Cost benefit analysis and flood damage mitigation in the Netherlands
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ABSTRACT: Aim of this paper isto investigate the application of cost benefit analysis methods in deci-
sion-making on a desired flood protection strategy in the Netherlands. After a discussion of history and
developments in flood protection in the Netherlands the method of cost benefit analysisis presented as a
useful instrument in decision-making. In the second part of the paper the economic analysis of flood
protection strategies is firstly approached from a theoretical point of view. Subsequently the economic
analyses carried out in practice are described for two more practical cases, the study on “emergency re-
tention areas’ and the dike reinforcement program in the river system. The paper shows that an eco-
nomic analysis, when correctly applied, can provide important rational information in the decision-

making process.

1 INTRODUCTION AND OVERVIEW OF
DEVELOPMENTSIN FLOOD PROTECTION

1.1 Introduction

Large parts of the Netherlands lie below sea level
and are threatened by river floods. The flood depths
in some areas can therefore become higher than 7
meters. Without the protection of dunes, dikes and
hydraulic structures more than half of the country
would be almost permanently flooded as is shown in
figure 1. Therefore, flood protection has always re-
ceived much attention. There is always the possibil-
ity of flooding. But how serious is this danger? It is
difficult to say. On the one hand we sail on a feeling
of safety and on the other hand, especially short after
adisaster, on a feeling of unsafety. Dunes and water
defences protect the country, yet never 100%. There
is no such thing as absolute safety against flooding.
The question is which risks are acceptable and
which ones are not. This is an ever recurring socio-
political consideration, one which is always fed by
knowledge developments.

Figure 1: The Netherlands without flood protection (the dark
area can be flooded due to influence from the seq)

In the last decade of the 20™ century methods
have been developed to determine the probability of
flooding and the consequences of a flood. The out-
comes of this research offer new insights and more-
over new possibilities to carry out a cost benefit
analysis for various flood protection strategies. Aim
of this paper is to investigate the application of cost
benefit analysis methods in decision-making on a
desired flood protection strategy in the Netherlands.

The paper is structured as follows. The remainder
of section 1 will give a short overview of history,
and new developments in flood protection. Section 2
will describe the method of cost benefit analysis and
section 3 will give an overview of the available
methodology for flood damage estimation. Section 4
shows how the decision on an economically accept-



able level of flood protection can be approached
from a more theoretical point of view. Section will 5
analyse the application of methods for cost benefit
analysis for a practical case. The conclusions from
this study are summarized in section 6.

1.2 History

Due to its location, the Netherlands is always threat-
ened by floods. Life in the delta of the Rhine and
Meuse involves risks, but has also enabled the Neth-
erlands to develop into one of the main gates of
Europe. In the past river floods provided fertile soil
and clay for brickworks, but the opposte of this
positive effect were the negative effects, such as the
loss of goods and chattle and the danger of drown-
ing. As welfare increased and population density
grew, more and better protection systems were built
to prevent flooding. Since the Middle Ages more
and more dikes, quays and hydraulic structures have
been constructed. Whether the protection against the
water is sufficient, is an all-time question; one that is
asked at this moment and that will be asked con-
stantly in the future.

Since the danger of flooding is difficult to deter-
mine in advance, politics and society usually
adopted a reactive position until recently. An ‘al-
most’ flood should not repeat itself. Until 1953 dikes
were constructed to withhold the highest known wa-
ter level. In 1953 a flood from the North sea oc-
curred in the south of the Netherlands, killing 1800
people and causing the disruption of a large part of
the Netherlands. This flood disaster resulted in ma-
jor investments to improve the water defences, based
on a more pro-active base. After the 1953 flood the
Delta Committee was installed to investigate the
possibilities for a new safety approach. Safety was
not based on the highest occurred level anymore, but
on a rough cost-benefit analysis. In an econometric
analysis the optimal safety level was determined for
the largest flood prone area, Central Holland. This
work laid the foundations for the new safety ap-
proach, in which dikes are dimensioned based on a
design water level with a certain probability of oc-
currence.

The Deltaworks, which were constructed to pro-
tect the Southwest part of the country against inun-
dation from sea, were given priority over protection
against river floods. After the completion of the
Deltaworks, the strengthening of the river dikes
began at full speed. Asthe last big river flood dated
back to 1926, there was strong oppostion from
environmentalisss who where against the
strengthening programme. The strengthening of
river dikes resulted in loss of nature areas, landscape
and sites of cultural value. In 1993 the Government
and Parliament agreed upon a new approach, saving
the landscape, nature areas and places of cultural
value (see the Boertien-case in section 4 of this pa-
per). The river floods in 1993 and 1995 once again

floods in 1993 and 1995 once again drew attention
to therisks of life in a delta; afterwards the water de-
fences were reinforced at an accelerated rate. In
2001 most water defences were at strength, and in
accordance with the safety standards referred to in
the Water Defence Act. For the coastal areas design
water levels (see above) have been chosen with fre-
guencies between 1/4000 [l/year] and 1/10.000
[1/year]. For the Dutch river area the safety stan-
dards were set between 1/1.250 [ 1/year] and 1/2.000
[1/year]. These safety standards are shown in figure
2.
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Figure 2: Overview of protection standards for dike rings given
in the ‘water defence act’

1.3 Developmentsin coping with floods in the
Netherlands

While damage protection in the Netherlands tradi-
tionally aimed at reduction through improved dike
construction, nowadays new political movement can
be seen that searches for measures to prevent flood-
ing without raising the dikes along the rivers. For
example by giving the river more space. This ‘Room
for the Rivers' is a widespread and accepted idea in
the Netherlands now. In the coming document of the
national policy on spatial planning in the Nether-
lands it is expected that room for rivers will be de-
scribed. An other ‘hot item’ are the so-called ‘Emer-
gency Retention Areas’: Areas that can be inundated
in a controlled way to prevent uncontrolled flooding
of other areas. They will be used when a discharge
occurs that exceeds the design discharge. These
Emergency Retention Areas are, though controver-
sial, a serious item in today’s Dutch political discus-
sion. Also more attention can be found for evacua-
tion planning, early warning systems, insurance of
flood damage and for the link with spatial planning.



The expected developments of the rise of the sea
level, higher river discharges and soil subsidence re-
guire a pro-active policy, in which the increase of
the interests and investments to be protected will
have to be taken into consideration. Knowledge of
water and water defences is indispensable when con-
sidering the desired protection level against flood-
ing. The Technical Advisory Committee for Water
Defences has developed a method to determine the
probabilities of flooding and has successfully tested
its application for four dike ring areas (TAW, 2000).
Based on this study the Ministry of Public Transport,
Public Works and Water Management carries out a
project in which the probabilities of flooding are
calculated for all 53 dike ring areas (definitive re-
sults 2004). The method to determine probabilities
of flooding can be distinguished from the current
“design water level” approach at three levels:

e The transition from an individual dike section to
a dike ring approach: the strength of a dike ring
(consisting of dikes, engineering structures and
dunes) can be calculated as a whole. The method
will considerably increase understanding of pos-
sible weak links in the protection system.

e Taking equal account of various failure mecha-
nisms of a dike (ring). This is different from the
current approach, in which the safety analysis of
the dike dominated by the mechanism of over-
topping and overflow of water.

e Discounting in advance, in a systematic and
verifiable way, all uncertainties when calculating
the probabilities of flooding. In the current
approach uncertainties are for the greater part
discounted afterwards by building in an addi-
tional safety margin.

Knowing this probability of flooding gives the op-

portunity to use a risk-assessment (or cost benefit

analysis) to determine if the current - or in future
expected- flooding risks are acceptable.

When evaluating the acceptability of the prob-
ability of flooding in an area the potential damage
caused by floods and danger for the population are
key-information. In the next years the Ministry
wants to portray the damage as a result of a flood to-
gether with other parties involved. At that moment it
will also be possible to calculate the costs and bene-
fits of the entire range of measures. These measures
might include research (inspection and testing, study
and research), reinforcement and elevation of the
water defences, ‘room for the rivers', retention areas
as well as restriction of flood consequences by
means of spatial planning or technical and adminis-
trative measures.

2 COST-BENEFIT ANALYSIS

The basic principle of cost benefit analysis requires
that a project results in an increase of economic wel-

fare, i.e. the benefits generated by the project should
exceed the costs of it. In a general cost benefit
analysis the benefits of an activity are compared
with the costs of the activity. If the benefits are
higher than the costs, the activity is attractive (it
generates an increase in economic welfare). If the
benefits are lower, the activity is not attractive. In
flood management this means that the costs of
measures for increasing the safety against flooding
(for example dike strengthening of flood plain low-
ering) are compared with the decrease in expected
flood damage. In the cost figure different type of
costs have to be included: costs of investment (fixed
and variable) and the costs of maintenance and man-
agement. The benefits include the reduction of dam-
age costs, which are often subdivided in direct costs
(repair of buildings and interior damage), costs of
business interruption of companies in the flooded
area, and indirect costs outside the flooded area
(mainly due to business interruption. But outside the
flooded area there may also be companies which
have benefits of the flood). Also the potential eco-
nomic growth due to improved flood defence should
be taken into account in a full cost benefit analysis.
Decisions with respect to the safety of flooding are
in general not done in the private sector, but it is a
‘common good' and part of the societal preferences.
It is therefore important that the value concept is in-
cluded in the decision problem.

The cost benefit approach can be criticised because
it necessitates quantification of all costs and benefits
in monetary terms. However, in our opinion it is one
of the essential parts of information, which is neces-
sary for rational decision-making. Other elements
can be added, in order to achieve a complete over-
view of all relevant aspects of the decision problem.
Yet, there is no general accepted framework avail-
able where the relevant pieces of information are put
together, and there are different ways of monetising
the non-monetary impacts (for example contingent
valuation by surveying the willingness to pay).
Therefore it is investigated in the context of the
flood management in the Netherlands how subjec-
tive attitude towards flood risks can be incorporated
into a cost-benefit analysis. In a utility framework,
see for example (French, 1988) non-monetary meas-
urable impacts can be expressed in the utility func-
tion, which describes the usefulness of the decision.
The same can be done for the monetary impacts, so
that al impacts can be summed up in one variable.
An important notion is the attitude (of the people
who might be a victim of a flood, or the decision
maker) towards the cogs and the flood damage re-
duction. There are three basic attitudes: the risk neu-
tral (which is assumed in a cost-benefit analysis), the
risk-prone attitude (where costs are valued lower and
damage reductions are valued higher than they are)
and the risk-averse attitude (where costs are valued



higher and flood damage is valued lower). It turns
out in the context of flood management that a risk-
averse decision maker will choose higher protection
levels than a risk-neutral of risk prone one (Voort-
man, 2002). However, a reliable method to quantify
the risk aversion factor is in the context of events
with “high impacts, low probabilities’ not yet avail-
able.

Summarizing this section it can be stated that de-
spite the limitations, a cost benefit analysis still can
provide significant rational information to the deci-
sion makers.

3 ESTIMATION OF FLOOD DAMAGE

Cost benefit analysis of flood protection alternatives
requires insight in the magnitude of flood damage.
This section will give a brief overview of the avail-
able methodology for flood damage estimation.
Firstly damage is analysed from an economical point
of view. An inundation of one of the densely popu-
lated, highly economically developed areas in the
Netherlands will undoubtedly cause enormous eco-
nomic damage. The extent of this damage depends
on the nature of the flood, for example from sea or
river, and the properties of the area, for example ter-
rain height and land use. A method has been devel-
oped for estimation of the economic damage due to
flooding (Vrisou van Eck et a, 2001). The proce-
dure for damage estimation is schematically shown
in figure 3. Information on land use is combined
with flood data (water depth). Stage-damage rela
tions have been developed for different types of land
use, which estimate (part of maximum) damage as a
function of water depth. The result of the damage
assessment is the total economic damage that can be
expected, given that particular scenario.

Damage module

Damage

o

Figure 3: Principle of the method for assessment of economic
damage

While the described method focuses mainly on
estimation of the direct economic damage, ongoing
research is carried out to gain more insight in the in-
direct effects of floods for the national economy. It

is expected that neglecting of the indirect effects of
floods will lead to an under-estimation of damage
numbers. In the Netherlands for example the loss of
gas-supply from the fields in the Northern part of the
country due to flooding will result in an economic
damage. Other examples could be the loss of the na-
tional airport of Schiphol or the Rotterdam harbour.

However, when carrying out a complete cost benefit
analysis, also other types of damage have to be in-
cluded in the analysis. For example loss of life
caused by floods. It is likely that floods in the Neth-
erlands have inundation depths of more than 4 me-
ters and it may even be 7 metres. The big flood of
1953 in South-West Netherlands caused 1800 vic-
tims. In a international survey of more than 1000
floods al over the world it is included that on aver-
age 1% of the people at risk is a victim of the flood
(Jonkman, 2002). However, the final number will
depend on both the properties of the flood and
evacuation.

Another potential problem is the environmental
damage due to pollution of all kind of chemical ele-
ments. The number of potential objects, which might
cause the pollution, is enormous (chemical factories,
stocks, oil tanks, ....). However, the conditional
probability of releasing polluted substances (given
that a flood has happened) is not known yet.

Damage of Nature, Landscape and Ecological
values. A flood may damage unique values, which
cannot be recovered (due to human interaction or by
nature) after a flood has happened. Four aspects
(woodland area, flora and vegetation, freshwater
ecosystems and historic buildings) are charted and
valued, depending on the properties of the flood, by
expert judgement.

Economic valuation of these “intangible” damage
types is a difficult subject. Although some methods
have been developed, which attribute an economic
(monetary) value to loss of life, ecological damage,
these are generally not taken into account in a cost
benefit analysis. Yet, there is no general accepted
framework available where the relevant pieces of in-
formation are put together, and there are different
ways of valuing the non-monetary impacts.

4 ECONOMIC OPTIMISATION AND COST
BENEFIT ANALYSISIN THEORY

Firstly, the method of economic optimisation is pre-
sented as a framework for the derivation of an eco-
nomically optimal level of risk in section 4.1. This
method is closely related to the cost benefit analysis,
asisshown in section 4.2.



4.1 Economic optimisation

The derivation of the (economically) acceptable
level of risk can be formulated as an economic deci-
sion problem. According to the method of economic
optimisation, the total costsin a system (Cy) are de-
termined by the sum of the expenditure for a safer
system (1) and the expected value of the economic

min(C,,) = min(l + E(D))
damage (E(D)). In the optimal economic situation
the total costs in the system are minimised:

The method of economic optimisation was origi-
nally applied by van Danzig (1956) to determine the
optimal level of flood protection (i.e. dike height)
for Central Holland (this polder forms the economic
centre of the Netherlands). An exponentially distrib-
uted flooding probability (Pf) was assumed, which
depends on the flood level h and the parameters A
and B of the exponential distribution:

_h-A
P, =e B
The tota investments in raising the dikes (li) are
determined by the initial costs (Iho) and the variable
costs (Iy). The dike israised X metres, the difference
between the new dike height (h) and the current dike
height (hg).
l,=1,+1,-X and X =h-h,

In this study a more general formulation has been
chosen between investments and flood protection
level (denoted by flooding probability). Based on
van Danzig a linear relation between the two has
been adopted, but for more practical applications
another relation can be chosen. The investment func-
tion is reformulated by substitution as a linear func-
tion of the negative logarithm of the flooding prob-
ability with parameters constant 1, and steepness I’
(By substitution with the equations presented above
it can be shown that: 1o = o+ 1h(A-hg) and I'=1¢B):

Lo = 1o +1*(=In(P,))

The expected value of the economic damage can
be calculated from the probability of flooding (P%),
the damage caused by the flood (D). The expected
value has to be discounted with the so-called re-
duced interest rate (r’), which takes into account the
interest rate (r) and the economic growth rate (g), for
avery long time period considered, this can be writ-
ten as:

E(D)=PR -D/r' r'sr—g

The tota costs are the sum of investments and the
expected value of the economic damage. The eco-
nomic optimum is found by minimising the total
costs. The derivative of the total costs and the flood-
ing probability results in the economically optimal
flooding probability (Propt), from which the optimal
dike height can be derived:
Co=log+1"(=In(P;))+P -D/r

dCy/dP =0 = P, =1'r'/D

The relation between (decreasing) flooding prob-
ability and investments, risk and total costs is shown
in figure 4.
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Figure 4: Relation between total costs and decreasing failure
probability, for the example and corresponding variables ana-
lysed in (van Danzig, 1956):[lo = 3.9.10" (Dfl), I’ = 0.33 . 10°
(Dfl), D = 24.10°(Dfl), r = 0.015 (/yr)]

4.2 Cost benefit analysis

However, this economic optimisation merely
takes into account the cost side of the flood protec-
tion problem, and does not consider the potential
economic benefits in the area due to improved flood
protection. It has been shown by Voortman (2002)
how economic benefits can be taken into account in
the framework presented above. This shows that the
economic optimisation as presented above is a spe-
cial (limited) case of this full cost benefit analysis. A
cost benefit analysis can be carried out to assess the
profitability of a project, as has been described in
section 2. In a simplified approach it should be
checked that the codts in the initial situation should
exceed the total costs after completion of the project.
After determination of an economically optimal
level of system protection, using the economic opti-
misation as presented in section 4.1, this cost benefit
criterion should also be applied. Following the for-
mulations given above the criterion can be written as
follows:

I, +1"(=In(P,)) < (P, ,—P,)-D/r’'
Where: P; o - flooding probability in the initial situa-
tion

From the criterion shown above it can be seen that
the profitability of a measure will depend on the ra-
tio between investments and risk or damage reduc-
tion. Decision makers may choose the most cost ef-
fective strategy, i.e. the project that achieves the
largest risk reduction with the smallest investments.
Thisisthe project for which the highest protection
level is found (i.e. the smallest optimal failure prob-
ability) at lowest cost. However, it should be noted
that based on other values, such as ecological, social
and political considerations, an alternative could be
chosen that would not be the most favourable when
merely economic aspects are considered.



Table 1: investment cost and estimation of risk reduction for the alternatives analysed by the “Boertien Commis-

sion” (derived from table Il in (Walker et al., 1993)

Alternative Investment costs | Present Value of reduction in expected flood damage (M€)
(M€= 10° €) max med min

safety level 1/200 300 0 0 0

safety level 1/500 331 2872 1997 726

safety level 1/1250 375 4089 2809 994

5 THE PRACTICE OF COST-BENEFIT
ANALYSIS

Although theoretical concepts are nice and attrac-
tive, it is interesting to investigate the application of
the theory in practice. Therefore we studied two
cases in the Dutch river-area. Both studies were car-
ried out by a (different) advisory committee, which
advised the Dutch government.

5.1 1992: ‘River dike reinforcement criteria testing
commission’

Reason of this project was the finding of the 1977
Commission (called the Becht commission), which
recommended that river dikes be designed tot resist
water levels that would be exceeded with an ex-
pected frequency of 1/1.250 [1l/year]. While dike
improvements based on these standards were un-
derway, protests grew against their harmful impacts
on the landscape an natural and cultural values on
and along the dikes. In response, the Minister of
Transport, Public works and Water Management es-
tablished the ‘River dike reinforcement criteria test-
ing commission’ (also called the Boertien Commis-
sion after its chairman) and contracted for the
research. (Walker et al, 1993). Primary objective of
the study was to identify policies that would provide
a high level of safety, would not cost too much, and
would preserve as much as possible of the existing
landscape, natural, and cultural values (LNC values)
along therivers.

In the study it was stated that a flood protection
policy is composed of two parts: a safety level, and a
strategy for improving the dikes and/or reducing the
water level of the rivers to provide the chosen level

of safety. The minimum safety level considered was

% i
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alevel of 1/200 [1/year] and the maximum level was
the level of 1/1250 according to the Becht commis-
sion. The diverse consequences (or impacts) of the
policies examined were estimated and were dis-
played in a scorecard. The scorecard which summa-
rises the arguments of the committee is given in ta
ble 1.

The results show that the benefits through reduc-
tion of projected flood damage greatly exceed the fi-
nancial costs of improving the dikes. The table
shows that the return on the M€l 75 (=375-300) that
it would cogt tot build dikes to a safety level of
1/1250 ingtead of 1/200 is a present-value benefit of
a least M€ 994. The commission recommended to
maintain the safety-level in the river area on the
level of /1250 [1l/year] and the government fol-
lowed thisline.

The score table shows that, if monetary costs and
benefits are the only desiderata, even the 1/1250
safety level is less than what a pure financial
cost/benefit analysis would recommend. In the study
no higher safety-levels were regarded. Apparently
the decision makers considered a higher safety-level
not acceptable from other than economic (LNC val-
ues) point of view. Our opinion is that it would have
been better to take this extra step to complete the
economic analysis. In this way the cost benefit ap-
proach is not used in an optimal way to support ex-
plicit and rational decision-making.

5.2 2002: ‘Committee Emergency Retention Areas

Start of this project was the growing awareness in
political regions that, even with the high safety lev-
elsin the Netherlands, absolute safety does not exist.
The Minister of Transport, Public works and Water
Management established the * Committee Emergency
Retention Areas (2002), which is also called the
Luteyn Commission after its chairman. Objective of

Betuwe-Oost | 9“”“"9"?‘1":;'[""9
31071780 .

Figure 5: Proposed areas along the Rhine and Meuse for selection of an emergency re-
tention area (Numbers indicate economic damage (in min of Euros) with and without ad-

ditiona protective measures)



Table 2: Scorecard of the two alternatives as presented in the report of the Committee Emergency Areas, 2002

Alternative Number of Flood I nvestment
people to be Damage costs
evacuated (10° €) (10° €)
Current situation
(without emergency 500.000 55 0
areas
New situation
(with 3 emergency 35.000 0,7 1,25
areas)

the committee was to advise about the attractiveness
of a spatial reservation of certain areas which can
then be used as a storage basin to store access of wa
ter along the big rivers Rhine and Meuse. The com-
mittee was asked to advise about the usefulness, ef-
fectiveness and necessity of these storage basins,
and if the idea is attractive, to choose (select) certain
areas. The committee advised that it is indeed attrac-
tive to have these basins, and they proposed three
areas, see figure 5 (previous page) for an overview.

The basic argumentation of the committee is that
controlled flooding is to be preferred above uncon-
trolled flooding, and therefore it is wise to invest
more than an estimated one billion €. The scorecard
which summarises the arguments of the committee is
presented in table 2. This table can be found on page
32 in the report of the committee (Committee Emer-
gency areas, 2002)

On the basis of table 2, the committee concluded
that: “The committee has assessed that the tota in-
vestment cogts is about 1,25 10° €. But on the other
hand, with a controlled flooding less people have to
leave their homes, the societal disruption is smaller
and the flood damage will be substantial lower. With
other words, the benefits are far bigger than the
costs’ (page 33).

However, if we apply the concepts as described
in the sections above, we may conclude that the cost
benefit analysis in the report cannot pass the test.
The committee compares the total flood damage
with the investments of the retention areas. In such a
comparison, the present value of the economic risk
has to be calculated (flood damage multiplied with

the probability divided by the discount rate). Note of
authors of this paper: it is our opinion that the as-
sumed flood damage in table 2 is unrealistically
high: it assumes that all dike rings along the river
will be flooded. In reality, however, if one the dike
rings is flooded, the expected damage of the other
dike rings will be lower, because the water levelsin
the river will drop after failure of one the water de-
fences. Another observation is that in the calcula-
tions of the committee and in table 2 it is assumed
that the emergency areas reduce the flooding prob-
ability downstream these areas completely. This,
however, is not a valid argument, as noted by the
committee on page 22 (the flooding probability of
these areas will be reduced to 1/4000). This part of
the criticisms is also been remarked by the commit-
tee of water defence experts (Technical Advisory
committee on Water defences). Applying the method
as described above and in previous sections, table 3
is obtained. From the table it can be concluded that
the costs of the emergency areas are (much) higher
than in the current situation under the assumption of
maximal damage. We also remark that the reduction
of the flooding probability due to the impact of re-
tention areas may be lower than is assumed in table
3 (see Kok e al, 2003).

Table 3 indicates that for case of realistic damage
the creation of the emergency areas will lead to are-
duction of present value of flood damage of 0.29 bil-
lion € ayear, at a cost of 1,25 hillion €. This difference
between benefits (= risk reduction) and costs can be
overcome by assuming non-monetary values of the
three emergency areas. At the moment of writing

Table 3: Scorecard of the alternatives using the theoretical concepts of section 4 and using more realistic assumptions

Alternative Investment Flood Present value Total costs
Costs Damage | Flood damage
(10° €) (10° €) (10° €) (10° €)

Current situation 0 55 55 1,1

. — =110

(maximal damage) 1250* 0,04

Current situation 0 15 15 0,3

(realistic damage) 1250004 0.3

New situation (with 1,25 0,7 0,7 0014 1,264

3 emergency areas) 1250* 0,04

Discount rate4%; flooding probability: 1/1250



this paper the government has not yet decided
whether to adopt the commission’s advise or not. If
a decision would only be based on the cost-benefit
analysis, the commission’s advise would not be
adopted. However, there are more values than the
economic values, such as landscape, natural and cul-
tura (LNC) values and social values. The final
weighing of economic, cost-benefit aspects and
other aspectsisapolitical choice.

6 CONCLUSIONS

The aim of this paper isto investigate the application
of cost benefit analysis methods in decision-making
on a desired flood protection strategy in the Nether-
lands. The following conclusions and recommenda-
tions can be given:

1. The basic principle of cost benefit analysis indi-
cates whether a project results in an increase of
economic welfare, i.e. whether the benefits gen-
erated by the project exceeds the costs of it. An
economic optimisation can be carried out to de-
termine the optimal level of system. The infor-
mation provided by the cost-benefit analysis and
/ or the economic optimisation should be consid-
ered as a technical advice to the decision- and
policy- makers. In the decision making process it
should be combined with other types of relevant
information;

2. An important issue in the economic analysis is
the estimation of flood damage. Various types of
damage will occur in case of a flood, such as ma-
terial (direct) and indirect economic damage,
cultural and ecological losses and loss of life.

3. Analysis of two recent case studies shows that
the theoretical cost benefit concepts are not fully
applied in practice. In the two case studies the
government asked an advise to an independent
committee with respect to the level of invest-
ments in river flood management. In the first
case study the committee compared the costs and
benefits in a sound way, but the optimal level of
protection is not determined. In the second case
study the committee did not compare the costs
and benefits correctly, and compared the invest-
ment costs directly with the flood damage. These
shortcomings may have influenced the decision.

4. It is recommended to apply the concept of cost
benefit analysis in decision problems with re-
gpect to flood damage mitigation more explicitly
. Providing information to decision makers gen-
erated by these concept will increases the possi-
bilities that the alternative is chosen which opti-
mises the societal needs.

From an economic point of view decision makers
may choose the flood protection strategy that

achieves the largest risk reduction at lowest costs.
The final decision on a desired flood protection level
should not only consider economic aspects, but it
should involve a comparison of all relevant alterna-
tives. The economic optimisation and the cost bene-
fit analysis can provide important rational informa-
tion in this decision-making process.

DISCLAIMER

Any opinions expressed in this paper are those of the
authors and do not necessarily reflect the position of
the Dutch Ministry of Transport, Public Works and
Water Management.
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