate paper,
but some salient features may be touched upon here.

When corrected for nodal modulation M, is not the largest
constituent, but rather 0, which is remarkable especially in
view of the marked semidiurnal dominance in the currents.
In a series of current measurements performed by the author
in the summer of 1974 at a position only about 1 km distant
from the tide gauge, a preliminary analysis of the current gave
an amplitude for M, nearly 12 times larger than that of O,
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Fig. 4. MEM-spectrum and integrated spectrum of sea level fluctuations of
Térshavn in low frequency range. Vertical scale linear. The prominent peak

is identified as Ssa.
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Further one notes that in addition to the diurnal there is a
strong influence from higher harmonics. Grouping the consti-
tuents according to approximate period and for each group
calculating the ratio of the sum of amplitudes in the group
to the sum of amplitudes in the diurnal group the following
ratios appear:

Period ratio: 24h  12h 8h _6h 4h _2.5h
12h 12h 12h 12h 12h 12h

Amplitude ratio: 1 1 1 =54 1 1
1.06 1 20.3 30 4.8 26.6

Roughly speaking the tide is 5 parts Diurnal, 5 parts Semi-
diurnal and 3 parts higher harmonics.

The peak labeled Ssa is the only low frequency peak of
astronomic origin unambigously present in the spectrum. It is
seen very clearly on fig. 4. One might expect such a longperiod
constituent to be strictly Equilibrium. The Equilibrium ampli-
tude is however only about 0.8 cm (ref. 13). The fact that Ssa
is nonequilibrium is a well known fact, Maximov (as cited by
Lisitzin ref. 13) gives for the North Atlantic north of 60 deg
latitude an amplitude of 5.3 cm and a phase lag of 48 degrees,
which compares favourably with table IV.

Prediction Prediction of the tide in the harbor of Torshavn
has little practical importance, on the other hand sea level and
currents must be correlated in some way so that prediction of
one may yield information on the other and of the two sea
level is by far easier to measure and is the only one for which
timeseries of reasonable length exist. Therefore a computer
program was implemented to predict the tide in Térshavn for
a period starting any given time. In the program the six astro-

5. mynd. Samanburdur millum spiddda og mdtada fl68 { Havn. Yvireftir
er tidin sett, frd 15. aug. 1974 kl. 0000 til 21. aug. 1974 kl. 23.45. Uppeftir
er sett heddin 4 fl68ini. Munurin stavar serstakliga frd broytingum {
lufterysti.
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TABLE III Freguency,Amplitude and Phase values for harmonic constituents in the
+tide of Tdrshavn.The Phase is relative to the time JAN. 1 st 1973 0000 GMT. Col.
5 and 8 list the number of determinations,which for each constituent have been
used to estimate mean and standard deviation of frequency and amplitude ,respec-
tively phase. Aliased frequencies are “backaliased" in col. 9. The last two cols.

list symbol and theoretical frequency for identified frequencies.

FREQUENCY AMPLITUDE PHASE FREQUENCY SYMB. | FREQUENCY

mean st dev| mean|stsdev.| no| mean |st.dev.|no|corrected theoretical

c/h | 16%/n| em cm rad | rad c/h c/h
.000204 -2 6.52] .04 6] -1.11| .01 5 Ssa .000228
.037213 18 2.13] .05 12| -2.21) .08 6 Q .037219
.038756 5 8.02| .09 13 «23( .02 6 0y .038731
.040230 41 <71 <05 9] -2.46] .24 8 NOy . 040243
. 041521 8 1371 <05 6] -2.20| .14 L Pi .041553
.0u41791 32 4.94] .09 11} -2.09| .02 5 Ky 041781
.077654 22 .51] .08 10 4.37} .23 5 2M8, .077689
.078381 10 1.74) .08 11} 4.64%} .08 i N, .078388
.080497 8 10.25| .07 9| -1.97| .02 8 MZ .080511
.081973 52 .68| .08 9| ~2.73| .04 4 2MN, .082024
.083325 17 5.81| .09 g 2.34) .04 6 S2 .083333
.083570 13 1.61| .05 kS L7 .18 4 K, - .083561
+120771 19 +65] .0k 12) -2.91] <14 6 My .120767
.122317 21 42] .05 91 -1.80| .21 I MKq .122292
.155383 56 46| .07 6
.158117 53 .69 .08 10
.158518 13 1.31] <32 10 1.32] .08 5 My, «159541
.161036 Gl 3.02| .06 12| -2.42| .01 4 M, .161023
.162473 50, .58 .06 8 SNy, .162333
.163871 8 2.24] .11 9 2.00] .06 5 MS,, .163845
.130618 5 +40f .05 5 .202715
.094706 66 51| .08 7 +238627
.093298 16 .85] .08 11| -1.63| .01 6] .240035 2MN g +240022
.091776 15 1.46 | .06 6 64| .06 5] .2415857 My 241534
090448 35 .66 .08 9 224 | .23 6| .2u2884 I"ISNE .2428414
.0889438 15 1567 ] <18 7] -1.61] .04 41 .244384 ZMSS 244358
.072087 33 .84 | .08 12 «96] .30 7| 405420 HMS:LO 405379
.074882 70 .48 .08 7 -.65| .66 5| .408215 3I'I81g .1408201

nomic elements determining the tide are computed (ref. 12) for
the starting time. Based on this and the values of table IV,
amplitudes and phases of the constituents corrected for nodal
modulation are evaluated and the tide computed — and if
necessary plotted.

Fig 5 shows an example of prediction. The period is a week
nearly a year later than the end of the data series used in the
analysis. On the figure data for the period from the tide gauge
have been plotted.
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Fig. 6. Power spectrum (FFT) of reduced water level Jan—Oct 1973
Térshavn. No filtering or correction made.
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TABLE IV Harmonic constants for Térshavn. The Greenwich Phase 1

lag of the constituent relative to the phase of the relevant comp

the astronomic driving force measured at Greenwich.

the time that the constituent lags behind (in case of minus : leads)
driving force. Amplitude and phaselag have been corrected for nodular mo
dulation. (ADD.LAG : Additional lag, GR.P.LAG : Greenwich Phase Lag,
L.T.LAG : Local Time Lag)

SYMBOL DOODSON NO. |ADD:LAG | FREQUENCY | PERIOD | AMPLIT: | GR.P.LAG
iojokolomonO deg. e/h h cm deg.
Ssa 002000 180 .000228 4386 6431 85 1033
Qi 1-2 0 4 00 -30 2087219 26.87 2407 22 1 9
01 1-12 0000 -90 .038731 25.82 g9.98 7 3 37
NOl w0 R (1 80 . 010289 24.83 91 =21 -1 53
Pi 11-2 000 -90 . 041553 24.07 1.36 116 7 17
S 110000 90 .041781 23.93 4,84 130 8 12
2;152 2-2 2000 0 .077689 | 12.87 47 87 2 | 38
Nz 2-104100 0 .078998 12.66 1.78 175 5 40
My 200000 0 .080511 12.42 9.88 ~164 -6 8
ZQNZ 210-100 0 .082024 12.18 .65 53 55 20
32 22-2000 0 .0838338 12.00 581 -134 —1 55
X, 220000 0 .083561 2497 2.43 -161 -5 48
M; 300000 180 120767 8.28 .62 14 2 5
”KK 3410 000 90 122282 8.18 40 -163 =4 10
Mﬂu 4-12 02 00 0 « 168514 6.27 1.30 -85 -1 57
Hq 400000 0 .161023 6.21 A ~56 -1 26
]“13‘+ 4 2-2 000 0 .163845 6.10 2.+186 -32 -1 3
ZMNG 6-1 01200 0 .240022 4.17 .81 167 bk 28
HB 600000 0 241531 .1 1.8 -148 -2 1T
HUNG 6 1-2 100 0 242844 .12 .66 ~138 -2 2
ZMSG 6 2-2 000 0 244356 4.09 185 ~102 -1 3
umslo 10 2-2 0 0 © 0 405379 2.H7 .85 -85 -1 3
BMSio 10 4-4% 0 0 O 0 408201 2.35 <43 =75 -0 58

TALVA 1V. Aldingar { flé8ini { Havn. Fyrstu try reOini visa almenn
novn og eyOkenni, fjérda rad: Tittleikan (aldingar i timan), fimta rad:
Aldut{Sina (i timum), sztta rad: Styrkina (i cm), sjeynda rad: Seinkingina
av aldingini { mun til sé] og mdna roknad { gradum og frd Greenwich og
attanda rad visir seinkingina rokna®a { timum fra Havnini (— svarar til
at aldingin er komin framum).

Meteorological influence Having determined — to a certain
degree — the astronomic tide, this may be subtracted from the
original time series. Referring to the resulting series as »Reduced
water level« we may investigate to what degree this series is
of meteorological origin.

In fig. 6 is shown the PDS of reduced water level and in
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Fig. 7. Power spectrum (FFT) of air pressure Jan—Oct 1973 Térshavn.
No filtering or correction made.
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TABLE V The correlation between Sea level (reduced) and air-
pressure and the Barometer factor for separate months of 1973.
Also listed the standard deviation of air pressure and the sig-
nificance P, that is the probability of obtaining the observed
barometer factor under the assumption that it has the theoreti-
cal value -1.01 em/mb.

PERIOD | CORRELATION | BAROM.FACTOR| ST.DEV.(air pr.) P
cm/mb (mb)2

JAN 73 -0.948 -0.788 14.79 0.041
FEB -0.886 -0.732 14.87 "
MAR " -0.903 -0.880 18:32 "
APR .~ ~0.924 -0.720 12018 i
MAY " -0.688 -0.489 9,36 "
JuN " -0.851 -0.920 8.67 i
Jun v -0.868 ~1.024 5.91 Not Sign.
AUG M -0.931 -0.899 9,32 0.01
SEP M ~0.941 -0.898 10.32 i
oer -0.858 -0.931 8.16 0.05
Nov " -0.879 -0,803 14,21 0.01
DEC M -0.798 -0.689 11.52 U

fig. 7 that of air pressure. These spectra have not been obtained
using the MEM, rather a Fast Fourier Transform has been
computed and squared. It is seen from the spectra that not all
the diurnal and semidiurnal influence has been removed from
the reduced water level (this may to some degree be due to the
fact that corrections for nodal modulation were not included
in the calculation of reduced water level). The air pressure
spectrum displays a peak at semidiurnal frequency which is
probably the S,, the influence of this on sea level must be
intrinsic in the amplitude and phase of S, given in tables III
and IV.

Fig. 8 shows a plot of reduced water level and air pressure
for a specific month chosen at random from the data series.
The interrelation is obvious. Taking all the available sea level
and air pressure data in 1973 a linear regression analysis was
performed between the two variables and plotted in fig. 9.
The correlation coefficient obtained was —0.82. Theoretically
a pressure increase of 1 mb should lower the sea level by 1.01
cm. In contrast to this theoretical barometer factor of —1.01
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8. mynd. Munurin millum spidda og mdatada fl68 februar 1973 (nifiara
kurvan) samanborin vi§ barometurtrystid (teknad at vaksa niSureftir)
somu tid (ovara kurvan). A myndini svarar 1 millibar (mb) til 1 cm.

a3o>na3y
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cm/mb the regression analysis yielded a value of —0.73 cm/mb.
A possible explanation for the discrepancy emerges from table
V, which lists results of regression analysis performed for each
month of 1973 separately. In all but one of the cases the baro-
meter factor is significantly different from the theoretical one
at the 5 %o level and this one case is for the month with the
minimal standard deviation of pressure. There is a tendency
for the discrepancy to grow with the pressure variation as fig.
10 demonstrates and this is interpreted as follows. With large
variation in pressure — hence large st. dev. — a comparatively
larger amount of the variation may be too rapid for the sea
level to be able to respond, resulting in a lower barometer {actor
than theoretical.

A closer investigation into this hypothesis is in progress and
will together with a more detailed description of the low
frequency spectrum be presented elsewhere.

Conclusions

Although no actual comparison has been made with other
methods, it has been demonstrated, that the Maximum Entropy
Method is well suited to perform quantitative anlysis of the
astronomic tides. :

The tabulation of harmonic constants permits prediction of
the astronomic tide of Térshavn quite accurately. The pro-
minence of higher harmonics in the tide indicate strong non-
linearities presumably due to frictional effects in the currents.

The nonharmonic part of sea level fluctuation seems to be
mostly due to air pressure variations, however the sea is not
found to be able to respond to rapid pressure fluctuations.
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SAMANDRATTUR

I nokur 4r hevur ein fl60- og fjerumatari hjd danska Meteorologiska
stovninum stadid { Havnini, sum hvert korter hevur mitad heddina 2
vatnskorpuni, t. e. fl68ina. I hesi grein verSur greitt frd nekrum fyribils
Gtrokningum vid telum dr tidarskeidnum jan.—okt. 1973.

Broytingin av flé8ini h { ti§ er lyst { likningini (1). Fyrsta 1id 4
hegru sidu 4 (1) er tann parturin av flé68ini sum stavar frd sél og
mdna. Hann kann uppfatast sum samansettur av fleiri reglubundnum
aldingum vi® hver sinum tittletka, hver sini styrki og hver sini
seinking (f; ¢; og @ ;). Harumframt er ein partur h, sum stavar frd
broytingum 1 lufttrysti og ein rest hy sum ilt er at greina narri.

Vid einum roknihatti, id nevndur verSur Maximum Entropy Method
ber til burturir mdtadu flédini at rokna seg fram til hverjar aldingar eru
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til stadar og hvenn tittleika og hverja styrki og seinking hver einkult
teirra hevur. Urslitini eru sett { talvu III og IV.

Tolini kunnu bytast { fyra hevudsbélkar eftir hvussu langa tid aldingin
hevur um at endurtaka seg. Fyrsti bolkur umfatar heilt spakuligar ald-
ingar, og har var bert ein funnin vi8 hdlvum 4ri { aldutid. Annar og tridi
bélkur hava aldutidir, i§ eru 4vikavist heilan og hdlvan dag, og 1 fjérda
bdlki eru knappari broytingar. Allar gera ter sitt til at dvirka heddina 4
vatnskorpuni, men skilliga sest at serstakliga hdlvdagligu og dagligu alding-
arnar eru av tydningi.

Vid at nyta telini { talvu IV ber til at spda um flé8ina til dvisa tid.
Mynd 5 visir eitt demi, her er spddda fl68in teknal saman vi0 métingum
frd sama tidarskeidi.

Munurin millum spdddu og métadu flé8ina visir seg fyri stéran part
at stava frd broytingum { lufttrysti. A mynd 8 er hesin munur teknaOur
fyri februar manad 1973 saman vid lufttrystinum somu tid (roknad at
vaksa nidureftir), og tad sest at ein vekstur { trysti forir vid ser at fl68in
minkar. T ner sjégvurin ikki at fylgja vid um trystid broytist ov knapp-
liga.




