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Abstract

The main objective of this paper is to assess the ecological, social and economic
consequences of land use changes and floodplain restoration as alternative flood
protection measures in the Netherlands. Based on scenarios of climate change,
land subsidence and sea level rise over the next fifty years the associated
hydrological changes are translated into the corresponding ecological, economic
and social effects, using a combination of expert judgement and advanced
modelling techniques. These effects are assessed and evaluated with the help of
integrated assessment methods such as Cost-Benefit and Multi-Criteria Analysis
in order to support decision-making towards the implementation of new policy
regarding flood protection. The outcome of the integrated assessment is related
to other water policy objectives, including restoration of the resilience of water
systems and nature conservation.
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1. Introduction

For centuries the Dutch have reclaimed and drained land and raised dikes to
keep their feet dry. Protection against flooding has always been the Govern-
ment’s primary water policy objective in a country of which approximately two
thirds is situated below sea level. Dikes have always been the most important
means to achieve this. Recently, Government policy is focusing on alternative
ways to maintain existing flood protection and safety levels, such as land use
changes in spatial development plans and the restoration of the natural resilience
of watersystems, including wetlands and floodplains, to absorp excess water.1
The natural dynamics and flexibility of water systems have been severely
undermined in the past through normalisation of rivers, drainage of land and an
increase in the built-up area in traditional wetlands and flood plains.

The main objective of this paper is to assess the consequences of these
alternative flood protection measures compared to the business as usual scenario
of traditional reinforcement of dikes. This will be done based on existing
scenarios of climate change, land subsidence and sea level rise over the next
fifty years in the Lower River Delta (LRD) in the Netherlands, where the rivers
Rhine and Meuse flow out into the North Sea.2 The hydrological changes
associated with these scenarios are translated into their corresponding
ecological, economic and social effects. These effects are assessed and where
possible quantified in order to support decision-making towards the implement-
ation of new policy regarding flood protection. The outcome of the integrated
assessment will be related to other objectives of integrated water management
policy, including (Ministry of Transport, Public Works and Water Management,
1998):

- increasing the resilience of water systems, which will also contribute to
the restoration of nature;

- increasing the coherence between water policy, nature conservation
policy and physical planning policy;

                                                
1 This new policy is laid down in the fourth National Water Policy Document published in
December 1998 and more recently in the recommendations of the Commission looking at
important water management issues in the twenty-first century (Commissie Waterbeheer 21e

Eeuw) published in August 2000 and the Government’s position with respect to these
recommendations published in December 2000.
2 These scenarios have been developed elsewhere (de Jong et al., 2000) and will not be
discussed further in this paper. The most pessimistic scenarios have been used in the
evaluation presented in this paper, assuming, for instance, an increase in average water
discharge of the river Rhine of one thousand cubic metres per second. This implies an
increase in high water levels between twenty centimetres and one metre and fifteen
centimetres, depending on the exact location, over the next fifty years.
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- involvement of social groups and the public at an early stage of the new
policy.

The remainder of this paper is organised as follows. Section 2 briefly introduces
the methodology used. Section 3 details the spatial distribution of the land use
changes and floodplain restoration measures in the LRD. The following sections
4 to 6 examine the effects of these measures on ecology, society and economy
respectively. In section 7 the ecological, social and economic effects are
evaluated in an extended Cost-Benefit Analysis and a Multi-Criteria Analysis.
Section 8 concludes.
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2. Methodology

Decisions regarding water policy and management issues become increasingly
better informed. Often, a large number of studies are carried out before a
decision is taken. In the Netherlands, some of these studies, such as an environ-
mental impact assessment, are obligatory by law. However, an integrated
assessment based on these separate studies is lacking (Oosterhaven, 1999).
Therefore the Dutch Ministry of Transport, Public Works and Water
Management and the Ministry of Economic Affairs recently published a manual
for Cost-Benefit Analysis (CBA) (Eijgenraam et al., 2000). In this manual
CBA, as embedded in economic welfare theory, is promoted as the most
appropriate framework to assess the impacts of large infrastructure projects in
an integrated manner. 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, 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., 1999).

In this paper, CBA is used as one of the ways in which the consequences of
large water projects can be assessed. Various forms of assessment exist,
including technical, 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 policy
context (e.g. 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 prioritization of their
efforts and to the decision-making community on the design of their policies.
Integrated assessment therefore is more than just a technique.3 Integrated
assessment is an iterative process where, on the one hand, integrated insights
from the scientific community are communicated to the decision-making
                                                
3 An appealing definition is given by Rotmans et al., (1996), who define integrated assess-
ment as 'an interdisciplinary process of combining, interpreting and communicating know-
ledge 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.'
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community and, on the other hand, experiences and learning effects from
decision-makers form the input for scientific assessment (Janssen, 1996). Such
an iterative process was also followed in this study. The study was carried out
together with civil servants from an official steering committee, who advised
the Dutch Secretary of State for Water Management about the feasibility of
taking alternative measures to prevent flooding and maintain public safety
levels in the area.4

In this study, an attempt was also made to introduce other perspectives in the
analysis alongside traditional economic perspectives, i.e. ecological and social
perspectives, not only as monetised PM items in a CBA, but as paradigms of
equal standing in a Multi-Criteria Analysis (MCA). The origin of these para-
digms 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 tool in integrated assessment and 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 decision can be based in the analysis besides economic 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).5 The application of the two methods together in a water
related context is rare (see, for instance, Joubert et al., 1997). The general
methodological approach followed in this paper is presented graphically in
Figure 1.

Obviously, the nature of any appraisal also depends upon the available time,
financial resources and information. In this study, the assessment was
qualitative and quantitative, based on expert judgement and advanced hydro-
ecological modelling. The appraisal mainly focussed on the ecological, social
and economic consequences of future water management policy with respect to
public safety. The study served as a case to demonstrate the prospects (or lack

                                                
4 Their recommendations are presented in de Jong et al., (2000).
5 The scorecard has been introduced as an alternative method to avoid some of the problems
associated with CBA and MCA (e.g. Ministerie van Financiën, 1992). The method was
applied successfully in the Netherlands for the first time in 1976 to evaluate alternative
solutions to protect an estuary from flooding (Rijkswaterstaat, 1976). However, one could
argue that the scorecard is in fact the same matrix showing the impacts of various alternatives
in a MCA-exercise, which is, in principle, also the basis for any CBA. The weighing of these
effects across the various alternatives is left up to the decision-maker. The scorecard merely
shows the expected effects.
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of them) for integrated assessment methods in large water projects. The study is
furthermore no more than a quick scan. The short amount of time available for
the study implies that the assessment had to be based to a large extent on
existing data and information. As the available data and information are limited,
this obviously has consequences for the accuracy and reliability of the outcomes
of the study. Various assumptions had to be made in order to be able to carry
out the evaluation. Needless to say that it is therefore important to take this into
account when interpreting the results.

Figure 1: Evaluation methods used in this study

                   Water policy and management options

Impact on   Environment      Economy                     Society

- Hydrology   - Production - Institutions
- Geomorfology   - Consumption - Networks
- Ecology   - Labour market - Stakeholders
- etc.   - etc. -  etc.

Evaluation           Environmental    Economic Impact          Social Impact
Methods           Impact Assessment           Assessment                 Assessment
                                     (EIA)                          (CBA)                         (SIA)

Values &
Evaluation           environmental                economic                         social
Criteria

                                                                    Extended CBA
Integrated
Assessment
Methods

                                                         Multi-Criteria Analysis
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3. Description of the Case Study Area

Since 1998 an official working group is studying the options for land use
changes and floodplain restoration in the Lower River Delta (LRD) along the
rivers Lek, Merwede, Meuse and Waal (Figure 2). The LRA is the estuary of the
Rhine and the Meuse in so far as these rivers are influenced by the tides. The
critical situations during the floods of 1993 and 1995 when polders were
threatened and thousands of people had to be evacuated prove how topical the
danger of flooding is in this region. Awareness is growing that alternative
measures have to be taken besides raising dikes to prevent the LRD from
flooding in the future.

Figure 2: Location of the Lower River Delta in the Netherlands

Following the floods in 1993 and 1995, existing dikes were quickly reinforced.
However, this measure was largely taken to catch up with necessary
maintenance and strengthening of dikes to ensure public safety levels in the
short term. To maintain present safety levels and anticipate expected water level
rises between twenty centimetres and one metre and fifteen centimetres over the
next fifty years, alternative measures have been identified in the area, which
have to provide the same safety levels. These measures will be implemented
stepwise, first between 2000 and 2015, and subsequently from 2016 until 2050.
Based on the legally defined public safety norms in the area, these measures are
part of a planning strategy that is designed to prevent, where possible, new
rounds of dike reinforcement, whilst trying to stimulate multi-functional use of
land and the development of biological diversity present (de Jong et al., 2000).
The different types of measures are defined below.



7

1) A first set of measures is linked to existing physical planning policies, the
basic principle being the maintenance of the current dike enclosures.
They involve modifications (e.g. deepening) in the winter and summer
beds of the rivers in the LRD, all of which are implemented outside
existing dike rings 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 wetland nature reserve in the LRD. The basic
principle here is that the water system is allowed to play a more important
role in spatial development plans where possible, again within physical
planning policies inside dike enclosures, linked to opportunities for
nature. These measures will also be implemented in the short term from
2000 up to and including 2015.

3) A third set of measures consists of the creation of additional watercourses
(canals and rivers) around existing watercourses, or completely new
watercourses. These additional watercourses reflect a longer term policy
vision, after 2015 up to and including 2050, where water is a steering
principle in the physical planning of the LRA, where necessary breaching
the existing infrastructure and dike enclosures.

The sets of measures are complementary. The first two short term sets of
measures also continue after 2015, but then together with the third set of
measures with a more radical effect on the physical and spatial structure of the
LRD. In the next sections, the aggregate effects of these sets of measures in the
long term will be examined and assessed in more detail, first from different
perspectives separately, subsequently in an integrated manner.



8

4. Environmental Impact Assessment

Environmental impact assessment involves predicting the expected magnitude
of the environmental 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 evaluated with the
help of abiotic (anorganic) or biotic (organic) indicators. These indicators can
be descriptive or normative (e.g. Weterings and Opschoor, 1994). Descriptive
indicators reflect an actual or predicted state or condition of the environment on
the basis of the abiotic and/or biotic parameters that are deemed relevant (e.g.
OECD, 1994). However, a description 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 are called normative indicators. The presence
of rare species of plants or animals is a good example of a criterion frequently
used to determine the ecological value or quality of a particular area.
Sustainability indicators are usually normative indicators since they intend to
show how far off society is from a desired (sustainable) situation.

In this study, the effects of land use changes and floodplain restoration
measures on hydrology and ecology are evaluated on the basis of a number of
valuation criteria and then related to a reference situation. First, the hydrological
effects resulting from climate change scenarios and land use change and
floodplain restoration measures are determined. Next, a hydro-ecological dose-
effect model called DEMNAT6 is used to calculate through the effect of the
hydrological changes on the ecosystem. This is done by looking at the change in
so-called ‘ecotopes’ in the area. These changes in ecotopes are expressed in
value scores. In order to be able to conclude whether the change in these natural
values is substantial, they are related to ecological targets in existing nature
conservation policy.

4.1 Hydrological impact assessment
The various sets of measures proposed to guarantee public safety levels in the
future have been evaluated by several hydrology experts as to their effect on the
water levels of the relevant rivers and in flood plains. Rough estimates of these
effects were made in terms of (1) changes in springtime groundwater level, (2)
annual average seepage flux, and (3) water levels of small water systems such
as ditches. These are the hydrological input parameters in the hydro-ecological
dose-effect model DEMNAT. The estimates are based on a permanent change

                                                
6 DEMNAT is a typical ‘what-if’ model, consisting of a set of dose-effect relationships, a
full-cover geographical diagram of beds and vegetation and a nature valuation system (van
Ek et al., 1998; Witte, 1998).
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of water levels. Incidental changes as a consequence of inundations likely to
occur once every 100 or 200 years and their effects on the biodiversity present
are not considered. The estimated hydrological effects and their geographical
distribution in the study area are shown in Figure 3. The red lines in Figure 3
represent the areas in which land use change and flood plain restoration
measures are considered.

Figure 3: Hydrological effects

(a) Change in average springtime groundwater level (cm)

(b) Change in annual average seepage flux (mm/d)

(c) Change in water levels of small water systems (cm)
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4.2 Ecological impact assessment
The hydro-ecological model DEMNAT was used to determine the effects of the
hydrological changes on ecology. The model 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
each type of hydrological measure and for every unique combination of abiotic
factors (soil and hydrology) and biotic factors (vegetation). This function
indicates the sensitivity of the relevant “ecoplot” to a measure (Runhaar et al.,
1996). The ecological effects are expressed as changes in the relative wealth of
species (completeness indicator) of eighteen ecotope groups. The botanical
completeness of these ecotope groups is derived from a national flora database
called FLORBASE (van der Meijden et al., 1996).

Completeness is an aggregated measurement for both the presence and quality
of an ecotope group. The completeness of an ecotope group (between 0 and 1) is
determined for each kilometre cell by means of weighted aggregation of the
occurrence of the characteristic species of plants for that ecotope, and the extent
to which a plant species is characteristic for a particular ecotope group (Witte
and van der Meijden, 1995). A completeness score equal to 0 indicates that the
ecotope group is not present or insufficient indicative plant species were
encountered. A completeness score equal to 1 indicates that the ecotope group is
very developed botanically.

Besides predicting changes in vegetation, DEMNAT is also equipped with a
module to value these changes. Nature can be valued ecologically on the basis
of one or more criteria. Diversity, rarity, characteristic features, naturalness and
size are usually the most 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 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 species
should not be considered a nuisance. A boundary condition is furthermore that
the basic principle only relates to wild species. Another boundary condition is
that the basic principle only applies to species from the same taxonomic level.
The second valuation principle is: the more, the better. This means that if the
amount of nature increases, this is valued positively. Needless to say that also
this principle has its limitations. More is only better as long as a particular
species is not considered a plague. Both principles are described in a single
algorithm (Witte, 1998).

The calculated values of ecological change and their spatial distribution in the
study area are displayed in Figure 4(a). Figure 4(b) shows the predicted values
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in 2050. The aggregated score for the study area’s change in ecological value is
188. This outcome does obviously not indicate how significant or substantial the
change actually is. Therefore, the score is related to the desired (target) situation
as formulated on the basis of nature conservation policy in the area. This was
done by dividing the study area into forty sub-areas. For each sub-area, the
presence of different ecosystem types was determined, including their
completeness scores. This completeness score was increased for each ecotope
group by a specific percentage for each sub-area to reflect the value score in the
target situation.

Figure 4: Calculated scores for the value of nature

(a) Calculated change in the ecological value of nature

(b) Predicted ecological values in 2050

The calculated value scores in the reference and target situation 
Table 1. The contribution of the land use change and floodp
measures to achieving the nature conservation objectives 
calculated by dividing the change in the value score resulting fro
measures by the difference between the value scores in the targe
situation. This difference (6669 – 5823 = 846) has to be brid
Very high
High
Moderate
Low
Absent or NA
are displayed in
lain restoration
in the area is
m the proposed
t and reference

ged in order to
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arrive at the desired situation. The contribution of the proposed measures to
nature conservation policy is hence just over twenty percent.

Table 1: Ecological value scores in the reference and target situation

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
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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 new policy with respect to the risk of
flooding and public safety has been elaborated along two main lines:

- The effect of new policy on current and future use of the area by the main
stakeholder groups;

- public perception of water and water management.

The assessment is based on existing literature and expert judgement. First, a
general description will be given of the study area, followed by an overview of
the effects of new policy on the different stakeholder groups in the area. The
section concludes with a structured qualitative assessment of a number of
important social valuation criteria.

5.1 Brief description of the area’s functions
The study area is found in the most densely populated province in the
Netherlands (Statistics Netherlands, 1999), and fulfils many functions and
therefore represents a multitude of interests. There is a great need for space for
the many activities that take place in the area. The province South Holland also
produces the largest economic value (Statistics Netherlands, 1999). Partly due
to its favourable geographical position at the mouth of large international rivers,
considerable investments have been made in water management in the area
through the centuries to protect the area’s population and its economic interests.

More recently, the so-called Delta plan was implemented after the storm tide
disaster in 1953, when more than one thousand people died, to protect the
south-west of the Netherlands against extremely high sea water levels. As a
final part of this plan, the so-called Maerlant dams were constructed in the
1990’s to prevent excessive water levels that would flood large cities such as
Rotterdam and Dordrecht (de Jong, 2000). After the threats of flooding in 1993
and 1995, when many cities in the basin were flooded and hundreds of
thousands of people had to be evacuated as a precautionary measure, an
accelerated round of dike strengthening was carried out in the area within the
framework of the Delta Plan for Large Rivers.

Many of the economic activities in the area are driven by the omnipresent water,
such as transit harbours and shipyards. Most shipping activities in the
Netherlands take place in this area (Statistics Netherlands, 1999). An increase in
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shipping on the rivers has led to rivers being normalised and channels deepened.
To make the area’s industrial zones accessible to sea shipping, sea channels
have been excavated. Large parts of the land have been converted into polders
for agricultural use. The Alblasserwaard, for example, underwent the largest
land reclamation project in Europe in the 1960s (Tielrooy, 1992). In the early
1970s, large storage reservoirs were constructed in the Biesbosch to protect the
drinking water supply of large urban areas such as Rotterdam.

Besides living and working, the area also provides all kinds of recreational
facilities. Approximately five percent of the total number of recreation days in
the Netherlands is spent in the study area. Compared to the number of days
spent, on average, on the popular Dutch coast (16.3%) or the Wadden Sea
(1.5%), this shows that the area has a reasonably positive recreation value
(Berkhout et al., 1997). The area also has a large National Park, called the
Biesbosch. The Biesbosch is a RAMSAR wetland area, reflecting the
importance of the natural resources found in the area. The peat and moor areas
are home to bird species of international significance (Beintema, 1991). Part of
the study area is furthermore on the World Cultural and Natural Heritage List
(Belvedere Policy Document, 1999). A number of cities are designated as
important cultural historical cities. The battle against water in the area and the
use of water has produced many cultural and historical monuments, such as
burial mounds, dikes, ditches, water courses, water mills, pumping stations,
sluices, and so on. These water-related monuments are symbolic of Dutch
history and are an important source of cultural and historical information.

5.2 Effects of new policy on different stakeholder groups
5.2.1 Inhabitants
People living in the area will, of course, be the first to notice changes in their
living environment as a result of a new policy. In the case of the business as
usual scenario of traditional dike strengthening, people living behind dikes will
be facing ever higher dikes or will even have to move homes if dike
strengthening requires broadening of the dike foundations to prevent the heavier
dikes from sinking into the soft peaty soil. It is expected that some of these
people living behind increasingly higher dikes will feel increasingly
uncomfortable with the idea that these dikes might perhaps burst one day. Thus,
the feeling of safety that high dikes should promote can turn into fear of rising
water levels. Developing and using the available space in a different way, as
proposed through the land use change and flood plain restoration measures, can
dispel this worry and fear. On the other hand, the idea of giving land back to
water after all the efforts put in over the past centuries to keep the water out,
especially in an area with such a long history of battling against water, may also
give rise to a lot of disbelief and misunderstanding. A well-developed
communication strategy is essential to convince people in the area of the
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usefulness and necessity to adopt a new policy strategy in the battle against
higher water levels.7

5.2.2 Agriculture
Large groups of people consider the government historically responsible for
public safety issues. For some groups, however, new measures can also evoke
feelings of being the last drop in a series of recently introduced new
Government regulations. This particularly 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 effect on their businesses.

A considerable share of existing agricultural land will be affected by the
proposed land use change and flood plain restoration measures in the area. As
much as ten percent of the total acreage of arable land will be taken out of
production permanently if the plans are carried out, while another twenty-five
percent will be affected by increased water levels. The most important starting
point for any negotiation or agreement seems to be that farmers 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 the activities of farmers,
for example, by combining agriculture, water and nature conservation
management. Extended activities such as providing recreational facilities will
never be a significant part of total farm income. Moreover, extended activities
greatly depend on individuals and families: some farmers support the idea,
while others do not. Such activities also require specific social skills and
technical knowledge. For cattle farmers, structurally wet flood plains cannot be
realistically combined with their business operations.

                                                
7 As part of the social impact assessment, a review of relevant publications in various media
(mainly newspapers and water-related magazines) was carried out in order to find public
reactions, especially after the Secretary of State for Water Management published the
Government’s plans to change existing land use and restore flood plains in order to prevent
flooding in the future in the national newspapers and on the television in February 2000. No
communication strategy could be detected on how this new policy and its consequences for
public safety and the physical environment will be unveiled to the people involved in specific
designated areas. The main objective seemed to be to bring the subject to the attention of the
public at large and get it on the political agenda in order to promote the debate. However, in a
prominent Dutch newspaper, one of the dike wardens wrote on March 4th 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.’
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The discussion about the risk of flooding in flood plains is a delicate subject in
agricultural circles. On the one hand, the use of land as a 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 deep feeling of uncertainty about the future of, for
example, farm buildings or cattle. It is important 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 affected 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. In
the worst case scenario of forced buy-out, many farmers indicated to be more
than willing to fulfil the role of water or nature conservation manager (SC-
DLO, 1999). In such cases, long-term contracts with farmers are necessary and
hence the need for a collective organisation structure which looks after the
interests of the farmers involved and which concludes agreements with the
Government on behalf of farmers.

5.2.3 Nature conservation organisations
The nature conservation groups in the area have a slightly different opinion
about the role of farmers as water or nature conservation managers.
Conservation organisations are sceptical about entering into management agree-
ments with farmers in flood plains (SC-DLO, 1999). Management agreements
are considered a more appropriate instrument outside than inside designated
flood plains. According to nature conservation organisations, the objective of
nature conservation policy in floodplains should be to create favourable
circumstances for a diverse landscape showing various development stages
from open water to flood plain forests, and this cannot be realised within the
limitations of small-scale management agreements. It seems, therefore, that
nature conservation organisations do not support water and nature conservation
management by farmers in flood plains in the study area.

5.2.4 Water supply companies
Although the water supply companies are positive about future water collection
along rivers, they have their 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
agriculture. 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
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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 in
order to be able to decide themselves what happens to it. The water supply
sector emphasises that only extensive forms of agriculture are feasible in areas
where water is collected.

5.2.5 Recreation
The recreation sector identifies opportunities as well as threats. If the flood
plains become swampier, they see this as a significant disadvantage for hikers
and cyclists. In particular, unpaved footpaths and cycle paths will become
inaccessible and maintenance costs will increase. The recreation sector sees
opportunities in cases where the area of open water increases. Possibilities will
be created in this way for (hiring) canoes, rowboats, motorboats, sailboats or
surfboards, and anglers are expected to benefit as well. The sector points out
that each one of these water sport activities will have its own specific demand
with respect to the physical planning and management of the area.

5.3 Towards a structured qualification of social impacts
It is usually difficult to express the expected social effects resulting from policy
or projects in quantitative terms like money or social value scores. These effects
are often diverse if various stakeholder groups are involved and therefore also
hard to compare, let alone to make them commensurable by expressing them in
the same unit of measurement. For instance, ten farmers in the study area may
have to adapt their way of life as a result of new water policy, while ten
thousand people visiting the area every year for recreational purposes may be
unable to visit during certain periods of flooding. How can these effects be
valued in such a way that they become commensurable, i.e. how are the impacts
on ten farmers weighted compared to the impacts on ten thousand holiday
makers? Moreover, the effects are usually also perceived significantly different
by (members of) these groups. The only way to measure public opinions about,
for example, proposed policy changes is through questionnaire based social
research, producing quantitative results as in a poll (e.g. percentage pro or
contra a proposed change). As mentioned at the start of this section, the analysis
presented here is based on literature review and expert judgement only. Based
on this expert judgement, the descriptive assessment presented above was
summarised in 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.8 Besides the impact on the various

                                                
8 The full report underlying this paper (Brouwer et al., 2000) contains a short and long term
analysis of expected and predicted ecological, social and economic impacts. The full report
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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 about the new policy, and the possibilities of these
stakeholders to actively participate in the decision-making process.

Table 2: Qualification of the social impacts based on expert judgement

Aspect evaluated
(social evaluation criteria)

Short term
(2000-2015)

Long term
(2016-2050)

Functions performed by the area o +/-

Public perception of landscape o +

Public perception of risk - -

Communication efforts - -

Possibilities to participate in the
decision-making process

- -

Aggregated score - -

Note: -     negative effect
o    neutral/no effect
+    positive effect

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 outside existing dike rings and hence their impact
on existing infrastructure will be limited. As the visual changes in the landscape
will be limited, so will be public perception of these limited 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 the size and variety of
the functions the study area performs is uncertain. Some believe that the
proposed measures are a good example of multi-functional land use. Others
believe that the multi-functionality of the proposed land use changes will be

                                                                                                                                                       
also includes an analysis of the ecological, social and economic impacts of traditional policy
(dike strengthening) compared to new policy.
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limited in view of the strict requirements with respect to building or other
activities in the area once designated as a floodplain. In view of the construction
of several ‘green’ river corridors, public perception of changes in the landscape
are expected to be positive.

Finally, public perception of the risks involved is expected to have an enormous
impact on public support for new policy to combat future risks of flooding,
especially in view of the study area’s history. Present communication efforts
and the lack of possibilities for local stakeholders to actively engage in the
decision-making process are expected to reinforce the negatively perceived
consequences of new policy, further adding 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, but the question is whether it will be too late. Additionally,
opposition to change, any change, may also play a role here, especially if those
changes are not explained adequately and to everyone’s satisfaction.
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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 that project or policy measure.

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 expenditures and earnings directly
associated with the implementation of a policy or a project. In an economic
CBA, the costs and benefits associated with a policy or a 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
external effects. In the latter case, when also including non-priced external
effects, the CBA is often referred to as an ‘extended’ CBA. Most of the time,
the Government evaluates its policy on the basis of the associated financial
costs. These are usually relatively easy to compute. In view of the fact that the
Government finances public goods, benefits are often difficult to calculate. In
this case study, a financial and economic analysis 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 financial and economic CBA based on existing market prices are
presented in this section, the results of the extended CBA in section 7.

6.1 Costs
6.1.1 Financial costs
In the financial analysis, the most important expenditures the Government faces
when aiming to prevent future flooding by changing land use and restoring
floodplains are related to:

- buying land where current land use and future flood protection can not go
hand in hand;

- compensating farmers in areas where incidental flooding or a structural
rise in water table levels causes damage to crops or the grazing of
livestock;

- protecting existing infrastructure (rail and road networks etc.) and
designing new spatial infrastructure in designated areas;

- management and maintenance of measures.
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Based on an examination of the hydrological effects, the study area was divided
in areas where 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 present land use (e.g.
agricultural land is converted into a river course or agricultural, industrial or
residential land is permanently flooded), the assumption is made that the
Government will purchase the land. The land use changes involved are
presented in Table 3.

Table 3: Spatial effects resulting from the proposed land use changes
and floodplain restoration measures

Change in present land use (hectares)
Agriculture

Type of
measure

Permanently
out of

production

Combined
land use

Industrial
sites

Residential
area

Flood-
plains Total

    1 133 460 200 7 538 1 338
    2 557 5 688 5 33 257 6 540
    3 6 108 13 609 9 171 0 19 897

Total 6 798 19 757 214 211 795 27 775

As expected, the largest spatial effect is caused by the proposed long-term
measures (type 3), consisting of the construction of completely new water
courses inside existing dike rings. These types of measures are responsible for
more than 70 percent of the total land use changes in the area. In the long term,
6,800 hectares of agricultural land will be taken out of production. This
corresponds with approximately 10 percent of the total acreage of arable land in
the study area (LEI-DLO, 1999). Another 20,000 hectares of agricultural land,
25-30 percent of the total acreage of arable land in the area, will be affected by
the proposed flood protection measures, either by incidental flooding or higher
water tables which affect crop production and the grazing density of livestock.
Approximately 5 percent of the proposed land use changes will be in urban or
industrial areas, while 10 percent take place in uncultivated floodplains.

The financial costs of expropriation and compensation payments are calculated
by multiplying the areas in Table 3 by standard cost prices paid by the
Government (WL-Delft, 1999). These cost prices take into account the future
loss of yields and the possible costs of relocation, and are therefore paid only
once (lump sum). The Government buys agricultural land at a price of 12 Dutch
guilders per square metre. Compensation for increased water levels in the
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agricultural sector has been set at 6 Dutch guilders per square metre. This is
considered to be an acceptable level of compensation. Expropriating land on
which there are houses built costs, on average, 200 Dutch guilders per square
metre, industrial land 50 Dutch guilders and uncultivated land in flood plains 8
Dutch guilders per square metre. The total financial costs, including the
estimated costs of protecting existing infrastructure and designing new
infrastructure and management and maintenance, are presented in Table 4.

The expenditures associated with the purchase of land (agriculture or otherwise)
in the study area amounts to approximately 15 percent of the total costs. Fifty
percent of the total costs 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 found in the most densely populated and economically speaking
most important province in the Netherlands. The level of investments presented
in Table 4 is necessary to keep the existing economic infrastructure in the area
in tact.

Table 4: Present value of the financial costs of land use changes and
floodplain restoration
(in millions of Dutch guilders; price level 2000)

Cost item Financial costs
Purchase of land 1407
Compensation payments 1185
Infrastructure costs 5375
Management & maintenance 2255
Overhead 527
Total 10 749

In areas where the proposed measures result in increased groundwater levels,
compensation costs are based on the model Agricom, which models the
relationship between higher water table levels and loss of production (IKC,
1993). Management and maintenance and overhead costs are based on the total
infrastructure costs. The present value of management and maintenance expend-
itures are based on annual cost figures. Overhead costs are assumed to be paid
only once at the beginning of the project. In the analysis, no depreciation costs
are included as annual management and maintenance are assumed to ensure that
the measures taken will last a lifetime.
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6.1.2 Economic costs
The most important difference between the financial and economic analysis of
the costs is found in the price of land use changes. First of all, in the economic
analysis economic prices are used based on opportunity costs and excluding
taxes such as V.A.T. rather than fixed financial prices determined by the
Government to compensate victims.9 Secondly, land use changes, which do not
affect the land’s economic value, such as the uncultivated floodplains, are
excluded from the analysis. In this latter case, the only change taking place is
the land’s ownership for which farmers or others who own the land receive a
financial lump sum. This transfer has no effect on the land’s economic value.
Current and future economic earnings from the land such as grazing livestock
are negligible and there are assumed to be no sunk costs or a change in
opportunity costs. In this case study, this amounts to a total of 64 million Dutch
guilders, which is included in the financial, but not in the economic analysis.

Land, which presently has a residential status is assumed to have the same
financial and economic value. The land use change is limited and assumed to
have no effect on the housing market in the area. The economic price of
agricultural land and industrial sites, however, is significantly different from the
financial price paid by the Government. The lost earnings from current and
future agricultural and industrial activities are calculated on the basis of a time
series analysis of the net value added that these activities generate in the
national economy. This net value added is equal to their production value minus
the value of internal and purchased (external) supplies and the depreciation
costs on the capital used in these sectors. In other words, the net value added
shows how much economic value is created during a particular year through the
employment of production factors, including land, and reflects the net benefits
of the employment of these production factors.

Unlike many industrial activities, land is an essential production factor for most
agricultural activities. This means that the consequences of taking scarce land
out of production may be less significant for industrial activities than for
agriculture. On the other hand, agricultural activities may survive incidental
flooding, while this may cause irreversible damage or extremely high costs to
certain industrial activities. In view of the uncertainties involved, whether
agricultural and industrial activities will disappear completely as a result of the
proposed measures, three possible scenarios were developed in this study. In the
first scenario, a pessimistic approach is taken and the economic activities are
assumed to disappear permanently. In the second scenario, an optimistic
approach is taken and the activities are assumed to be relocated to other areas

                                                
9 This latter approach has also been referred to in the literature as the Bergsonian welfare
approach (Johansson, 1991).
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cost free, hence not having any impact on the national economy. This second
scenario corresponds with the scenario applied recently by the Dutch Planning
Bureau in a similar study (CPB, 2000). In the third scenario, half of the
industrial and agricultural activities are assumed to disappear permanently,
while the other half is assumed to be relocated cost free elsewhere in the region.
The results of the calculated costs are presented in Table 5.

Table 5: Present value of the economic costs of land use changes and
floodplain restoration under 3 different scenarios
(in millions of Dutch guilders; price level 2000)

Cost item
Financial

costs Economic costs
Scenario 1

all land out of
production

Scenario 2
half the land out

of production

Scenario 3
no land out of

production
Lost earnings from land 1407 7870 3935 0
Compensation payments 1185 85 85 85
Infrastructure costs 5375 5375 5375 5375
Management & maintenance 2255 2254 2254 2254
Overhead 527 527 527 527

Total 10 749 16 111 12 176 8 241

The total economic costs in Table 5 as a result of lost earnings are much higher
than the financial costs. The reason for this is the high economic price for taking
land out of production on which presently industrial activities take place and the
higher economic price for land used to graze livestock. The economic price for
industrial land discounted over a period of 50 years at a discount rate of 4
percent is 3,457 Dutch guilders per square metre. This is 70 times higher than
the financial price used in the previous section. Due to a lack of information, it
was impossible to distinguish between the various relevant industrial activities
in the study area. For agricultural land use, more detailed GIS information was
available and hence economic prices could be calculated for arable land and
land to graze livestock. Discounted over 50 years at a discount rate of 4 percent,
the corresponding prices are 2 and 10 Dutch guilders per square metre
respectively. Hence, on average the calculated economic price is the same as the
financial price for taking agricultural land out of production.

Using the average value added of industrial activities as a proxy for the
economic value of industrial sites is open to criticism. Land may not necessarily
be an essential production factor for all industrial activities in the area. In that
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case, the assumption that every square metre of land in the Netherlands,
including the study area, produces the same value added is questionable.
However, one could argue that the same also applies to the use of a fixed
financial price to compensate farmers or businesses for their lost earnings.

The economic costs of compensation payments are much lower than the
financial costs, because of the use of a different calculation procedure in the
economic analysis for incidental flooding of agricultural land. This procedure
corresponds with the procedure applied by the Dutch Planning Bureau in their
study (CPB, 2000). In some areas, the probability of flooding is once every ten
years, in others once every hundred years. The expected economic loss as a
result of these different probabilities are included in the calculation of the total
economic costs resulting from incidental crop damage.

6.2 Benefits
The proposed measures’ financial and economic benefits are much harder to
determine than their costs. The most important benefits consist of the protection
of people, houses, infrastructure, industrial activities, crops and livestock. The
benefits associated with the protection of houses, infrastructure etc. will be
calculated with the help of damage estimates as a result of flooding. The
benefits of public safety, however, are much more difficult to estimate. The
integration of public safety in an extended cost benefit analysis will be dealt
with in section 7. Also recreational benefits are expected as a result of the
proposed land use change and floodplain restoration measures in the area. More
nature development as a result of the proposed measures is expected to attract
more visitors to the area. These two main types of benefits, the protection of
land, houses, material etc. and recreation benefits, will be dealt with next.

6.2.1 Damage avoided
The most important financial and economic benefits consist of the damage
prevented or avoided. In order to be able to quantify this damage avoided, two
important questions have to be answered:

1) How is the extent of the damage avoided determined in physical terms?

2) How is the damage avoided valued in monetary terms?

The first question cannot be answered exactly based on existing models
(Strookman, 2001). The spatial distribution of the effects of specific land use
changes and floodplain restoration measures on the river’s water levels depends
on a number of factors, and is in fact a stochastic process. Based on an existing
information system (DWW, 2000), especially developed for estimating the
financial value of the material damage caused by flooding, the total damage
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avoided within specific dike rings was estimated based on assumptions about
the extent of flooding. Assuming that the study area will be completely flooded
if the proposed measures are not taken, the total financial costs of material
damage amount to 1.3 billion Dutch guilders (Strookman, 2001). Based on
different scenarios of economic growth (CPB, 1996), this damage is expected to
increase at an average annual economic growth rate of 2.75 percent per year
over the next 50 years to a present value of approximately 2.3 billion Dutch
guilders.

6.2.2 Recreational benefits
The proposed land use change and floodplain restoration measures are expected
to have a positive impact on nature development in the area. This, in 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 and at water. However, it is hard to quantify
these expectations. They are based on scenarios reflecting both the physical and
socio-economic development of the area. For the sake of simplicity, it is
assumed here that water recreation will increase by 10 percent 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 1.8 billion guilders (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 with the rest of the Netherlands (Berkhout et al., 1997), it is assumed
that approximately 5 percent of the water sports related income generated in the
Netherlands (90 million Dutch guilders annually) originates from the study area
in this paper. Assuming furthermore that the autonomous growth of the water
recreation sector stays the same, the 10 percent increase implies that the
associated extra economic benefits amount to around 9 million Dutch guilders
per year. This corresponds with a present value of 194 million Dutch guilders
over the next 50 years.

6.3 Cost benefit analysis
Table 6 summarises the financial costs and benefits discussed before. Imple-
menting the proposed measures results in the long term in a net financial loss to
the Government of approximately 8.5 billion Dutch guilders, assuming that the
Government will have to compensate the material damage if flooding does
occur.

The economic costs and benefits are presented in Table 7. The economic costs
are based on the second scenario in section 6.1.2, where it is assumed that half
of the present activities will be relocated elsewhere, hence softening the impact
on the national economy. Contrary to the financial analysis, the economic
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analysis shows the expected effects on other sectors in the economy besides the
Government more explicitly. The expected increase in income as a result of an
increase in recreational activities in the area is included in Table 7 as a benefit
to the economy as a whole. The net loss to the economy as a whole therefore is
approximately 9.7 billion Dutch guilders, which is 1.2 billion or fifteen percent
more than the financial net loss to the Government. Assuming that all economic
activities will be relocated cost free, the total net loss to the economy still
amounts to almost 5.7 billion Dutch guilders.

Table 6: Financial costs and benefits in millions of Dutch guilders
(present value at 4%; price level 2000)

Costs Benefits
Purchase of land 1407 Damage avoided 2300
Compensation payments 1185
Infrastructure costs 5375
Management & maintenance 2255
Overhead 527 Net loss 8 449

Total 10 749 Total 10 749

Table 7: Economic costs and benefits in millions of Dutch guilders
(present value at 4%; price level 2000)

Costs Benefits
Lost earnings from land 3935 Damage avoided 2300
Compensation payments 85 Recreation 194
Infrastructure costs 5375
Management & maintenance 2254
Overhead 527 Net loss 9 682

Total 12 176 Total 12 176

An item which has not been included in the analysis so far are the future costs
of dike strengthening 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. The total
costs of dike strengthening necessary to maintain present public safety levels in
the study area are 1.7 billion Dutch guilders (Brouwer et al., 2000). Accounting
for these costs, the Government’s financial net loss would amount to 9 billion
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Dutch guilders and the economic net loss to 10.3 billion. It is important to point
out that the total damage costs avoided should not be accounted for if the
financial costs of dike strengthening are included in the CBA. These costs will
not have to be paid by the Government if dikes are strengthened.
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7. Integrated Impact Assessment

In this section, the results from the environmental, social and economic impact
assessment will be put together with the help of two important integrated impact
assessment methods, extended cost-benefit analysis and multi-criteria analysis.

7.1 Extended cost benefit analysis
In the extended CBA presented here, the ecological and social impacts are made
comparable and commensurable with the economic costs and benefits by means
of non-market valuation techniques. The most important social benefits
associated with the proposed land use change and floodplain restoration
measures are related to public safety, while the ecological benefits consist of
nature conservation and development. Contrary to material or crop damage,
which can be estimated based on existing market prices, public safety and
nature are non-tradable products for which no market prices exist. Hence,
alternative valuation techniques must be employed to value them in monetary
terms when aiming at including them in an economic CBA like any other cost
or benefit item (e.g Hanley and Spash, 1993).

More specifically, the valuation procedure used in this study is based on
benefits transfer (e.g. Brouwer, 2000). In benefits transfer, the results from
previous economic valuation studies are used to determine the economic value
of the good or service for which no market value is available. The method is
often applied in practice. One of the method’s biggest advantages is that it is a
quick and cheap alternative to the often time-consuming and costly original
economic valuation studies. More recently, meta-analytical techniques have
been suggested to facilitate benefits transfer (e.g. van den Bergh and Button,
1997). Meta-analysis is a statistical method that analyses and evaluates the
results of empirical research studies. It is an ideal tool for classifying and
structuring large masses of data in order to gain a greater understanding of the
results of research studies (Brouwer, 2001).

Meta-analysis was also used to support the benefits transfer procedure in this
case study. In a meta-analysis of 30 contingent valuation10 studies of aquatic
and wetland ecosystems in moderate climactic zones in North America and
Europe, including the Netherlands, the economic values of the various functions
fulfilled by these ecosystems in the various countries were compared with each
other (Brouwer et al., 1999). Differences in valuation results are explained, for
example, on the basis of differences in ecosystem types (e.g. fresh, salt or
                                                
10 Contingent valuation is a survey based economic valuation method. On the basis of a
description and possible visualisation of specific environmental goods or services,
respondents are surveyed on their willingness to pay (WTP) to protect or retain these goods
and services.
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brackish), water types (e.g. lakes, rivers, groundwater) and the specific
functions that the ecosystems fulfil, such as providing a buffer for flooding or
the recycling of nutrients.

The economic values found in these 30 studies are expressed in an annual
amount per household, reflecting the annual flow of economic benefits that
households derive from various aquatic ecosystem types and functions. The
average economic value that freshwater systems generate, calculated on the
basis of the 30 studies, was found to be 145 Dutch guilders per household per
year (price level 2000). Rivers have a major share in this value. On average, an
economic value of 175 Dutch guilders per year is assigned to river systems
only. Groundwater was found to generate the highest economic value, 310
Dutch guilders per household per year.

Examining the functions of freshwater ecosystems, the storage of water by
floodplains and wetlands in order to reduce the risk of flooding has the highest
economic value (225 Dutch guilders per household per year) compared to other
functions such as (drinking) water supply or nutrient recycling. The economic
value of water and wetlands as characteristic elements in the landscape and as a
habitat for various plant and animal species is, on average, 185 Dutch guilders
per year. Accounting for income differences between countries in the USA and
Europe, the economic value of public safety in the Netherlands is 120 Dutch
guilders per household per year and for landscape and nature 100 Dutch
guilders.11

These latter two amounts are used here to calculate the economic value of the
wider social and ecological benefits as a result of the proposed land use change
and floodplain restoration measures. In order to calculate the total economic
value of public safety and ecological development benefits, the two amounts
cannot simply be added. A methodological correction has to take place as the
two values relate to use and non-use values simultaneously (Hoehn and Randall,
1989). In this case study, the proposed measures result in two different, but
inextricably linked benefits. The meta-analysis shows that a significantly higher
mean WTP value of forty percent results when simply adding separately
estimated use and non-use values instead of estimating them simultaneously
together (Brouwer et al., 1999).

Taking this into account, the total economic value for public safety and
landscape and nature development benefits amounts to 132 Dutch guilders per
                                                
11 This latter value is approximately 20 Dutch guilders higher than the outcome of a
contingent valuation study carried out in the area in 1995 in which randomly selected
households were asked for their annual willingness to pay to protect the area’s characteristic
landscape and nature (Brouwer and Slangen, 1998).
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household per year. Multiplied by the total number of households in the study
area (1.4 million) and discounted over a 50 year period at 4 percent, the present
economic value of public safety and nature conservation and development in
terms of public willingness to pay to prevent flooding and conserve nature
amounts to 4 billion Dutch guilders.

Table 8 displays the results of the extended CBA. The economic costs are again
based on the assumption that half of the present activities will be relocated
elsewhere. The economic earnings from an increase in recreation are excluded
from the analysis in order to avoid possible double counting with the estimated
economic value for landscape and nature.

Table 8: Results of the extended CBA in millions of Dutch guilders
(present value at 4%; price level 2000)

Costs Benefits
Lost earnings from land 3935 Damage avoided 2300
Compensation payments 85 Public safety, landscape

and nature conservation
3970

Infrastructure costs 5375
Management & maintenance 2254
Overhead 527 Net loss 5 906

Total 12 176 Total 12 176

Based on these costs and benefits, the total net loss is approximately 6 billion
Dutch guilders. Assuming that all economic activities will be relocated
elsewhere cost free, the total net loss to the economy still amounts to almost 2
billion Dutch guilders. The total costs to the Government in the economic
analysis is still about 7 billion Dutch guilders. Farms and businesses suffer
approximately 4 billion Dutch guilders, the recreation sector is still expected to
gain additional income over the next 50 years as shown in the economic
analysis, while the public at large in the study area is, as expected, the biggest
winner.

In conclusion, from an economic welfare perspective, taking into account non-
priced benefits such as the positive effect on public safety and ecology, total
benefits do not weigh up against total costs. Implementing the proposed
measures is hence expected to be inefficient and result in a negative effect on
total economic welfare.
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7.2 Multi criteria analysis
In this section, the results will be presented when using multi-criteria analysis
(MCA) as an important alternative integrated assessment method to extended
CBA (e.g. Janssen, 1992). However, it has to be pointed out right at the start of
this section that the results from the two methods can not be compared for a
number of reasons. One important reason is that CBA can be applied to one
alternative only, as demonstrated in the previous section. MCA on the other
hand can only be applied when more than one alternative is available. In this
case study, the proposed land use change and floodplain restoration measures
will be evaluated vis-á-vis the ‘business as usual’ scenario of traditional dike
strengthening in the research area.

First, the expected ecological, social and economic effects of these two
alternatives are standardised, next they are weighted and finally their aggregate
standardised effect scores are calculated, resulting in a ranking of the two
alternatives. The results presented here are based on an equal weighting of
criteria under the presumption that the ultimate decision which weight to attach
to the various criteria is left to the policy and decision-makers. The criteria’s
break-even points are also presented, showing at which weight the ranking of
the two alternatives changes.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
techniques, quantified economic values based on extensive 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.13 The outcome of the MCA procedure
based on the quantified ecological and economic values in the long term will be
presented first, followed by the procedure where also the qualitative social
values are included in the analysis.

The criteria scores when including ecology and economy as the only two
criteria in the analysis are presented in Table 9. The ecological impact of dike
strengthening is negligible in the long term and hence given the value zero. The
ecological impact of floodplain restoration and land use changes was presented
before. Also the economic impacts included in Table 9 in terms of the total
costs of implementing the alternatives were discussed before. Standardising the
ecological and economic criteria scores based on a linear function between zero
and one and aggregating them using equal weights, floodplain restoration and
                                                
12 The MCA was carried out with the programme BeslissingsOndersteunend Systeem voor
Discrete Alternatieven (BOSDA) (Janssen et al., 1999).
13  For an overview of MCA methods based on the inclusion of different types of information,
see, for instance, Janssen and Munda, 1999.
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land use changes have a higher overall score than traditional dike strengthening
and are hence ranked first.

Table 9: Outcome of the MCA procedure based on two criteria

Criteria

Alternative
Ecology1

(%)
Economy2

(billions Dfl.)
Aggregate

score Ranking

Business as usual:
dike strengthening

0.0 - 1.7 0.43 2

Floodplain restoration
and land use changes

22.2 - 12.2 0.50 1

1 Contribution of the alternative to nature conservation policy.
2 The minus indicates that these are costs.

In the sensitivity analysis, the break-even points associated with the weights
attached to the ecological and economic criteria are respectively 0.46 and 0.54.
This means that equal ranking of the two alternatives occurs when the economic
costs are weighted slightly higher than the ecological benefits.

Including the results from the social impact analysis, the outcome of the MCA
procedure changes (Table 10). Assuming that the overall social impact of
traditional dike strengthening is neutral compared to the negative score for
floodplain restoration and land use changes, traditional dike strengthening is
ranked first, applying equal weights again to the three criteria.

The calculated break-even points are 0.40, 0.28 and 0.32 for ecology, economy
and society respectively. Hence, in order to change the ranking of the two
alternatives, i.e. ranking floodplain restoration and land use changes first, the
ecological criterion has to be weighted disproportionately higher than the two
other criteria. This is to be expected in view of the negative scores for the
expected social and economic impacts of this alternative. Assuming that the
economic costs of flood plain restoration and land use changes are lower (8,2
billion Dutch guilders based on scenario 3 in Table 5), the ranking presented in
Table 10 remains the same. Assuming that the social impacts of floodplain
restoration and land use changes are neutral instead of negative, the outcome of
the MCA procedure becomes identical to the results presented in Table 9.
Assuming that the predicted social impacts are positive in the long term instead
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of negative results in a higher ranking of floodplain restoration and land use
changes than traditional dike strengthening. This ranking can only be reversed if
the economic costs are weighted higher than the other two criteria.

Table 10: Outcome of the MCA procedure based on three criteria

Criteria

Alternative
Ecology1

(%)
Economy2

(billions Dfl.)
Society3

(+/-)
Aggregate

Score Ranking

Business as usual:
dike strengthening

0.0 - 1.7 o 0.45 1

Floodplain
restoration and
land use changes

22.2 - 12.2 - 0.33 2

1 Contribution of the alternative to nature conservation policy.
2 The minus indicates that these are costs.
3 Aggregate social score (- negative; o neutral; + positive) based on expert

judgement.

In conclusion, the outcome of the MCA appears to be very sensitive to the
inclusion of the qualitative scores for the expected social impacts of floodplain
restoration and land use changes. Based on the predicted ecological benefits and
economic costs, floodplain restoration and land use changes are ranked first
before the business as usual scenario of traditional dike strengthening. However,
this ranking changes when including the aggregate score for the expected social
impacts, assuming that the social impact of traditional dike strengthening is
neutral.

Finally, as mentioned, the results presented here cannot be compared to the
results presented in the previous section. The outcome of the MCA presents a
ranking of alternatives based on an equal weighting of criteria, not the effect of
the alternatives on welfare as defined by economic theory. The actual weights
attached to the various criteria are unknown at present. They will ultimately be
the result of political negotiation and compromise in the decision-making
process.
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8. Conclusions

In this paper, the expected long term consequences of alternative flood
protection measures were evaluated based on a variety of disciplinary
perspectives. Driving forces such as climate change, land subsidence and sea
level rise were related to pressures on the present state of the Dutch water
systems in the Lower River Delta. The impacts of policy responses such as land
use changes and floodplain restoration and a business as usual scenario of
traditional dike strengthening were assessed based on integrated assessment
methods.

Assuming that the business as usual scenario of traditional dike strengthening
and the proposed alternative flood protection measures maintain the same levels
of public safety in the study area, the former is considerably cheaper than the
latter. However, including also the predicted ecological benefits in the long run
in a MCA procedure besides cost-effectiveness, the proposed alternative flood
protection measures are ranked first and traditional dike strengthening second.
This ranking changes again in favour of traditional dike strengthening when
also including the overall negative expert qualification related to the various
social aspects of the proposed alternative flood protection measures. In the
extended CBA, traditional dike strengthening results in a welfare gain, whereas
the proposed alternative flood protection measures result in a welfare loss
because of their significantly higher economic costs.

More than just the application of specific integrated methods and techniques,
the work presented here is the result of an interdisciplinary learning process,
involving experts and policy makers with very different backgrounds. The
experience in this specific piece of work is that in order for such a collaborative
process to be successful, communication between experts and experts and
policy makers is essential, especially in the case of complex decision-making
contexts. Policy makers should be involved in this process right from the start
for a number of reasons:

1. The inclusion of their management or decision objectives determines the
scope of the assessment.

2. Although assessments may be set up in as ‘rational’ a way as is feasible,
subjective judgements are inevitable in any evaluation. If these judgements
influence outcomes in a significant way, they should be made explicitly clear
to the users of the evaluation.  Discussing this sooner rather than later with
the users of the information generated by the assessment can help to
minimise the risk of confrontation.
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3. Given inevitable scientific uncertainties and risks, the involvement of lay
policy makers in discussions about these uncertainties and risks may
improve the policy maker’s understanding of the complexity of the problem
and encourage the adoption of policy principles such as the precautionary
principle.

The interactive sessions organised between various experts and policy makers
covered issues related to the definition of problem, objectives, solutions and
scale, but stopped more or less at the presentation of the expected and predicted
hydrological, ecological social and economic impacts of the proposed
alternative flood protection measures. The actual weighting of the various
interests affected by the proposed measures by representatives from the various
interest groups, including the authority responsible for managing risks of
flooding in the study area, has yet to take place. In the extended CBA and
MCA, assumptions had to be made about these weights in order to be able to
come to an overall evaluation of the proposed alternative flood protection
measures. In the case of extended CBA, market prices and non-market valuation
techniques were used to weigh the various impacts and assess their overall
efficiency. In the case of MCA, criteria were arbitrarily assigned equal weights
and presented together with their calculated break-even weights to illustrate
their effect on the ranking of alternatives.

Although MCA allows more than just one single criterion to be included in the
assessment, CBA has the advantage that it can be used in policy or decision-
making contexts where only one alternative is available. However, many MCA
programmes nowadays also allow the inclusion of non-metric (qualitative) data
besides metric (quantitative) data, which can be an advantage especially in an
early stage of the policy or decision-making process when available information
is often limited. The sensitivity analysis carried out in the MCA was also able to
deal with sensitivity of both criteria scores and criteria weights. In the case of
CBA, uncertainties were mainly dealt with in the sensitivity analysis through
the use of different scenarios of land use changes. Finally, it is unknown to what
extent the criteria in the MCA are indeed independent as required. Some overlap
may exist when comparing public perception of changes in landscape and nature
as captured in the social value score and expert judgement of these changes in
the ecological value score.
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