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4.1.

Introduction

Data collection and monitoring is a key factor for the setting up of any coastal zone management program,
for the assessment of coastal problems and the evaluation of the efficiency of any solution scheme.
Through monitoring, it is possible for example to derive coastal indicators which can be evaluated at a
regular time interval (see knowledge note on “Adaptive Approaches to Coastal Zone Management”). Data
are also crucial for the calibration and validation of numerical modeling and they provide the input
parameters to the most widely used formulae in coastal and river engineering (see tutorials and tools).
Within this knowledge note, different data collection and monitoring techniques are described in relation
to different physical processes. Following the spirit of these knowledge notes, whenever it is possible, we
mainly focus on simple monitoring techniques, which can be executed with limited costs and are generally
simple to carry out.

4.2.

Oceanographic

In this section the techniques for data collection and monitoring of oceanographic processes, such as
water levels, waves and flow velocities, are elaborated. For more information, see also Intergovernmental
Oceanographic Commission (1985).

4.2.1.

Sea levels

A tide gauge (also known as mareograph or marigraph) is a device for measuring the change in sea level
relative to a datum.
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The simplest way of measuring the water level (or to check the reading of the tidal gauge) is by using a
Visual Tide Staff (VTS) (Figure 4.1). The material used for the VTS must be non-warping and free from
serious corrosion. It must also be easy to clean. The VTS must be placed vertically. Even when a different
tidal gauge is used, a VTS should be placed near the tidal gauge as it enables a quick check on the level
indicated by the tidal gauge.
For tidal observations a benchmark of known elevation is used as the primary reference point. A
benchmark is a clearly marked point located on a stable surface such as an exposed rock, a quay wall or a
building.

Figure 4.1 A Tide Staff Gauge (Left picture). Checking datum of visual tide staff (Right picture)
(Intergovernmental Oceanographic Commission, 1985).

Nowadays, self-recording gauges are generally used, which make use of pressure gauges, acoustic gauges
or radar gauges. As part of the same station also other instruments are generally installed to measure
water characteristics (e.g. temperature and salinity), as well as wind and air temperature (Figure 4.1).
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Figure 4.2 Modern tidal measuring station (National Tidal Centre, Australia).

The basis for any scientific analysis of sea level must be long series of careful measurements. Any
instantaneous measurement of sea level may be considered the sum of three component parts:

Each of these components is controlled by separate physical processes and therefore the variation of each
component is independent of the others (Intergovernmental Oceanographic Commission, 1985). The
three different components are better described in the knowledge note on “Coastal Processes and
Problems”. The tool Flooding.xls can be used to estimate the meteorological residuals.
Mean sea level is calculated from long series of hourly (or sometimes three-hourly) observations. The
simplest way is to take the arithmetic average, but more elaborate methods include the application of lowpass numerical filters to eliminate tides and surges before taking the average (see Figure 4. 3).

Figure 4. 3 Long time series analysis of mean sea levels (Keijsers et al., 2014).

A number of recommendations should be considered when installing the tidal gauge (Intergovernmental
Oceanographic Commission, 1985):


The installation when completed must be capable of withstanding the worst storm conditions
likely to be encountered. Therefore, positions known to be subject to storm damage because of
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their exposure should, if possible, be avoided. If this is not possible, then this situation must be
borne in mind when designing the installation
The ground on which the installation takes place must be stable and not affected by subsidence
(example: because of recently reclaimed land). It must also not be subject to slippage in the event
of heavy prolonged rain storms (i.e. must be adequately drained) and should not be erodible by
river or sea action. Building direct on solid rocks is ideal.
The sensor should be placed beneath the lowest astronomical tide.
Areas where impounding (i.e. cut-off from the sea) can occur at extreme low levels should be
avoided. Similarly, sandbars slightly below the surface between the site and the open sea can
result in unrealistic levels being measured. Monitoring across long shallow sloping beaches
should also be avoided for the same reasons.
Sharp headlands and narrow straits should be avoided since these are places where high currents
occur.

4.2.2.

Waves

There are two main types of sensors used to measure sea surface elevation, viz. pressure sensors and
buoys.
Pressure sensors are mounted at a fixed position underwater, and they measure the height of the water
column that passes above them. As wave crests pass by, the height of the water column increases; when
troughs approach, the water column height falls. By deducting the depth of the sensor from the water
column heights, a record of sea surface elevations can be generated.
Buoys ride atop the surface of the ocean (Figure 4.4). Equipped with accelerometers to record their own
movements, buoys rise with the wave crests and fall with the troughs. Since buoys are always floating on
the sea surface, by recording their own movements they are in fact recording the movements of the sea
surface. Readings from the accelerometers inside the buoys can be used to calculate the buoys' vertical
displacements; these values are also a record of sea surface elevation.
A record of sea surface elevations from a single point is enough to generate an energy spectrum. To
determine the direction of the waves and generate a directional spectrum, however, more information is
needed. A way to produce a directional spectrum is by measuring different parameters at the same point.
This is the approach used in directional buoys, which measure pitch and roll in addition to vertical heave.
(CDIP, Coastal Data Information Programme).
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Figure 4.4 Picture of a wave buoy (http://subseaworldnews.com/tag/buoys/).

4.2.3.

Flow velocities

Detailed flow velocities are generally not acquired in preliminary/feasibility studies (i.e. in line with the
scope of these notes) but they might be collected for model validation or to assess current profiles near
complex structures during the design and construction phase. Flow velocities are generally measured by
means of an acoustic Doppler current profiler (ADCP or ADP) which is a hydro-acoustic current meter
similar to a sonar, with the aim of measuring water current velocities over a depth range using the
Doppler effect of sound waves scattered back from particles within the water column (Figure 4. 5).
The primary usage is for oceanography. The instruments can also be used in rivers and canals to measure
continuously the discharge measurements.

Figure 4. 5 SonTek ADCP (http://www.sontek.com/productsdetail.php?ADP-Acoustic-DopplerProfiler-4).
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A simple estimation of flow velocities (e.g. due to alongshore currents) can be obtained by measuring at
different instances in time the position of a floating body (e.g. a coconut floating on the water). However,
it is important to keep in mind that the measured flow velocity is only representative of surface currents
and, depending on the object chosen as floating body, it might also be affected by the action of the wind.

4.3.

Meteorological

Measurement techniques for collection of data and monitoring of meteorological phenomena are shown
in this section. Distinction is made between wind, atmospheric pressure, air temperature and
precipitation.

4.3.1.

Wind

Wind and pressure measurements are very important to estimate the storm-surge levels which might
occur at a coastline. The tool Flooding.xls can be used to estimate those levels. The Wind Speed can be
estimated by using an anemometer (Figure 4.6). It is typically made up of cups attached to spindle. The
stronger the wind the faster the cups rotate and the higher the reading.

Figure 4.6 Different types of anemometers (credits: volker-quaschning.de and NOAA).

A common way of describing the wind speed is the Beafourt scale. Beaufort arranged the numbers 0 to
12 to indicate the strength of the wind from calm (force 0) to hurricane (force 12) (Table 4.1).
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Table 4.1 The Beafourt Scale.

Beafourt number

Description

When you see or feel this effect

Wind (km/h)

0

Calm

Smoke goes straight up

Less than 2

1

Light Air

Wind motion visible in smoke.

2-5

2

Light breeze

Wind felt on exposed skin. Leaves rustle.

6-11

3

Gentle breeze

Leaves and smaller twigs in constant motion.

12-19

4

Moderate breeze

20-29

5

Fresh breeze

6

Strong breeze

7

Moderate gale

8

Fresh gale

9

Strong gale

10

Whole gale

Dust and loose paper raised. Small branches begin to
move.
Branches of a moderate size move. Small trees begin
to sway.
Large branches in motion. Whistling heard in
overhead wires. Umbrella use becomes difficult.
Empty plastic garbage cans tip over.
Whole trees are in motion; walking against the wind
is difficult
Twigs break from trees; walking against the wind is
very difficult
Buildings suffer minimal damage; roof shingles are
removed
Trees are uprooted

88-101

11

Violent storm

Widespread damage

102-116

12

Hurricane

Widespread destruction

117 +

4.3.2.

Atmospheric pressure

30-39
40-50

51-61
62-74
75-87

For meteorological purposes, atmospheric pressure is generally measured with electronic or mercury
barometers. Atmospheric pressure has a direct effect on storm surge levels through the inverse barometric
effect (see tool Flooding.xls).

4.3.3.

Air temperature

The information on air temperature is important to support the reading of other instruments, often
influenced by air temperature. Information on temperature is also required for hydrological type of study.
Air temperature is measured by standard thermometers, generally protected by a Stevenson screen
(Figure 4.7).
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Figure 4.7 Stevenson screen.

4.3.4.

Precipitation

Precipitation measures are carried out by using a rain gauge, an instrument which gather and measure
the amount of liquid precipitation over a set period of time. Rain gauges are classified into recording and
non-recording types. The advantage of recording type of rain gauges is that they do not only record the
data but also the time when the rainfall has occurred.
Rain gauges often have wide openings at the top for rainfall. The rain falls and is funneled into a narrow
tube, sometimes one-tenth the diameter of the top of the gauge. The entrance to the gauge through the
funnel is narrow to avoid debris clogging the mechanism and undesirable evaporation in hot weather
(Figure 4.8).

Figure 4.8 Rain gauge for rainfall measures
(http://www.metoffice.gov.uk/guide/weather/observations-guide/how-we-measure-rainfall).
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4.4.

Bathymetric and topographic survey

The easiest and cheapest way to carry out a bathymetric survey on a number of profiles is to use an
eco-sounder. Echo sounding is a type of SONAR used to determine the depth of water by transmitting
sound pulses into water. The time interval between emission and return of a pulse is recorded. This is
used to determine the water depth along with the speed of sound in water at the time.
For most coastal engineering studies, surveys down to a maximum depth of 10 m are sufficient.
The cheapest echo-sounders can have a price of about 100 €. These instruments have a vertical resolution
of  0. 1 m and they can measure water depths down to  100 m. The bathymetry can be measured by
immersing the top of the instrument in water and the reading can be done manually by taking out the
instrument from the water (Figure 4.9). It is important that the reading of the water depth is also
accompanied by the reading of the location at which it has been collected by using a GPS. With this
method it is possible to measure 10-15 transects in one day. Some echo-sounders allow for a continuous
reading and they can be mounted on the boat, thus allowing the reading without removing the instrument
from the water.

Figure 4.9 Bathymetric survey by means of a basic echo-sounder. Left figure: the instrument. Right
figure: cross-shore transects and reef steepness measured with basic echo-sounder equipment
(Deltares, 2016).

More sophisticated (and expensive) echo-sounders can be used to derive two-dimensional bathymetric
maps. For example, for nearshore measurements, jet-skies mounted with an echo-sounder and GPS are
widely used (Figure 4.10).
Often, it is advised to measure the bathymetry at the study area repeatedly in time (e.g. once a year) to
assess possible bathymetric changes (e.g. due to structural erosion).
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Figure 4.10 Sounding equipment for bathymetry monitoring of beach and underwater profiles.

The easiest way to monitor possible shoreline change is by monitoring the distance between the shoreline
and a fixed reference point (e.g. a pole in the ground) for a number of cross-shore transects (Figure 4.11).
As the waterline position changes continuously in time due to tidal effects, it is important to define proper
indicators defining the shoreline (e.g. shoreline at mean sea level, or shoreline at high water at spring tide,
or shoreline at low water at spring tide). A series of cross-shore profiles (spacing of 100 to 200 m) have to
be defined and measured regularly (e.g. 4 times per year; spring, summer, autumn and winter).
Topographic surveys can be carried out manually using a GPS (Figure 4.12 – left figure). The vertical
accuracy of high accuracy GPS is in the order of  10 cm. When the area to be monitored is larger, it
might be convenient to carry out the monitoring of the beach by using a GPS receiver mounted on a quad
bike, (see Figure 4.12 – right figure). The bike is driven along beach contours at the position of changes in
beach slope. Typically, the beach profiles will be surveyed from the top of the beach crest (+3 m) to the
waterline.
An example of a manual survey for the island of Ebeye is shown in Figure 4.13 (Deltares, 2016).
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Figure 4.11 Reference poles to assess coastal changes along the Dutch coast.

Figure 4.12 Topographic survey by means of GPS receiver. Left figure: manually operated GPS; right
figure (GPS mounted on a quad bike).
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Figure 4.13 Simple topographic survey carried out by manually operated GPS (Deltares, 2016).

The easiest way to measure difference in height between two points is by using an Abney level and
clinometer (Figure 4.14). An Abney level and clinometer, is an instrument used in surveying which
consists of a fixed sighting tube, a movable spirit level that is connected to a pointing arm, and a
protractor scale. By using trigonometry the user of an Abney level can determine height, volume, and
grade.

Figure 4.14 Abney level and clinometer.

12 

Simple assessments of Coastal Problems, Adaptation and Disaster Risk Management Solutions

4.5.

Sediment characterization

Sediment sampling from the seabed can be collected by means of a Van Veen grab (Figure 4.15). While
letting the instrument down into the water, the two levers with buckets at their ends are spread like an
open scissor. The levers are locked in this position, and unlock when hitting the ground. When the rope is
pulled upward again, the two buckets close and grab a sample from the sea floor.

Figure 4.15 Seabed sampling using a Van Veen grab.

Sediment sampling on land or at the beach is an easier operation as they can get easily taken with a spoon.
In generally, it is a good practice to write down the exact location at which the sediment sample has been
collected (e.g. by using a GPS) as sediment characteristics might vary in space (and also time).
Checklist for sediment sampling (to minimize measurement error):







Bring standardized sampling equipment (map, bags, markers, etc.)
Sample all stations similarly within a study
Use standardized procedures (e.g. numbering the samples, describing the colors, use standard
forms to fill in all data)
Collect all samples during the same time period
Collect and analyze multiple samples at a station
Collect and analyze composite samples

Simple field analysis of the sediment samples might include:
-

Description of the sample in the field (material, color, structure, consistency, moisture content,
etc.)
Grain size estimate by comparing the sediment sample to standard division of grain size classes
using a sand ruler (Figure 4.16).

On-site visual confirmation of calcium carbonate in soils and sediment can be done by using a few drops
of HCl (ca. 10%) on the deposit. After pouring the drops, a first qualitative classification can be done by
watching and listing the chemical reaction, as bubbles of carbon dioxide are produced (effervescence)
(Table 4.2).
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Table 4.2 On site conformation of calcium carbonate content
(http://www.sassa.org.uk/index.php/Analytical_Methods:Field_Carbonate_Determination)

Carbonate content

Visible effects

Audible effects

Non-calcareous (less than 0.5 %)

No bubbles form

No audible reaction

Very slightly calcareous (0.5 – 1%)

No bubbles form

Slight audible reaction

Slightly calcareous (1-2%)

Very few bubbles form, confined to
individuals grains and just visible
Few bubbles form

Moderately audible reaction

Slightly calcareous (2-5%)
Calcareous (5-10%)
Very calcareous (more than 10%)

Many obvious bubbles form up to 3
mm diameter
Very many bubbles form up to 7
mm diameter

Moderately to distinctly audible;
can be heard from the ear
Easily audible away from the ear
Easily audible away from the ear

For more information see:
http://www.sassa.org.uk/index.php/Analytical_Methods:Field_Carbonate_Determination

Figure 4.16 Sand ruler for grain size analysis in the field (courtesy from VRM http://www.vrm.nl/).

4.6.

Water quality

The condition or quality of coastal waters is very important for health and safety, including visual aspects.
Diseases may be contained in the coastal waters in terms of viruses or other organisms, posing threats to
humans. There are several sources of bacterial contamination in coastal waters, e.g. sewers, poorly
maintained sewage treatment plants, discharges from boats, and runoff from the land during heavy rains
and storms.
Water quality also depends on the level of nutrients dissolved in the water. They may cause rapid growth
of marine plants, and may result in algal blooms. Fluid human and agricultural waste transported into the
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sea by storm runoff, adds lots of nutrients to coastal waters. Clear water in the beach environment is
important for tourism, however even clear water may sometimes be polluted.
There are a number of simple indicators which can be used to measure water quality. These are:









Faecal coliform bacteria: naturally present in the human digestive tract, but rare or
absent in unpolluted water;
Dissolved oxygen: needed by all aquatic organisms for respiration and their survival;
Biochemical oxygen demand: a measure of the quantity of dissolved oxygen used by bacteria as
they break down organic wastes in the water;
Nitrate: a nutrient needed by all aquatic plants and animals to build protein;
Phosphate: also a nutrient, and needed for plant and animal growth;
pH: a measure of the acidic or alkaline properties of the water;
Temperature;
Turbidity: a measure of the amount of suspended matter and plankton in the water.

For more information, the reader can refer to: http://www.unesco.org/csi/pub/papers3/sande10.htm

4.7.

Video monitoring

Based on digital imaging technology, shore-based video systems now provide the additional capability of
automated data collection, encompassing a much greater range of time and spatial scales than previously
was possible (Figure 4.17).
Video images can be used for:





Determining shoreline position and changes
Deriving information on underwater and intertidal bathymetry
Deriving information on local waves and hydrodynamic conditions
Beach users detection

The costs are highly determined by the camera systems and the post-processing system used.

Figure 4.17 ARGUS video monitoring station at Noordwijk, The Netherlands.
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4.8.

Monitoring of river discharges

Different measurement systems are available to monitor the discharges of small rivers and streams which
can be found on small island states. Those water bodies are generally characterized by water discharge
which can vary very rapidly during the year from few l/s during dry season up to few hundreds m3/s
during flash flood events.
Simple and cheap techniques to measure discharge can consist of:
a) Mechanical current meters (Figure 4.18)
Measurements of river discharge using a mechanical current meter are generally carried out where the
water flows with not too much turbulence (e.g. far from a river bends). The device will measure the flow
velocity. The reading can be repeated at different positions in the cross section. The river discharge (m3/s)
can be computed by multiplying the current velocity (m/s) by the cross- sectional area (m2).

Figure 4.18 Mechanical current meter.

b) Tracer method
This method consists in marking the water of the river with a known volume (V0) and concentration (C0)
of a certain substance (e.g. a solution of NaCl), which can then be identified more downstream. In
particular, it is possible to measure the change in conductivity, 100-200 m downstream from the point
where the solution has been poured. By knowing the relative increase in conductivity in the given
measuring time (between t1 and t2), it is possible to estimate the volume of water (Q) which has passed the
cross section during the same time and which had led to the increase in conductivity from Cb to C (Figure
4.19).

∫
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Figure 4.19 Determination of river discharge by using the conductivity method. Courtesy of: Altene
Ingegneri Associati. http://alteneingegneria.it/schede/Scheda%20mis%20Q.pdf).

c) Using a weir
Within this method, a weir is built across the river in order to create sub-critical flow conditions upstream
of the weir (Figure 4.20). In this way, a unique relationship between the height of water in the river
(called the 'stage') and the discharge can be derived, i.e. the rating curve. Thus, by building a structure to
create this hydraulic drop, an accurate discharge trace can be calculated. There are many types of weirs
from V-notch to rectangular thin-plate, etc.
With this structure in place, it is also very easy to get readings of the discharges anytime in the future, just
by reading the water levels.
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Figure 4.20 V-notch thin-plate weir (from http://www.es.lancs.ac.uk/people/nickc/104/case16.htm).

For more information see also: http://www.fao.org/docrep/t0848e/t0848e-09.htm

4.9.
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