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Why institute a new advisory organ?

The subject of the mandate is highly important both to society and politically. It demands broadly
oriented expertise and experience as well as creativity, imagination, and the ability to think out-
side existing contexts.

In view of the mandate’s breadth, input from a variety of disciplines is needed. An integral advice
has been requested, describing the interrelations between numerous policy disciplines. Finally,
the mandate’s horizon (2100-2200) is more remote than usual for existing political advice.
The combination of qualifications needed is not available within existing advisory organs.

For the reasons set out above and given the short period of time within which the advice has to
be ready, we have chosen to institute a separate committee.

The committee’s mandate embraces all aspects of a sustainable living environment. This places
the mandate directly in line with the Cabinet’s desire to strive for greater interconnections be-
tween separate policy fields.

The committee is an ad-hoc one and shall be dissolved according to law after it has issued its
advice. The committee shall therefore not interfere with the process of restructuring national ad-
visory bodies.

The chair and other members of the committee are appointed by the Secretary of State for Trans-

port, Public Works and Water Management. The members receive compensation for their work,
in conformity with the provisions set down in the Decree on Compensation for Advisory Bodies.

THE SECRETARY OF STATE FOR TRANSPORT, PUBLIC WORKS AND WATER MANAGEMENT

THE MINISTER OF THE INTERIOR AND KINGDOM RELATIONS,
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The climate scenarios used by the Delta Committee: explanatory note””

Introduction

This appendix summarises the background to climate scenarios, placing the climate
scenarios used by the Delta Committee in relation to the IPCC’s (2007) global climate
scenarios and the KNMI (2006) regional climate scenarios.

The Delta Committee’s advice is based on the most recent scientific insights into expected
global and regional sea level rise, changing wind conditions over the North Sea and
changes in precipitation, leading to changed discharge patterns in the major rivers. The
Delta Committee has commissioned additional research to systematically chart the most
recent information on climate scenarios (Vellinga et al. 2008). This research, conducted
by 20 leading national and international climate experts, including several IPCC authors,
supplements the scenarios for 2100 produced by the IPCC (2007) and KNMI (20086).
These experts have based their exploration of sea level rise scenarios on a global mean
temperature increase of 2 to 6°C in 2100, which corresponds to the IPCC high economic
growth scenario with widespread global use of fossil fuels, coal in particular. This scenario
is named A1 Fl. The research has given detailed consideration to upper limits to future
sea level rise. The scenarios developed should be regarded as upper values; in other
words, values that can serve as a reference for long-term tests of the robustness of future
measures and investments.

The international research team has also estimated the upper limit of sea level rise for

the year 2200. These estimates may well be surrounded with great uncertainty, but they
would appear to be the best estimates that can be made based on our current knowledge
and insights. The team of international experts has indicated that these estimates may

be adjusted as and when our knowledge of inter alia the melting of the Greenland and
Antarctica icecaps improves and as additional observations become available.

The IPCC emission scenarios

In 2000, the Intergovernmental Panel on Climate Change (IPCC) has drafted scenarios

for possible socioeconomic developments in the world and related greenhouse gas
emissions. These scenarios have been used inter alia for the third (2001) and fourth (2007)
IPCC Assessment Reports, and as the basis for scenarios describing climate change and
its impacts. The time horizon of the scenarios stretches to 2100. At that time the world will
have changed in ways we can now only imagine with difficulty, just as it would have been
difficult for anyone at the start of the 20th century to imagine today’s world. Nevertheless,
it is not only possible for us to develop such images of the future; we must do so if we are
to make meaningful statements about possible climate changes over a century or more.

The IPCC has opted for four scenario ‘families’, with different assumptions selected

for each family in terms of changes in demographic, economic and technological
developments, leading to increased divergence over time. The long timescale means that
these are explicitly not extrapolations of present trends, but possible, plausible pictures of
the future. Since the future is in principle unknowable, IPCC makes no explicit statements
on the scenarios’ probability. None of the scenarios assume any form of climate policy that
goes further than what has been established in 2000. The scenarios do not pretend to give
a full picture of all projections of the future. Extreme scenarios with major discontinuities in
socioeconomic development — such as war, disaster or utopian scenarios — have not been



incorporated, for example. The scenarios developed do embrace a great deal of what the
authors regard as plausible.

These are multidimensional scenarios, so it has been decided that they should not

bear one-dimensional names, but rather combinations of letters and numbers (A1, B1,
A2 and B2), based on two axes: on one hand an emphasis on materialistic economic
growth or else sustainability, and on the other an emphasis on international convergence
(globalisation) or else fragmentation (regionalisation). The A scenarios emphasise
economic growth as the most important driver, but differ in respect of the degree of social
and economic convergence, especially between poor and rich countries. The B scenarios
emphasise sustainable development as the most important driver, differing once again in
respect of the degree of social and economic divergence.

The A1 scenario family describes a world of rapid economic growth, a global population
reaching a maximum in the middle of the present century and declining thereafter, and
the rapid introduction of new, more efficient technology. The most important themes in
this world view are convergence and increasing interregional interactions, social and
cultural, resulting in substantial declines in income differences between the regions. This
world view is highly dynamic and for it the IPCC has chosen various possible directions
for technological development, especially in the energy sector. These technological
developments might be distinguished by a continuing focus on accessing and exploiting
fossil fuel sources (A1 FI — Fossil Intensive, see box), as well as by a rapid growth of
non-fossil sources (A1 T). Nor would the energy supply have to concentrate especially
on a single form of energy generation, under the assumption that the same pace of
improvement would hold for all energy generation and consumption technologies (A1 B).

The A2 scenario family describes a much more heterogeneous world. Here the accent
lies on regional self-sufficiency and the preservation of local identity. In this scenario the
regional fertility levels converge far more slowly, resulting in a steady growth of global
population. Economic development is primarily regional, while income growth and
technological development display a far more fragmentary pattern. They are also slower
than in the other scenarios.

The B1 scenario family describes a convergent world with a population that, just as in

A1, increases until mid-century, after which it declines. In these scenarios, however, the
world moves in a less materially intensive direction, the stress being on a service and
information economy, accompanied by a steep decline in material intensity, coupled

with the introduction of clean, efficient technologies. In B1 the principal role is played

by international solutions to economic, social and environmental problems in a struggle
towards sustainable development, which includes narrowing the income gap between rich
and poor, but excluding a solution to the climate problem.

In B2, too, the significant drivers of socioeconomic change are social, economic and
ecological sustainability, but only local and regional solutions are sought. While the
global population may well increase, it will do so far more slowly than in A2. The rates of
economic growth are higher than in A2 but lower than in A1 and B1. This also holds for
technological development, which is more diverse and a little slower than in A1 and B1.
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A1FI: gematigde bevolkingsgroei, snelle technologische ontwikkeling, toch hoge emissies

The Delta Committee has used the
A1F1 emission scenario and the related
worldwide temperature increase of

at most 6 °C in 2100 as one of the
starting points for additional scenarios
for upper boundaries of sea level

rise. Just like the other A1 scenarios
this scenario is characterized by fast
economic growth, a preference for
solving problems through the market,
high investments in education and
technological developments (including
energy efficiency), and international

mobility of ideas, people and technology.

The most important reason why
this scenario still results in very high

Figure 1: Realised global fossil fuel
emissions compared with the IPCC SRES
scenario. The A1Fl scenario assumes
2.71% annual growth. Average growth
over 2000-2006 was 3.3%. (Modified from
Raupach et al. 2007, PNAS).

Figure 2: IPCC climate

scenarios
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emissions, is because the investments
in new technology focus on fossil energy
as the driving force behind the world
economy, including the use of abundant
coal supplies and unconventional oil
supplies in tar sands and oil shales,

with high CO, emissions per unit energy
consumption. This has a larger effect

on emissions than the positive effect of

energy efficiency improvements. The
fact that the actual emissions since
2000 are in line with or even exceed this
highest scenario of the IPCC emission
scenarios shows that the A1F1 is not
unrealistic (see figure 1).
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The IPCC climate scenarios

IPCC has described the scenarios indicated above, including four in the A family (A1B,
A1T, A1Fl and A2) and two in the B family (B1 and B2) as illustrative. These emission
scenarios have then served as input to calculations of changes in the climate system
using 23 global climate models, which indicate a range of outcomes, covering a large part
of the uncertainty. In both its Third (2001) and Fourth (2007) Assessment Reports, IPCC
has reported results of the most important variables out to 2100, including temperature,
precipitation and sea level rise (see figure 2). The range of expected global warming
before the end of the 21st century is 1.1 to 6.4°C (figure 2). This range is determined in
part (especially after 2050) by the different emission scenarios, but also by the differences
between the climate models used, particularly in terms of climate sensitivity (calculated
degree of warming resulting from a given increase in the atmospheric concentration of the
greenhouse gases).

The KNMI 2006 scenarios in relation to the IPCC scenarios

In 2006 the KNMI has presented four climate scenarios for the Netherlands. These are
based on the results of climate model computations, conducted throughout the world in
aid of the Fourth IPCC Report. The computed changes of global temperature and the air
stream above Western Europe have been used as point of departure. These projections
have then been ‘translated’ into more detailed changes in temperature, precipitation,
evaporation, wind and sea level in the Netherlands.

The decisive factor governing the precipitation (and, related to it, drought and the
discharge of the major rivers) is the air circulation patterns in our region. The present
generation of climate models either show little change in the air circulations, or else clear
changes. To cope with this uncertainty the KNMI has chosen both a scenario that includes
and one that omits a changing air circulation under global warming of +1°C and +2°C in
2050 (+2°C or +4°C in 2100).

The KNMI has charted the uncertainty about our future climate as well as possible by
basing the calculations on a large number of different climate models rather than a single
one, which is common in our neighbouring countries. The four scenarios (see figure

3) together embrace a wide range of possible changes. Given the current state of our
knowledge, we cannot indicate which of the four scenarios is most likely. The fact that
the IPCC report gives possibly lower or higher values for global warming than those
used by the KNMI (e.g., +6.4°C in 2100 as the upper limit of the probable range in the
A1 Fl scenario) is less significant for climate change in the Netherlands out to 2100. The
difference is important in relation to sea level rise because this is related, inter alia, to the
global mean temperature. Until 2050 (the target year on which the KNMI 2006 scenarios
primarily focus), the projections of global mean temperature reported by the IPCC are
practically independent of the emission scenario selected. The KNMI 2006 scenarios for
2050, together with the related sea level rise scenarios, encompass almost the entire
range of projected global mean temperatures.
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Figure 3: KNMI 2006 scenarios
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The four scenarios show that the changes in extremes in the Netherlands will probably
differ from the changes in the mean climate. For instance, in scenarios incorporating
changed air circulation, the temperature during heat waves increases far more than the
temperature on an average sunny day. Summer showers also occur less frequently, but
when they occur they are more severe. This has major implications for climate adaptation
issues. Similarly to the IPCC method, new scientific knowledge is being incorporated into
the next generation of KNMI climate scenarios, which are planned for 2012 or thereabouts.

Sea level rise scenarios

The Delta Committee has requested an investigation of global sea level rise and the rise
along the Dutch coast for the years 2100 and 2200. The sea level rise scenarios presented
here have a different basis than previously published scenarios for global (IPCC 2007)

and regional (KNMI 2006) sea level rise. Here the analysis is explicitly concerned with the

Air circulation
patterns

G+

World
temperature

in 2050 with
respect to 1990

S ENMI

upper limit of the possible values under certain assumptions, rather than the bandwidth of
most probable values. In relation to the Delta Committee’s work, therefore, the scenarios
presented represent an essential complement to existing scenarios (IPCC 2007; KNMI
2006).

Given the gaps in our knowledge of current sea level changes and the uncertainties
involved in modelling them, the scenarios presented must be regarded as plausible
upper limit scenarios, which are regarded as possible by the group of sea level experts
consulted, based on current scientific knowledge. In common with all long-term (climate)
scenarios, these upper limit scenarios may change as a result of advances in scientific
knowledge.



a. Global 2100
The upper limit scenario for global sea level rise assumes a global temperature increase

of 2 to at most 6°C, in agreement with the IPCC Assessment Report 4 (AR4) emission

scenario A1 FI (2007). An estimate has also been made of the possible effects of rapid ice

dynamics on the contribution of the Greenland and Antarctic icecaps to global sea level

rise.

Table 1: Assumed most significant

contributions to global sea level rise

scenarios in the year 2100, as presented by
the Delta Committee and IPCC AR4 (2007,

ATFl-scenario).

total?

ocean
expansion

glaciers

Antarctica

Greenland

extra icecap

discharge

IPCC AR4 - A1FI
(including extra discharge from

icecaps’)

+0.25 to +0.76 m

+0.17 tot

+0.41 m

+0.08 to
+0.17 m

-0.14 to
-0.03 m

+0.02 to
+0.12 m

-0.0 to
+0.17 m

Climate model results

Simple relation between ice
loss and air temperature,
based on observations

(i) increased snowfall based on
climate models

(i) estimated ice discharge

(i) volume change based on
icecap models

(i) discharge observed
between 1993 and 2003

(iii) increased summer melt

Extrapolated discharge based
on recently observed relation
between discharge and
temperature increase

Delta Committee
upper limit scenario

+0.55 to +1.10 m

+0.12 to
+0.49 m

+0.07 tot
+0.18 m

-0.01 to
+0.41 m

+0.13 to
+0.22 m

Analysis of simple relation
between expansion and air
temperature as simulated by
climate models

(Katsman et al., 2008;
Rahmstorf, 2007)

cf. IPCC 4AR

(i) cf. IPCC 4AR

(i) continuation or accelerated
ice discharge, as recently
observed in the Amundsen
Sea, Eastern Antarctica and
the Antarctic peninsula

(i) of. IPCC AR4

(i) accelerated flow of glaciers
at the edge of the icecap into
the sea

(iii) cf. IPCC AR4

reason for different
approach / outcome

A wider temperature increase
bandwidth has been taken than
that given by the climate models®

Minimal differences due to small
differences in assumptions about
rates of temperature change

(ii) The icecap in these areas is
vulnerable due to geography.
Recent observations show that
the icecap is now in motion. We
cannot now predict whether this
motion will slow, continue, or
accelerate.

Recent measurements show that
these glaciers can respond very
rapidly to changing conditions
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b. The Netherlands coastal region - 2100

The local sea level rise can differ greatly from the mean rise. Two local effects have been
incorporated into the scenario for the Dutch coast, as set out in the background report.®
First of all, account has been taken of possible extra local expansion of the ocean as a
result of changed ocean currents. A second important factor is the distribution over the
ocean of melt water from land ice.® The quantification of this effect, called the gravity
effect, is currently a matter of scientific debate. To a significant degree it determines the
local contribution of the Greenland and Antarctic icecaps and is therefore very significant
in determining the final sea level rise scenario obtained. The discussion of the gravity effect
is a technical one, but the underlying physical principles governing the distribution of melt
water are clear.

The background report (Vellinga et al., 2008) describes scenarios based on two methods
for calculating the gravity effect. These results are also reproduced in figures 5 and 6. The
fact that the upper limits of the two scenarios are similar is a coincidence. At present no
preference can be given to one of the two methods and more research is needed. For that
reason, the Delta Committee has opted to present an upper limit scenario that excludes
the gravity effect. KNMI 2006 sea level rise scenarios also ignore this possible effect.

Table 2: Assumptions about the major

contributions to scenarios for local sea

level rise along the Dutch coast in the year

2100, as presented by the Delta Committee

(excluding the gravitation effect) and KNMI

2006 ‘warm’ scenario. Both scenarios

exclude land subsidence.

KNMI 2006 (‘warm’ scenario)

Delta Committee upper limit
scenario (excluding gravity effect)

reason

total +0,40 to +0,85 m +0,55 to +1,20 m
ocean +0,27 to Analysis of simple relation 0,12- Extrapolation of this simple Wider temperature increase
expansion +0,35 m between expansion and air 0,49 m relation between expansion bandwidth considered than in
temperature computed by and air temperature based on KNMI'06”
climate models two methods (cf. KNMI’06 and
Rahmstorf, 2007)
local ocean -0,04 to Analysis of simple relation -0,05 to Extrapolation of this simple Wider temperature increase
expansion +0,15 m between expansion and air +0,2 m relation between expansion bandwidth considered than in
temperature computed by and air temperature KNMI’06
climate models
glaciers +0,06 to Simple, observed relation +0,07 to cf. Table 1 Method compatible with
+0,15 m between ice decline and +0,18 m IPCC AR4; wider temperature
air temperature, based on increase bandwidth considered
observations
Antarctica -0,01 to Schatting op basis van recent -0,01 to cf. Table 1 New insights based on recent
+0,17 m waargenomen ijsverlies en +0,41 m observations;
modelberekeningen van de takes account of possible
gevoeligheid van de ijskap effects of rapid ice dynamics,
voor veranderingen in de not directly related to changing
atmosfeertemperatuur air temperature
Greenland -0,01 to cf. Antarctica +0,13 to cf. Table 1 New insights based on recent
+0,17 m +0,22 m observations
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c. Global and regional along the Dutch coast - 2200

The upper limit scenarios for 2200 presented here give an indication of the possible

sea level rise, not the most probable. The scenarios for the 21st century are bounded
because we know the current rate of sea level rise from observations and because a rapid
acceleration of this rate is unlikely on a time scale of several decades. No such limits exist
for the 22nd century.

global mean upper limit scenario local upper limit scenario

total +1,5t0 +3,5m
global mean ocean +0,3t0 +1,8 m
expansion

local ocean expansion -

glaciers +0,1t0 +0,3 m
Antarctica +0,2t0 +1,4 m
Greenland +0,5t0 +0,8 m

Table 3: Assumptions about the possible
contributions to the upper limit scenarios for
global mean sea level rise and local sea level
rise along the Dutch coast (excluding gravity
effect) for 2200 as presented by the Delta

Committee.
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(excluding gravity effect)

+2,0t0 +4,0 m
Extrapolation based on simple cf. global mean
relation between expansion and
air temperature calculated by
climate models
- 0,0 to +0,6 m possible local effects of changed
ocean circulation
extrapolation of simple relation cf. global mean
between ice decline and
air temperature based on
observations
continuation of changes in the cf. global mean
melting rate assumed for 2100
(Table 1)
based on same assumptions as cf. global mean
2100 (Table 1)

d. Estimated upper limit scenario for global sea level rise based on
palaeoclimatology

Palaeoclimatological studies offer us an insight into past changes in our climate system.
Changes in global sea level can be reconstructed inter alia from isotope concentrations
(which indicate the balance between water stored on land and that in the oceans) and
coral growth rings. Sea level reconstructions for periods that compare closely with the
present or expected future state of the climate form a useful complement to the sea level
rise scenarios discussed above.

During the last interglacial (the Eemian: 125,000 y BP) the global mean temperature was a
little warmer than at present, and large icecaps existed only in Antarctica and Greenland.
During the Eemian the sea level rose globally at a rate of roughly 1 to 2 meters per century.
The reconstructions are not sufficiently detailed to offer any certainty about how long such
a rate of sea level rise may persist, nor how fast the climate system can switch from a
situation with barely any sea level rise (comparable to the present climate) to such a rapid
rate. Based on historical reconstructions, a switch like this could occur over a period of a
few decades at the fastest.

An alternative upper limit scenario for global sea level rise can be formulated based on
these palaeoclimatological data. If it is assumed that the present sea level will start to rise
at a rate of nearly 2 meters per century within a few decades (when it is expected that
the global mean temperature will be just as high as it was in the Eemian), this will result

in almost 172 meters of sea level rise globally in 2100, with almost 3 meters of global



Method /assumption Estimated sea
level rise in 2050 (m)

~ 1.7 m sea level rise per 100 y, based on
palaeo-data from Red Sea

~ 2.4 m sea level rise based on last interglacial

Table 4: Estimated upper limit scenarios

for global mean sea level rise based on
palaeoclimatological reconstructions (Vellinga
et al., 2008)

sea level rise in 2200. The upper limit scenarios for global mean sea level rise based on
palaeoclimatological reconstructions of the past are thus higher than the upper limit sea
level rise scenarios discussed above (see table 4).

Estimated sea level rise Estimated sea level rise Estimated sea level rise

in 2050 (m) in 2100 (m) in 2200 (m)
~05 ~1,4 ~ 3,1
~0,7 ~19 ~4.3

Storm scenarios for the North Sea

The research into possible changes in wind strength and direction, waves and water set-

up in the southern North Sea and along the Dutch coast is based on the following sources:

a. the IPCC Fourth Assessment Report (AR4);

b. the KNMI 2006 scenarios;

c. recently published research using regional climate models; and

d. recent results from the ESSENCE project, which computed 17 iterations of future
climate developments under the A1b scenario, linked with a North Sea water set-up
model (WAQUA/DCSM98).

These sources are not independent; rather, they supplement each other. The KNMI 2006
scenarios are based on the same models as the IPCC AR4, while the regional climate
models use results from the same IPCC AR4 models as preconditions. Finally, the climate
model used in ESSENCE, ECHAMS/MPI-OM, is one of the IPCC AR4 models. The
regional models give greater regional detail than the global ones, while the ESSENCE

and ESSENCE-WAQUA/DCSM98 integrations provide a reasonably solid statistical

basis for determining the 10,000 year repeat values, as prescribed by the Delta Act. The
ESSENCE-WAQUA/DCSM98 computations have been performed specifically for the Delta
Committee. The results of recent research (regional modelling and ESSENCE) confirm the
results of the KNMI 2006 scenarios and make them more precise.

To summarise the results concerning wind conditions and waves:

1. The projected future changes are small relative to natural variability as well as
the inherent uncertainty involved in the statistical processing of relatively short
observational series;

2. each model gives different patterns of change over the North Sea;

3. the scenarios used show no clear dependence on future greenhouse gas emissions;

4. there is a trend towards more frequent (south-) westerly winds, but no indication of
more frequent or stronger northerlies. Northerly winds cause the largest water set-up
against the Dutch coast.

The observational series is too short to afford precise estimates of the 10,000 year repeat
values for water set-up. This also holds for the time series from climate models, which

are based on a single model integration of the 20th and 21st century. Currently, only the
17-member ESSENCE-WAQUA/DCSM98 ensemble contains sufficient data to determine
the 10,000 year repeat values of water set-up with a statistical accuracy of £0.5 m. The
results of this research indicate that extreme water set-up in the future will be no higher
than it is now. Since the other IPCC AR4 models also show no increase in northerly winds,
this result is probably unrelated to the climate model used in ESSENCE.
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Rhine discharge scenarios

Changes in the Rhine’s mean discharge

Changes in mean discharge (Table 5) are based on the KNMI 2006 climate scenarios,
combined with hydrological models of the Rhine. Under all climate scenarios there is an
increase in mean winter discharge, but for the summer the possible discharge effects vary
between no change to a sharp decrease. In 2100 the changes are roughly double those
of 2050. What is most striking, compared to earlier climate scenarios (e.g. WB21), is the
sharp decrease in mean summer discharge (in the KNMI 2006 climate scenario, in which
the air circulation patterns change).

Changes in the Rhine’s design discharge

The scenarios for changes in the design discharge are based on the KNMI 2006 climate
scenarios in combination with individual climate models, due to the great sensitivity of
peak Rhine discharge to changes in the variability of periodic precipitation and the fact
that a possible (but highly uncertain) change in this variability has not been incorporated in
the KNMI 2006 climate scenarios. Statistical extrapolation to a return period of 1250 years
gives a 95% confidence interval of 13,000 to 18,500 m?/s for the present design discharge
of 16,000 m%/s.

The projected changes in design discharge for 2050 and 2100 (Table 6) have an upper
limit (19,000 and 22,000 m%/s, respectively) which exceeds the upper value of the
confidence interval under present circumstances. It is important to note that the results
in Table 6 take no account of the damping effect that flooding in Germany has on peak
discharges at Lobith, which makes these results rather theoretical.

Given the present state of the dikes, very large peak discharges will lead to flooding in
Germany, which will drastically lower the peak discharge at Lobith. At present there can
be no clarity about the state of the dikes in Germany in 2050 and 2100. The effect of
flooding in Germany on the peak discharge at Lobith can be computed, though, based
on the state of the German dikes in 2020 (which is known quite accurately). The effects
of combining the state of the German dikes in 2020 with the climate projections for 2050
and 2100 to give peak discharges at Lobith are given in Table 7. There is a considerable
reduction in peak discharge. Ultimately, the peak discharges at Lobith will depend on the
actual state of the German dikes in 2050 and 2100. What can be stated now, however, is
that considerable changes will be needed in Germany to permit peak discharges of around
22,000 m%/s to pass Lobith.

Cross-border floods are also possible. Given the state of the German dikes in 2020, the
discharge capacity of the northern region of the Lower Rhine in Germany will be about
17,500 m¥/s. Under a changed climate, and given higher dikes upstream in Germany, peak
discharges may exceed 17,500 m%/s in the northern region of the Lower Rhine in Germany,
leading to uncontrolled flooding in the area. Cross-border flooding via ancient river beds
will then in turn lead to uncontrolled flooding in the Eastern Netherlands.



Table 5. Mean Rhine discharge (m%/s) at the
end of the 20th century, with projections
for 2050 and 2100 (meaningful results are
not available for 2200). Summer = August-

October; Winter = January—March.

Table 6. Peak discharge at Lobith (m?/s)

in 2050 and 2100. Reference discharge
corresponds to design discharge of the Rhine.
Uncertainties in the hydrological models and
hydraulic effects (including floods in Germany)

are not included.

Table 7. Peak discharge at Lobith (m%/s)

in 2050 and 2100 (from Table 6), taking
account of the effects of flooding in
Germany, assuming the state of the German
dikes in 2020.

77. This appendix has been written under the
editorship of P. Kabat, based on contribu-
tions from W. Hazeleger C. Katsman, A.
Sterl, J. Beersma and A. Klein Tank (all of
KNMI), and P. Vellinga, R. Hutjes and R.
Swart (all of Wageningen UR).

78. The local, vertical movement of the ground
(land subsidence) is considered separately.

79. When land ice melts the melt water does
not distribute evenly over the earth. Gravity
attracts seawater towards an ice mass on
land. This is associated with a relatively
large sea surface area in the neighbourhood
of an icecap. When (part of) the land ice
melts, then (part of) the attractive effect on
the seawater also vanishes. The changed
loading of the earth’s crust due to ice or
melt water also influences the local sea
level.

Mean summer discharge
(m®/s)

Change in mean summer
discharge (%)

Mean winter discharge
(m®/s)

Change in averaged winter
discharge (%)

Peak discharge (m®/s)

Change in peak discharge

%

Peak discharge (m?/s)

Tablenotes

. InIPCC AR4 this extra ice

discharge is called ‘scaled-up
ice discharge’

. The totals have been rounded

to 5 cm and are calculated

as follows. First, the central
estimate is determined for each
component (usually the mean
of the given bandwidth. The
central estimate of total X is

the sum of the central values of
the components (X= £ x). The
total bandwidth, dX, follows
from the quadratic sum of the
indicated bandwidth of the
components: dX? = T (x-X)2.
The total indicated bandwidth is
(X-Dx, X+dX). This is the correct
procedure when it is assumed
that the uncertainties in the
individual components are
independent of each other. It is
used both in IPCC AR4 and this
report.

1968-1998 2050
1700 1100 - 1700
-35-0
2750 2950 - 3200
+5-+15
Reference 2050
discharge
16.000 16.500 -
19.000
3-19
Reference 2050
discharge
16.000 15.500 —
17.000

3. The Delta Committee’s upper
limit scenario considers global
mean temperature increases
of 2— 6°C.Climate models
show global mean temperature
increases of at most 5.2°C
under the A1FI emission
scenario, but take no account
of possible feedback between
climate and the carbon cycle.

4. The analysis takes account of
declining glacier sensitivity to
temperature change (the most
vulnerable parts melt fastest)
and the drop in the total ice
volume (higher parts of the
remaining glacier disappear
more slowly than low-lying
areas).

5. The bedrock on which these
glaciers rest is below sea level and
slopes down to the edge of the
icecap. Theoretically, such marine
glaciers can disappear entirely,
albeit over a century or more.

2100

2200
700 - 1700 n.c.
-60-0 n.c.
3100 - 3600 n.c.
+15-+30 n.c.
2200
17.000 - n.c.
n.c.
2200
16.000 - n.c.

6. The contribution due to rapid

ice dynamics has been
incorporated into the individual
contributions from Antarctica
and Greenland. The Delta
Committee scenario estimates
a higher contribution from rapid
ice dynamics as a result of
changes in the Antarctic icecap
than in IPCC AR4.

. The Delta Committee’s upper

limit scenario considers global
mean temperature increases of
2-6 °C. The KNMI 2006 “warm
scenario” assumes a global
mean temperature rise of 4°C.
Climate models show global
mean temperature increases

of at most 5.2°C, but ignore
possible feedback between
climate and the carbon cycle.

. KNMI 2006 uses a rather simpler

relation than IPCC AR4.
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Flood protection

Looking at the organisation of flood
protection, one can discern an
Anglo-Saxon style, based on a great
deal of individual responsibility and

the operation of the market, and a
Continental style with the government
taking responsibility. Lessons from the
USA and the UK teach us that leaving
responsibility to individuals does not
always mean that they accept it. This
can lead to great harm with legal
procedures as a result. Flood protection
often remains confined to local ‘postage
stamps’ based on local cost-benefit
considerations and so do not always
form a consistent whole. In the Dutch
situation, with vast flood-prone areas
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The vision of water safety explained

The basic issues of water safety upon which the Delta Committee has based it advice are
essential to the nature and magnitude of the measures proposed. The Delta Committee’s
statements set the standard for what the Committee regards as a desirable level of water
safety. In other words, a socially acceptable risk. Here the Committee takes further steps
along the path first embarked upon by the previous Delta Committee.

Firm foundation for present policy
The first Delta Committee has laid the foundations for the present flood risk management
policy, the core of which is their approach to risk. This implies:

— The magnitude of a risk is determined by the probability multiplied by the
consequences. Low-probability occurrences with major consequences may have the
same risk as high-probability occurrences with minor consequences.

— therisk is managed by a combination of measures that limit the probability (prevention)
and those that limit the consequences (proactive, preparative and responsive).&

In current practice the risk approach is operationalised in the form of a control of flood
probability. This means that the water safety standard is expressed as a maximum
acceptable probability (see box). In terms of practical water management this means
inspecting the dike ring to see if it meets the standard. If not, then measures — primarily
preventive ones — are taken within or on the dike ring. In fact, a great deal of research and
many case studies indicate that every euro invested in prevention is almost always most
effective. In principle, supplementary consequence-limiting measures would also merit

and an extensive system of diked
areas, flood protection is a paramount
collective good.

Among all nations, the Netherlands has
established these measures in law best,
in the form of standards, quinquennial
audits and political reporting. Damage
control and disaster management

(and insurance) are better organised in
countries with poorer levels of protection
(and more frequent flooding), such as
the UK and the USA. Japan has the

best coverage of the entire safety chain,
from spatial planning and prevention
(flood defences) to disaster management
and recovery. The emphasis in the

Netherlands is primarily on prevention,
while in the USA and the UK it lies mainly
on disaster management. Japan has
also instituted its own ‘Delta Committee’
to advise on climate-proofing the
Japanese flood defences. There they
aspire to ‘zero casualties’ from flooding.

Source: “Beantwoording Kennisvragen Deltacommissie,
een samenvatting” [Response to Delta Committee’s
request for knowledge]. Directorate-General for Public
Works and Water Management and Deltares, 2008.



attention — which is what the previous Delta Committee also stated. These would involve
spatial planning restrictions, zoning, compartmentalisation, early-warning, evacuation
plans, evacuation routes and evacuation locations.8' The optimum combination of
measures must then be in accordance with the nature of the disaster, the properties of a
dike ring and the effect (cost-effectiveness) of the various types of measures. A custom-
tailored approach, in other words.

Explicit concern for casualties

The current water safety standards count casualties only indirectly, expressing them

in monetary terms and thus allowing their inclusion in the costs and benefits (damage
avoided) of protective measures. The Delta Committee finds that casualties must also be
explicitly incorporated when determining water safety standards.

The risks of flooding, as an inescapable natural phenomenon, are not acceptable to
modern society; they are rather seen as a phenomenon against which government affords
protection (even though society does accept that there is no such thing as 100% safety).
In this regard, the risk of flooding can be compared with other external safety hazards,
such as those from industrial plant, the transport and storage of hazardous materials,
railway shunting yards and air traffic.

The Delta Committee finds that every citizen inside a diked area may expect the
government to provide a basic level of flood protection. The probability of fatality due

to flooding can be no higher than a certain level, acceptable to society. Moreover, the
Delta Committee finds that the safety level must reflect the population’s aversion to ‘large
numbers of simultaneous casualties’ due to flooding.

Interests worth protecting: a broad definition

The Delta Committee considers that the interests to be protected embrace more than

just costs and damage. In the Committee’s view, the cost-benefit analysis underlying the
standards to be set must include aspects that were not previously cast in monetary terms,
such as landscape, nature and cultural-historical values (LNC values), societal disruption
and damaged reputation. The last Delta Committee shared this conviction but at the time
there were no satisfactory data on the economic worth of LNC values, nor on how to cope
with casualties. In its valuation of these imponderables, as they are called, the last Delta
Committee used a factor of 2 to multiply the direct damage. This did justice to the added
protection of such interests.

Research®? has become available in recent years on the valuation of:

— landscape, nature and culture (history);

— societal disruption and damaged reputation;

— direct and indirect damage

The Committee advocates their explicit inclusion in present considerations. Furthermore,
the risk aversion aspect must also be given a place in society’s cost-benefit analysis. Risk
aversion is the preparedness to pay added costs to reduce uncertainty about extreme
levels of damage.
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The first Delta Committee and the Flood Protection Act

The core of the Delta Committee’s
advice in 1960 is to achieve a level of
protection that agrees with the value of
the interests to be protected. This level
of protection is translated into a storm
surge sea level and a high water level

in the rivers. The flood defences must
be able to contain these levels with

a high degree of certainty. The more
capital, population and cultural-historical
heritage behind the flood defences, the
greater the level of protection should be.
Thus the highest level of protection was
advised for Central Holland: protection
against a storm surge level with a
probability of 1/10,000 per annum.
Elsewhere along the coast and along the
lower reaches of the rivers we maintain

A broad interpretation of safety

The Committee has opted for a broad
definition of ‘safety’, to include: human
life, economic value, landscape, natural
and cultural (historical) (LNC) values,
social components and the reputation of
the Netherlands abroad.

People can experience flood damage
in a variety of ways and to different
degrees. In the worst case people die
or get hurt. Evacuees and material
damage may also be involved. Direct
economic damage can occur within the
affected area: damage to capital goods
(structural, infrastructure etc.); costs

of emergency assistance, evacuation,
aftercare; loss of income. Indirect
damage is possible outside the affected
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lower levels of protection (1/4,000 and
1/2,000 per annum). Standards for the
upper reaches of the rivers came later,
as 1/1,250 per annum.

The level of protection in the Flood
Protection Act (1996) is defined as

the probability of occurrence of the
highest water levels that need to be
safely contained by the flood defences.
This water level is known as the

Design High Water level [Maatgevende
Hoogwaterstand: MHW]. The probability
is called the threshold probability
[overschrijdingskans]. This is very
different from the flooding probability
[overstromingskans], which is the
probability that the land behind the flood

area: added pressure on utilities, loss
of income (evacuee reception, less
consumer expenditure, unemployment).

Ecological and cultural (historical) values
relate to vulnerable and irreplaceable
buildings, objects and areas, involving
a societal — sometimes ethical — choice
about what must be included as
essential areas. What is important to
society is that superregional ‘lifelines’
(gas and other fuels, water, electricity,
roads and bridges, sewage systems,
water treatment, telecommunications
and ICT networks etc.) must remain
operational. If they were to fail for

more than a few days, then we would
experience societal disruption. This has

defence actually gets inundated. The
flooding probability is also determined
by the strength of the dikes and the
extra height of the dikes above the
Design High Water level. The probability
of a flood is in principle less than the
(threshold) probability that the water
level exceeds the design height. We can
now use flooding probabilities to guide
us rather than threshold probabilities
because we now know more about
flood defence failure mechanisms than
was known at the time of the first Delta
Committee.

Source: Onze Delta. Feiten, mythen en mogelijkheden.
[Our Delta. Facts, myths and opportunities] Deltares,
2008, pp. 12, 13

effects on public governance, health
care, financial traffic and more. The
reputation of the Netherlands benefits if
a flood is not associated with enduring,
catastrophic consequences, leading

to a decline in international investor
confidence and weakening the economy.



The interests to be protected determine the water safety standard

In the Delta Committee’s opinion, the water safety standard must give expression to:

1) the basic level of flood protection afforded to each citizen living inside a dike ring. In
other words, a probability of fatality due to flooding no higher than a level to be agreed
by society as a whole — the personal risk;

2) a socially acceptable upper limit to the probability of large numbers of fatalities due to
flooding — the societal (group) risk;

3) damage avoided set against the costs involved. This is an economic optimisation,
taking the form of a societal cost-benefit analysis, which should include both direct and
indirect costs of flooding within and outside the flooded area, as well as the monetary
value of LNC values, casualties, societal disruption, risk aversion and damaged
reputation.

In combination, these three aspects embrace both economic damage and casualties,
taking account of the distribution of risks among individuals (the equality principle, related
to basic safety) and the balance between societal benefits and costs (efficiency, related
to societal cost-benefit analysis and group risk). Naturally, the final degree of protection
must at least be the same as the present one according to the present state of safety of
the diked areas: the safety of these areas must not be allowed to degrade under the new
standards.

In the Delta Committee’s opinion, these three aspects must be translated into a single
water safety standard, which should be set down in law. This aids the maintenance

of water safety over the long term. It is recommended that the standard be regularly
reassessed — every 12 years, for instance — since both the climate (and flood probability)
and the consequences of a possible flood, due to social and economic developments, are
changing.

This approach maintains the principle of spatial differentiation in safety levels, introduced
by the last Delta Committee, but with a basic safety level for all.

Developing these three elements further may result in a yet more spatial differentiation than
there is at present. If so, the Committee’s view is the equality principle must be guaranteed
in interlinked groups of dike areas, so large regional variations in safety levels are not
desirable.

Casualties part of water safety standards

When looking at casualty prevention, the Committee has chosen to seek a link with
existing external safety policy for protecting persons and the environment against
accidents in industrial plant, the transport and storage of hazardous materials, railway
shunting yards and air traffic. The measure of risk in external safety is the individual or
Local Risk (LR) and the Group Risk (GR).&

The local risk (LR) is the probability of a fatality due to flooding at a given location inside a
diked area. The LR is calculated from the probability that the dike ring will flood, multiplied
by the probability of fatality, should a flood occur at that location. The flooding probability
for the diked areas with the lowest level of safety is roughly 1/1,400 a year.8* The
probability of fatality due to flooding is of the order of 1/100. This means that the expected
LR for flooding in most locations in the Netherlands is less than 10 x 102 = 10-°. The
Delta Committee proposes a safety level of 1076 a year as the minimum flood protection
level for every inhabitant of the Netherlands. This is comparable with other areas of
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Figure 1: Societal or group risk of flooding in
the Netherlands compared with the sum total
of societal (group) risks of all other external
safety hazards in the Netherlands studied by
RIVM thus far (RIVM, 2004).

Figure 2: The effect of probability-
limiting and effect-limiting measures
on the FN curve and its relation to
the norm line (Jonkman, 2007, MSc
Thesis).
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Societal or Group risk (GR) is the annual probability of a disaster with a certain number (N)
of casualties, or more. The group risk is represented by an FN curve (a graph of probability
against number of casualties). In 2004 the RIVM estimated the group risk of flooding,®
showing that the probability of large numbers of fatalities (group risk) due to flooding is far
greater than the group risk of all recognised external safety hazards together (see graph).
In the Committee’s view this is unacceptable. Especially for the large number of casualties
the estimated group risk of flooding is a factor of 10 to 1000 larger than the summed
group risk of external safety hazards, because the inundation of a diked area impacts a
large number of people. Moreover, extremely high water levels along the coast and the

rivers could cause simultaneous flooding of a number of diked areas.
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There is at present no ready-made methodology nor standard for the group risk of
flooding. The Delta Committee urges the development of such a measure for group flood
risk in order that measures can be targeted to avoid large numbers of flood casualties.
This should preferably be based on a so-called norm line with a quadratic gradient. This
norm line expresses an acceptable flood probability for all numbers of casualties. Using
a quadratic-slope norm means that an incident involving 10 times more casualties must
have a 100 times lower probability of occurrence. This is also used in other safety areas;
it expresses society’s aversion to incidents involving large numbers of casualties. It is
recommended to base considerations of group risk on the total, national group risk.8 A
practical consideration of group risk can be based on the calculated group risk for each
diked area. A group risk measure per diked area can be derived from the level of ambition
as defined at national level (the national GR standard).

After the GR standards have been fixed, the FN curves for each diked area can be
compared with the norm line to see whether extra measures are needed. Risk-limiting
measures, such as improved flood defences, will shift the line as a whole downwards: the
probability of a given number of casualties is reduced. This can also be achieved by effect-
limiting measures, so that the same probability will result in fewer casualties. This deflects
the line to the left (see Figure 2). It is also possible to combine probability and effect-
limiting measures.

The Delta Committee’s choice

There is at present no complete insight into how these three elements should be worked
out in terms of a new standard. More work is needed. However, the Committee believes
that fixing safety levels is not something that should take the form of a mere exercise in
calculation. In light of what we already know, whereby the Committee must once again
emphasise the far greater flood risk to society, the Committee is of the opinion that the
amended standard must in any case lead to a greater level of safety than the present one.
The Committee wants to be very clear about that.

After careful consideration, the Committee’s judgement is that the flood probability for all
diked areas (the amended water safety standard) must be reduced by a factor of 10, so
increasing the safety level by a factor of 10 in comparison to the present standard. In this
regard, the Committee has interpreted the present standards as flooding probabilities. To
afford everyone the same basic level of safety, it is expected that the flood probabilities
of the diked areas in the rivers region will have to be reduced by a factor of 10. According
to the present knowledge flood probability of several diked areas along the coast and

the lower river reaches must be reduced by a factor of 10 as well in order to avoid

large numbers of casualties. In the Committee’s view, further refinement of these three
ingredients into a standard may lead to a factor of less than 10 only when this can be
justified on very substantial grounds.

In view of the considerable risk of large numbers of casualties, the Committee expects that
further refinement for a number of diked areas would rather lead to a greater improvement
in the safety factor.®” In these cases the Delta Committee believes that it is essential to
drastically reduce the effects of sudden, uncontrollable flooding, since large breaches,
open for a long time, will create havoc, admitting vast quantities of water. Here the
Committee recommends the concept of Delta Dikes: dikes built so wide, high or strong

as to virtually rule out a sudden, uncontrollable flood. The way this concept will work out
precisely in practice will require tailoring to local circumstances, taking account of the
effects to be avoided, and the properties and opportunities offered by the local flood
defences.
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80.

81.

82.

83.

Preventive measures are dike reinforcement
and river widening. Proactive measures

are those concerned to avoid hazardous
situations, such as zoning in spatial plan-
ning and building regulations. Preparation
involves the organization of disaster man-
agement (exercises). Response is the actual
response to a disaster during the flood.
The Fransen Committee (Flood Management
Task Force) is mandated to ensure that
disaster management is in order by the end
of 2008.

Witteveen and Bos, 2008. Economische
waardering imponderabilia, Achtergrond-
document in opdracht van de Delta Com-
missie [Economic valuation of impondera-
bles. Background document commissioned
by the Delta Committee].

The External Safety Order (Besluit Externe
Veiligheid, VROM, 2004) contains the
socially acceptable risk standards. For
Local Risk this is a probability of 1 in 10
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84.

85.

per annum. For Societal or Group Risk, the
probability that an incident will cause 10,
100 or 1000 fatalities must not be more
than 10, 10" and 10°°, respectively. The
collective risk standards are not absolute
thresholds, rather guide/checkpoints. The
proper authorities must be held account-
able for any departure from these values.
External safety policy in the Netherlands
aspires to a probability for an incident with
100 fatalities that is a factor 100 lower than
that for an incident with 10 fatalities. The
acceptable probability of a disaster is thus
inversely proportional to the square of the
number of fatalities. This second power is
also called the aversion factor.

This ignores the Meuse Embankments.
Rijkswaterstaat 2008, Kengetallen kosten-
batenanalyse (KBA) [Cost-benefit analysis,
key data] WV21, final draft 29 April 2008.
RIVM, 2004. Risico’s in bedijkte termen.
[Dutch dikes, and risk hikes.] De Bilt.

86. The choice of a national GR standard is

recommended because: a) water safety
policy is concerned with protecting the
Netherlands against flooding; b) the impact
of a major flood is also felt outside the
flooded diked area.

. Jonkman, S.N., 2008. Schattingen groepsri-

sico t.b.v. advies Deltacommissie. [Group
risk estimates for Delta Committee’s ad-
vice]. Memo 9T6387.A0/NN0001/902968/
Rott. The diked areas associated with
large number of simultaneous casual-

ties and a reasonable chance of flooding,
which for that reason exert a dominant
influence on the group risk at national level,
are |[Jsselmonde (17), South Holland (14),
Dordrecht Island (22), West Brabant (34),
Voorne-Putten (20), Alblasserwaard & Vijf-
heerenlanden (16), Hoeksche Waard (21),
Lopiker- en Krimpenerwaard (15), Friesland
and Groningen (6) and Flevoland (8).



A closer look at islands and artificial reefs

Introduction

Climate change will cause the sea level to rise and possibly will lead to a change in the
storm and wave climate, which will impose a greater burden on the flood defences along
the Dutch coast. This burden can be alleviated in a number of ways. One option is to
construct islands off the coast, since an island can influence the direction and strength
of water currents, as well as breaking waves and reducing their impact. In this way an
island can help defend the coast (locally) and contribute to the safety of the Netherlands.
The effect depends on the island’s shape and size and the distance from the island to the
coast.

An island off the coast can also perform other functions that can help resolve societal
problems while affording economic opportunities. Such functions can be water-related, for
example, or may offer space that is not available or perhaps too vulnerable on shore. The
Delta Committee has received many detailed proposals for such options, so it seems to
us a good idea to give a general description of their advantages and disadvantages in this
appendix.

The problem

The coast of the Netherlands is sometimes hit by severe storms. The combination of

high tides and storm set-up can then result in water levels more than 5 m above Dutch
Ordnance Datum NAP. Sea level rise will increase these water levels. Combined with

long, high waves, this can result in large-scale erosion of the beaches and dunes with
consequent damage to the sea defences. In extreme cases the hinterland may be flooded.

Possible measures

The measures must affect the storm set-up and/or wave action in order to reduce the
erosion of beaches and dunes as well as general damage to the sea defences under such
conditions. A reef or island off the coast in the North Sea will resist wind-waves and storm
surges to a greater or lesser degree. During a severe storm, coastal damage is mainly
caused by long waves from the sea. These waves can be observed down to great depths
and it is known that they are reflected if they collide with steep inclines in the sea bottom.
An artificial reef or island, or a series of them, can amplify this sought-after effect. In deep
sea waters (10 to 15 m below NAP) the long waves are weakened while the short waves
pass through.®® This damping effect is either absent or greatly reduced at coastal locations
without an island or reef. Other means of coastal defence must be used there. So, even
with an archipelago of artificial islands, parts of the coastline will still have to be given extra
protection.

An alternative way of limiting coastal erosion is dredging the sea bed, which reduces storm
set-up. This should preferably take the form of long, extended channels so that the water
set up by the storm can flow back along the sea bed. The greatest effect is expected with
a north-westerly orientation, which is the direction with the severest storms and highest
set-up. Exploratory calculations show that a water level drop equivalent to the 1953 storm
can be achieved along the coast of Holland.®®

Both measures — reef or island and dredging the sea bed — can be combined with a series
of islands outside a contour 20 m deeper than NAP, with channels between and along the
islands from which the sand has been extracted. Exploratory calculations® show that it is
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possible to achieve a reduction of the design water level of 20 cm at the Hook of Holland
and 10 cm along the remainder of the Holland coastline. In the Western Scheldt a 50 cm
reduction of the design storm surge level that occurs once in 4000 years can be achieved.
This reduction consists of a drop in daily tide (20 cm) and a cut in wind set-up (30 cm).
Exploratory calculations for the construction of an island on the Vlakte van de Raan, which
is on the landward side of the 20 m depth contour below NAP, give the impression that this
may increase design water levels, especially in the Western Scheldt, because the island
changes the nature of the tidal wave.

The most significant way to achieve a drop of storm surge water levels along the Dutch
coast is to dredge large, deep channels between the islands, in a north-westerly direction.
The position of the islands along the coast must also be streamlined to avoid a funnelling
effect on the tide or wind set-up. Creating such channels would also seem to counteract
the formation of mud flats since the tidal flow is invigorated.

Islands off the Holland coast will reduce the size of extreme waves. The islands’ influence
on the waves depends closely on wind direction. A reduction of the order of 25% in both

height and period could be achieved under a north-westerly wind that raises roughly 7 m
waves under present circumstances.®'

Implementing the measures: what is needed?

Constructing islands requires vast quantities of sand. Given a water depth of 20 m

(within the 12 mile zone but out of sight of the beach) and a construction height of at
least 5 m above Dutch Ordnance Datum NAP, this means an island 25 m higher than the
surrounding sea bed. Constructing an island (or archipelago) with a total length of 100 km
and a mean profile width of 6 km would require 15 to 20 billion cubic meters.

Since the island would be exposed to the sea on all sides, it would need to be well
protected against waves and currents, so would need expensive, hardened construction
or, if this is rejected, it would require regular maintenance, taking the form of beach
nourishments. So, an island with a total coastline of 200 km, which itself would require
maintenance, would have to be laid in deep water to reduce wave action along 100 km
of coastline. Of course, one should note that waves obviously attack the seaward side of
an island mainly. The island will have to rise along with the sea level to secure the wave
reducing effect for the future, which will demand even more sand. In the meantime, the
unprotected part of the North Sea coast (the remaining 250 km) would still need regular
maintenance.

Sand extraction from channels would deliver additional beneficial effects, reducing

water levels (see also®). Further research is needed to see whether the principle of sand
extraction from channels may be viable as the optimum type of sand extraction for coastal
nourishments.

What side-effects do these measures have?

Locally, in the short term, the wave damping effect of the islands can be beneficial to
coastal safety. But it is important to look at effects on the large scale. First of all, it appears
that the shelter does offer reduced erosion or even sand accretion locally. But this local
gain is often at the cost of increased erosion elsewhere, in locations to which the sand
would otherwise be transported by the currents.



Furthermore, the changed wave climate would have consequences for the behaviour

of the coastal profile. Long waves along a natural coastline actually change the coast’s
profile temporarily, causing a steeper high area with a less inclination in the lower region.
Under calm conditions the coastal profile can restore itself thanks to natural wave action.
Constructing islands or coastal reefs not only disturbs the coastal profile but also the
natural recovery to the original profile after a storm season. Over the long term this leads
to a net adverse effect: stability of the coastal profile is reduced and the coast degrades
more rapidly. This does not hold for the natural reefs along the coast, the breaker banks,
as they are called. These actually transmit sand to shallower water, in contrast to artificial
reefs.

Islands not only influence the wave climate during storms; a calmer climate is created
under normal conditions, too. The Wadden Sea shows where that can lead. The calmer
environment creates conditions for the sedimentation of fine material; there is less energy
to displace sand towards the coast. Over the long term this can lead to the development
of a mudflat environment, while beach and dune formation stagnate along the old
coastline. As indicated earlier, dredging channels may prevent this.

Generally, an important reason for constructing islands is to create more land, possibly
for functions for which no space can be found on shore, such as environmentally harmful
or shipping-related activities. An island can be used to transfer and store goods. This
requires docks and terminals. If a seaport were to be combined with an airport, then the
island would house a distribution centre linked to facilities on shore, thus reducing spatial
pressure and the environment there. In principle, islands can also be used to live on. The
island might probably also be used to house fish farms, algae cultures and other forms of
aquatic business such as tourism (beach, marina, recreational facilities). It might possibly
be used for agriculture, too, but that would place specific demands on soil quality and
the water supply. Depending on use, links with the coast would be needed, in the form of
roads, bridges, tunnels or ferries, with the complementary infrastructure on shore.

The waters surrounding an island can be used to generate energy (tidal, wave-generated)
as well as to store and transmit it (LNG terminal). Other energy-related functions can be
housed on the island, too, such as windmills or a dock for windmill delivery, assembly and
maintenance, drilling platforms and other offshore activities.

Islands can have beneficial ecological effects due to the formation of extra shallows or
intertidal environments along the periphery in less turbid (light-limited) surroundings than
the coastal waters. This would possibly create breeding grounds for fish, bird foraging
areas, and aquaculture. These ecological advantages, however, must be weighed against
the loss of ecological values from the construction and presence of an island where
previously there was only sea bed.®

International examples

The construction of islands off the coast for residence and recreation has recently become
relatively common in the Arabian Gulf, Dubai especially. Japan and Hong Kong have
airports on islands. Large-scale land reclamation in Singapore takes the form of islands
and coastal expansion, especially for housing and industrial applications. At the time of
writing, little is known about the effects on coastal protection.

Matters are different for artificial reefs. Above-surface and underwater reefs have been laid
down around the world to protect the coast behind them. They all lie relatively close to the

coast (out to a distance of less than 500 m, within the surf zone under extreme conditions)
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88. The principles of this action for the Dutch
coast have been confirmed by laboratory
and model experiments. During an extreme
storm, an exploratory study at Scheve-
ningen revealed that a reef at 10 m depth
cut wave height by 30 to 40% (Jacobse,
S., M. Meijerink and J. de Ronde (2007),
Verkenning kustrif Scheveningen; fase rap-
port technische haalbaarheid [Exploratory
study of a coastal reef off Scheveningen;
Phase report on technical feasibility]. WINN
samenwerkingsverband Rijkswaterstaat
& Royal Haskoning. Report 9R8885.B0/
R0005/SJAC/SSOM/Rott1). Wave height
in the breaker zone at a depth of 6 meters
declines by more than 1 meter. The wave
period at that point is also roughly 1 second
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and success has been very mixed. They are more successful where the tidal amplitude

is relatively small. Sedimentation sometimes occurs directly behind the reef and the reef
can sometimes even attach to the coast (tombolo effect). Given the distance from the
coast and the length of the reef, empirical formulae can predict tombolo formation. The
probability of adverse effects is very high on both sides of the reef. The sedimented sand
comes from somewhere. Not much information is available about these additional adverse
effects at greater scales.

It has been found in Spain and Italy that reefs can lead to local sand accumulation, but the
overall sediment balance is negative. This is mainly due to the fact that the reefs lead to
horizontal circulation, with a net sediment transport out of the system. In Spain this has led
to the removal of as many reefs as possible from the coastal system, followed by beach
nourishments. The same strategy is needed in Italy, but there are reservations there due to
the scale on which reefs have been created, coupled with economic considerations.

less. Model calculations show that the dune en ecologie [Re. research into the effects

erosion would be significantly reduced as a
result (indicative value: 15-20 m).
F. Groenendijk, 2008. Kustveiligheid en eilan-

den, een eerste oriénterende verdiepende 92.

studie. (Coastal safety and islands, a first
orienting and exploratory study].
Svasek en Boskalis, betreffende onderzoek

naar effecten ruimtegebruik van de Noord- 93.

zee, rekening houdend met morfologie

en ecologie [Re. research into the effects
of using space in the North Sea, taking
account of morphology and ecology].
Unpublished.

Svasek en Boskalis, betreffende onderzoek
naar effecten ruimtegebruik van de Noord-
zee, rekening houdend met morfologie

of using space in the North Sea, taking
account of morphology and ecology].
Unpublished.

F. Groenendijk, 2008. Kustveiligheid en eilan-
den, een eerste oriénterende verdiepende
studie. (Coastal safety and islands, a first
orienting and exploratory study].
Wageningen IMARES, 2008. Werken aan
Deltanatuur, compenseren of versterken
[Working on Delta Nature: compensate or
strengthen]



BZK (Ministry)
CBS

CPB

Design discharge

Dike ring region / diked area

EMU
Estuary

FES
GNP

Groyne

Hydraulic preconditions
(boundary conditions)

ICT
IPCC
KNMI
Lagoon

Littoral zone

LNV (Ministry)
LNC (values)
Longitudinal dam
Lower river region

MNP (PBL since 1 January 2008)

Mudflat

NAP
National Ecological Network

Glossary

Ministry of the Interior and Kingdom Relations

Statistics Netherlands (Government statistics office)

Netherlands Bureau for Economic Policy Analysis

River discharge that is related to the probability of the safety standards (1/1250 a year for
the Rhine and the embanked Meuse) and that determines the design high water levels
which the dikes must be able to withstand in any case.

Area protected against flooding by connected primary flood defences, such as dikes,
dunes, pumping stations or high ground. There are 95 dike rings (diked areas) in the
Netherlands, as set down in the Flood Protection Act. The flood protection afforded by
the dike rings is managed by the water boards and the Directorate-General for Public
Works and Water Management.

European Monetary Union

Wide, tidal, often funnel-shaped river mouth where fresh river water and salt sea water mix
to form brackish water. It is called a delta when a river discharges into the sea through a
system of branches.

Economic Structure Improvement Fund

Gross National Product: total worth of all goods (and services) produced in a country over a
given period.

Short, stone dam in a river bed at right angles to the summer bank. Restricts river’s flow
profile, thus preventing river meander, and improves river navigability as the shipping
channel remains deep and in a fixed position.

Load imposed on a flood defence by hydraulic conditions (water levels, currents, wave
height and length). As prescribed in the Flood Protection Act, the hydraulic boundary
conditions for the safety standards are revised every 5 years.

Information and Communication Technology

Intergovernmental Panel on Climate Change

Royal Netherlands Meteorological Institute

Shallow body of salt or brackish water separated from deeper sea by shallows, in the
Netherlands usually a sandbank.

Zone where active sand transport occurs, now and in the long term, due to accretion and
erosion by currents and waves. The littoral zone is composed of dunes, sea dikes, beach
and underwater moles out to a depth contour of 20 m below Dutch Ordnance Datum
NAP.

Ministry of Agriculture, Nature and Food Quality

Landscape, natural and cultural heritage values

Guard dam parallel to the river. Prevents the shipping channel from silting up.

The region of the lower, tidal reaches of the rivers Rhine and Meuse, west of the line
Vianen, Gorinchem, Heusden, including the Hollands Diep and Haringvliet, but excluding
the Hollandsche IJssel. High water levels in this area are caused by a combination of
storm surges at sea and river discharge.

Netherlands Environmental Assessment Agency

Shallow in the intertidal zone of relatively quiet tidal waters, made up largely of fine-grained
sediments.

Dutch Ordnance Datum: the reference water level for the entire Netherlands.

Connected network of major nature reserves in the Netherlands (existing and yet to be
developed). Forms the backbone of nature in the Netherlands.
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Palaeoclimatology

PKB
Retention
RPB
Salination
Salt marsh
Salt wedge

Seepage

Settling

Upper rivers region

V&W (Ministry)
VROM (Ministry)
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Climate study using data retrieved from geological formations. Climate data can be derived
from a wide variety of materials using many research methods.

Key planning decision

Temporary storage of water so that downstream areas do not flood.

Netherlands Institute for Spatial Research

Gradual increase of salt concentration in soil or water.

Vegetated shallow in the intertidal zone attached to the dikes.

Salt water that flows into a coastal outlet (canal, waterway, river channel) underneath the
lighter river discharge during a flood tide.

Ground water that reaches the land surface due to a pressure gradient between relatively
high water levels on sea or in rivers or lakes, and the relatively low-lying land behind the
dikes.

Compaction of the soil due to drying or extraction of ground water. Occurs mainly in peat
and to a lesser extent in clay soils. Leads to subsidence.

River IJssel and the Rhine and Meuse east of the Vianen, Gorinchem, Heusden line. Here,
high water levels are only governed by river discharge and local wave action.

Ministry of Transport, Public Works and Water Management

Ministry of Housing, Spatial Planning and Environment
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