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Abstract

The main objective of this paper is to combine and integrate environmental, economic and social impact assessment

procedures in order to support decision-making in the context of flood control policy in the Netherlands. The hydraulic,

hydrological, ecological, economic and social effects of alternative flood control policies, such as land use change and

floodplain restoration, are evaluated using a combination of advanced quantitative modelling techniques and qualitative expert

judgement. The results from the ecological, economic and social impact assessment are evaluated in an integrated way through

cost–benefit analysis (CBA) and multi-criteria analysis (MCA). As expected, these methods produce different outcomes.

Although traditional flood control policy-building higher and stronger dikes-is a cost-effective option, investment in alternative

flood control policy-land use changes and floodplain restoration-can be justified on the basis of both CBA and MCA when

including the additional ecological and socio-economic benefits in the long run. The outcome of the MCA appears to be

especially sensitive to the inclusion of the qualitative scores for the expected social impacts of land use change and floodplain

restoration. An important research question remains how to assess, integrate and trade-off (1) significantly different types of

impacts in a methodologically sound way in both cost–benefit and multi-criteria analysis, and (2) significantly different types

and quality of available knowledge and information about these impacts.
D 2004 Elsevier B.V. All rights reserved.
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1. Introduction

For centuries the Dutch have reclaimed and

drained land and raised dikes to protect themselves

against floods. In a country of which approximately
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two thirds is situated below sea level, protection

against flooding has always been the government’s

primary water policy objective. Dikes have always

been the most important means to achieve this.

Over the years, more than 50 dike enclosures have

been constructed for areas located below sea level.

Each of these enclosures has a different safety level,

expressed in a maximum acceptable flood return

period. These safety levels have legal status and

range from once every 1,250 years to once every

10,000 years.



1 These scenarios have been developed elsewhere (De Jong

et al., 2000) and will not be discussed further in this paper. The

most pessimistic scenario has been used in the evaluation

presented in this paper, assuming an increase in water levels

over the next 50 years of 0.20–1.15 m.
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Safety levels are highest in the western part of the

Netherlands and become gradually lower when mov-

ing from west to east. Safety levels are based upon the

probability of flooding and the consequences caused

by flooding in terms of potential casualties, material

damage to buildings and economic losses in flood

prone areas. The western part of the Netherlands is the

most densely populated area in the country, with large

cities like Rotterdam, The Hague and Amsterdam,

where most of the country’s economic production

value is generated. Hence the relatively higher safety

levels in this part of the country.

After the threats of flooding in 1993 and 1995,

when more than 100,000 people had to be evacuated

from areas along the rivers Rhine and Meuse, gov-

ernment policy is focusing on alternative ways to

maintain existing flood protection and safety levels,

such as land use changes and floodplain restoration. In

view of the expected impact of climate change, sea

level rise and land subsidence, the long-term sustain-

ability of traditional technical engineering approaches

to flood control (dike strengthening and heightening)

is questioned. A new approach is promoted, i.e. to use

the natural dynamics and resilience of water systems

as an effective means to reduce the risks and damages

associated with flooding in the long term. The natural

dynamics and flexibility of water systems have been

severely undermined in the past through canalisation

of rivers, drainage of land and an increase in the built-

up area in floodplains.

Besides long term sustainability considerations,

land use changes and floodplain restoration are be-

lieved to create additional socio-economic benefits

compared to traditional policies such as dike strength-

ening. These benefits include the creation of new

wildlife habitats, nutrient and contaminant assimila-

tion and recycling, recreational and amenity values.

Learning to live with floods through land use changes

and floodplain restoration is also believed to increase

public awareness and appreciation of water system

dynamics and resilience, and even result in a reduc-

tion of future damage by changing the nature of

economic activities in places at high risk of flooding.

This new Dutch policy was first laid down in the

Fourth National Water Policy Document published in

December 1998. Objectives for integrated water man-

agement policy stated in this Policy Document include

(Ministerie van Verkeer en Waterstaat, 1998):
� increase water system resilience, and by doing so

enhance nature development at the same time;
� increase the coherence between water policy,

nature conservation policy and physical planning

policy;
� involve different stakeholders and the public at an

early stage of the new policy.

These objectives were endorsed by the Advisory

Committee on Water Management Policy in the 21st

Century, who published its report in August 2000. The

Committee concluded that without additional efforts

climate change and land subsidence will cause safety

levels to fall and water related problems to occur more

frequently. At the same time, the number of inhab-

itants requiring protection and the economic value of

properties to be protected are increasing. The govern-

ment acknowledged the expected future problems

associated with climate change, sea level rise and

land subsidence and supported the recommendations

by the Committee in it’s official position ‘A different

approach to Water Management; Water Management

Policy in the 21st Century’ published in December

2000. Besides traditional technical engineering

approaches, land use changes and floodplain restora-

tion should be considered as a structural solution to

future water related problems.

The main objective of this paper is to assess and

evaluate in an integrated way the ecological, economic

and social impacts of these alternative flood protection

measures compared to the traditional technical engi-

neering approach of making dikes higher and stronger,

based on existing scenarios of climate and socio-

economic change over the next 50 years in the lower

river delta in the western part of the Netherlands, where

the Rhine and Meuse flow into the North Sea.1

First, the hydraulic and hydrological changes asso-

ciated with the proposed alternative flood protection

measures are assessed. Next, these hydraulic and

hydrological changes are translated into their associ-

ated ecological, social and economic impacts. These

impacts are assessed and where possible quantified in
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order to support decision-making with regard to the

implementation of new flood control policy in the area.

The outcome of the integrated assessment will be

related to the water policy objectives mentioned above.

The remainder of this paper is organised as fol-

lows. Section 2 briefly introduces the methodology

used. Section 3 details the proposed land use changes

and floodplain restoration measures in the Rhine and

Meuse delta. Sections 4–6 examine the effects of

these measures on ecology, society and economy,

respectively. In Section 7 the ecological, economic

and social effects are evaluated in an integrated way

through cost–benefit and multi-criteria analysis. Fi-

nally, Section 8 concludes.
2. Integrated assessment methodology

Various forms of assessment exist, including tech-

nical, health, environmental, economic and social

appraisals. In general, the need for these appraisals

results from problems of choice, where decision-

makers (e.g. policy makers, producers, consumers)

face one or more options (e.g. policies, projects,

measures, products, etc.) in a given context (De Vries,

1999). Although no single integrated assessment

method or approach exists, integrated assessment

procedures have been developed in general in order

to avoid as many unforeseen consequences of policy

decisions as possible (De Vries, 1999). According to

Rotmans et al. (1996), integrated assessment is policy

motivated research to develop an understanding of the

issue, not based on disciplinary boundaries, but on

boundaries defined by the problem, to offer insight to

the research community for prioritisation of their

efforts and to the decision-making community on

the design of their policies. Integrated assessment

therefore is more than just a technique.2 Integrated
2 An appealing definition is given by Rotmans et al. (1996),

who define integrated assessment as ‘an interdisciplinary process of

combining, interpreting and communicating knowledge from

diverse scientific disciplines in such a way that the whole cause–

effect chain of a problem can be evaluated from a synoptic

perspective with two characteristics:

– integrated assessment should have value added compared to

single disciplinary oriented assessment;

– integrated assessment should provide useful information to

decision-makers.
assessment is an iterative process where, on the one

hand, integrated insights from the scientific commu-

nity are communicated to the decision-making com-

munity and, on the other hand, experiences and

learning effects from decision-makers form the input

for scientific assessment (Janssen, 1996). This com-

plex and value-loaded process cannot be captured by

one single approach. Depending on the problem it

tries to address, it usually consists of a variety of

approaches and methods, including formal, explor-

ative, experimental and expert judgement methods.

In the Netherlands, the Ministry of Economic

Affairs and the Ministry of Transport, Public Works

and Water Management have recently published a

manual for cost–benefit analysis (CBA), in which

CBA as embedded in economic welfare theory is

promoted as the most appropriate framework to assess

the impacts of large infrastructure projects in an inte-

grated way (Eijgenraam et al., 2000). The result of this

CBA is a study of the profitability of projects, valued in

terms of market prices. Effects which can not be valued

in money terms are not included in the outcome of the

profitability study. They are included though, where

possible in quantitative terms, in the balance sheet as

so-called ‘pro memoriam’ (PM) items. The use of CBA

in situations where these non-market impacts are

expected to be significant has stimulated an extensive

debate and literature about the appropriateness of

economic welfare theory and economic valuation tools

(e.g. Turner, 1978; O’Neill, 1997; Jacobs, 1997; Prior,

1998; Brouwer et al., 1999a).

In this paper, CBA is used as one of the ways in

which the consequences of large scale water projects

can be assessed. An attempt was made to also intro-

duce other perspectives in the CBA besides the

traditional economic one, i.e. ecological and social

perspectives, as monetised PM items in CBA and as

additional perspectives in a multi-criteria analysis

(MCA). The origin of these additional perspectives

is laid down in the relevant Environmental Impact

Assessment (EIA) and Social Impact Assessment

(SIA) literature (e.g. Lee, 1995; Burdge and Vanclay,

1995; Vanclay and Bronstein, 1995; Kirkpatrick and

Lee, 1997). MCA is another important integrated

assessment tool, which is expected to provide policy

and decision-makers with different insights in the

complexity of the problem. It offers the possibility

to include also other evaluation criteria on which a
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decision can be based in the analysis besides econom-

ic efficiency. The choice for either the use of CBA or

MCA in an integrated assessment depends upon a

number of factors (e.g. Van Pelt, 1993), such as the

nature of the relevant evaluation criteria for a specific

problem and the available information about the

expected effects of alternative solutions (quantitative

or qualitative, in money terms or otherwise).3 The

application of the two methods together in a water-

related context is rare (see, for instance, Joubert et al.,

1997). The methodological approach followed in this

paper is visualised in Fig. 1.

Obviously, the nature of any appraisal also depends

upon the available time, financial resources and in-

formation. In this study, the assessment was both

qualitative and quantitative in nature, based on ad-

vanced hydro-ecological modelling and expert judge-

ment. The appraisal mainly focuses on the ecological,

economic and social consequences of alternative flood

protection compared to the traditional engineering

approach. The short amount of time available for the

study (3-6 months) implies that the assessment had to

be based largely on available (secondary) data and

information. Since the available data and information

are limited, this has consequences for the accuracy

and reliability of the outcomes of the study. Various

assumptions were made to compensate for the lack of

information. Although the robustness of the results

were tested in a sensitivity analysis, the results have to

be interpreted with the necessary care.
3. Case study area and proposed land use change

and floodplain restoration measures

From 1998 until 2000 an administrative steering

group led by the water authority responsible for the
3 The scorecard has been introduced as another alternative

method to avoid some of the problems associated with CBA and

MCA (e.g.. Ministerie van Financiën, 1992). The method was

applied in the Netherlands for the first time in 1976 to evaluate

alternative solutions to protect an estuary from flooding (Goeller et

al., 1977). One could argue that the scorecard is in fact the same

matrix showing the impacts of various alternatives in CBA and

MCA. The weighting of these effects across the various alternatives

is left up to the policy or decision-maker as the scorecard merely

shows the expected effects.
Rhine and Meuse delta examined, in a pre-feasibility

study, several longer term land use change and flood-

plain restoration options along the rivers Lek, Mer-

wede, Meuse and Waal (see Fig. 2). The delta

comprises the tidal parts of the rivers Rhine and the

Meuse.

The critical situations in 1993 and 1995 when

polders were threatened and tens of thousands of

people had to be evacuated prove how urgent the

danger of flooding is in this region. Awareness is

growing that other measures have to be taken

besides raising dikes to prevent the delta from

flooding in the future. Based on the legally defined

safety norms in the area, the proposed land use

change and floodplain restoration measures are part

of a planning strategy designed to prevent, where

possible, new rounds of dike strengthening and

encourage multi-functional use of land and the

development of biological diversity (De Jong et

al., 2000). The proposed measures are to be imple-

mented stepwise between 2000 and 2050 and are

defined below:

(1) A first set of measures is linked to existing

physical planning policies and involves modifi-

cations (e.g. widening and deepening) of flood-

plains between 2000 and 2015. The modifications

should result in an increase of the water storage

capacity of the water system.

(2) A second set of measures claims extra space

for water in and around the Biesbosch, an

important national wetland nature reserve. The

water system is allowed to play a more

important role in spatial development plans

where possible, again within physical planning

policies, linked to opportunities for nature.

Also this second set of proposed measures

will be implemented from 2000 up to and

including 2015.

(3) A third set of measures consists of the creation of

additional new watercourses (canals and rivers)

around existing watercourses. These additional

watercourses reflect a longer term policy vision,

from 2015 up to and including 2050, where water

becomes a steering principle in the physical

planning of the area and where necessary the

existing infrastructure and dike enclosures will be

broken down.



Fig. 1. Integrated assessment framework.
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The proposed sets of measures complement each

other. The first two sets of measures will be

maintained and continue to be effective also after

2015, but after 2015 together with the third set of

measures, which are expected to have a more

dramatic effect on the physical and spatial structure

of the delta area. In the next sections, the impacts

of these measures compared to a ‘do nothing’

baseline scenario will be examined and assessed

in more detail, first from different perspectives

separately and subsequently in an integrated

manner.
4. Environmental impact assessment

Environmental impact assessment involves pre-

dicting the expected magnitude of the environmen-

tal impacts, usually at project level, and evaluating

their significance for decision-making purposes

(Canter, 1996). In general, the environmental

effects of policy or policy measures can be eval-

uated with the help of abiotic or biotic indicators.

These indicators can be descriptive or normative

(Weterings and Opschoor, 1994). Descriptive indi-

cators reflect an actual or predicted state or con-



Fig. 2. Location of the proposed land use change and floodplain restor
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dition of the environment on the basis of the

abiotic and/or biotic parameters that are deemed

relevant (e.g. OECD, 1994). However, a descrip-

tion only may not be very informative. This is

why descriptive indicators are often valued, either

on the basis of particular valuation criteria or by

relating the actual or predicted state or condition to

a reference state or condition. These latter are

called normative indicators. The presence of rare

species is a good example of a criterion frequently

used to determine the ecological value or quality

of a particular area.

In this study, the impact of the proposed land use

changes and floodplain restoration measures is eval-

uated first on hydrology and then on ecology.4 After

the hydrological effects associated with the land use

change and floodplain restoration measures were

assessed, a hydro-ecological dose–effect model was

used to predict the effect of these hydrological

changes on the ecological system, i.e. vegetation.

The predicted ecosystem change is expressed in a

value score. In order to be able to conclude whether

the change in these ecosystem values is substantial,

the change is related to existing ecological targets in

nature conservation policy.
4 The proposed measures were also evaluated in terms of their

hydraulic impact with the help of a hydraulic model. Because of

lack of space, these effects will not be presented here. The hydraulic

effects of the proposed measures correspond with the hydraulic

boundary conditions imposed by the legally defined safety measures

in the area.
4.1. Hydrological impact assessment

The proposed sets of measures were evaluated by

several hydrology experts in terms of their effect on

the hydrological system’s surface and groundwater

levels. Rough estimates were made of (1) changes in

groundwater level, (2) annual average seepage flux,

and (3) water levels of small water systems such as

ditches. These are the hydrological input parameters

needed for the above-mentioned hydro-ecological

dose–effect model. The estimates are based on a

permanent change of surface and groundwater levels.

Changes as a consequence of incidental inundations

likely to occur once every 100 or 200 years and their

effect on biodiversity are not considered. The esti-

mated hydrological effects and their geographical

distribution in the study area are shown in Fig. 3.

The red lines in Fig. 3 represent the areas in which

land use change and flood plain restoration measures

are considered.

4.2. Ecological impact assessment

The hydro-ecological model DEMNATwas used to

predict the effect of the hydrological changes on

ecology (for a detailed description of this model, see

Van Ek et al., 2000). DEMNAT is able to predict

changes in ecology based on a number of hydrological

parameters. These parameters were presented in the

previous section. DEMNAT contains a dose–effect

function for different types of hydrological measures

and for every (unique) combination of abiotic (soil

ation measures in the Rhine and Meuse delta in the Netherlands.



Fig. 3. Predicted hydrological impact of the proposed land use change and floodplain restoration measures: (a) change in average groundwater

level (cm), (b) change in annual average seepage flux (mm/day), (c) change in water levels of small water systems (cm).
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5 Among others, a review of relevant publications in various

media (newspapers and water-related magazines) was carried out in

order to find public reactions after the Ministry published the

government’s plans to change land use and restore floodplains as

alternative flood protection measures in the national newspapers and

on television in February 2000.

R. Brouwer, R. van Ek / Ecological Economics 50 (2004) 1–218
and hydrology) and biotic factors (vegetation). The

ecological effects (on vegetation) are expressed as

changes in the relative wealth of species (complete-

ness indicator) of 18 different ‘ecotopes’. Ecotopes

are spatial units, which are considered homogeneous

from an ecological structure point of view (see Klijn,

1997). The botanical completeness of these ecotopes

is derived from a national flora database called

FLORBASE (Van der Meijden et al., 1996).

Completeness is an aggregated measure (indica-

tor) for the presence and quality of an ecotope group.

The completeness of an ecotope group (measured

between 0 and 1) is determined for each grid or cell

of 1 km2 by means of weighted aggregation of the

presence of plant species and the extent to which

plant species are characteristic for a particular eco-

tope group (Witte and van der Meijden, 1995). A

completeness score equal to 0 indicates that the

ecotope group is not present or that insufficient

indicative plant species are encountered. A complete-

ness score equal to 1 indicates that the ecotope group

is botanically very well developed.

Besides predicting changes in vegetation, DEM-

NAT also has a module which allows valuation of

predicted changes. Nature can be valued ecologically

on the basis of one or more criteria. Diversity, rarity,

characteristic features, naturalness and size are usually

important valuation criteria (e.g. Margules and Usher,

1981; Usher, 1986). These criteria are also underlying

the valuation method in DEMNAT.

The valuation method in DEMNAT is furthermore

based on two basic principles. The first valuation

principle is: the more, the better. This means that if

the amount of nature increases, this is valued positive-

ly. A boundary condition is that more is only better as

long as a particular species does not become a plague.

The second valuation principle is: the rarer, the

more valuable. In other words, the more widespread a

species, the lower its value. There are, of course,

exceptions to this rule. One exception is, for example,

that this rule does not apply to so-called nuisance

species. The basic principle furthermore only relates

to wild species and only applies to species from the

same taxonomic level (in this case only plants). In

DEMNAT both principles are described in a single

algorithm (see Witte, 1998).

The predicted ecological values and their spatial

distribution in the study area are displayed in Fig. 4.
Fig. 4a shows the predicted change in the ecological

value, while Fig. 4b shows the predicted aggregate

values in the year 2050. The aggregate score for the

calculated ecological change in the study area is 188.

This number has in itself not much meaning. It does

not indicate how significant or substantial the change

actually is. The score is therefore related to the desired

(target) situation, formulated on the basis of nature

conservation policy in the area, and the ecological

value in this desired situation.

The calculated value scores in the current (refer-

ence) situation and desired (target) situation are dis-

played in Table 1. The contribution of the proposed

land use change and floodplain restoration measures

to achieve the nature conservation objectives in the

area is calculated by dividing the change in the value

score resulting from the proposed measures by the

difference between the value scores in the target and

reference situation. This difference (6669� 5823 =

846) has to be bridged in order to arrive in the desired

situation. Based on this, the contribution of the

proposed measures to nature conservation policy is

just over 20%.
5. Social impact assessment

Although there exists no clear definition of social

impact assessment in the literature, this type of

assessment usually involves a systematic effort to

identify, analyse and evaluate the social effects of

projects or policy on individuals, groups of people

or society as a whole (Burdge et al., 1994). In this

study, the social impact assessment of the proposed

measures is based on available literature and expert

judgement regarding the most important stakeholders

involved (stakeholder analysis), the effect of the

proposed measures on their interests in the area

and stakeholder perception of the proposed meas-

ures.5 Based on the available data, two independent

social assessment experts were asked to evaluate the



Fig. 4. Predicted scores for the value of nature as a result of the proposed land use change and floodplain restoration measures; (a) calculated

change in the ecological value of nature, (b) predicted ecological values in 2050.
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proposed land use change and floodplain restoration

measures in a structured way. This resulted in a

table with qualitative scores (+,� ) for the most
Table 1

Ecological value scores in the reference situation (do nothing

baseline scenario) and target situation (desired situation in which

nature conservation policy objectives are met)

Situation Score

(no unit)

Change

(no unit)

Distance to

target (%)

Ecological value in

reference situation

5823 – –

Ecological value after

proposed measures

6011 188 22.2

Ecological value in

target situation

6669 846 100.0
important social criteria identified by these experts

independently. In the next sections, we will first

briefly describe the main stakeholders in the area

expected to be affected by the proposed measures

and secondly the social impact assessment score

card.

5.1. Stakeholders affected by the proposed measures

5.1.1. Inhabitants

People living in the area will, of course, be the first

to notice any change in their surrounding. In the case

of traditional dike strengthening, people living behind

dikes will face higher dikes or will have to move

home if dike strengthening requires a broader foun-

dation (i.e. more land) to prevent heavier dikes from
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sinking into the soft peaty soil in the area. It is

expected that some of the people living behind in-

creasingly higher dikes will feel increasingly uncom-

fortable with the idea that these dikes might perhaps

breach one day. Thus, the feeling of safety that high

dikes should promote may turn into a real fear of

flooding. Developing the available space in a different

way, as proposed by the land use change and flood

plain restoration measures, can take away this worry

and fear. On the other hand, the idea of giving land

back to water after all the efforts put in to keep water

out over the past centuries, especially in an area with

such a long history of battle against water, may also

give rise to a lot of disbelief and misunderstanding. A

well-developed communication strategy is essential to

convince local people of the usefulness and necessity

to adopt a new policy strategy in the battle against

climate change, sea level rise, land subsidence and

flooding.

5.1.2. Agriculture

Historically, large groups of people in the Nether-

lands consider the government responsible and there-

fore accountable for public safety issues. For some

groups, however, the proposed measures may evoke

feelings of being the last drop in a series of recently

introduced new government regulations. This partic-

ularly seems to be the case for farmers. In recent

years, this group has been seriously affected by new

environmental and safety regulations that have had an

enormous impact on their businesses.

A considerable share of existing agricultural land

will be affected by the proposed land use change and

floodplain restoration measures in the area. As much

as 10% of the total acreage of arable land will be taken

out of production permanently if the plans are carried

out, while another 25% will be affected by increased

groundwater levels. The most important starting point

for any negotiation or mutual agreement is that farm-

ers wish to be fully compensated for the damage they

suffer (SC-DLO, 1999). It is not expected that the

damage suffered can be compensated by extending

farmer activities, for example by combining agricul-

ture, water and nature conservation management.

Additional activities such as the provision of recrea-

tional facilities will never contribute significantly to

total farm income. Moreover, these activities greatly

depend on the goodwill of individual farmers and
their families: some farmers support the idea, while

others do not.

The discussion about the risk of flooding in flood

plains is a delicate topic in agricultural circles in the

Netherlands. On the one hand, the use of land as an

excess water retention area guarantees that there will

be no other developments competing for the limited

available space, such as residential housing or the

construction of motorways. On the other hand, there is

a feeling of uncertainty about the future of, for

example, farm buildings and cattle. It is important

for farmers that in the case of incidental flooding the

farmhouse and the farm buildings are situated on

higher ground so that cattle and machines are always

save from flooding. Subsidies can be provided for

this, or inconvenience could be compensated with a

one–off payment.

Finally, many of the farmers that are expected to be

affected by the proposed measures have their roots in

the area. For that reason, some of them will prefer to

stay where they are, if necessary without practising

farming, than to move elsewhere and be able to

continue farming.

5.1.3. Nature conservation organisations

The nature conservation groups in the area have a

slightly different opinion about the role of farmers as

water and nature conservation managers. Conserva-

tion organisations are sceptic about entering into

management agreements with farmers in floodplains

(SC-DLO, 1999). According to nature conservation

organisations, the objective of nature conservation

policy in floodplains is to create favourable circum-

stances for a diverse landscape showing various

development stages from open water to flood plain

forests, and this cannot be realised within the limi-

tations of small-scale management agreements. Nature

conservation organisations are therefore not in favour

of water and nature conservation management by

farmers in floodplains in the study area.

5.1.4. Water supply companies

Although the water supply companies are positive

about future water collection along rivers, they too

have doubts about combining this with agriculture

(SC-DLO, 1999). For surface water collection, large

basins must be constructed along the river. This type

of physical planning competes directly with agricul-



Table 2

Social impact score card of the proposed land use change and

floodplain restoration measures

Criteriaa Short term

(2000–2015)

Long term

(2016–2050)

Impact on functions

performed in the area

(area’s multi-functionality)

o +/�

Stakeholder and public

perception of

landscape change

o +

Stakeholder and public

perception of risk

� �

Communication efforts � �
Possibilities to participate

in the decision-making

process

� �

Aggregate score � �
� , negative effect; o, neutral/no effect; +, positive effect.

a Criteria which are considered decisive in finding support for or

opposition against the proposed land use change and floodplain

restoration measures compared to a ‘do nothing’ baseline scenario.
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ture. Sharing these basins with agriculture is not

considered a good idea, because the water has to be

kept very clean. Farmers will therefore have to operate

in an extremely environmentally friendly way. Crop

farming is out of the question, as is the use of

pesticides and herbicides. Grazing by cows or horses

is a possibility, but the water supply companies prefer

to own the land, so they can decide which activities

are allowed on it. The water supply sector emphasises

that only extensive forms of agriculture are feasible in

areas where water is collected.

5.1.5. Recreation

The recreation sector identifies opportunities as

well as threats. If the flood plains become swampier,

the sector sees this as a significant disadvantage for

hikers and cyclists. In particular, unpaved footpaths

and cycle paths will become inaccessible and main-

tenance costs will increase. Opportunities exist in

cases where the area of open water increases. This

increases the possibilities for (hiring) canoes, row-

boats, motorboats, sailboats and surfboards. Also

anglers are expected to benefit. The sector points

out that each one of these water sport activities has

its own specific demand with respect to the physical

planning and management of the area.

5.2. Social impact score card

It is often difficult to express the expected social

effects resulting from policy measures or projects in

quantitative terms. Social effects may be diverse if

various stakeholder groups are involved and may

therefore also be hard to compare, let alone be made

commensurable by expressing them in the same unit

of measurement.

The analysis presented here is based on qualitative

expert judgement, resulting in qualitative scores for

the most important social criteria as identified by two

independent experts (Table 2).

The experts consulted to construct Table 2 strongly

felt that it was necessary to explicitly distinguish

between short and long term expectations regarding

the various aspects involved in the assessment. Be-

sides the impact on the various functions performed

by the study area, public perception of changes in

landscape and risks of flooding in the area were

considered important evaluation criteria, as well as
efforts by the responsible authorities to inform and

consult the stakeholders affected by the proposed

measures, and the possibilities of these stakeholders

to actively participate in the decision-making process.

In the short term, the functions performed by the

area will not be affected greatly, because of the nature

of the proposed measures until 2015. Most of these

measures will be taken in existing floodplains and

hence their impact on existing infrastructure will be

limited. As the visual changes in the landscape will

be limited, so will public perception of these changes.

In the long term, however, land use changes are

expected to be substantial. The extent to which the

proposed measures will result in an increase in size

and variety of the various functions performed in the

study area is uncertain. Some believe that the pro-

posed measures are a good example of multi-func-

tional land use. Others believe that the multi-

functionality of the proposed land use changes will

be limited in view of the strict requirements with

respect to building or other activities in the area when

designated as a floodplain. In view of the construc-

tion of several ‘green’ river corridors, public percep-

tion of landscape changes are, overall, expected to be

positive.

Finally, public perception of the risks involved is

expected to have an enormous impact on public
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support for the proposed measures, especially in view

of the study area’s history. Present lack of commu-

nication efforts6 and possibilities for local stakehold-

ers to actively engage in the decision-making process

are expected to reinforce the negatively perceived

consequences of the proposed measures, further add-

ing to the negative aggregate score in the short and

long term. In the long term, the perceived negative

social impacts can only be given a positive turn if

more attention is paid to public communication

strategies which contribute to a better understanding

of the problem involved. However, an important

question is whether this will not be too late. Addi-

tionally, opposition to change in general (i.e. any

change) may also play a role here, especially if those

changes are not explained adequately and to every-

one’s satisfaction.
6. Economic impact assessment

Cost Benefit Analysis (CBA) is the best-known

method to assess the economic impacts of projects or

policy (e.g. Pearce, 1998). It produces an overview of

the advantages and disadvantages of one or more

project or policy alternatives, usually in the form of

a balance sheet. Where possible, these advantages and

disadvantages are evaluated in terms of money based

on market prices. The outcome of a CBA generally

involves the calculated net benefits that reflect the

efficiency of a project or policy measure. If the net

benefits turn out to be positive, it will be beneficial to

implement the project or policy measure.
6 At the time when the study was carried out, no communi-

cation strategy seemed to exist regarding how the proposed

measures and their consequences for public safety and the physical

environment would be unveiled to the people involved in the

designated areas. In a national newspaper, one of the dike wardens

wrote on March 4, 2000: ‘The presentation (of the plans by the

Secretary of State for Transport, Public Works and Water

Management) was more like an ambush . . . they knew the solution

before informing residents, municipalities and the other relevant

people involved and convincing them that there was a problem. I

think that this is unwise, and short-sighted too. We should not

arrange our world just on the basis of water. . .. Water is still too

much the domain of the experts. The trick is to combine water plans

with other claims for space so that the water is, as it were, given

back to the people.’
A distinction can be made between financial and

economic CBA. A financial CBA is sometimes also

referred to as a cash-flow analysis. Advantages and

disadvantages are evaluated in terms of the expendi-

tures and earnings directly associated with the im-

plementation of a policy measure or project. In an

economic CBA, the costs and benefits associated

with a policy measure or project are evaluated in a

broader sense, taking into account the effects on the

national economy as a whole. These may include

indirect effects on third parties and non-priced ‘ex-

ternal’ effects. When including also non-priced ex-

ternal effects in money terms, this is often referred to

as an ‘extended’ CBA. Very often governments

evaluate their policy mainly on the basis of the

associated financial costs as these are usually rela-

tively easy to compute. In view of the fact that the

government often finances public goods, benefits are

usually difficult to calculate. In this case study, a

financial and economic CBA was carried out, as the

proposed land use changes and floodplain restoration

measures involve relatively large projects with wider

socio-economic consequences. The results of the

economic CBA based on existing market prices are

presented in this section, the results of the extended

CBA in Section 7.

6.1. Costs

The most important costs when aiming to prevent

future flooding by changing land use and restoring

floodplains are related to:

– land use changes in areas where current land use

and future flood protection can not go hand in hand

(and corresponding purchase of land);

– damage to crops or decreasing grazing density in

areas where incidental flooding takes place or a

structural rise in water tables (and corresponding

compensation payments);

– protection of existing infrastructure (rail and road

networks, etc.) and designing new spatial infra-

structure in designated floodplain areas;

– operation and maintenance of the proposed

measures.

Based on an examination of the hydrological

effects, the study area was divided in areas where



Table 3

Change in present land use (in ha) as a result of proposed land use changes and floodplain restoration measures

Set of Agriculture Industrial sites Residential area Floodplains Total

measures
Permanently out of

production

Combined land use

1 133 460 200 7 538 1338

2 557 5688 5 33 257 6540

3 6108 13609 9 171 0 19897

Total 6798 19757 214 211 795 27775
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the proposed measures result in a structural change of

present land use and areas where present land use can

be combined with specific flood protection measures.

In the case of a structural change of land use (e.g.

agricultural land is converted into a river course or

agricultural, industrial or residential land is perma-

nently flooded), the government will purchase the

land. The land use changes involved are presented

in Table 3.

As expected, the largest spatial effect is caused by

the proposed long-term measures (set of measures 3),

consisting of the construction of new water courses.

This type of measure is responsible for more than 70%

of the total land use changes in the area. In the long

term, 6800 ha of agricultural land will be taken out of

production. This corresponds with approximately

10% of the total agricultural area in the study area

(LEI-DLO, 1999). Another 20,000 ha of agricultural

land, i.e. 25–30% of the total agricultural area, will be

affected by the proposed flood protection measures,

either by incidental flooding or higher water tables

which affect crop production and grazing density of

livestock. Approximately 5% of the proposed land use

changes will be in urban or industrial areas, while

10% take place in uncultivated floodplains.

The financial and economic costs of expropriation

and compensation payments are calculated by multi-

plying the areas in Table 3 with respectively the

standard financial prices paid by the government

and the area’s economic ‘shadow’ prices (Table 4).7

Economic prices are based on opportunity costs, i.e.

lost earnings from current and future agricultural and

industrial activities calculated on the basis of time

series analysis of the net value added that these
7 Indirect (spin-off) economic effects (on other economic

sectors, housing market etc.) as a result of the proposed land use

changes, are assumed to be negligible in this study.
activities generate in the national economy, and ex-

clude taxes such as V.A.T. Financial prices, on the

other hand, are fixed by the government at a level

which partly reflects expected financial losses and

partly what is politically considered a fair and reason-

able compensation.

In areas where the proposed measures result in

increased groundwater levels, agricultural production

losses were estimated with the help of an existing agri-

environmental model (AGRICOM), which includes

relationships between higher water tables and crop

losses (IKC, 1993). The predicted economic losses as a

result of incidental flooding are much lower than the

financial costs, because of the use of a different

calculation procedure. In some areas, the probability

of flooding is once every ten years, in others once

every 100 years. The expected economic costs are

based on these differential probabilities of incidental

crop damage. Predicted economic opportunity costs as

a result of permanent land use changes are about a

third of the total economic costs (the purchase of land

by the Dutch government at the predetermined finan-

cial prices amounts to less than 15% of the total

financial costs), while the expected economic value

of incidental losses are only about 1% when dis-

counted over a 100 year period. An important question

when calculating the opportunity costs of changing

current land use is whether certain activities cannot

continue elsewhere, hence resulting merely in a re-

distribution effect and not a real efficiency effect. In

this study, we assumed that in time about half of all the

activities could be started up cost free elsewhere.8
8 In a similar study carried out by the Central Planning Agency

(CPB, 2000), it is assumed that all land use changes as a result of

the introduction of new flood control policy are basically re-

distribution effects, and were therefore excluded from the economic

analysis.



Table 4

Present value of the financial and economic costs of the proposed

land use changes and floodplain restoration measures (omillions;

price level 2000)

Cost item Financial

costs

Economic

costs

Purchase of land/opportunity

costs permanent land use

changes

640 1790

Compensation payments/expected

value economic losses incidental

flooding

540 40

Infrastructure costs 2445 2445

Operation and maintenance 1025 1025

Overhead 240 240

Total 4890 5540
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Operation, maintenance and overhead costs are

based on the total infrastructure costs and are the

same in the financial and economic analysis. The

present value of the annual operation and mainte-

nance costs are approximately 20% of the total

costs, whereas the estimated overhead costs at the

start of the implementation of the proposed meas-

ures comprise about 5% of the total costs. Most

costs (45–50%) are related to the protection of

existing infrastructure (e.g. viaducts to protect rail

and road networks) and the design of new infra-

structure (e.g. construction of new river courses).

The most important reason for the high share of

these infrastructure costs in the total costs is the

fact that the study area is the most densely popu-

lated and economically speaking most important

region in the Netherlands. The level of investments

presented in Table 4 is necessary to keep the

existing complex of physical and economic infra-

structure in the area in tact and not impair the

‘engine’ behind a large part of the Dutch economy

in an irreversible way.

6.2. Benefits

The most important benefits of the proposed meas-

ures consist of the protection of people, houses,

infrastructure, industrial activities, crops and live-

stock. These benefits will be calculated with the help

of material damage estimates. The benefits of public

safety, however, are much more difficult to estimate.

The integration of public safety concerns in an ex-

tended cost benefit analysis will be dealt with in
Section 7. Recreational benefits are also expected as

a result of the proposed land use change and flood-

plain restoration measures in the area. Nature devel-

opment as a result of the proposed measures and

corresponding landscape changes are expected to

attract more visitors to the area. Sand extraction and

sales as a result of the widening and deepening of

floodplains and excavation of new watercourses are

also expected to result in beneficial effects. However,

estimates of these benefits showed that these are

relatively very small and are therefore not considered

here. Finally, the proposed measures also affect com-

mercial shipping in the area. The effect on commercial

shipping can be positive or negative. The deepening

of river beds and floodplains and the creation of

additional water courses is expected to increase com-

mercial and recreational shipping possibilities, while

changes in the water infrastructure may enhance the

accessibility of the area. Widening the rivers may

lower water levels throughout the river basin substan-

tially though, in which case shipping possibilities

decrease. The expected positive effects were expected

to be offset by the expected negative effects and the

net effect on commercial shipping therefore assumed

zero.

6.2.1. Damage avoided

The most important financial and economic bene-

fits consist of the material damage avoided by the

proposed measures compared to a do nothing base-

line scenario. The material damage avoided was

estimated with the help of an existing flood damage

model (DWW, 2000). Assuming that the study area

will be completely flooded if the proposed measures

are not taken, the total economic costs of the current

material damage in the do nothing baseline scenario

amount to approximately 300 billion euro. Assuming

an average economic growth of 2% per year and a

return period of 4000 years, the expected present

value (discount rate of 4%) of the damage avoided

over the next 100 years (the time period over which

the proposed measures are expected to have effect) is

3.3 billion.

6.2.2. Recreational benefits

The proposed land use change and floodplain

restoration measures are expected to have a positive

impact on landscape and nature in the area. This, in
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turn, is expected to attract more visitors to the area.

Especially in the long term, the construction of

additional water courses is expected to provide a

substantial increase in recreational facilities in the

area. However, it is hard to quantify these expect-

ations. An attempt was made to quantify the possible

recreational benefits based on the assumption that

water recreation will increase by 10% in the next 50

years as a result of the proposed measures. In 1997,

the direct and indirect value added of water sports in

the Netherlands was 0.8 billion (Van den Bossche et

al., 1999). Based on a previous study about the total

number of annual recreation days spent in the

research area compared to the rest of the Netherlands

(Berkhout et al., 1997), it is assumed that approxi-

mately 5% of the water sports related income gen-

erated in the Netherlands (40 million annually)

originates in the study area. Assuming furthermore

that the autonomous growth of the water recreation

sector stays the same, the 10% increase implies that

the additional economic benefits amount to around 4

million per year. This corresponds with a present

value of approximately 100 million over the next

100 years.

6.3. Cost–benefit analysis

Table 5 summarises the economic costs and

benefits discussed before. The non-priced public

‘goods’ (positive effects) are included in the table
Table 5

Present value of the economic costs and benefits of the proposed

land use change and floodplain restoration compared to a ‘do

nothing’ baseline scenario (omillions; price level 2000)

Costs Benefits

Opportunity costs

permanent land

use changes

1790 Expected value

damage avoided

3300

Expected value

economic losses

incidental flooding

40 Recreational benefits 100

Infrastructure costs 2445 Positive effects on

public safety

Pm

Operation and

maintenance

1025 Positive effects on

landscape and nature

conservation

Pm

Overhead 240 Net loss 2140

Total 5540 Total 5540

pm: pro-memoriam.
‘pro memoriam’, but not further quantified in money

terms. Implementing the proposed measures results

in the long term in a net welfare loss to the economy

as a whole of approximately 2,1 billion. Although

the economic costs associated with the predicted

permanent land use changes are, as we saw, almost

a factor 3 bigger than the financial costs borne by

the government, implying that a substantial part of

the economic costs is imposed on other sectors in

society (agriculture and industry), most of the total

economic costs are still borne by the government

(almost 90% of the total costs). Beneficiaries are, of

course, those whose properties are protected by the

proposed measures, i.e. mainly house owners, entre-

preneurs in the industrial, service and agricultural

sectors whose properties are protected and who

would be facing business interruptions as a result

of flooding, the (central and local) government who

owns most of the existing infrastructure (e.g. roads,

rails, harbours) in the area and recreational visitors.

An item which has not been discussed in the

analysis so far are the future costs of dike strength-

ening to provide the same level of public safety as the

proposed land use change and floodplain restoration

measures. One could argue that also these costs are

avoided if the proposed measures are implemented.

However, whether or not these costs can be included

legitimately in the analysis depends on the choice of

the baseline scenario. Here, we used ‘do nothing’ as

the baseline scenario, not traditional dike strengthen-

ing. In the latter case, the avoided costs of dike

strengthening (estimated at 0.8 billion) can be includ-

ed as a benefit. In view of the fact that traditional dike

strengthening is considered a feasible alternative op-

tion in the political debate in the Netherlands about

future flood protection policy, it should also be

included in the pre-feasibility CBA as such, and not

as the baseline scenario.
7. Integrated impact assessment

The results presented here so far were also pre-

sented to members of the administrative steering

group. Most of them were not sure and not certain

how to evaluate this diversity of outcomes and asked

for a more integrated analysis. Some members were

strongly in favour of monetising as many of the



Table 6

Economic values associated with wetland (including floodplains)

characteristics

Wetland characteristic Average WTP

(o/household/year)

Wetland type

Salt water 70

Fresh water 75

Wetland function

Flood water retention 120

Surface water and groundwater recharge 30

Nutrient retention and export 70

Wildlife habitat and landscape diversity 95

Wetland value

Use value 85

Non-use value 45

Use and non-use value 80

Continent/country

North America 90

Europe 40

Rounded indicative figures. Price level 2000.

9 First, the average values are multiplied by 0.61 (based on the

estimated regression coefficient) to correct for income differences.

Secondly, the income adjusted average values are added and

multiplied by 0.62 ([use and non-use]/[use]+[non-use] = 80/

130 = 0.62) to account for the fact that use and non-use values

cannot simply be added.
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predicted effects as possible in order to support

decision-making, while others were sceptic about this

and favoured a multi-criteria analysis. The results of

the extended CBA and the MCA will be presented

here.

7.1. Extended cost–benefit analysis

Members of the steering group expected that eco-

nomic (monetary) estimation of the non-priced bene-

fits of managed realignment might be decisive in

concluding whether the proposed managed realign-

ment measures are beneficial to society as a whole.

Since there are no original economic valuation studies

in the Netherlands investigating the non-priced bene-

fits of land use changes and floodplain restoration, the

assessment of the economic value of the expected

non-priced social and environmental benefits (public

safety, biodiversity conservation and landscape ame-

nities) was based on a meta-analysis carried out by

Brouwer et al. (1999b) of 30 international studies

looking at the economic value of various wetland

ecosystem functions. These different studies produced

just over 100 willingness to pay (WTP) values. These

values were examined in detail and related to four

main hydrological, geo-chemical and biological eco-

system functions performed by wetlands (including

floodplains): flood water retention, surface and

ground water recharge, nutrient retention and export,

and nursery and habitat for plants, animals and micro-

organisms and landscape structural diversity. The

economic values are presented in Table 6.

The economic values associated with the various

wetland ecosystem characteristics are expressed in

average willingness to pay (WTP) per household per

year. The values presented in Table 6 show an

average WTP ranging from 30 for the wetland

function surface and ground water recharge to 120

for floodwater retention. The fact that the function

floodwater retention is valued highest conforms to

expectations regarding the possible risks to life and

livelihood as a result of flooding and the capacity of

floodplain wetlands to reduce this risk. No signifi-

cant difference exists between the average values for

fresh and saltwater ecosystems. Use values for

wetland ecosystems are significantly higher than

non-use values. Table 6 also shows that use and

non-use values cannot simply be added in order to
get a total economic value, as predicted by theory

(Hoehn and Randall, 1989). Finally, average WTP is

more than twice as high in North America than in

Europe, due, amongst other reasons, to higher in-

come levels.

The total economic value of the non-priced bene-

fits such as public perception and valuation of safety,

biodiversity preservation and landscape change is

calculated based on the economic value for flood

water retention (120/household/year) and wildlife

habitat and landscape diversity (95/household/year).

These values are adjusted for the income differences

found between countries (see Brouwer et al., 1999b

for the regression results) and the fact that use and

non-use values cannot simply be added. These cor-

rections result in an average WTP for both flood

water retention, wildlife and landscape amenities of

approximately o80/household/year.9



Table 7

Present value of the economic costs and benefits of the proposed

land use change and floodplain restoration compared to a ‘do

nothing’ baseline scenario, including the non-priced benefits of

public safety, landscape and nature conservation (omillions; price

level 2000)

Costs Benefits

Opportunity costs

permanent land

use changes

1790 Expected value

damage avoided

3300

Expected value

economic losses

incidental flooding

40 Economic value

public safety,

landscape and

nature conservation

3100

Infrastructure costs 2445

Operation and maintenance 1025

Overhead 240

Net gain 860

Total 6400 Total 6400
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Next, the market size is determined in terms of

number of households, which are expected to benefit

from the proposed measures. Together with members

of the steering group it was agreed that more or less

the whole population of the province South-Holland

would benefit. In South-Holland approximately 1.5

million households are found (Statistics Netherlands,

1999). Multiplying this with an average value of

o80/household/year results in a total economic value

of 120 million per year.10 Discounted at the prescribed

4% discount rate by the Dutch Treasury over the next

100 years results in a present value of the total

economic value of 3.1 billion. Including this econom-

ic value in the CBA results in a net welfare gain of

860 million (Table 7).11

7.2. Multi criteria analysis

In this section, the MCA results are presented as

an important alternative integrated assessment meth-

od to CBA (e.g. Janssen, 1992). The results based

on these two different methods are not comparable

for a number of reasons. Perhaps most importantly,

the outcome of CBA can be interpreted in terms of

the effect of a single alternative on overall econom-

ic welfare, whereas the outcome of MCA cannot.

The outcome of MCA allows one to claim whether

one alternative is preferred over and above another

alternative, based on the pre-selected and weighted

criteria. Hence, CBA can be applied to one alter-

native only, while MCA requires at least two

alternatives. In the MCA presented here, the pro-

posed land use change and floodplain restoration

measures will be evaluated vis-à-vis traditional dike

strengthening.

After the expected ecological, social and economic

effects of these two alternatives have been standar-

dised, they are weighted and their aggregate stand-

ardised effect score is calculated, resulting in a

ranking of the two alternatives. The results presented

here are based on an equal weighting of criteria,

assuming that the ultimate decision, how to weight
10 Distance-decay effects were assumed not to be present.
11 Recreational benefits are excluded in order to avoid possible

double counting.
the various criteria, is left to the policy and decision-

makers.12

In view of the different types of information put

together in the MCA, i.e. quantified ecological values

based on advanced hydro-ecological modelling, quan-

tified economic values based on field research and

qualitative social values based on literature research

and expert judgement, a stepwise approach was used

in order to test the effect of the inclusion of qualitative

and quantitative information (for an overview of

MCA methods based on the inclusion of different

types of information, see, for instance, Janssen and

Munda, 1999). The outcome of the MCA procedure

based on the quantified ecological and economic

values will be presented first, followed by the out-

come when including also the qualitative social values

in the analysis.

The results when including ecology and economy

as the only two criteria in the analysis are presented in

Table 8. The ecological impact of dike strengthening

is negligible and hence given the value zero. Stand-

ardising the ecological and economic criteria scores

based on a linear function between zero and one and
12 Alternatively, the MCA could also have been carried out in

an interactive way together with the various stakeholders and

decision-makers in order to determine the ‘correct’ weights.

However, the authors of this paper were asked to simply present

the results as ‘neutral’ as possible, using the software programme

Definite (Janssen et al., 1999).



Table 8

Outcome of the MCA procedure based on ecological and economic

criteria

Alternative Criteria Aggregate Ranking

Ecologya

(%)

Economyb

(obillions)

score

Dike strengthening 0.0 � 0.8 0.43 2

Land use change

and floodplain

restoration

22.2 � 5.5 0.50 1

a Contribution to nature conservation policy.
b The minus indicates that these are costs.
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aggregating them using equal weights, land use

change and floodplain restoration have a higher over-

all score than traditional dike strengthening and are

hence ranked first.

Including the results from the social impact anal-

ysis, the MCA outcome changes (Table 9). Assuming

that the overall social impact of traditional dike

strengthening is neutral compared to the negative

score for land use change and floodplain restoration,

traditional dike strengthening is ranked first, applying

equal weights again to the three criteria.

In view of the varying quality of the (information

underlying the) predicted ecological, economic and

social effects and the uncertainty surrounding the

predictions, a sensitivity analysis was carried out to

test the robustness of the results. Obviously, tradition-

al dike strengthening remains the preferred option if

the economic costs are higher than the originally

estimated 5.5 billion euro or if the ecological effects

are less than the 20% originally predicted (ceteris

paribus). However, even if the ecological benefits

double (to say 50%) and all other things again

remaining the same, dikes stay the preferred strategy.
Table 9

Outcome of the MCA procedure based on ecological, economic and soci

Alternative Criteria

Ecologya (%) Eco

(bil

Dike strengthening 0.0 � 0

Land use change and floodplain restoration 22.2 � 5

a Contribution to nature conservation policy.
b The minus indicates that these are costs.
c Aggregate social score (� , negative; o, neutral;+, positive) based o
Land use change and floodplain restoration are ranked

first if their social impact is perceived as positive

instead of negative, even if the social impact of

traditional dike strengthening remains neutral.

Another way to change the ranking of the two

alternatives is to change the weights attached to the

three different criteria. The calculated break-even

points, i.e. the values at which the ranking is re-

versed, are 0.40, 0.28 and 0.32 for ecology, economy

and society, respectively. Hence, in order to be able

to justify preference for land use change and flood-

plain restoration, the ecological criterion has to be

weighted disproportionately higher than the two other

criteria.
8. Conclusions

In this paper, we examined and evaluated the

expected consequences of alternative flood protection

measures based on a variety of disciplinary perspec-

tives and assessment procedures, using a combination

of advanced modelling and qualitative expert judge-

ment methods. The diversity of impacts and available

knowledge and information about these impacts were

assessed and integrated using both cost–benefit and

multi-criteria analysis.

The results from the CBA indicate that traditional

flood control policy (building higher and stronger

dikes) is the most cost-effective option to protect one

of the most densely populated and economically

most important areas in the Netherlands, mainly in

view of the fact that the necessary dike infrastructure

is already in place. In the case of land use changes

and floodplain restoration, as much as 50% of the

total costs are related to the protection of the existing
al criteria

Aggregate score Ranking

nomyb

lions Dfl.)

Societyc (F )

.8 o 0.45 1

.5 � 0.33 2

n expert judgement.
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highly developed infrastructure in the research area

and the design of new infrastructure. However,

investments in land use changes and floodplain

restoration can be justified economically in the long

run (next 100 years) if besides the expected value of

the damage avoided also the additional non-priced

socio-economic benefits associated with these meas-

ures are taken into account. These benefits include

public safety, the creation of new wildlife habitats,

recreational and amenity values.

Obviously, in view of the long time horizon, the

exact size and value of the predicted impacts of the

proposed land use change and floodplain restoration

measures are highly uncertain. The outcome of the

CBA is highly sensitive to the assumptions made on

both the cost and benefit side and the valuation of the

flow of costs and benefits in time through the applied

discount rate. Important assumptions on the cost side

include the expected direct and indirect economic

spin-off effects of the proposed land use changes.

On the benefit side important assumptions relate to the

area’s economic development and hence the value of

the protected assets in the flood prone area in the

future. Learning to live with floods through land use

changes and floodplain restoration is expected to

increase public awareness and result in a reduction

of future damage by changing the nature of economic

activities in places at high risk of flooding.

The sensitivity of the outcomes can be illustrated

even more clearly in the MCA. Based on an equal

weighting procedure of the predicted ecological ben-

efits and economic costs, land use change and flood-

plain restoration are to be preferred over and above

traditional dike strengthening. However, preference

reversal occurs when including in the same procedure

also the aggregate score for the expected social

impacts. Assuming that the size of the predicted

ecological impacts is either half or double its origi-

nally estimated size does not alter the ranking of the

alternatives in the MCA. Also assuming that there are

no costs involved when changing current land use (i.e.

redistribution effect) does not change the order of the

alternatives. Traditional dike strengthening remains

the preferred alternative.

On the other hand, the outcome of the MCA

appears to be very sensitive to the inclusion of the

qualitative scores for the expected social impacts of

land use change and floodplain restoration. If the
government is able to inform and convince the

various stakeholders in the research area of the need

to alter current flood control policy and involve them

more actively in the next stages in the decision-

making process, stakeholder and public awareness

may grow and the social impacts as seen from the

point of view of the stakeholders and the public may

be valued more positively. According to the MCA,

land use change and floodplain restoration are to be

preferred in that case over and above traditional dike

strengthening, even if the social impacts of this latter

policy option remain neutral.

Besides the classical issue of which method (CBA

or MCA) to use to compare apples and pears, the

study presented here has highlighted another impor-

tant question, i.e. how to deal with significantly

different types and qualities of knowledge and infor-

mation in integrated assessment procedures. Many

MCA programmes allow nowadays the inclusion of

non-metric (qualitative) data besides metric (quanti-

tative) data, but how valid and legitimate is it to

standardize, compare and trade-off these different

types and qualities of information in CBA and

MCA procedures? Is the information value of a

qualitative expert judgement the same as that of the

outcome of an advanced scientific model? As for the

robustness of the information from CBA and MCA

and the uncertainties surrounding this information,

the experts involved have to provide policy and

decision-makers with guidelines about how to inter-

pret and use this information in a scientifically and

methodologically sound way. However, he actual

values attached to different impacts and the quality

of the knowledge and information of these impacts

will ultimately and inevitably be the result of polit-

ical negotiation and compromise in the decision-

making process.
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