CHAPTER 148

AERIAL PHOTOGRAPHIC WATERLINESURVEY OF AN ESTUARY

by
J. Sindern and G.E. Schroder,

Yasser~ und Schiffahrtsdirektion Kiel,
D2% Kiel, Hindenburgufer 247, Germany.

The project of a barrage across an estuary in
Northern Germany was accompanied by a programme to
monitor the hydrologic &nd morphologic situation.
This became necessary in order to avoid dangers
resulting from the sensitivity of the shallow wadden
area to human interference.
Various methods to record the morphology were tested.
The aerial photographic waterline survey proved
superior as 1t supplies a complete and economic
record and allows accurate analysis of the topography.
The principle consists in
taking aerial photographs at short time intervals
between low water and high water, each photo showing
a different waterline. The scale chosen was 1:18000,
corresponding to a flight altitude of 2700 metres.
Kectification of the distorted photos requires
reference umarkers to be distributed over the survey
area which measures about 140 km“. By using simultaneous
tide gauge records, contour lines can be constructed
Irom the photographed waterlines.
This morphologic record is supplemented by submarine
survey of the estuary. It is expected that details of
sediment transport and of tidal prism changes may be
revealed. Predicted and actual effects of the barrage
will be compared, which might lead to & better under-
standing of such coasts.
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Aerial photography is certainly not new in coastal
engineering. Here we shall have a closer look at the
waterline method which diifers from the conventional
aerial photographic survey in several respects.
Since 1965 the Wasser- und Schiffahrtsverwaltung
{i.e. Federal Waterways Administration) in Cermany
applies this method, so that it shoulc be possible
now to rerort on its suitability.

In order to appreciate the need for monitoring an
estuary, a brief look at the area concerned might

be helpful. (Figure 1). Oft the German North Sea
Coast spreads an instable and shallow wadden area.
Tidal tlats, sand banks and channels shift frequently,
especially in the funnel-shaped mouths of four major
rivers. The tide is semi-diurnal and has a mean range
in the order oif three metres.

The particulars of the wadden area affect the tidal
characteristics, the sediment transport as far as it
is related to the tides, as well as energy and
airection of waves attacking sea walls and eroding
beaches. Thus, changes in the wadden area may result
in an increaesed threat to the shore. Morphologic
changes are important for shipping, too, which in
this region is coniined to a few navigeble channels.

Some changes of the local morphology are exrected as

2 result of a barrage btuilt across the Eider estuary
anc¢ completed in 1973.(¥igures 2 and 2). It is about

5 kilometres long and allows to control the discharge
01 the river. Thus it is hoped to maintain a cross
section reguirec for draining the low marshes upriver.
In adaition, it serves as a flood barrier. Before the
planning and hydraulic model tests started, the
existing hydrologic and morphologic situation had to
be recorded. Turing constructing changes had to be
detected in time in order to allow the prevention of
dangerous developments. An¢ now, alter completion, the
actual effects of thie interference with nature will
e establisheda and compared with the predictions as
supplied by the model tests. Observations will con-
tinue until we can be sure that unfavourable changes
are no longer likely to occur.

Keguirements_and_methods_of morphologic monitoring.

#Mlorphologic monitoring is concernecd with
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1. locetion, shape and elevation of those tidal flats
lying above a certain level (in this case NN, which
ie the general reference datum, minus two metres) .
2. location, share and depth of channels.

The tirst requirement is tc detect rarid chenges in

the wadden area equally rapidly, because o1 their
potentially dengerous consequences. The necesesary
gualitative information is supplied about every three
months by aerial photography at low water. The shape

of the waterline is compared with that on earlier
photographs to reveal changes. (Figure 4). Secondly,

a guantitative record of surface and submarine tcpography
ghould be obtained economically, and with some reliabi-
lity. It might be mentioned that the wadden area is
extended, but shows small height differences only. The
accessibility depends on the tide, and so a boat is
required in most cases. It is those particulars which
determine the sultability of the various survey methods,
mainly:

1. levelling,

2. aerial photography ior stereophotogrammetric survey,
5. aerial photographkic waterline survey,

1or channels: echo-sounding with radio position-fixing.

With levelling, the stations are 100 to 150 metreg apsert.
The rate oif progress derends 1§rgely on accessibility and
thue on the tide. About (¢,% km® may be covered per tide,
accoraing to TLolezal (19%2). The results are fairly
accurate, unless the factor t 1 m e is considered. For
in that case it becomes obvious that, with reasonable
expense, levelling cannot be accomplished as fast ze 2
tidal 1lst sometimes shifts or changes its shape. Thus it
is nhardly ever possible to record the shape of the whole
area as at a certain time. rurther uncertainty arises
trem the aifficulty to definitely cerive shape andé position
0I contour lines 1rom the heights of solitary pcints.
(rigure 5).

Stereophotogrammetric evaluation of aerial photographs
aoes not supply a true topographic record either. Lack

of contrast, in addition to an oftenh nearly horizontal
gurface, almost prevents the successful use of the
stereoplanigraph. Furthermore, untavourable illumination
o' a wet waaden suriace sometimes reverses the grey shades
ana causes misinterpretation of the relief. These
difficulties may be overcome only by ilying rather low,

or by a considerable amount of sdditional levelling,

both of which mcke the whole operation too expensive.
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Fig. 5 Contour lines of the same area, constructed
from data provided by
levelling (top)
aerial photo,stereophotogrammetric survey (middle)
aerial photographic waterline survey (vottom).
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3. Aerial photographic waterline survey.

Because of these drawbacks we looked for a method
allowing to record the topography completely and
instantancously, and yielding reliable contour lines.
ine publication "Mapping the low water line of the
Mississippi Ielta" by William Shofnos and Bennett Jones
in 1960 encouraged us to do some experiments. They led
to the waterline method as it is used now for surveying
the bider estuary every second year.

The principle is straight forward. Beginning at low
water, aerial photographs from the survey area are
taken at short time intervals urtil the flood tide

has covered the tidal flats. Each series of photos
shows a different waterline. (Figure :6). With the help
of tide gauge records horizontal contour lines can be
derived from the waterlines.

The survey area measures about 21 by 6,5 km. (Figure 2).
Figure 2 shows also the location of the reference points.
At least three, preferably four of them should be visible
on each single photograph in order to enable rectification
ot the distorted photos. Accordingly, their maximum
distance aepends on size, scale, and degree of over-
lapping of the pictures. In the present case, distances
vary between 1,7 and 3,2 km, according to the suitabili-
ty of the locations. The coordinates are determined
conventionally. On the photographs the reference points
should allow to be identified clearly, both against the
light background of a sandy surface and against darker
mud. Untortunately, only very few sufficiently conspicuous
natural points are available, so that a number of arti-
Iicial markers has to be set out. Their design was

chosen with easy identification and handling in mind.
(Figure 7). & shape of three white discs in triangular
arrangement on steel tubes stuck into the ground

proved suitable, i.e. reasonably portable, robust and
cheap. Erecting and surveying the twenty-odd markers
takes about two weeks.

kor the evaluation later on the sea level heights at the
time of photographing will be required. The density of
the stations should be such that accuracy does not

suffer from the assumption of a linear sea level slope
between two adjacent tide gauges. Therefore, the five
permanent gauges are augmented by five to six provieional
portable ones, also self-recording. The coordinates are
established by conventional survey. To transfer the
reference datum to a gauge turned out to be a good
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rig. 7 A reference marker
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opportunity to measure the heights on the way for
additional checks.

The quality of the photographs depends also on the

types of film and camera. Infrared film is used,

because even thin layers of water are shown completely
black, and cloud shadows and slight haze are suppressed.
Very accurate exposure and developing are essential,
however. The pictures are taken with an automatic

serial camera with Pleogon objective and a focal
distance of 15 cm. The negatives measure 23 cm square.

To choose the scale usually means to accept a compromise
between accuracy and economy. Experiments have shown
that at a flight height eguivalent to a scale 1 : 20 000
the quality of the photos is already affected by an
omnipresent layer of slight haze, evern if infrared film
is used. At the other end of the range a scale of

1 5 6 000 supplies excellent pictures. Here, however,
the expense for more reference markers and evaluation

of a great number of photographs makes scales as large
as that less economic. We ended up with 1 : 18 000.

Then the resolution of the film allows good enlargements
to the working scale 1 : 10 000. Longitudinal overlapping
varies between 60 and 80%, laterally the pictures taken
along two flight stripes overlap by about 20%.

The flight date can be fixed in advance only provision-
ally. Sometimes it requires a bit of patience to wait
tor the day with favourable conditions. Because ot the
length of daylight the months from April to September
are more sultable in this latitude. The entry of low
water znd the position of the sun determine the start
of photographing. A complete tlight programme tzkes up
to four hours, so that sunshine and a clear sky should
last as long, because of their importance for the quali-
ty ol the photos. If there is too much wind,ilights are
better postponed, as even small waves reduce the
distinctness of the waterline. Direct communication
between fiela crew (three men on a shallow-draught
survey launch) anc aircraft crew are of great value.
Immediately before the 11ight, the field crew checks
the reference markers and the tide gauges. Via VHF
telephone the tide gauge clocks are then compared with
the camera clock.

bvaluation consists mainly in rectifying the photos
ana constructing contour lines. Aiter the flight, the
contractor who made the photos submits contact copies
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on which we try to identify the reference points. Then
the contractor rectifies the distorted photos, using

the coordinates of the points, and supplies selected
enlargements on special sheets insensitive to variations
01 humidity and temperature.

The next step is the construction of the contour lines.
(Bigure 8). Provisional contour lines are obtained from
the photographed waterlines together with the lines of
equal sea level heights as derived from the tide gauge
records. COf course both must refer to the same time.
However, a lateral downward slope of the sea level in the
immediate vicinity of the waterline has not yet been
taken into account. As 1t varies spatially anc tem-
porally, recording and anslysing would be too expensive
for the purpose dealt with here. Instead, a few additional
profiles are levelled to establish the final location

o1 the contour lines, the shapes of which are already
known. These profiles are about iour kilometres apart,
with stations every 20-50 metres. This survey immedia-
tely after the flight takes abcut a week.

4. Survey of channels.

The assessment of the morphologic situation requires
the knowledge oi the submarine topography as well.
ror this purpose the underwater forms are surveyed by
recoraing echo-sournder while the launch navigates along
t » hyperbolae of a radio position-fixing system. The
ts of this survey, too, are transferred onto the
’Kirg maps mentioned earlier.

5. desult and_ further work.

rinally, proper charts in the scale 1 : 25 000 are
prepared on the basis of the working maps. They supple-
ment existing but less accurate charts of the adjacent
coastline and will perhaps replace them in due course.
(Figure 9).

With tnese new charts it should be possible to monitor
sediment transfer and changes c¢f the tical prism more
accurately and over long periods. In the case of the
kider barrage, the predicted and actual effects can be
compared. If it were possible then to more closely relate
hyarologic and geologic data to the morphologic history
ot this type of coast, the nature of their inter-
cepenacerce might become clearer.

Sincern,J., und Kathage,l,.,

las Wasserlirienveriahren (Serien-kinzelbildmessung) ~
eine neue Art der Wattvermessung,

Leutsche Gewiisserkundliche Mitteilungen, 6/1966,0.182-189.
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