APPENDIX A
Measurements

Start measuring today!

The tools used for beach measurements can be very advanced or very simple. It is better to use high quality tools, but it is certainly not a basic requirement. The most important thing is to start as soon as possible, even if no sophisticated tools are available. The following section describes how a basic beach observation system can be set up without costly equipment. All that is needed is some manpower and very basic tools. It is extremely important to have good beach data, so start beach measuring today. The method is simple, the tools cost almost nothing, and you will collect extremely valuable data for all kinds of future decisions.

Measuring of beach lines

How to set up a Coastline Measuring System
Generally it is not possible to create a very detailed observation system immediately. But you have to start somewhere. One of the major problems with existing historical data is usually that they refer to locations different from those used for more recent measurements and are therefore not directly comparable with current data. 

For this reason, it is important to determine a general fixed baseline along the coast, which should then never be changed. It is not particularly important where the baseline is today, although it is better to make sure that it is as straight as possible, located on a beach likely to stay dry for a number of years, and approximately parallel to the waterline. The baseline must be marked in the field using beacons and profiles must be taken at fixed points along it.

In the first phase, full profile measurements will probably not be taken. A good start is to measure the position of the LW-HW line and dune foot. This should be done once a year, always in the same month. The distance from the zero of the baseline should indicate the profile numbers. 

It is important to define the vertical reference level. This can be the national datum (if available) or any other datum. However, the datum used for nautical charts (LLWS) is not recommended, because it may vary significantly along the coastline. It is better to use a datum related to mean sea level. 

Example of a Coastal Measuring System
The figure below shows a coastal section. It is clearly an island or peninsula with a resulting sediment transport from south to north. It is mainly composed of a sandy beach with some groynes and some rocky outcrops. Some accretion may be expected to occur at the northern tip of the island. 
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The baseline is defined with the minimum number of "bends" and. is drawn mainly on the dry beach.

A good zero-point is the lighthouse. However, the beach may accrete north of the lighthouse. So this point is not called 0, but 1,000 (because accretion is not expected to exceed 1 kilometre in the next century). It is advisable to use the metric system, but measurements can be given in either kilometres or metres. Experience has shown that a system in kilometres is good for presentation but computer storage can best be done in metres. Longshore measurements accurate to a scale of less than 1 metre are not useful. 

The map gives a clear indication of all the distances and other elements. These include a rocky outcrop (km 1480 - 1640) and the groynes (2440, 2700, 2940). All coastal information can be presented in this system of co-ordinates. In the cross-shore direction, the baseline is zero. Seaward is positive, landward is negative.

[image: image1.wmf]At bends in the baseline, it is wise to place monuments. (In this case on point 2150.) At this position the monument stands between the high water line and low water line. If this is impossible because of the wave climate, an additional monument should be placed a little further inland, as well as a leading point.

On the map, M = Main Monument, AM = Additional Monument, LP = Leading Point

In the field the position of M can easily be found by measuring 200 m seaward from AM, in line with the leading point LP.

Profiles are nearly always defined perpendicular to the baseline. There are two exceptions. The first is that profiles at bends in the baseline are defined in such a way that they exactly bisect the angle of the bend. Because these bends always cause problems with the analysis of coastal data, the baseline should invariably be defined with the minimum number of bends and the smallest possible angle 
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. Since these requirements are contradictory to each other, the aim should be to achieve the best possible compromise between them. 

The other exception is when a groyne is not perpendicular to the baseline. In that case it may be wise to make the profiles parallel to the groynes. However, the best thing is to try to avoid this situation in the first place. Groynes should be built perpendicular to the coastline (and thus perpendicular to the baseline).

After defining the baseline, the next step is to define the positions of the profiles. Experience in the Netherlands has shown that (on a straight, undisturbed coast) profiles at intervals of less than 250 m are not useful. However, where hard elements occur (rocky outcrops, beach walls, groynes) this distance should be modified. In addition, profiles should always be made at bends in the baseline and at "important points". (In this case, at km 1000 and 2050.) In a groyne field, a profile should be defined halfway between each two groynes. In the example, therefore, profiles are required at km 2570, 2820 and 3070.

In this example, it is clear that the remaining section can be divided into more or less equal sections. Thus the profiles to be measured are at km 0750, 1000, 1190, (1450), 1795, 2050, 2245, 2570, 2890, 3070, 3350, 3600.

To start with, only the beach lines (HW and LW) and dune foot are measured at these points. Full profiles are measured at longer intervals every year, for example only at 1000, 2050, 3070, etc., in order to reduce costs in the beginning. But be sure that 3070 is measured and not 3000!!! Otherwise the data will not be comparable in future. 

To make measurement easier, a marker beacon displaying the number of the profile (0750, 1000, 1190, etc.) should be placed on the beach at the position of each profile. For ease of measurement, a leading point can be placed in the dunes. Beacons on the beach are also very useful for other purposes: for example, lifeguards can use them to identify the point where assistance is needed. 

Measuring near groynes
Near groynes, additional measuring profiles are required. These are indicated in the figure. It is wise to place the standard profile mid-way between the groynes. An additional groyne profile can be placed at the centre-line of the groyne to provide data enabling observation of potential scouring holes in front of the groyne-head. These holes are formed by contraction of the tidal current. Parallel to the groynes, erosion channels sometimes form because of rip currents. These may be observed using lateral groyne profiles.

Simple measurements
The simplest type of measurement is the LW-HW-DF-measurement. This is executed as follows:
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Determine the level of mean low water, mean high water and the dune foot. MLW and MHW can be found in any nautical almanac. For the dune foot measurement, there is no strictly prescribed method. A practical way is to measure a number of dune profiles to determine the intersection between the beach slope and the dune slope. This intersection is then the theoretical dune foot. After calculating the height of the theoretical dune foot for a number of profiles it is possible to determine the mean height for that coastal section. This gives the DF level. In the case of a flat coast without dunes, the escarpment line can be used instead of the dune foot.

2. Next, use simple water levelling equipment to determine the position of LW, HW and DF in the field. It is very handy to indicate the reference height on the beacon. (Note: if the beacon height is used as a reference, it must to be calibrated regularly.) If no reference point is available, the water level in the sea can be used instead, provided data on the current water level is available from a reliable measuring station in the neighbourhood. 
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3. [image: image31.wmf] 

Even if no water-levelling instrument is available, the measurements can still be made using the horizon as a horizontal refe​rence. See figure above. This method is sim​ple and reliable.

4. The position of HW, LW and DF with respect to the baseline can be measured using a measuring line or electronically.

5. [image: image32.png]


It is advisable for the field crew to enter the measured data as soon as possible in a com​puter and to plot the preliminary data im​me​di​atel​y on the screen. Mistakes can then be spotted directly, and in most cases related to errors in readings. If the field crew does this job, such errors can be corrected quickly and easily.

Data from these special groyne profiles are important for monitoring the stability of the groyne. If holes become too deep, the groyne will no longer be stable and considerable damage will result. 

Measuring of waves

For many coastal engineering applications, wave data are essential. The most important para​meters to be measured are:

· Significant wave height

· Wave period (either significant period, mean period or peak period)

· Wave direction.
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Modern devices (such as wave buoys) are available to measure these parameters automatically. All equipment of this kind is coupled to a computer data acquisition system, which processes the data and delivers the required information automatically. However, where funds are not available to buy such advanced equipment, simpler tools can also be used. One of the simplest is visual wave observation. This is very easy. A scale marked in centimetres is placed in the sea at a place where the waves are still “undisturbed”, but which is still visible from a location on shore (e.g. from a break​water or a rocky outcrop).Stand​ard geodetic scales may work quite well. An example of such a scale is given in the adjacent figure. The advantage of such a scale is that the centimetre markings can be distinguished easily even over quite a long distance. The scale is marked in decimetres.

The procedure for measuring the wave height is as follows:
Make a data sheet on which at least one hundred waves can be marked. Use a telescope or binoculars to observe the waves moving against the scale. At the passage of every wave crest and every wave trough, read out the value measured on the scale to an assistant who can write down the figures. Do this approximately three times in a series of one hundred waves. After each observation series, count another series of exactly one hundred waves, using a stopwatch to measure the total time they take to occur. Divide the total time by the number of waves. This will give you the average period of the waves.

Later, subtract the measured values of the wave troughs from the wave crests to obtain one hundred individual wave heights. Select the 33 highest values, and calculate the average of these. The result is the significant wave height Hs.

If it is not possible to erect a fixed scale connected to the bed, a floating scale can be used instead. The figure on the following page gives a schematic overview of this. A scale is mounted on a submerged float. The float is held in position by an anchor and an anchor cable. However, when designing such a float, it is important to remember the orbital movement of the waves, especially in shallow water. In order to prevent the float from bobbing up and down as a result of this orbital movement, the structure must be pre-stressed. This means that the floating capacity of the float should be very high. The anchor cable is always under stress, and the float will always stay at its highest position. Some experimentation will be necessary to identify the optimum size and floating capacity of the float
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Measuring of beach profiles

If funds are available, it is best to measure the beach profile under water. This is easy to do using a boat with an echo sounder, sailing in straight lines towards the coast. It is advisable to use the same profiles as those used for the determination of the HW line, LW line, etc., as indicated above. 

It will help the helmsman if visual beacons are placed on the beach. He will then only have to keep the two beacons in line. Digital positioning systems are preferable in combination with the echo sounder.

Measuring of beach sand

For various morphological computations, it is important to know the type of beach sand. However, this need not be known in much detail. It is sufficient to know the D50- value (=median grain-size) of the sand, preferably at a number of locations. An exact value is not needed: values rounded off to the nearest 25 (m will usually be sufficient (i.e. 100, 125, 150 , 175 … (m). These can be obtained using a sieve analysis, but comparing the sand with a “sand-ruler” will also be sufficient in many cases. It is more important to know the approximate grain-size at many places, than the precise grain-size at only one point. 

APPENDIX B
 Design aspects of filter layers

A filter must be permeable for water, impermeable for sand of the grain-size present in the bed material (stability), and so constructed that the grains will not move around within it. There should also be no movement of finer particles from the base layer into the filter (no segregation). 

To define the filter requirements, the usual sieve diameters are D15, D50 and D85. These cor​respond to particle dia​meters where 15%, 50% and 85% of the material (by weight) is finer than the sieve-size. For specific require​ments, however, sieve diameters D10, D60 and D90 are also used. The best sub-layer is that designed (and executed) in accordance with the geometrical filter rules. A granular filter between subsoil and cover-layer must meet the following requirements (related to the repre​sen​tative grain-sizes of the basis/subsoil Db and the filter Df):

criterion: 

‑ stability


Df15/Db85 < 4 to 5 

‑ permeability   


Df15/Db15 > 4 to 5 

‑ segregation    


Df50/Db50 <20 to 25 

‑ internal stability 


no migration:
Cu = D50 /D10 < 10
       



migration:
Cu = D50 /D10 > 20  

This is illustrated in the following figure.
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Instead of a granular filter, a geotextile or filter cloth may also be used. More details on geotextiles will be given later.

Practical aspects of filter layers
The thickness of a granular filter layer should be at least 0.1 m for sand, 0.2 m for gravel and 2 to 3 times Df50 for coarser mate​rials. In addition to this minimum thickness requirement, the position of the layer is also relevant. Layers dumped under water must never be thinner than 0.5 m. Layers installed by heavy equipment in bad climatic conditions should also be relatively thick. 

Granular filters are expensive and difficult to realise (especially under water) within the re​quired limits. An alternative solution is a geotextile (working as a filter) with an additional layer of graded stone (to damp the internal hydraulic loads) if necessary. Another good (and often cheap) solution is to apply a thick layer of a broadly graded natu​ral or waste product such as mine-waste, slag, silex, etc.

Geotextiles

‘Geotextile’ is a generic term for all kinds of foil and cloth-like synthetic materials. These are becoming increasingly important in civil engineering. They are used to armour soil in foundations and slopes, as membranes to prevent seepage or to protect the environment against pollution from a dump area, and as filters in hydraulic engineering. The latter use is the subject of this section. Geotextiles come in many shapes, depending on the production technique. The two main types are woven and non-woven. A disadvantage of geotextiles is that they may weather, e.g. as a result of ultra-violet light, and that they are susceptible to wear and tear by chemical, biological or mechanical processes.
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Geotextiles are regarded as a breakthrough in filter design, both in terms of cost-effectiveness for large projects and in terms of the potential for designing thin but sand-tight filters. They are especially useful in cases where there is no space for a thick multi-layer granular filter, or where it is difficult to construct such a filter. The geotextile in this figure is completely responsible for the filter function. The main functions of the layer between the top or armour layer and the geotextile are to prevent damage to the geotextile by individual large stones and to prevent flapping of the cloth, which can cause loss of the base material. 

As for granular filters, the two main features are again stability (sand-tightness) and permeability.

Special attention should be paid to the construction of filters (especially under water). In the case of geotextiles, it is important to avoid damage during the installation of cover layers. For this reason, the fall‑height during dumping of stones should normally be restricted to 0.5 m. Greater fall‑heights are only acceptable when supported by special tests for specific geotextiles and should certainly not exceed 2 m. An alternative is to cover the geotextile with a protective layer of gravel.

Design aspects of geotextiles

As with granular filter design, a number of geotextile filter criteria have been proposed over time. Most experts agree that both retention and permeability should be considered when selecting a geotextile filter. There are also several additional considerations for proper design of geotextile filters. Briefly, these are as follows:

· a retention criterion to ensure that the geotextile openings are small enough to prevent excessive migration of soil particles;

· a permeability criterion to ensure that the geotextile is permeable enough to allow liquids to pass through it without significant flow impedance;

· an anti‑clogging criterion to ensure that the geotextile has enough openings so that, even if the soil becomes entrapped within the geotextile and clogs a few openings, the permeability of the filter will not be significantly impaired;

· a survivability criterion to ensure that the geotextile survives its installation; and

· a durability criterion to ensure that the geotextile can withstand adverse chemicals, ultraviolet light exposure and abrasive environments for the design life of the project. 

The specific numerical criteria expressing the above filter requirements will depend on the requirements of the filter in the given situation, the filter boundary conditions and the properties of the soil.

Because of the complexity of this approach, only general indications will be given here. The geotextile filter must be permeable enough to allow free flow of water without inducing uplift pressures and must have an opening-size small enough to prevent soil particle migration. The retention criterion and the permeability criterion needed for the selection of the appropriate geotextile depend on the grain‑size distribution of the soil and the type of flow (hydraulic gradients).

The general retention criterion can be defined as:



O90 < Db90
where O90 = effective opening-size of fabric which corresponds to the average sand diameter of a sand fraction 90% of which remains on the fabric after a sieving time of 5 minutes, and Db90 = characteristic size of subsoil which corresponds to the sieve-size through which 90% of the total sand mass will pass.

Note:
There are various methods of determining the size of geotextile openings. Details of the test varies from country to country, the chief differences being that some use dry sieving and others wet sieving, with either one‑directional flow or alternate flow. International standardisation is expected on this subject within the next few years.

Experience in the Netherlands has shown that for bank protection with limited wave attack (Hs < 1 m) the criterion mentioned above can be extended to:



O90 < (1 to 2) Db90
Because of the various uncertainties involved (i.e. clogging, blocking etc.), the required permeability of the fabrics (k) has to be much greater than the permeability of soils. Some indicative criteria are given below:

k fabric > (2 to 20) k soil ‑ for uniform soil, and 

k fabric > (5 to 50) k soil ‑ for well-graded soil 

The lower values refer to more ideal circumstances while the higher values refer to those more generally found in practice.

APPENDIX C 
Design rules for rouble mound constructions

C1. Design of the armour layer of rock (rouble mound)
In these guidelines different kinds of constructions are mentioned which are constructed by using rock, like groynes, seawalls and (lateral) breakwaters. 
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Groynes and lateral breakwaters
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Seawall construction

In the design methods of such constructions some important boundary conditions are needed:

· sea level data

· wave heights

· wave periods

· current velocities

· storm duration

· geotechnical information: characteristics of bed materials like soil type, angle of repose, grain size, porosity (loose or dense sand (critical value is approximately 40%)

· bathymetrical data

In most of the cases, attack by current is inferior to wave loads; therefore stability formulas handling load by current are left out of consideration. The following design rules can be applied on every rouble mound armour layer that is attacked by waves, (Van der Meer [1]):
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(plunging waves)

and
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(surging waves)

in which:

Hs
= significant wave height [m]


= relative mass density [-] = (s - w)/w, where s,, w = mass density of stone resp. water [kg/m3]

Dn50
= nominal diameter of rock [m] = (M50/s)1/3, where M50 = mean weight of stones [kg]

N
= number of waves [-] (= storm duration / wave period)

S
= damage level [-] = A/(Dn50)2, where A = erosion area in a cross section [m2]


= angle of the seaward slope of a structure [(]

m
= surf similarity parameter [-] = tan  / (s, where s = wave steepness [-] = Hs/Lm, where Lm = wave length related to Tm = g Tm2 / 2, where Tm is the mean wave period [s] and g = acceleration of gravity [m2/s]

mc
= transition surf similarity parameter [-]

P
= permeability coefficient [-]

The transition between plunging and surging waves can be derived by:
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The value for P varies from 0,1 (filter on impermeable core) to 0,6 (homogeneous permeable construction).
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Damage profile related to S

An indication of the stability of different armour units is given in the next graph. With this, rouble mound armour layers can be compared with other armour units.
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Stability of different armour units

C2. Stability of toe of groynes and breakwaters
It is certainly not necessary to extend the armour layer over the full water depth down to the seabed. The following design rule gives the relation between the unit weight of rock, toe level and damage [2]:
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in which:

ht
= water depth above the toe [m]

Nod
= damage parameter [-]

Critical values for Nod are:

	Nod
	character of damage

	0,5
	start of damage

	1,0
	acceptable damage

	4,0
	failure


These values apply for a standard toe, with a thickness of 2 to 3 Dn50 and a width (of the crest) of 3 to 5 Dn50. The validity range is:

0,4 < ht / h      < 0,9

3    < ht / Dn50 < 25

A definition sketch is given below:
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Definition sketch of h and ht.

C3. Toe construction of a seawall
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Several examples of toe construction of a seawall

For the calculation of the stability of the armour layer, see chapter 1 of this appendix.

C4. Submerged crest
In many situations the crest of groynes is submerged, especially considering the design-sea level. When the crest is submerged, the wave attack is no longer concentrated on the slope but rather on the crest itself. Van der Meer gives the following equation [2]:
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in which:

hc
= height of the crest, measured from the bed [m]

h
= water depth, measured from the bed [m]

S
= damage level as defined earlier [-]

and
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  , where sp is the local wave steepness [-] = Hs / L

For the calculation of L, see the next chapter.

C5. Bed protection
By constructing on the seabed, scouring will occur due to increasing currents or motion of breaking waves. When the scour hole reaches a critical depth and/or a critical distance to the construction, the construction may fail due to geotechnical instability. A bed protection must provide this situation. When the scour hole reaches its critical depth, sliding will occur and the bed protection will collapse with the sliding. Monitoring is recommended to follow the scour process and to make sure that after sliding the construction is not in danger. 

The current velocity just above the bed can be computed by:
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in which:

ub
= current velocity just above the bed [m/s]

T
= wave period [s]

h
= water depth [m]

L
= wavelength [m] related to T

L can be derived from:
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or L = g T2 / 2 in case of deep water (h/L > 0,5)

or L = T ((g h) in case of shallow water (h/L < 0,09)

In [1] a method is given, based on the formulae of Shields, to compute the stability of the armour layer of the bed protection. The resulting equation, which must be solved iteratively, considers oscillatory flow. Below, an adapted equation of Izbash [3] is given, which gives in most situations a comparable result with the Shields approach.
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The length of the bed protection depends on the scour depth and the geotechnical condition of the seabed. With the following rules-of-thumb the scour depth ds [m] can be found:

· head of groynes / breakwaters ds ( 1,5 to 2 Hs
· trump of groynes / breakwaters: ds ( 1 Hs
· before seawalls: ds ( 2 Hs
One can define two kinds of geotechnical instability:

· liquefaction or flow slide (recently formed seabed, loosely packed sand)

· sliding (dense sand)

The slope, which occurs after the geotechnical instability, is about 1:15 in case of liquefaction and 1:6 in case of sliding. The minimal length of the bed protection Lb [m] can be estimated by:
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It is recommended to add about 20 % more length of the bed protection to gain some safety.
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Instability of scour hole

C6. Wave transmission
Sometimes the transmission of waves passing groynes or breakwaters can be important (for example: to create a wave lee area for fishing ships or recreation). From next figure values of the transmission coefficient Kt can be obtained.
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Wave transmission over and through low-crested structures

with
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in which:

Rc
= relative crest height with respect to still water level [m]

Ho
= wave height behind the construction or outgoing wave height [m]

Kt
= transmission coefficient [-]

Hs
= incoming significant wave height [m]
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APPENDIX D 
Artificial beach nourishment
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D1. How to apply beach nourishment

Artificial beach nourishment is a useful tool in the case of an eroding sandy coastline where sufficient sand is available close by. This may be sand from an offshore borrow area or from an inland source.

When offshore sand is used for nourishment, it should be dredged at a location far enough from the coast to avoid the dredging influencing the coastline (or neighbouring coastlines!). Once it has been dredged, the next step is to ship and/or pump or rainbow the sand to the beach site, where bulldozers and grabs can move it into the desired shape. Some combinations of the use of trailing-suction-hopper-dredgers, cutter-dredgers, floating pipelines etc. are shown in the figures on the right. Which combination is most suitable will depend on the specific local conditions, such as distance from borrow area, available equipment etc. 

If the original beach profile is rather steep, it is advisable to consider using bunds (=sand dikes) to keep the beach fill in place. Be sure, however, that the pumping-water is able to flow out of the nourishment area rapidly. 

D2. How to determine the quantity of sand for beach nourishment

There are several ways to determine the quantity of sand to be supplied. The "Dutch design method" is the easiest. 

Dutch design method

This method is only possible once (yearly or two-yearly) observations are available of the position of the coastline over approx. the last 5 - 10 years. The method of coastline measurement is described in APPENDIX A. The Dutch design method assumes that the sand used is identical to the native sand. If that is not the case, a correction must be made for the grain-size. After calculating the required quantity, it is importance to place the sand on the beach in an appropriate way. 

Experience in many European countries has demonstrated the reliability of the Dutch design method, provided it is used in appropriate situations. It involves the following five steps: 

1. Perform coastal measurements (preferably for at least 10 years) 

2. Calculate the "loss of sand" in m3/year per coastal section 

3. Add 40% loss 

4. Multiply this quantity by a convenient lifetime (for example five years) 

5. Place the resulting quantity somewhere on the beach between the low-water-minus-1-metre line and the dune foot. 

This method is simple and straightforward. It does not require mathematical models and wave (or wind) data, but good quality measurements of the position of the coastline are absolutely necessary. 

Of course, there are also problems with it. It relies on the general assumption that beach nourishment will have no influence on the long-term natural behaviour of the coast. Or, in other words, that the erosion rate before nourishment will be identical to the erosion rate after nourishment. 

This general assumption is true in the Netherlands where beach nourishment areas are relatively long and the seaward displacement of the waterline due to the nourishment is not too great. In the Netherlands, the ratio between length of nourishment (L) and seaward movement of the waterline (width of the nourishment, w), L/w, is in the order of 20 - 40. Of course, it must be remembered that the Dutch coast also features a tidal difference of 2 - 4 metres, a tidal current along the coastline and an almost perpendicular wave attack. But, provided the L/w ratio is in the order of 20 or more, this assumption will be valid in most other parts of the world. 
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The erosion rate has to be calculated as a volume per unit of time (e.g. m3/year per metre of coastline). In cases where no profile data are available, the retreat of the high water line may also be used, but this implicitly assumes that the shape of the coastal profile is also constant in time. That is usually not so. Apart from this, the variation in the measured data is also significantly more if coastline retreat is used instead of volume retreat. 

So the first step is to measure the coastal profile for a number of years and calculate the volume in the profile (see figure). It is important to define good boundaries. The landward boundary must be placed far enough landward that erosion (including storm erosion) will "never" reach beyond it. In this context, "never" should be interpreted as: not in the observation period or the extrapolation period. The offshore boundary must be far enough out to sea that no significant onshore/offshore transports will normally cross it. In any case, it should be placed seaward of possible breaker bars.   

The next step is to plot the volume data as a function of time (see figure "A"). A regression line can be drawn through the data in this figure. Usually a linear trend can be assumed, especially when the regression period is in the order of ten years (the period recommended for this type of analysis). Non-linear regression must occasionally be applied but this is very exceptional. The slope of the regression line indicates the erosion rate, e.g. Qm (m3/year). 

After this, a suitable lifetime for a nourishment must be selected, for example 5 years. It is possible to select any figure and optimise it later but experience shows that such optimisation is usually completely overridden by non-technical issues like available budget, available sand, implementation timetables, etc. We call this lifetime T. 

The volume to be nourished is thus VN = Qm * T (m3) (see figure "B"). However, this takes no account of "losses" in the longshore direction. These occur because the nourishment is always of limited length and because there is a wash-out of finer particles (the grain-size distribution of the sand used for nourishment is never exactly equal to that of the original beach sand). Also, because the beach extends somewhat further into the sea, the wave attack is heavier, and - last but not least - there may be a profile adaptation outside the control volume. This last effect will be reduced if the seaward boundary is placed further out to sea. 
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These losses must be covered. An initial estimate of this surcharge is 40%. This percentage covers all types of losses (see figure "C"). It can be fine-tuned by using measured data from the evaluation of previous nourishments in the region. In the Netherlands we have found that we can usually use a slightly lower percentage. 

Placement

From a morphological point of view, it makes little difference where the sand is placed in the beach profile (provided it is between the breaker line and the dune foot or swash-line.

The first minor storm after the sand nourishment will return the beach to its natural profile. And nature can do this much better than bulldozers and scrapers. So the sand can be dumped at the cheapest point, provided it is landward of the breaker line. 

Experience in the Netherlands indicates that so-called profile nourishment (i.e. trying to make a naturally stable profile) has no influence on the erosion rate. The only difference observed was that, on very steep, relatively fast-eroding beaches, a high placement lasted somewhat longer, because the profile could not adapt quickly enough to the erosion. In fact, high nourishment meant that the profile was constantly too steep, and the next nourishment was due before the profile could adapt. 

From an economic point of view, placement just above HW is preferable. It is not usually possible to dump the sand from split barges in the breaker zone so it has to be pumped ashore. The cheapest way is to place the discharge pipes just out of the reach of the waves, which implies a nourishment level just above HW. The free-flowing sand forms the seaward slope. No bunds are used. 

The result of this method is a beautifully wide, high and dry beach just after nourishment, but a seaward slope that is too steep to survive the stormy season. 

Accordingly, the first autumn storm will return the profile to its natural shape, and a lot of sand will be transported from the HW line to just below LW. From a morphological point of view, this does not constitute erosion, but the general public will see things differently. They will see only a dry beach, which "disappears" after a minor storm. So they will regard the nourishment as a failure. 

For this psychological reason (and because public support is needed to ensure funding for nourishment), it is wise to shape a nourished beach in such a way that the changes in the autumn will not be too great. 

On the Gold Coast of Australia, the beachfront is relatively steep. There, it is possible to ship the sand very near to the beach and dump it in the breaker zone directly from the barge (using a boom). The beach itself is not influenced directly by this operation. During the next storm, the sand is reworked by the waves and the profile is adjusted. The sand will be carried up onto the beach, and theoretically the beach will become wider. However, because coastal erosion also takes place during storms, the net result will generally be that the beach growth from the deposit in the breaker zone will be offset by the loss due to storm erosion. Consequently, the storm will have no effect on the size of the beach. From a morphological and economic viewpoint, this form of nourishment is successful. But here too there is a political problem: because nothing appears to happen, the public tends to think that the nourishment was unnecessary. 

Because a public authority generally pays for beach nourishment, public opinion is an important factor in funding. For this reason, it is wise to design beach nourishment in such a way that the public sees that the beach is somewhat wider after the nourishment, but that there is no major change in beach shape during the first autumn storms. If the purpose of the nourishment is to produce a wide recreational beach, this is very important. If the purpose is to prevent flooding, the best place for the sand nourishment is as high as possible on the beach. If the purpose is to combat chronic erosion, the best place is in the breaker zone. 

APPENDIX E   Design aspects 

This Appendix details some design aspects of shore protection technologies.

Section E1 discusses environmental conditions such as:

· Design wave height

· Extreme water level. (Knowledge of this parameter is necessary to define structure height.)

· Bathymetry (see Appendix A)

· Soil properties (Information on sediment-size is needed to determine the options for the foundation and the grain-size of nourishment material.) 

The remaining sections then discuss specific structure-dependent technical aspects.

Socio-economic conditions include:

· Functional requirements (e.g. shore protection only, or combination with fishing pier, or recreational use)

· Available construction material

· The ability/willingness to pay for maintenance. 

E1. Environmental conditions

The “design” wave

In the design of coastal protections, there is often much confusion about the magnitude of the design wave. It is important to distinguish the wave used to estimate the survivability of a protective structure (i.e. its ability to withstand damage by extreme waves) from that used to compute morphological effects (sediment transport, erosion, etc.). For the latter, the design wave is the significant wave during an "average” severe storm, while for survivability it is the significant wave during an extreme storm (a storm occurring only once every 25 years). Both waves can be found by a statistical analysis of wave data (locally measured data, data from remote sensing, etc.) but an alternative method of determining the “morphological design wave” is the equilibrium profile. 

Determination of the "extreme design wave"

The basis for calculating the height, stone weight and slope of structures is the extreme wave height and wave period. These cannot be measured because they occur very rarely, for example once in every 25, 50 or even 100 years. However, the values can be found by statistical analysis (extrapolation) of offshore wave statistics (Global Wave Statistics). The required lifetime of the structure will determine whether a wave height with an occurrence frequency of 25, 50 or 100 years is required.

Determination of the “morphological design wave” using the equilibrium profile

For morphological computations, the dominant wave height is required. This is the wave height causing most of the sediment transport. Usually it is one which occurs only a few times per year. The only way to determine this value directly from wave measure​ments is to measure waves continuously for at least a year, determine a wave climate, and then determine the sediment transport due to this wave climate. If lack of funding prevents this, the reverse operation is sometimes very useful. The dominant wave also causes the average beach profile. So by comparing a measured beach profile with a computed beach profile, it is possible to calculate the dominant wave height. 

Beach profiles are usually a function of the wave height and the grain-size. Bruun gives a basic equation for this, but Vellinga offers a more elaborate equation:
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in which:

x   = horizontal co-ordinate

y   = vertical co-ordinate

Hs = significant wave height (i.e. dominant wave height)

w = settling velocity of the sand, to be calculated by applying the formula:
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in which:

D50 = median grain-size of the sediment.
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If a beach profile has been measured and the D50 is known, the Vellinga equation can be used to construct a parabola for various Hs values. The parabola which best fits the measured profile will be the dominant wave height.

Cress offers a simple routine for this (see example above). A profile is measured extending to 250 m offshore, with a maximum water depth of 4.5 m below Mean Sea Level. The grain-size is 200 micron, which gives a settling velocity of 2.5 cm/sec (this can be calculated with Cress routine 411). Routine 412 gives a profile computed in accordance with the Bruun, Vellinga or Komar formulae. It is best to use the Vellinga profile. When a 3 m-wave is used, the measured and computed profiles fit quite well (see the graphs in the figure below). This implies that Hs = 3.0 m can be regarded as the dominant wave height for this coast.

It is usually quite simple to measure a beach profile. So very simple tools can be used in this way to obtain a fairly reliable impression of dominant wave height. 
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E2. Gabions
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Gabions are stones in wire baskets. They can be made from locally available stones that on their own would be too light to provide protection. They are used to construct walls, bulkheads, revetments and sometimes 'mattresses' extending under the beach. The wire enclosing the gabion basket is coated with plastic. PVC-coated wire should be used in marine areas (salt water) and in polluted conditions. Without regular maintenance, water action results in the stones rubbing against each other and wearing away the plastic-coated wire, leaving the stones to spill over the beach. Gabions are most successful in slope and river channel stabilisation in a freshwater environment where they are not affected by wave action. If used in a salt-water environment, gabions will fall apart after some time due to corrosion, and have to be replaced. 
One advantage of a gabion structure is that it can be built without heavy equipment and repaired by opening the baskets, refilling them, and then wiring them shut again.

The disadvantage of a gabion structure is that is may be opened by wave action. Also, since structural performance depends upon the durability of the wire mesh, abrasion and damage to the PVC coating can lead to rapid corrosion of the wire and the failure of the baskets. For that reason, the baskets should be tightly packed to minimise movement of the stones inside and subsequent damage to the wire. Rusted and broken wire baskets also pose a safety hazard. Gabion structures require periodic inspections so that repairs can be done before serious damage occurs.

Gabions should not be used where water-borne debris or coarse sediment is present, or where there is foot traffic. The maximum recommended wave height where there is direct wave attack on gabions is 1.5 m. The groyne or breakwater should be constructed on top of filter cloth to inhibit settlement and all baskets should be made of PVC-coated wire mesh.

In systems with more than two layers, it is preferable to use a finer stone below the cover layers (i.e. up to Dn/5) to improve filtering and to diminish the hydraulic gradients at the surface of subsoil. Where the current exceeds 3 m/s or the wave height exceeds 1 m, a fine granular sub-layer (about 0.2 m) should be incorporated. In other cases, it will suffice to place the mattress directly on top of the geotextile and compacted subsoil. For practical reasons, the minimum thickness of mattresses should be 0.15 m.
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E3. Single long groyne

A long groyne is a structure that extends into the water to direct river or tidal flow into a channel and prevent or reduce the siltation of the channel by longshore transport of sand. Long groynes located at the entrance to a bay or river also serve to protect the entrance channel from wave action and crosscurrents. When located at inlets through barrier beaches, long groynes also stabilise the inlet location. 

A long groyne forms a barrier to longshore transport of sand between the seaward end of the structure and the limit of wave uprush on the beach.

In order to stop most of the longshore transport, the long groyne or breakwater should extend at least through the breaker zone, even during storms. Even after the coast has accreted seaward, the groyne should extent further than the new breaker line.

Accretion takes place updrift of the structures at a rate proportional to the longshore transport rate. The quantity of accumulation depends on the length of the structure and the angle at which the remainder of the natural forces strikes the shore. Remember that a similar amount of erosion is to be expected on the downdrift side of a long groyne!

E4. Series of groynes 
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The groyne series concept is essentially based on allowing the coastline between two groynes to re‑orientate towards the predominant waves, thereby reducing longshore sediment transport. The exact length, orientation and spacing of a series of groynes depends on a number of factors, including the extent of beach retention required and the size and hence slope of the beach material to be retained. There are no simple and absolute rules for groyne length and spacing as these critically depend on local conditions (beach material, water depth, wave depth, wave climate, availability of beach sediment, longshore and onshore/offshore transport regimes, etc.). 

Groynes should stretch from the upper part of the beach (preventing outflanking which can extend as far as the toe of the dunes) down to the necessary water depth (which will depend on the sediment transport and the required width of the beach). They should be somewhat shorter than the width of the breaker zone. Lengths of 25 to 100 m beyond the low water level are normal. To be effective, the distance between groynes should be 1 to 3 times the length of the structures.

In general, groynes should not be too high, in order to prevent unnecessary blocking of currents (scour) and wave attack. 0.5 to 1 m above the required beach level is normally sufficient. In that case, the zone of attack will go up and down with the water level. When the groynes are necessary to prevent the current from reaching the shore at high water levels, the crest will be about horizontal; in that case, the attack will be concentrated on the head and provision should be made to prevent scour at that point. 

E5. Detached breakwaters
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Detached or offshore breakwaters work by causing a zone of reduced wave energy behind the breakwater, sediment will tend to be deposited there, forming crescent-shaped beaches. Offshore breakwaters have been used with most success on coastlines where the tidal range is negligible or small. 
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A detached or offshore breakwater should be located roughly at the beginning of the breaker zone. Typically, it should be at least three inshore wavelengths from the coastline, based on a wavelength calculated at a point about one wavelength from the breaker line.

The spacing between a series of offshore breakwaters, is one of the factors that determine whether or not a tombolo is formed. 

None of these rules of thumb can be applied to coastlines where there are large tidal ranges and/or strong tidal currents. Clearly any current that runs parallel to the shore and can pass between the breakwater and the beach can negate the wave-induced current effect and flush the material out from behind the structure.

E6. Seawalls
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Seawalls are either retaining walls intended to hold or stabilise the soil behind it or massive structures whose primary purpose is to protect the back shore from heavy wave action. They are sometimes called “beach walls” or “shore walls”.

A revetment is placed on a slope to shelter the area behind the structure from erosion, with no defence of the neighbouring areas. Wave reflection, a serious disadvantage of vertical-wall bulkheads (seawalls), does not accelerate toe erosion as much at revetments as it does at seawalls with a vertical plane front.

Seawalls are usually built of concrete elements but can also be built of timber. 

APPENDIX F 
CORAL REEFS

Coral reefs can be an important component of a coastal system. They may lie very close to the shore or many kilometres from it. Among the most ecologically diverse systems in nature, coral reefs play an important role in the protection and formation of many beaches.
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A living coral reef is a community composed of thousands of different members living in harmony with each other. The coral reef is made up of many tiny animals called coral polyps. These animals secrete limestone to surround themselves with a hard skeleton. The skeletons all join together to form the coral reef.

A healthy coral reef is home to many different plants and animals. These include algae, sponges, worms, starfish, sea urchins, lobsters and fish. 

There are two basic types of coral. Stony or hard corals are the main reef builders and come in many shapes and sizes. Examples are elkhorn coral (Acropora palmata), brain coral (Diploria clivosa) and star coral (Montastrea annularis). Soft corals are flexible, with their skeleton being inside the animal. The sea fan (Gorgonia flabellum) is an example of a soft coral.
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Coral reefs require warm, clear waters in which to grow. They may be classified according to their position relative to the shore. A few types of reefs are: fringing reefs, which border a shoreline; patch reefs, which are isolated clumps of coral sometimes only measuring a few metres in diameter; and barrier reefs, which are separated from the shoreline by a deep lagoon or channel. 

Coral reefs are especially important to beaches because they protect the shoreline from high waves. Fringing reefs and barrier reefs often grow very close to the sea surface. Incoming waves break and expend their energy on the reef, which therefore shelters the adjacent coastline. There will, nonetheless, be some wave action on a beach sheltered by a coral reef. Often the waves reform between the reef and the beach. However, the wave energy will be much less on the beach than if the reef was not present. In many respects, therefore, reefs are natural breakwaters and perform the same functions as those described for offshore breakwaters.

Since even a dead coral reef may continue to act as a breakwater for adjacent beaches, dead reefs should always be left intact.

Coral reefs are also important to many beaches because they act as a sand source. Many fish actively feed on the coral. For example, the parrot fish (Scarus) can bite off chunks of coral, digesting the living material and excreting coral sand. Other fish also feed on the coral. The butterfly fish (Chaetodon) and trigger fish (Balistes) are two examples. The sand they excrete may eventually end up on the beach. 

Coral reefs are vulnerable to natural forces and many human activities. Waves generated by storms and cyclones can break off large pieces of coral. A beautiful elkhorn reef can be transformed overnight into bare rubble. Sometimes, this coral rubble is thrown up onto the beach. Rising seawater temperatures occasionally give rise to coral bleaching (whereby corals turn white). The same phenomenon occurs when fishing communities use bleach to stun fish. Large influxes of freshwater may also damage the corals.

However, human beings pose probably the greatest threat to corals. Silt resulting from offshore dredging, the removal of mangroves and vegetation clearing can literally smother a reef. Ships' anchors cause physical damage and sometimes divers may damage or break off pieces of coral simply by touching the delicate corals with their fins. Pollution, whether large-scale resulting from sewage or small-scale from water draining a field treated with pesticides, poses another threat to corals.

It may take many years before the damage to a coral reef is manifest on the beach. If a reef is lowered by one cyclone, the reduced breakwater effect may not become evident in the form of increased beach erosion until after the next tropical storm or cyclone.

Besides being valuable in their own right, coral reefs are also vitally important to many Indian beaches. For this reason, every effort should be made to protect and conserve them.

Preserve and protect coral reefs.

Coral reefs are important in their own right, besides being so in relation to beaches. They are already experiencing stress from such natural factors as cyclones and higher seawater temperatures. The need is therefore all the greater to preserve and protect them from additional stress caused by human activities. It should be everyone's goal to preserve and protect coral reefs, be they a private individual, developer, fisherman or -woman, diver or government representative. There are several actions that individuals can take on their own:

• Replant cleared land as soon as possible. Whether you plan to build near the coast or inland, do not clear your building site then leave the soil bare indefinitely. Rain will erode the land and move some of the soil to the rivers and ultimately to the sea or, in the case of coastal property, directly to the sea. This soil may then be deposited on top of the coral reefs and stifle them. 

Do not clear the land until you are ready to build and always replant the land as soon as possible. 

• Make sure not to spill any oil when cleaning your boat's motor. Oil kills coral reefs.

• During dredging and land reclamation, it is important to reduce the amount of fine silt and clay returning to the sea by using settling ponds and silt curtains. 

• Carefully dispose of all litter. Whether enjoying the beach or the sea, people should dispose of their litter in the appropriate containers. If none exist, as is frequently the case in India, it is better to take the litter home and to dispose of it properly there. Remember, a plastic six-pack ring can strangle a sea turtle. 

• Leave only bubbles. If you are a diver or snorkeller, do not touch or stand on the reef – you may damage or kill hundreds of coral organisms. 

• Use mooring buoys to secure your boat or dinghy. Avoid using an anchor to hold your boat over a coral reef or sea grass-covered sea-bottom. If mooring buoys are available, use them; if not, look for a sandy area in which to anchor. 

• Promote safe fishing practices. If you are a fisherman or -woman, several practices can help preserve the coral reef ecosystem. Fish traps with biodegradable panels are recommended. That way, if the trap goes missing, it will not become a death trap for countless fish and other animals. Similarly, such practices as dynamiting or using bleach to stun fish should be avoided, since these cause irreversible damage to the reef. 

• Avoid spear-fishing on the reef. This practice targets animals of certain sizes and disturbs the natural balance of the coral reef ecosystem. 

Look for alternative sites if development projects require alteration to coral reefs.

If a proposed development scheme, such as a marina, requires major or minor alteration to a coral reef, look for alternative sites for the development. This rule applies whether the coral reef is alive or dead. Even dead reefs protect the shoreline.

Do not undertake offshore dredging activities close to coral reefs.

If an offshore dredging project is planned, perhaps to nourish a beach, ensure that there are no coral reefs anywhere near the proposed dredging site. Currents can carry sand and silt many kilometres away from the immediate dredging site. Ensure that detailed studies are undertaken before dredging is permitted.

Retain beachrock ledges.

Coastal property owners sometimes wish to remove beachrock ledges to improve sea bathing conditions. This is generally not a good practice. The existence of beachrock is an indicator of erosion. Furthermore, the beachrock itself protects the beach, particularly when it is out in the sea and detached from the beach.

Retain dead coral reef structures.

As with beachrock ledges, the dangers related to removing dead coral reefs in the near shore area to improve sea bathing conditions well outweigh the advantages. In most instances where dead coral has been removed, erosion increases dramatically. Even when dead, coral reefs continue to protect the beach and, in some cases, help to anchor the shoreline.

APPENDIX G
Vulnerability Assessment

A Concise, Stepwise Case Study : Suriname VA Project

The role of the Vulnerability Assessment (VA) is to examine the ability of a country (Suriname) to cope with the consequences of global climate change, including accelerated sea level rise (ASLR)
Step 1: Specification of the study area and boundary conditions
i. The upper boundary of the study area

The upper boundary or landward boundary of the study area should be chosen in a way that, as a minimum, the areas that will be physically affected by ASLR.

· Fix the boundary by the sum extreme sea level, subsidence and sealevel rise

Suriname: 

100 yrs return level of 2.5m above Suriname Chart Datum (NSP):

 2.5m NSP

Eustatic sealevel rise (net effect expected subsidence and sea level rise ):

 1.5m NSP

· Additional elevation to cater for backwater and salinity effects

Suriname:

Topography assessment, 

Catchment types and river flooding,

Adjustment river hydraulic regime to ASLR




 ±  6m NSP 

Upper boundary approximates:






± 10m NSP

i. The lower elevation of the study area

The lower elevation of the study area was chosen as the coastline that could best be interpreted from satellite imagery (Remote Sensing). The 1/1 yr return period water level was selected as lower elevation limit.

ii. Subdivision of the study area for the convenience of data collection and administration

Distinction between coastal districts (with a coastline) and inland districts (partly in coastal zone)

iii. Boundary conditions (ASLR scenarios adopted)

Suriname: two scenario’s adopted; 1) ASLR0, no accelerated sea level rise over the next 100 years, and 2) ASLR1, 1 m accelerated sea level rise (with 10 % increase in precipitation partly included)

Step 2: Study area characteristics

A) A full set of physical characteristics have to be extracted for each district. These physical characteristics can be summarized in terms of coastal, river and marine characteristics.

i. Coastal characteristics

· Coastline length

· Coastline morphology

· Coastal zone elevations

· Coastal protection

· Geological subsidence

· Groundwater extraction and human-induced subsidence

ii. River characteristics

· River systems

· River water levels

· Estuaries

· Flooding and flood prone areas

· Salinity intrusion problems

· Drainage problems

· River and swamp protection structures

iii. Marine and meteorological characteristics

· Tidal levels

· Storm surges

· Design water levels

· Wave climate

· Rainfall

· Temperature

	Coastal characteristics
	River characteristics
	Marine hydraulics & meteorology

	Overall coastline length [km]
	Discharge max/min [m3/s]
	Tidal range neap-spring [m]

	Sea dikes [km]
	Sediment discharge [m3/s]
	Extreme storm surge [m]

	Protected coastline [km]
	Catchment area [km2]
	Maximum water level [m]

	Subsidence along coastline [mm/yr]
	Highest recorded HW [m]
	Wave height [m]

	Human induced subsidence [m]
	Inland limit tidal effect [-]
	Wave period [s]

	Area of districts [km2]
	Salt intrusion [km and concentration]
	Number of cyclones [#]

	
	Total length of dikes [km]
	Annual rainfall [mm/yr]

	
	Annual flooding [1=no prob; 5=severe prob]
	Temperature [deg. C]

	
	Salinity [1=no prob; 5=severe prob]
	


Example of list of physical characteristics

B) Characteristics on habitats and species / coastal and marine biodiversity

· Ecosystem types

· Primary production of the estuarine zone

· Mammals

· Birds

· Reptiles and Amphibians

· Fishes, shrimps and crabs

· Inventatisation of the main threats to biodiversity.
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C) Coastal nature reserves and other protected areas

D) Socio-economic and political characteristics

· Recent historical setting

· Political developments and set-up

· Population

· Economic situation

E) Institutional arrangements and legislation for Coastal Zone Management

F) Land cover / land use areas for the VA analysis

G) Population densities for the VA analysis

H) Land prices and capital values for the VA analysis

Step 3: Future development Factors
i. General development trends in the coming 30 years

· Demographics

· Agriculture

· Aquaculture

· Mining and industry

i. 30 year scenario for development plans

ii. Economic trends and land cover / land use changes

iii. 30 year analysis factors

Step 4: Physical effects and natural system responses
i.
      Flooding – inundation by dike failure and inadequate drainage

ii. Coastal erosion

iii. River bank erosion

iv. Impact on natural ecosystems

	Impacts ASLR and development scenarios

	Impact category
	ASLR=0 (no sea level rise)
	ASLR=1 (1 m sea level rise)
	units

	Socio economic values (baseline)
	1995
	2025
	1995
	2025
	

	
	
	
	
	
	

	GDP of whole nation
	558.5
	2182
	558.5
	2182
	Mill. US $

	Capital value (affected)
	1191
	3012
	12905
	32313
	Mill. US $

	Population (affected)
	30.000
	60.000
	300.000
	540.000
	#

	Total wetlands
	2033
	2033
	1094
	1094
	Km2

	Wetlands areas at change
	6531
	6531
	14937
	14937
	Km2


Part of the impacts ASLR and development scenarios table

Step 5: Response strategies
Strategy options

· Full protection

Full protection implies a response, which implements sufficient protection to preserve the present status of the study area in the face of accelerated sea level rise. In Suriname, a strategy of full protection would require a complete raising of all dikes and strengthening of coastal and estuarine defences.

· Adaptation

Adaptation is a response that implements changes to the infrastructure and life styles of the affected area and its population such that the accelerated sea level rise can be tolerated. Hence, accepting some losses and investing in new ádaptive’infrastructure and agricultural techniques.

· Retreat

Retreat is a response of withdrawal. The natural impacts of accelerated sea level rise are escaped by relocating housing and infrastructure and abandoning of coastal lands. Creation of a setback line that decides building activity is a form of a retreat strategy.

Responses

Continued maintenance of:

· existing dikes

· Sea and estuary dikes

· River dikes

· Swamp dams

Implementation of a protection development plan

· Upgrading of sea and estuary dike system

· Improvement of drainage

	Summary of adopted protection strategy costs (Suriname)

	Measure 
	Initial cost (million US$)
	Annual cost (million US$)

	1) continued maintenance of existing dikes (no sea level rise)

present efforts

total
	0.00

0.00
	0.09

0.09

	2) Government development plan for improved protection

upgrading dikes

improvement pumping

total
	8.36

3.00

11.36
	0.08

0.30

0.38

	3) Raising all dikes and above measures are impolemented (1 m. sea level rise)

total dike raising

total dike construction
additional pumping

total
	220.72

72.23

166.60

459.55
	2.21

0.72

16.66

19.59

	Strategy ‘no measures’(1)

Strategy ‘partial protection’ (1)+(2)

Strategy ‘mixed feasible’(1)+(2)+(3)
	0.00

11.36

470.91
	0.09

0.47

20.06


Step 6: Vulnerability profile
A vulnerability profile can be formed in a standard way according to the guidelines of The Common Methodology. It is possible to express the findings of the analysis in such a way that the vulnerability of the nation can be compared broadly with other nations.

	VA : response 1, 2, or 3

	Impact category
	ASLR=0 (no sea level rise)
	ASLR=1 (1 m sea level rise)
	units

	Socio economic values at loss / risk / change (3 seperate tables)
	1995
	2025
	1995
	2025
	

	
	
	
	
	
	

	GDP of whole nation
	
	
	
	
	Mill. US $

	Capital value (affected)
	
	
	
	
	Mill. US $

	Population (affected)
	
	
	
	
	#

	Total wetlands
	
	
	
	
	Km2

	Wetlands areas at change
	
	
	
	
	Km2

	Etc.
	
	
	
	
	

	Costs of response (1,2,or 3)
	
	
	
	
	Mill. US $


The (three) reponse techniques are compared and vulnerability classes are assigned as to qualify the values from low risk sectors to critical sectors.

	VA : response 1, 2, or 3 (example)

	Impact category
	ASLR=0 (no sea level rise)
	ASLR=1 (1 m sea level rise)
	

	Socio economic values at loss / risk / change (3 seperate tables)
	1995
	2025
	1995
	2025
	

	
	
	
	
	
	

	GDP of whole nation
	LOW
	LOW
	CRITICAL
	CRITICAL
	

	Capital value (affected)
	LOW
	LOW
	CRITICAL
	CRITICAL
	

	Population (affected)
	HIGH
	HIGH
	HIGH
	CRITICAL
	

	Total wetlands
	HIGH
	HIGH
	HIGH
	HIGH
	

	Wetlands areas at change
	HIGH
	HIGH
	CRITICAL
	CRITICAL
	

	Etc.
	
	
	
	
	


Step 7: Relevant actions and priorities

Overall feasibility depends on several factors. Limiting conditions for good coastal zone management can be found in:

· Legal / institutional / organisational aspects of implementation feasibility

· Economic and financial aspects of implementation feasibility

· Technical aspects of implementation feasibility

· Cultural and social aspects of implementation feasibility

· Overall vulnerability (conclusions)
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