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AND DYNAMICS OF THE SEA BED IN THE LITTORAL ZONE .

Abstract:

The authors submit their proposal for a new method of presenting
the relief of the sea bed in the littoral zone and its changes, consis-
ting in the substituting of isobaths by digital symbols containing data
on the mean depths- of elemeﬁtar\y fields, Basing on the photomme-
tric methbd, where the measurement of optical density on a photo-
graph is used to define depth, the construction of the microphotome-
ter was improved, thus enabling direct input to a computer, which,
in turn, enables the printing of a digital bathymetmc chart, This
affor'ds automation of photointerpretation, calculation and cartogra-
phic work related to the area investigated,

Introduction

Deteiled.investig_atl‘on of the sea bed morphology, toget.her with
data as to its v'a‘a"fiabili.ty and sediment dynamiés, are extremely im-por-
tant in all research conducted for both practical purposes and to de-
termine the geneﬁal' regu,larities of processes and the laws ruling the
dynamici of the littoral zone,

The présent-day rate of collecting data on objécts_ investigated
in the zone in question, in the form of recorder graphs, r.ead-_-outs.
etc, , requires lé.bour-cohsumin.g processing, in whig:h'_mar-jﬂis increa-
singly fr'equent!y' substituted by computers, _Apart fro:ﬁft the élaborag—

tion of programs, however, this necessifates the preparation of data

in digital form on punched or magnetlc tapes Thus uncreasmg num—

ber-s of measuring mstruments have attachments glvmg the va!ues

measur-ed in this for-rn The arduous task of readmg-out recoromg
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| and then coding of data is then avoided,

in view of the high variability of bottom relief in the httoral Z0~
ne, the rapnd pr-ocessmg of data available and frequent repetition of
measurements is 1mper~at|ve To do zo using the cla551cal methods
woulid be extreme[y d:ff:cult, in view of the !abour—consumptlon and
slender possibility of automating the work,:

The methods of presenting the bottom relief and is changes hit—
herto, consisted in the drawing up of bathymetric charts and bottom
deformation plans / 1 /. These charts are drawn by means of isobaths
based on pr'oflles determined by echo sounding or photometmc analy-
sis of air photos / 3, 4 ks

The authors give a sample of the new method of presenting the
bottom relief, This consists in the substitution of traditionally applied
isoeaths as information on surroundings, by information on an elemen-—

tary field, contained in a digital symbol,

The Preparation of Iscline Bathymetric Charts

In bathymetric charts hitherto, the po'sition of isobaths haé been
interpolated between.pointc with known depths, assuming linear va-
rlablllty of the bottom surface between these points, Data about the
bottom r‘ehef could be obtained by analyzing : the outline of mdlwdual
isobaths,: The basic information about a region mvestlgated serving
for-further- analys;s, was the bathymetric chart and profiles from
which it was drawn- up, These profiles were drawn at certalnsinter-
vals between which the cour-se of the isobath - owing to a lack of data

as to the true bottom shape - contamed inaccuracies and er‘r-or's, the
greater, the breater the diatance between the profiles,

A much more accurate chart can be made by photometric analysis
of air photos, : ‘

The phctometric method of determmmg depth in the littoral zone
consists in utallzmg the dependences of optical densatles In air pho-

tos on the water depth, ! e 5
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[_ight beams represented by components of the sea ‘s vertical
radiations L‘m and l_>< originating from back scattering of light in
the atmospheric layer / Fig, 1 /, reach an air camera fitted in a pla-
ne flying over the area investigated, The dependence between the ra-

diation recorded by the air phcto and the depth is:

DR R e Bl ; /1/

L4

where: L.', L™, p = parameters characterising the optical pro-
perties of the water basin, atmosphere and

air cameras

h = depth of water,

After taking into account the dependence between the radiation re-
corded on the air photo film and the optical density of the photo
which it is possible to measure by microphotometer, the depth of.

the basin is determined from the dependence:;

1 1 2
h e in. / nlog

=L/ T & i

whers; Di optical density measured in the photograph

air film contrast coefficient

]

To determine the parameters; Lk

L4

L, p, ofequations /1/

and / 2 / the depth must be known in at least three points in the ba-

sin 2,

The photographs are analyzed by microphotometer along speci-
fied‘str'aight lines which are profiles, The profiles obtained in the
shape of microphotograms are transformed into digitél form by read-
out and then undergo mathematical processing to obtain the depth,

The interval between profiles can be decreased at will, thus
defining the course of the isobaths, the situation of wnich is obtained

from the profile analyses, By interpolation-between the isobaths,

e
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assur’nidg the linearity of changes, we ci>tain the information as io
the depths of bettom elements, This is, in practice, the most accurate
of the methods of drawing up bathymetr‘_ic charts of littoral zones

known hitherto,:

The Concept of Drawing up a Digital Bathymetric Chart
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On the example of charting the littoral zone sea bed from air
photographs, the authors attempted a new method of presenting the
bottom sculpture using digits and symbols, The assumption of the met-
hod is to collect data from elementary fields, instead of the measure-
ments of depths In profiles used hitherto, As the mean depth for a
given elementary field, the data sc ~htained are presented as sym-
bols or digits, ‘

In the analysis of the graphic image, depth is not defined by
interpolation between measured points, but uses the notion of mean
depth of an elementary field, The defining of such a mean is possible
by measuring the mean optical density of a section of an air photo,
restricted by the measurements of the microphotometer aperture, The
elementary fields discussed, cover the whole area investigated with
a grid of r*ecrtangl‘és orsquares, -

To automate the process, the authors constructed their dwn
attachment to a Carl Zeiss Jena G lII microphotometer, which enabled
them to record the optical density values for all elementary fields of
the- chosen area of the photograph automatically,: As these values are
recorded direct onto perforated tape, they can be fed directly to the
computer for automatic calculation of the depth of each elementary -
field according to the appropriate program, Instead of depths at- spe-
cific points of th.e profile, the results are the mean depths of eierneﬁ-—
tary fields, '

; The measurements of elementary fieids in the shape of rect-~
angles or squares, depend upon the measurement of the microphoto-

\
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meter aperture, enlargement of optical system, as well as the scale
offphotographs and these can be changed depending upon the require-
ments, The aperture measuremenis must be so chosen as to ensure
they are proportional to the mcasurement of the coiiputer lineprin-
ter keys /axb/ [/Fig, 2 /.

Each elementary field mean depth calculated is given a onebit

i

digit or symbol according to the depth scale assumed, after which the
digits and symbole are printed to form a digital /lineprinter/ bathy-
metric chart / Fig,: 3 /,:

The area occupied by particular one-bit symbols corresponds
in scale to the measurements of the microphotometer .apperture, thus
the chart printed is cartometric, A corresponding chpice of scale of
digiis and symbols means that the chart is immeaiately legible and
thus, from certain points of view more communicative than an isoline
chart, Altgough it is cartiometric, 'ther-e is no need to carry cut any
measurements on it, as a collection of mean depth’s of individual ele-
mentary fields on which these can be carried out much more accura-
tely and automatically by computer‘,‘ serve this purpose,

If we draw up a second chart homotogoﬁs to the first, but pre-
senting a different bottom reiief, the corresponding elementary fields
will be able to be compared directly, In this manner two collections
of numbers characterizing the area investigated will be obtained,-
Creating differences for each pair of fieids, we obtain data as to _
the values of erosion or accumulation in the shape of differences in
depths from which. the value can be calculated without any difficulty,
After the introduction ¢f certain intervals in value, chén‘ges in depth :
or vplume can be ascribed relevant symbols and charted,anaidgicaliy
to the digital bathymetric charts, We thus obtain digital charts of
depth or volume differences, Fig, 4 gives a specimen bottom defor-
mation chart / depth changes /, with change intervals, |

In view of'the accuracy of determining depth by photometric me-
thod / about 10 % of the depth / and the range of its application / to

about 5 metres / being restricted by the transparency of the Baltic



= G

waters, the symbols given in the legend to Figs 3 and 4 have been
accepted as the depth scale, These charts contain no less data on
the bottom configuration than the bathymetric charts applied hither-
to, An additional advantage is avoidance of errore and immediate
legibi lity,‘.The chart symbols have been so chosen that _the value of
the digits correspond to the depth in metres, and to improve the

: scuipture image, intermediate symbols have been intiroduced, The
cartometric character of these charts is the same as the traditional

bathymetric charts,:

Conclusions

i —— o - o ——

An important advantage of iie proposed digital method of pre-
senting the [ittoral zone bottom relief, is the poséibility of ascri-
bing the number of the mean depth with suitable accuracy to each
elementary field, The r‘ecoﬁding of all depths on perforated tape
means.that the data on the area investigated is easily available,

AsS‘uming the constancy of measurements and position of the
elementary fields, it will be possible to compare the digital bathyme-
tric charts drawn up automatically at given time intervals,: it is not
“the graphic images which are compared, but more accurate data
collections about the area investigated logged on per*for‘ated.tape.v.
This improves the éccur‘acy and rate of analysis of changes in the
bottom 'sculptu.re, and enables automatic printouts of bottom defor- 7
mation charts.-

The following conclusions can be formulated at the present sta-
-ge of resear‘ciw on the method pfesented, conducted by the authors

from Gdarnisk University:

1/ The method enables more =xtensive utilization of data contained

in air photos,

2/ 1t enables automatization of photointerpretation, calculation and

cartographic work related to the area investigated,

t.-
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3/ Apar‘t from its cartographic character and legibility, as compa-
red with the isoline chart, the dig'ital chart contains more infor-

mation about the area investigated, stored on perforated tapes,

4/ This method enables rapid processing of information by compu-

ter,

5/ The application of the notion of elementary field and its mean
depth, enables the automatization of calculations related to the

‘area and comparative analysis of changes,

£

[]

! The bases for the photometric method in this paper were taken

from papers / 3, g

2 ; '
Applying the multispectral photography method, it is possibls to
determine parameters without knowing the depths at the control-

points,
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Fig, 1, Diagram of the-fdrming of an upwelling stream of radiation :

over a shallow sea basin,:
F = aerial camera

Ez - external irradiance
iim - sea radiation:

L! = component formed as the resuit of light reflected from the
' water surface 2

L2 = component formed as the result of back-scattering of light
in the water layer between the sea surface and bottom

L._ = component representing light reflected from the bottom of
the basin

%

L.~ = vertical radiation as the result of back-scattering of light in
the atmospheric_ layer

w = flight altitude
h

= depth of basin _ .
coefficient of sea radia..on transmission in the atmospheric layer
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Fig, 2. Elementary fields,
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Fig, 3, Digital bathymetric chart
x = point of the geodesic grid

0 = beach,
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