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Abstract

Various possibilities of reducing large volumes of data
are presented. The advantages and disadvantages of these
methods are discussed briefly. A method suitable for the
reduction of profile measurements and by means of which
the information loss can be kept to a minimum is des-—
cribed in much greater detail.

Résumbé

Le présent article décrit les nombreuses possibilités
de réduire de grandes quantités de données. Un résumé
des avantages et désavantages de ces méthodes est pré-
senté. Unc méthode pour réduire les mesures de profils
par laguelle les pertes d'informations peuvent étrec mi-
nimisées est traitte en détail.
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With modern high-frequency measuring methods in ocean-

ography, the occanographic data bases are faced with

‘the question whether it is sensible to store every in-

dividual item of data or to reduce the amount of data
in accordance with international criteria standardised

as far as possible.

The problem of dealing with large volumes of data in
data centres is primarily not so much technical as
philosophical. Before a decision is made On the meth-
ods accdfding to which the volumes.of data are to bq
reduced, it must be determined which demands the pr5—
duct, i.e. the reduced data set, must satisfy in order
to be scnsibly applicable from a scientific point of
view. It is precisely here that the difficulty lies,
for a reduced data set, which may be adequate for cli-
matological investigations, will not necessarily be
suitable for a scientific special investigation.

The queétion of the limit to which the reduction of
the data is made cannot be clearly answered..The ans-

wer depends on the later use of the reduced data set.

When coming to a decision on this matter, it therefore
seems reasonable to rely on experience gainéd from the
retrieval behaviour of secondary users during the last
10 years. Experience in recent years shows that the

data archived in the data centres are utilised almost

.exclusively for scientific statistical work. Only rare-

1y are the original data retrieved from the centres
for special scientific investigations. A significant
change in this behaviour of secondary users of data

is not to be reckoned with in future. Persons requir-

ing data for special investigations will also in future

prefer to take measuremecnts themselves and not rely on

the measurements taken by other persons.
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aim of reducing volumes of data is:

to reduce the quantity of original data to a mea-

ningful minimum amount;

to decrease the scientific content of the original
data either not at all or only as little as poss-—
ible;

to be aware of the exact information loss connec-—
ted with the reduction of data and to standardise

this loss.

-

-

the reduction of volumes of océanographic data

following tvpes of data are mainly taken into con-

sideration:

a)

b)

e)

one~dimensional data arrays (vertical and horizon-

tal profiles and time series);

two-dimensional data arrays (e.g. horizontal dis-

tributions);

possibly combinations of a) and b).

Within the one-dimensional data arrays the profiles and

time series measurcements form two different groups, the

reduced data sets from which are utilised in completely

different ways. The criteria governing a reduction of

data for these two types of measurements will necessa-

rily differ.

Conceivable reduction methods are:

a)

methods by means of which a significant subset of

data is sclected from the original velume of dataj



b) spectral analysis with subsequent digitisation of

the spectrum;

c) apbroximation of the data by functions (splines,
orthogonal functions) and storing of the coeffic-

ients.

The use of spline functions or orthogonal functions in

the reduction of profile measurements is theoretically
conceivgble, but in most cases not useful. The author
is unaware of any literature in which this kind of:@

function has been utilised to reduce large volumes of

data. -
The disadvantages of this method are also clear:

a) the use of spline functions in the routine reduc-
tion of data is in practical terms impossible. Op-
timisation/ of data approximation depends on the

particular set of data.

b) the number of resulting coefficients (which are
then to be stored) may become larger than the vol-

ume of original data.

c¢) the information loss after reduction will vary con-
siderably from data set to data set. The desired
standardisation of the information loss can hardly

be achieved when using splines.

On the other hand, splines are already in occasional
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are approximated by means of a spline function, and
half-hourly or hourly values, for example, are subsec-
quently calculated with this function. With the reduced

data set produced in this way it is then of course no
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longer possible to analyse more frequent [luctuations

or sudden occurrences.

A further method of reducing time series measurements

is spectral analysis. The encrgy spectrum is first of

all calculated from the original data and is subse-

quently digitised.

This was the method used for example for the interna-
tional exchange of wave data collected during GATE
(the GAﬁP Atlantic Tropical Experiment). The energy,
spectrum was digitised at 129 points between 0 and$1
c¢/s. In this way an original volume of approximately
3600 items of data could be reduced to 129 spectral

values.

The disadvantages of this statistical method are as
follows:

!
H

a) phase information is lost;
b) the original data series cannot be reconstructed;

c) it is not possible to make statements concerning

extreme wave heights.

The results of a reduction‘method in which a signifi-
cant subset of data is selected from the original vo-
Jume of data are detailed below. Until now, only ver-
tical profiles but no time series have been reduced
by means of this method. Although teclinically feasible,
it is recommended to reduce time series measurements
in accordance with different criteria. Statistical va-
lues such as mean, values and extreme values or equi-
distantly spaced values (for example hourly mean va-
lues) arec required most frequently. Statistical valués
éf this kind are not prbvidcd by the reduction method

described below.



An attempt has been made to develop a reduction method
with which the aims described in seétion 2 above are
achieved to a large extent. The original data are not
altered. A significant subset of data is selected

from the total volume of original'data'{(zi, xi)} or

+1

{(Zi’ X yi)}. Tor this purpose the value xi for
Z is calculated from the wvalues (Zi’ xi) and (z

i+2?
) by means of linear interpolation, and subsequently

i+1

Xig2
the difference Ai-ﬂ = lxi+1 - x]?_+1 [
éxi+1

is determined. If

is larger than a preset (freely selectable) thres-
hold vgiue L, then X501 is significant and becomc§‘gn . "
element in the reduced volume of data. If on the other

hand A | £ L, x. is ignored.
i+1 i+1

With a steady slow change of gradient of the curve the

calculation ofl§i+1 alone is not sufficient. Therefore,

a linear interpolation is also made between the final
value established as significant, which may be taken as

(zi, Xi)’ and’(zi+3, xi+3), and the deviation £>i+2 =

Lo is calculated. If[&i+2

427 xi+2) belongs to the significant

, !
*iv2 xi#Z,
> L, the point (Zi

subset (rcduced data set), Ifl§i+

in the depth z;

ZéL, a linear inter-

polation is made between (Zi’ xi) and (Zi+4’ xi+h)'

This procedure is repeated until a significant value "
is determined. This wvalue then assumes the previous

function of the point (zi, xi) as initial value for the

following interpolations.

The disadvantage of this method is that spikes in par-
ticular are declared significant and classified as el-
ements of the reduced data set. A clear example of this
is given in Fig. 3, which shows on the left a tempera-
ture profile and en the right the relevant salinity
profile of a bathysonde measurement. The thresliold va-
lues chosen for the reduction were 0.03 °c for tempera-
ture and 0.04 ®°/oo for salinity (ICES standard). The
original data set cohsisteq at this station of 744 va-

lue triplets (z, T, S). By means of the above threshold
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values the number of triplets was reduced to 198.

Each left-~hand curve was drawn with the original num-
ber of values (= T74lt), and the corresponding curve

with the reduced data set (= 198 values) was drawn 1 cm

to the right.

In order to reduce the noise of a data set, this can

be smoothed, before reducing the volume of data, by

means of a running mean. Hydrographic structures, such
as strong vertical gradients, are of course changed to
some extent during this process. Fig. & shows the same
STD station as Fig. 3, but in Fig. 4 the original éurve
was smoothed with a running mean using 5 successive‘va-
lues, and only then reduced. As a result, the original

volume of 7hY4 triplets was .reduced to 125 triplets.

Fig. 5, in which a running mean using 9 successive va-
lues was first taken, shows clearly that no significant
improvement in the reduction of the volume of data was
achieved., It can be seen that the spikes, which are a
disturbing factor with this reduction method, disappear
even with a’running mean dsing a low number of wvalues.
Fig. 6 shows the same STD profile as in the previous
Figures. The volume of data was howvever reduced with

the threshold values 0.1 °C for temperature and 0.1 o/oo

for salinity.

Summary

On account of the differing nature of oceanographic

measurcments and Eheir fields of application, it does
not seem rcasonable to use a standardised method for
reducing large volumes of data. Profile data and time

series measurements are fundamentally to be treated



differently. Whereas standard threshold values were

set several years ago by ICES for the reduction of pro-
file measurements (0.03 °c for temperaturekand 0.0k O/ob
for salinity) and have been applied successfully by the
author in the reduction method he has developed, there
are considerable differences of opinion concerning the
methods to be applied with .the time series. The reason
for this is mainly the differing assessments of the '
purpose of the reduced volumes of data. Every effort .
should be made to reach agreement on the different points

of view in this matter as soon as possible.
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: Corresponding vertical profiles of temperature and salinity (no running mean)

Curves on the left drawn with 744 data points;
Curves 1 cm to the right drawn with 198 data points.
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Figure U 1 Corresponding vertical profiles of temperature and salinity (running mean using 5 successive values)

Curves on the leoft drawvn with 7hl data poiutn{

Curves, 1~ to the right drawn with 170 data points,
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Corresponding vertical profiles of temperature and salinity (running mean using 9 successive values)
Curves on the left drawn with 744 data points;
Cureves 1 cm to the right drawn with 108 data points.



