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Abstract

Various possibilitres of reducing largo volumes of ~ata

are presented. The advantagesand disadvantages of these
methods are discussed brief'ly. A method suitnble for thc
reduction of profile measuremonts and by .means of which
the information ioss can bc kept to Cl. minimum is des
cribed in rriuch greClter detail.

Le pr~sent articlo d~crit les nombreuses possibilit~s

de rcduire de grandes quantites de donnees. Un resume
des avantages et desnvantages de ces m6thodes est prc
sent~. Uno m~thode pour reduire les mcsuros do profils
par laquelle los portes d1informations peuvent etro mi
nimisees est traitee en d~tail.
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1 1vi th modern high-f'requency measurine metl10ds in ocean

ogrnphy, the oceanogrClphic dn ta bases are faced ,,,i th

"the question whether it is sensible to store every in

dividual item of data or to reduce the amount of dnta

in accordance with internationRl criteria standardised

as far as possible.

The problem of dealing ,,,i th large volumes of da ta in

dnta centres is primarily not so muell teehnieal as

philosophieal. Before a.deeision is made on the meth

ods aec~rding to whieh the volumes of data are to be

reduced, it must be determined which demands the pro

duet, i.e. the reduced data set, m~st satisfy in ord~r

to be sensibly applieable from a seientific point of

view. It is precisely here that the diffieulty lies,

for a reduced data set, whieh may be adequate for eli

matologieal investigations, will not necessarily be

suitable for a scientifie special investigation.

i
The ques tion of the limi t to whieh the reduc tio'n of

the data is made cannot be elearly nnswered. The ans

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

1\Then eoming to adecision on this matter, i~ therefore _

seems rcasonable to rely on experience gained from the

retrieval hehaviour of seeondary users during the last

10 years. Experience in recent years shows.that the

data archived in the data centres are utilised almost

.exclusively for scientifie statistical worlc. Only rare

ly are the original data retrieved from the centres

for special seientific investigations. A significant

change in this bchaviour of seeondary users of data

is not to be reckonee! w'ith in f"uture. Persons requir

ing data for speei~l investigations will also in future

pref"er to take measurements themselves and not rely on

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

a) to reduce the quantity of original data to a mea-

ningful minimum amount;

b) to decrease the scientific content of the original

data either not at all or only as little as poss

ible;

c) to be aware of the exact information loss connec

ted with the reduction of data and to standardise

thi's loss •

J For the reduction of volumes of oceanographic data

the following types of data are mainly taken into con

sideration:

a) one-dimensional data arrays (vertical and horizon

tal profil,es and time series);
;

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

tributions);

c) possibly combinations of a) and b).

Within the one-dimensional data arrays the profiles and

time series m~asurements 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 measuremcnts will necessa

rily differ.

l~ Conceivabl e reduction methods are:

a) methocts by mean~ of which a significant subset of

data i5 selected from the original volume of data;
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The disadvantages 01' this method are also elear:

b) spee tral analysis 'vi th sl;lbsequen t digi ti sa tion 01'

the speetrum;

•

•the information 1055 after reduetion will vary eon

siderably from data set to data set. The desired

~tandardisation 01' the information 1055 ean hardly

be aehieved when using splines.

ients.

approximation 01' the data by funetions (splines,

orthogonal funetions) and storing 01' the eoeffie-

e)

b) the numb.er 01' rcsulting eoeffieients ('vhieh are

then to be stored) may bceome larger than thc vol

urne 01' original data.

a) the use 01' spline funetions in the routine redue

tion 01' data is in praetieal terms impossible. Op

timisatio~ 01' data approximation depends on the

partieular set 01' data.

. e)

5.1 The use 01' spline funetions or orthogonal functions in

the reduetion 01' E~~!!!~_~~~~~~~~~~E~ is theoretieally

eoneeivable, but in most enses not useful. The author

is unaware 01' any literature in whieh this kind 01'"

funetion has been utilised to reduee large volumes 01'

data •.

On thc other hand, splines are already in oeeasional

use today for the reduetion 01' long ~!~~_~~~!~~_~~~~:

~~~~~~~~ (tides, eurrcnts). The original measurements

are approximated by means of a spline funetion, and

half-hourly or ho~rly valucs, ror example, are subse

quently cnlculated with this Cunetion. With thc rcdueed

data set produeed in this way it is then or eourse no
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longer possible to analyse more frequent fluctuations

or sudden occurrences.

5.2 A further method of rcducing time series measurements

is spectral analysis. Tlle energy spectrum is first of

all calculated from the original data and is subse

quent1y digitised.

This was the method used for example for the interna

tional exchange of ,,,ave da ta collec ted during GATE
.'

(thc GARP Atlantic Tropical Experiment). Thc cnergy,

spectrum was digitised at 129 points betwecn 0 and 1

cIs. 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

follo'"s:

a) phase information is lost;

b) the ori~inal data scries cannot be reconstructed;

c) it is not possible to make statements concerning

extreme wave heights.

5.3 The results of a reduction method in which a signifi

cant subset of data is selected from the original vo

lumc of data are detailed below. Until nm", only ver

tical profiles but no time series have been reduced

by means of this method. Although technically fcasible,

it is recommended to reduce time series measurements

in accordance with different criteria. Statistical va-

lues such as mean,values and extreme values ar equi

distantly spaced values (far example hourly mean va

~ues) are required most frequently. Statistical values

of this kind are not provided by the reduction method

described below.
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An attempt has been made to develop a reduetion method

,,,i th whieh the aims deseribed in sec ti on 2 above are

aehieved to a large extent. The original data are not

altered. A signiricant subset or data is seleeted

f'rom the to tal volume of' orieinal' da ta { (7. i ' xi)} or

{ (z., x., y. )}. For this purpose the value x~ 1 f'or
1 1 1 1+

Z. 1 is calculated f'rom the values (z., x.) and (z. 2'1+ 1 1 1+
x. 2) by means of linear interpolation, and subsequently1+
the diff'crenee 6.. 1 = I x. 1 - x ~ 1 I i s determined. Ir1+ 1+ 1+ ,
~i+l i~ larger than apreset (freely selectable) thres-

hold v~lue L, then x i + 1 is signifieant and become~.?n

element in the reduced volume of' data. If' on the other

hand 1:::... 1 ~ L, x. 1 is ignored.1+ 1+
•

1\'i th a steady slow change of gradient or the curve the

caleulation of'~. 1 alone is not suf'f'ieient. Thcrerore,1+
a linear interpolation is also made l>etween the final

value established as signifieant, whieh may be tuken as

(z., x.), and (z. J' x. J)' and the deviation 6.. 2 =1 1 } 1+ 1+ 1+

Ix. 2 - x~, '') I in thc depth z. 2 i 5 ealculated.· If' D... 21+ 1+... 1+ 1+
>L, thc point (z. 2' x. 2) belongs to the signif'ieant1+ 1+
subset (redueed data set), If'6. 2~L, a linear inter-

1+ .
polation is made between (z., x.) and (z. 4' x. 4)'1 1 1+ 1+
This procedurc is repeated until a signif'icant value •

is dctermined. This value then assumes tlle prcvious

runction of' thc point (zi' xi) as initial value ror the

f'ollowing interpolations.

The disadvantage of this method is that spikes in par

ticular are dcclared signiricant and elassified as el

ements of' thc redueed data set. A clear examplc of' this

is given in Fig. 3, which shows on thc left a tempcra

ture prorile and on the right the relevant salinity

profile of a bathysonde measurement. The thresliold VD

lues chosen ror thc rcduc tion ,,,ere 0.03 oe ror tempera

ture and 0.04 0/00 for salinity (leEs standard). TI1ß

original dat~ set consisted at thi~ station or 744 va

lue triplets (z, T, S). By means of thc above threshold

- 6 -



•

•

- 6 -

values the number of triplets was reduced to 198.

Each left-hand curve was drawn witll the original num

ber of values (= 744), 8nd the corresponding curve

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

to the right.

In order to reduee the noise of a data set, this ean

be smoothed, before redueing the volume of data, by

means of a running mean. Hydrographie struetures, such

as strong vertieal gradients, are of course ehanged to

some extent during this proeess. Fig. 4 shows the ~ame

STn station as Fig. J, but in Fig. 4 the original eurve

was smoothed with a running mean using 5 suceessive va

llles, and only then reduccd. As a result, the original

volume of 744 triplets was .redueed to 125 triplets.

Fig. 5, in whieh a running mean using 9 sueeessive va

lues was first taken, shows clearly that no significant

improvement in the reduetion of the volume of data was

aehieved. It can be seen that the spikes, whieh are a

disturbing faetor with this reduetion method, disappear

even with a running mean using a low number of values •

Fig. 6 shows the same STn profile as in thc previous

Figures. The volume of data was howcver redueed with

the thrcshold valucs 0.1 oe for tcmperature and 0.1 0/00

for salinity.

6 Sumrnnrv

On aceount of thc rliffcring nature of oeeanographie

measurcments and ~heir ficlds of application, it does

not seem reasonable to use a standardised method for

reducing large volumes of data. Profile data and time

serics mensurcments are fundamentally to be treated
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differently. Whereas standard threshold values were

set several years aga by lCES for tlle reduction of pro

file measurements (0.03 °c for temperature and 0.04 0/00

for salinity) and have been applied sueeessfully by the

author in the reduetion method he has developed, there

are considerable differences of opinion coneerning the

methocls to be applied witll 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 reaeh agreement on the different points

of view in this matter as soon as possible.
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Figure J 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 5 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.


