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Preface
This report is the first deliverable of the EU 7th Framework Project STAR-FLOOD (see www.starflood.eu
for an outline of the project). STAR-FLOOD focuses on flood risk governance. The project investigates
strategies for dealing with flood risks in 18 vulnerable urban regions in six European countries: Belgium,
the UK, France, The Netherlands, Poland and Sweden. The project is assessing the institutional
embedding of these strategies from a combined public administration and legal perspective, with the
aim to make European regions more resilient to flood risks.
Within the first Work Package of STAR-FLOOD, four reports have been prepared providing an extended
problem analysis related to flood risk governance in Europe:
i)
Flood Risk Management in Europe: actual flood risks in the STAR-FLOOD consortium countries
(report no D1.1.1, this report);
ii)
Flood Risk Management in Europe: governance challenges related to Flood Risk Management
(report no D1.1.2);
iii)
Flood Risk Management in Europe: European flood regulation (report no D1.1.3);
iv)
Flood risk management in Europe: similarities and differences between the STAR-FLOOD
consortium countries (report no D1.1.4).
The four reports together aim to provide a problem analysis of flood risk governance in Europe. In so
doing, they give a further specification of the scope of the STAR-FLOOD project and raise some
preliminary conclusions, expectations and assumptions to be challenged in the subsequent Work
Packages of the project. Furthermore, the reports identify relevant issues, questions and themes that are
considered to be in need of further research and will be taken up in WP2 and WP3 of STAR-FLOOD.
Reports number D1.1.1 and D1.1.2 focus on the main trends and challenges that occur. This report
(D1.1.1) discusses the nature of the flood risks as well as the developments to be expected therein (e.g.
increased vulnerability due to urbanisation and climate change) and the current state of the art in
considering ways and means of intervening to reduce the risk. D1.1.2 approaches multi-level, multisector and multi-actor governance challenges related to Flood Risk Management from a theoretical
perspective. Report number D1.1.3 focuses on European flood regulation, including the Water
Framework Directive and the Floods Directive. The report discusses, amongst other things, the
relationship between the Floods Directive and the Water Framework Directive as well as national law,
how different EU Member States deal with the FD, the state of affairs concerning implementation of the
FD in these Member States and what this may tell about their ambitions regarding the FD. Report
D1.1.4, highlights essential similarities and differences between the STAR-FLOOD consortium countries.
Issues addressed include: i) the countries’ background situation in terms of their flood experiences; ii)
potentially relevant factors for understanding the institutional organisation of water governance in each
country, including the competent authorities for different Flood Risk Management Strategies and their
actual competences, and the way in which the discourse on flood management has actually evolved in
these countries; iii) the Flood Risk Management Strategies that are in place. The report conveys the
message that each strategy is not feasible (appropriate) everywhere. It also raises some preliminary
assumptions regarding the factors explaining (lack of) appropriateness. These findings are surely of
interest to actors at the national and regional level in EU Member States.
Yours sincerely,
Prof. Colin Green
Leader of WP1
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Prof. Peter Driessen
STAR-FLOOD Project Coordinator
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Executive Summary
This report has been compiled as part of the STAR-FLOOD project, a European FP7 project focused on
flood risk governance. The project investigates strategies for dealing with flood risks in 18 vulnerable
urban regions in six European countries: England and Scotland in the UK, Belgium, France, The
Netherlands, Poland and Sweden. The report is the first of the four reports that make up the first
deliverable of the project. It summarises current thinking on:





What is the Flood Risk Management problem?
How are floods produced and propagated?
What are we trying to achieve through Flood Risk Management?
How can we achieve these objectives? What do we need to do?

Thus, it focuses upon the nature of the problem and the actions that can or should be taken to address
the flood problem in the wider context of the thinking that led to the development of the Water
Framework Directive. In methodological terms, the significance of this report is in directing our thinking
to the analysis of the governance issues: what is necessary in order to deliver sustainable Flood Risk
Management and what are the obstacles to be overcome in order to do so? Thus, within the project, a
purpose of this deliverable is to provide a basis for the subsequent work packages, notably work package
2 which is developing a research protocol for the case studies. This work package has been co-evolving
with work package 1 with a great deal of cross-fertilisation occurring between the work packages. The
simplest summary question that follows from this report for the case studies is:



v

What kinds of competences are necessary to develop appropriate and resilient Flood Risk
Management Strategies? Do the actors that are involved have those competences, or
alternatively, can additional actors that do have the competences be involved?
Does the designated ‘Competent Authority’ have those competencies?
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1 Introduction
Compared to other natural hazards, floods are both a high frequency event and spatially widespread in
occurrence. Hence there are widespread discussions of how best to address the risks of flooding (e.g. Jha
2011; Kobayishi and Porter 2012; Asian Development Bank 2005); much of that literature is available on
the ProVention Consortium web site (http://www.preventionweb.net/english/professional/
contacts/v.php?id=177). Flood Risk Management (FRM) is part of Integrated Water Resource
Management (IWRM) (GWP 2000), the problem in water management being to cope with the variability
in precipitation and consequently with the variability in stream flows, and not to treat flooding as an
independent problem (Technical Support Unit 2003). IWRM is necessarily also closely coupled to other
policy areas, notably to spatial planning; the problem is simultaneously to make the best use of water
and of land. Water management generally is increasingly being framed in terms of a complex systems
approach (Pollard and du Toit 2008).
A flood is a shock, an external perturbation, to socio-economic-ecological systems, which propagates
through those systems, where those systems then recover over some time scale from that shock. Whilst
the overall intention in FRM is to enhance the functioning of the catchment in all senses, the emphasis is
on reducing the magnitude of the initial shock, how it propagates through the systems, and/or to
promote a more rapid recovery by those systems than would otherwise occur. Thus, we wish to
enhance the resilience of systems to the shock of a flood whilst not degrading their resilience to other
shocks. These risks are increasing notably as a result of technological change and economic growth and
specifically through one consequence of those changes: anthropogenic climate change. At the same
time, it is necessary to shift to an adaptive approach in the face of climate and the other changes that
are or may occur as well as to make the wider transition towards sustainable development. We have to
make decisions which will play out in a future which is essentially unknowable. Hence, we have to seek
to make decisions which are ‘future proof’. In doing so, we have to recognise both the physical nature of
the challenge presented and seek to achieve societal objectives, notably whilst making the transition to a
sustainable development path which produces enhanced well-being (Stiglitz et al. 2009). Decision
making is also increasingly being understood as involving a process of stakeholder engagement
(European Commission 2003).
These then are the first two parts of the issue; what is the problem? And, what are we trying to achieve?
Intervening effectively then requires both the capacity to intervene and the means to intervene, there
being an interplay between the courses of intervention which would change the risk and the governance
arrangements which enable each form of intervention. The central research question of the STARFLOOD project being: what are the appropriate and resilient flood risk governance arrangements for
dealing with flood risks in vulnerable urban agglomerations? The specific problems of governance
arrangements, including those of the fit between those arrangements and the scale of the problem are
developed in the second of these reports (D1.1.2: Dieperink et al. 2013).

2 The problem of floods
2.1 The absolute risks in Europe
Of all the natural hazards, floods are typically found to be the most frequently experienced (Munich Re
2012) and consequently result in the largest proportion of annual losses (Guha-Sapir et al. 2012). Unlike
other natural hazards, such as earthquakes, no country is free of the risk of flooding; indeed, the most
violent floods are often found in arid climates. The economic losses from floods are rising (Barredo
2009) and lives are still being lost in floods. In addition to the 1953 floods affecting the Netherlands and
England, other significant events include the Hamburg flood in 1962 (315 deaths); the Barcelona flood of
1965 (400-700 deaths); and the Lisbon flood of 1967 (404 deaths).
Figure 1: Recent major floods in Europe (Kundzewicz et al. 2013)

2.2 The comparative risk from flooding
The significance of floods as a national problem varies greatly between the countries of the European
Union both in terms of average annual flood loss and the extreme potential loss. In England, for
example, the direct losses from the floods of 2012 and 2007 have been fractions of a per cent of national
income (e.g. a loss of £3 billion) and far less than the annual costs of fires: estimated for 2004 as £7
billion (Office of the Deputy Prime Minister 2005). Figure 1 shows the results of one recent study of the
major recent floods in Europe (Kundzewicz et al. 2013) and the European Commission Joint Research
Centre (2009) have mapped the future flood loss potential across the EU.
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Countries differ in terms of the relative magnitude of the potential consequences of floods, both in
comparison to other hazards and relative to other countries. Large proportions of the land area and
populations of Hungary and the Netherlands are exposed to the risk of flooding whilst in England and
Wales only 15% of the population is at risk. None of these four countries is at any significant risk of
earthquakes but Italy and Greece experience frequent earthquakes. Hence, the relative degree of
attention and resources a country should give to FRM depends upon where floods sit within the portfolio
of hazards or other risks facing that country. For example, the UK government in a review of the
comparative threat from different hazards flooding was not regarded as either the most likely or that
with the greatest consequences (Cabinet Office 2012).

2.3 The production of floods
Flooding is the product of meteorology times land form, where land form is modified to some extent by
land use. Importantly, only the latter is something we can influence in the short term. Precipitation is
essentially produced either by deep depressions or by frontal systems, although these frontal systems
are often connected to a depression. The size, depth and track, including the speed of movement, of
depressions are all important in determining the response of a catchment. Coastal flooding can
essentially be considered to be the product of a deep depression producing a tidal surge.
Meteorology has been described as the 'Dance of the Air and Sea' (Taylor 2011), with the sea as the
dominant sink of solar energy and playing the primary role. Since the atmosphere has a lower thermal
capacity than the seas, atmosphere conditions, or ‘weather’, is more volatile than the sea. There are
large differences between regions both in rainfall intensities (Larsen et al. 2008) but also in inter- and
intra- year variability in rainfall (McMahon et al. 1987). High variability means that floods are the water
resource and there has to be a large measure of storage if there is to be water in the dry season.
Land form then determines what proportion of precipitation does not infiltrate the soil and hence
remains as runoff, that runoff draining off to watercourses and lakes. The rates at which rainfall can
infiltrate the soil depends upon a number of factors (Pielou 1998) and crucially infiltration rates are time
varying and fall as rain continues (Giudice et al. 2012; Merz and Bloschl 2009). In consequence, the
proportion of precipitation that runs off the surface of the land, the runoff coefficient, also varies both
during a rainfall event (Wainwright and Parsons 2002) and over a season of rainfall (Ettrick et al. 1987).
The longer that rain continues the greater the proportion of that rainfall which will run off the land and
therefore the more likely it is that a flood will be produced. That all soils act as ‘sponges’ comes at a cost:
dryland plants require aerobic soils (ones containing oxygen) and if the root zone in the soil is saturated
with water during the growing season, the plants are harmed. Thus, crops are often lost before surface
water flooding is seen (Hess and Morris 1986).
Runoff is driven by gravity, both in terms of direction and the speed at which it travels; the speed of
travel being affected by the frictional resistance offered by the surface over which it travels. Thus,
surface waters are the concentration of runoff, it being the quantity and timing of runoff that determines
whether the watercourse ‘floods’. Steep slopes, and low frictional resistance, result in the time to
concentration, the delay between runoff starting and the watercourse flooding, being short and produce
‘flash’ floods. That pulse of runoff then travels downstream under the force of gravity and again
influenced by frictional resistance, the flood pulse tends to attenuate. Flood pulses on the different
tributaries of a river will progressively begin to meet and build and combine into a downstream flood
pulse. The form of the land at each point influences what type of flood results; from mudslides on
upland slopes to wide floods in the lowlands.

5

17/02/2014

Land use has an affect on the proportion of precipitation that becomes runoff but in the case of nonurban uses, the affect is limited. The current view is that in non-urban catchments the effect is only
marked in small catchments in high frequency events (Calder 2000; O’Connell et al. 2007) where extreme
events overwhelm the capacity of the soil to infiltrate the water. But since all catchments are made up
of small sub-catchments, this may understate the usefulness of modifying land use. Diffuse runoff
storage may, for example, be introduced (Landstrom et al. 2011).
Where the effect of land use change is more dramatic is in urban areas; urbanisation is equivalent in
effect to converting woodland or arable land to a granite outcropping. The proportion of precipitation
that becomes runoff is enhanced and, in addition, drainage systems are designed both to make the best
use of gravity and to provide the least frictional resistance. Consequently, urban areas are very effective
producers of floods in urban water channels.
Thus, what happens downstream, the likelihood and magnitude of a flood, depends upon what has
happened uphill and upstream and also the interactions between the responses of the different subcatchments that feed into the main river. Consequently, effective Flood Risk Management requires
taking a catchment-wide perspective and approach.

2.4 The catchment approach
Catchments are systems of exchanges between land and water; those exchanges being of water, soil and
entrained pollutants. As just discussed, the response of catchments is both spatially and temporally
dynamic. The management problem is therefore to cope with the variability of the system as a whole
and with all of these exchanges across that system. Flooding is thus simply part of the variability of
flows as a whole and not a distinct problem from either water resources or the risk of drought. But
whilst variability is a problem for people, ecosystems have developed around the prevailing water
regime. To conserve the existing riparian ecosystems, it is necessary to maintain a corresponding degree
of variability that of ‘Environmental Flows’ (Acreman and Ferguson 2009). Whilst riparian and wetland
systems are adapted to variability, dryland ecosystems are damaged by floods (Old 2008). In addition to
soil saturation harming plants and sub-soil animal species, the deposition of nutrients by flood water can
be harmful (Gowing nd) as, obviously, can the deposition of sand by flood waters.
The minimum requirement in any intervention is that the action taken should not create worse
consequences: either at another location or at another time. Situations which, for example, simply shift
the flood problem downstream and magnify it there (as happened on the Rhine, (Te Linde et al 2010)), or
address the flood problem at the cost of increasing the risk of drought, as can happen with afforestation
(Calder 2006), need to be avoided. The ideal is to enhance the overall functioning of the catchment, the
principle of Integrated Water Resource Management (IWRM) (GWP 2000) as embodied in the WFD.
Specifically, the purpose of Flood Risk Management has been shown to be to enhance the functioning of
the catchment as a whole and not to minimise flood losses (Green et al. 1993). For example, it is not
desirable if flood losses are reduced but environmental damages are increased by a greater amount or
drought risk is greatly increased. Taking a catchment approach creates the possibility of synergies. For
instance, adopting a conservation tillage approach (FAO 2000) may provide some benefits in terms of
flood risk reduction but it will also address the serious problems of soil erosion and also that of diffuse
agricultural pollution.
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Adopting a catchment approach changes the direction of sight. The traditional approach was to look
downstream and at the channel: how can we get rid of the flood pulse? A catchment approach directs
sight upstream: how can we reduce the flood pulse? That refocuses the attention initially towards
looking at runoff and then towards examining how the flood pulse is built up in the network of
tributaries that create the flow at any particular point.
Considering each flood pulse, at any point, a given volume of water requires a particular cross-sectional
area in order to convey it; that area is influenced by the velocity of flow which in turn is determined by
the slope and frictional resistance of the channel through which it flows. So, flood plains are partly just
the natural reflection of an increased inflow requiring an increased cross-section. However, if at any
point the inflow exceeds the outflow then the excess water is stored upstream: backwater flooding.
There, the flood plain is being used as a flood storage area. Increasing that storage reduces the area
required for the outflow and vice versa. In extreme floods, it is inevitable that some area will be
required for flood storage; the only potential choice is which area that will be.
But in a catchment, the flood pulses from each tributary gradually combine as the different branches of
the main river stems meet. In the worst case, the flood pulses from each catchment arrive at the same
time at some point down stream. Avoiding such a coincidence of flood pulses, delaying some and
perhaps speeding up others, is a central problem.
Urban areas then either contain or sit within a sub-catchment; in the former instance, floods are
internally generated and may also be propagated downstream. In the latter, the urban area is generally
the recipient of the flood waves generated upstream. In all cases it is necessary to address the flood risk
in a particular area in the context of its position in a catchment or sub-catchment.
Figure 2: The effect of a flood as a shock
Well-being
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2.5 Floods as a shock
Within the overall goal of enhancing the functioning and the performance of the catchment or coastal
zone, a flood is a shock or perturbation which disturbs the behaviour of the system for some period of
time, causing a fall from the pre-event path of achievement of desired objectives. Increasingly, the
overall societal objective is defined in terms of ‘well-being’ (European Commission 2009; Stiglitz et al.
2009). The initial shock results in a fall in well-being for those who are flooded but the consequences
then ripple outwards through the connected systems resulting in falls in well-being elsewhere (Figure 2).
Thus, the flooding in Thailand is said to have resulted in a global increase in the price of hard disk drives
as a result of the shortage of such drives as a consequence of the flooding of critical factories in the
supply chain (Mearian 2012). Similarly, Li et al. (2012) showed the impacts upon the automobile
component industry in China of the earthquake/tsunami in Japan in 2012.
The economic loss resulting from a flood is the difference in the areas under the trajectories of wellbeing with and without the flood, and the aim of all interventions is to minimise this difference whilst
taking account of the affect on the trajectory of well-being over the long term (Green et al. 2011). The
intervention is justified if the reduction in economic loss is greater than the cost of the intervention. This
is the concept of resilience, originally developed in ecology (Resilience Alliance 2007), with the overall
desire being that each of the eight components of well-being will recover to their pre-flood trajectory.

2.6 Increasing risks
In European and Global terms, floods are both frequent (and becoming more so) and damaging events
(Guha-Sapir et al. 2012; Munich Re (2012). However, the ratio of flood losses to national income has
been found to be holding constant in a number of countries (Barredo 2009; Pielke et al. 2002). But in the
absence of interventions, losses from floods can be anticipated to increase at a rate faster than the rate
of economic growth for a number of reasons:
1. The amount available to spend on dwellings and their contents is what is left over after food has
been bought; the proportion of income spent upon food falling as increases as incomes rise
(Houthakker 1957). Thus, in those countries where the proportion of household income spent upon
food (the Engel coefficient) is still above 15% we should expect that as incomes rise the value of
household assets will rise faster than the rate of growth in national income.
2. The value of the assets which may be damaged or destroyed in a flood is the product of net capital
formation. Although household savings ratios differ markedly between countries, in those countries
where national bureaus of statistics produce estimates of the net value of capital assets, the ratio of
the net value of capital assets to national income appears to stabilise in the ratio of 3-3.5:1 for High
Income Countries (Linham et al. 2010).
3. Changes in the physical susceptibility to damage by water of assets. This is most clearly seen in the
case of cars. Forty years ago, cars which were submerged in water could be economically repaired.
Now, the high proportion of the value of a car which is made up of electronic components means
that a car can now be a write-off even after shallow flooding (National Salvage Vehicle Reporting
Program nd).
4. Economies of scale have resulted in increasing specialisation and concentration as well as the
adoption of dedicated supply chains – a car requires between 35,000 and 50,000 components and
there are rarely alternative sources of supply for each of those components.
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Climate change is only expected to magnify the problem (Kundzewicz 2012; Schneider et al. 2013), shifts
in averages being less important than increases in variability and in the extremes. Climate change is
generally anticipated to make water management more difficult by increasing both inter- and intravariability in rainfall (IPCC 2007). The latter two are influenced by the large scale atmospheric and
oceanic structures. Thus, the variations in the North Atlantic Oscillation have been shown to influence
the flood risk in Scotland (Werrity et al. 2002); research in Belgium on climate change and water
management has shown the variations in atmospheric circulation are associated with variations in
extreme rainfall intensity in Belgium (Ntegeka et al. 2008); and flood events in the UK have been
associated with the position of the jet streams in the upper atmosphere (JBA/Meteorological Office
2012). In turn, Ntegeka et al (2008) have shown that the jet streams are changing position.
Land use change, particularly urbanisation, is also changing the proportion of precipitation which
becomes runoff and also reducing the delay between precipitation and the runoff reaching a
watercourse. Most of Europe is anticipating simultaneously a fall in population and an increasingly aged
population (Giannakouris 2008). With an ageing population, the proportion of the population who are in
one or another way disabled will increase. This in turn reduces the proportions of the population who
are able to, for example, erect temporary flood proofing or evacuate independently. Simultaneously,
the ending of the Cold War has reduced the size of each country’s armed forces, thereby impacting on
the availability of military personnel to assist in emergency flood response. In addition, the emphasis on
privatisation has reduced the number of personnel available to actors such as local government.
These anticipated changes, and the resulting uncertainty, require an adaptive approach involving the use
of scenarios of alternative possible futures (van der Heijden 1996) and approaches which are robust to
uncertainty (Green 2003). Recent examples of the adoption of such approaches include the Thames
Estuary study in England (Environment Agency 2012) and the Delta Commission (2013) in the
Netherlands.

2.7 The consequences of flooding
Historically, the focus of Flood Risk Management was upon agriculture. Well into the 20th Century
households were spending over 50% of their income upon food (Burnett 1979) and any reduction in food
production was reflected in an increase in the cost of food. Now in most EU countries, the proportion of
household income spent upon food has fallen below 20% and instead of the majority of that expenditure
being upon basic foodstuffs, a large fraction of the cost of food is on processing and distribution. Thus,
the recent dramatic volatility in the world prices for basic foodstuffs has translated into much lower
increases in the price of foods: only about 10% of the price of a loaf of bread reflects the price of wheat.
At the same time, the proportions of national production and employment contributed directly by
farming have also been falling.
Now the focus is increasingly shifting to urban activities. There, the effects of a flood are a product of the
nature of the challenge (the depth of flooding, velocity of flow, duration of flooding, the sediment and
pollution loads carried by the flood waters and the characteristics of the land and properties affected.
The built form of the land use has significant consequences in terms of susceptibility. The countries of
Europe differ in the traditional forms of dwelling construction: timber, stone and masonry. These
building properties differ significantly in terms of their susceptibility to flooding. Additionally, the type of
properties favoured also differs significantly between countries both in terms of the proportion of
dwellings which are apartments (hence a significant fraction of dwellings are above any likely flood level)
and also in the proportions of buildings which incorporate basements. In general, the development of
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areas below ground level is increasing. Underground car parks are the most obvious example along with
underground railways.
Using the shock model in Figure 2, the initial shock is the first order affect on the economy. These losses,
the ‘direct damages’, are proxies for the consequent effects of the loss of those assets on the trajectories
of the different components of well-being. Most member states now have functions which relate these
losses to one or more characteristic of the flood event, most commonly the depth of flooding (Barredo
2010). But since the economic loss resulting from the damage or destruction of an asset is determined
by the resulting fall in well-being, it is not necessarily the case the estimates of the losses from different
classes of assets can be simply aggregated. For example, there is increasing research as to whether SMEs
(Small and Medium sized Enterprises) will be less likely to recover from a shock or the propagation of a
shock than large enterprises. Whilst the loss of a single property may eliminate the total turnover of a
SME as well as destroying assets, borrowing for recovery being potentially securable against either assets
or revenue, the same loss for a multi-site company will have a smaller effect on both turnover and total
asset value. Potentially, a flood may therefore change the economic ecology of an area, eliminating SMEs
and leaving only multi-site businesses. Not only do SMEs form a large part of a market economy (Ardic
et al. 2011) but they provide a larger share of total employment relative to their turnover than do larger
enterprises (BERR 2008). Research on SMEs following Hurricane Katrina has revealed that SMEs have
specific problems in recovering from a disaster (Turner et al. 2011).
Analysing first how a shock propagates through the different systems and then how the system
responds, and hopefully recovers, poses difficult problems. These effects are often termed ‘indirect
losses’. Current methods to estimate indirect losses instead use a piecemeal approach, seeking to
determine what the indirect losses are if a particular installation is damaged (Parker et al. 1987). Whilst
it is households whose well-being is of concern, part of that well-being is created through the different
actors in the economy. Critical infrastructure (Commission of the European Communities 2006)
exemplifies the issues: the identification of installations where there is limited alternative capacity in the
system should that installation be damaged or disrupted by flooding. The EU (CEC 2006) defines critical
infrastructure as “... physical and information technology facilities, networks, services and assets which, if
disrupted or destroyed have a serious impact on the health, safety, security or economic well-being of
citizens or the effective functioning of governments.” In effect, this is primarily those aspects of the
socio-economic system where there is a high degree of concentration and specialisation coupled to a
high degree of dependency by other parts of the economy. In turn, the EC has emphasised the
importance of addressing the issues of critical infrastructure in climate change adaptation (European
Commission 2013).
In principle, the theoretical problem of predicting propagation and recovery is straightforward: any
system can be defined by a matrix which specifies the input-output relationships for each node. In the
case of an economy, the nodes are the individual productive and consumptive sectors and the inputoutput relationships are termed the ‘production functions’. Such matrix models have been used in
attempts to model the propagation of a shock through an economic system and its subsequent recovery
(Freeman et al. 2004; Hallegatte and Ghil 2008; Rose and Liao 2005). The difficulties of doing this are
three-fold:
1.
2.
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There has to be a valid production function for each node;
The model has to have sufficient detail as to be an adequate representation of the economy in
question, notably the scale of that economy;
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3.

There has to be the data to populate that model at that scale.

None of these problems has been resolved at present. Available production functions are defined in
variants of the factors of production defined in economic theory (land, capital, labour). Moreover, whilst
a very large variety of production functions have been proposed, none have any theoretical basis (Mishra
2007). Those that have been extracted on the basis of statistical analysis have been argued to be
indistinguishable from statistical artefacts (Shaikh 1974). The second problem is that of detail. To
illustrate this problem, there are now 148,000 chemical components registered for use in the European
Union. To model fewer than this number requires that some are more or less substitutes for others.
Thirdly, available data is highly aggregated both in function and in spatial resolution. In practice,
industrial statistics are available in the categories of the Standard Industrial Classification, and often only
at the high levels of aggregation so, for example, data may only be available for the ‘Chemical Industry’.
Data will also usually only be available at a national level although sometimes it is available also at a
regional level.
The contribution of the loss or damage of physical assets is only one of the influences upon the path of
well-being, and only that part which can be estimated on the basis of corrected market prices. The ‘Tug
Fork’ study may be said to have been the earliest to try to take the equivalent of a well-being approach
to the assessment of the consequences of flooding (Allee et al. 1980). There has been subsequent work
related to some of the aspects of well-being, notably on health (Defra/Environment Agency 2005) and
studies of the consequences of the Red River flood showed that these included relationship problems
(International Red River Basin Task Force 2000). Although studies in Low Income Countries (LICs) have
shown the consequences of a flood on household income and wealth (Jahan 2000), data on these effects
of flooding in Europe is, at best, sparse and lacking in detail. More general work has shown that the
other, often termed ‘intangible’ effects of a flood are often of greater significance to those flooded than
the physical damages (Green & Penning-Rowsell 1986).
Floods continue to present a potentially major threat to life. The difficulty at present is in estimating
where the threat is greatest and how large is the risk to life in each location. The conditional risk to life
should a flood occur varies between locations and events over a range of between about 1 in 10 to 1 in
10,000; although both upper and lower limits are somewhat conjectural. Part of the difficulty in both
being more precise and in estimating the risk in a particular event is that deaths occur through a number
of mechanisms. The main ones are:
 Travelling through flood water by foot or in a vehicle (the collapse of a bridge as a result of scouring,
and the deaths in the train passing over it, may be regarded as a special case);
 Being unable to escape e.g. being in a basement or metro system;
 Exposure as the result in a building (including on the roof) or location which whilst providing refuge
from the flood leaves the refugees exposed to cold and wet;
 Failure of refuge area; notably when the building collapses in whole or in part as a result of the
effects of the flood.
So, whilst a number of attempts have been made to provide means of predicting the number of deaths
that will occur in a flood in a given location (Homeland Security 2011; Jonkman & Vrijling 2008), it is
easier to define those locations where the risk to life is unusually high:
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In addition to the risk of death on unstable hillsides, the runoff from such hillsides and the collapse
of such slopes combines with the runoff to generate mudflows. These are highly destructive events
which where they reach a developed area pose an extreme risk to life;
Alluvial fans: fans of debris deposited by earlier floods, the size of the debris indicating the velocity
of those previous floods. Where these velocities and associated debris loads are sufficient to
destroy buildings, a high casualty rate can be anticipated as in the Caracas floods of 1999
(Wieczorek et al. 2001);
Flashy steep upland catchments; where both the time to concentration of the flood is short and
velocities of flow are high;
Failure of natural or artificial structures e.g. sand dune systems, breaches of embankments including
road or rail embankments, of flood defence structures or natural or artificial dams (including those
created by the blockage of bridges by debris).

2.8 The problem of vulnerability
The concept of vulnerability is becoming increasingly problematic as an analytical concept. In simple
terms, vulnerability concerns the relative susceptibility of different groups, populations, areas and so
forth to the effect of a shock and/or between different types of shock. The relevant relative vulnerability
may be either cross-sectional or longitudinal in time. Therefore the concept of vulnerability has
variously come to be distinguished from that of resilience, included within resilience, or resilience has
come to be included within vulnerability. In terms of Figure 2, vulnerability has been variously used as a
label for the initial vertical first order shock, or the change in the trajectory of well-being, that change
being alternatively labelled as vulnerability or resilience.
However, the utility of the concept lies in the degree to which it enables the determination of what is the
best means of intervening to reduce vulnerability or enhance resilience (depending upon the definition
of each which is used) or the priorities for action. To determine what is the best means of intervening,
or the priority for intervention, depends upon the reasons why differential vulnerability is thought to
exist. Definitions of vulnerability thus are commonly necessarily a form of discourse, the ascription of
the reason for high vulnerability implying the best form of intervention to adopt. Vulnerability has
variously been used (Green and Penning-Rowsell 2007; McFadden and Green 2007) as:
1. A characteristic (e.g. the elderly);
2. A state (e.g. the poor);
3. A relationship (e.g. specific to some form of shock such as a flood).
In addition, descriptive uses of the term vulnerability produce very long lists of those that may be
deemed to be vulnerable and so lose the utility of the term in assessing comparative vulnerability and
priorities.
So the term has become so amorphous as to have lost most of its analytical value. In pragmatic terms, in
seeking to identify which individuals, households, groups or other sectors are differentially vulnerable, a
practical problem is the need to use secondary data, such as Census data (in those countries where
Census data exists). This means that comparisons of vulnerability are limited to consideration of those
parameters for which such secondary data exists.
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3 Managing the risks from flooding
3.1 The general principles
In deciding what approach to take to FRM, it is necessary to combine the two aspects. To adopt a
strategy which both:
 recognises the physical nature of floods; and
 is directed towards societal objectives.
In doing so, it has to take account of changes and of the intention to change: the transition to sustainable
development.
The key features of floods as a problem that have been highlighted so far are:
 The requirement to treat a catchment as a dynamic system of changes;
 The problem is to manage the variabilities of the exchanges that take place in a catchment;
 A corollary is that flooding is to be understood as a process rather regarded as a state.
The overall societal objective is increasingly framed in terms of the achievement of sustainable wellbeing (Stiglitz et al. 2009) where sustainable development (World Commission on Environment and
Development 1987) requires ‘doing more with less’ (UNEP 2011). A practical difficulty with all water
management is that it is so closely coupled with so many other policy areas and so FRM cannot be
treated as a free-standing problem. Making the transition to sustainable development involves making
change and hence requires innovation (Wejnert 2002), both organisational (Argyris and Schon 1996) and
social learning (Craps 2003; Ison et al. 2004) but we have to make change in the face of change, most
obviously climate change. Thus, the issues of resilience, adaptive management and making decisions in
the face of uncertainty have been highlighted.
The resulting principles in FRM that have been proposed (Technical Support Unit 2003) are:
 Managing all floods and not just some, and the corollary principle that it is necessary to design for
failure: what is important is what happens when the FRM strategy adopted fails, different FRM
options have different consequences on failure (Green et al. 1993);
 This implies the adoption of a multi-layered approach (Green et al. 2000) where there is a
complementarity between the different adopted options;
 A multi-layered approach will then be successful if it is an integrated approach;
 Since the achievement of ‘good ecological quality’, required under the WFD, is dependent not only
on water quality but also on the flow regime, the sediment load carried and deposited by a river,
and the morphological form of the river, FRM practices must seek to have positive effects on all four
aspects of an individual river.

3.2 Options for Flood Risk Management
Whilst humans have always sought to reduce the risks of soil saturation and flooding, how we can
intervene has developed with advances in science and technology. For most of history, understanding of
hydrology and hydraulics has been very limited, essential data, such as on streamflows and rainfall, was
non-existent, and calculations were limited to those that could be performed on an abacus and then
using logarithmic tables and slide rules. Not surprisingly, therefore, the forms of interventions adopted
were limited largely to drainage channels, including canalising rivers, and dikes. But brilliant examples of
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practical solutions to the problems have also been created such as the Dujiangyan combined flood
management and irrigation scheme in China (Mithen 2012) and the traditional approach of
discontinuous dikes and dikes designed for overtopping in Japan (Kawanaka et al. 2009).
Flood Risk Management is then variously framed as:
 A free-standing problem (as in the Floods Directive);
 A water management problem (e.g. the IWRM framing (Technical Support Unit 2003);
 One of several hazards, often specifically natural hazards (which might be argued to be the
traditional French approach);
 In terms of adaptation to climate change.
The basic decision in Flood Risk Management is whether to intervene before, during or after a flood; to
seek to reduce the risk of a flood, to intervene during a flood to reduce its consequences, or to intervene
after a flood to enable recovery to take place more quickly. Historically, in addition to action before a
flood, there was a focus on action during a flood; the creation of ‘dike armies’ to inspect and strengthen
dikes when a flood threatened (van de Van 2004). More recently, strategies have developed which are
intended to aid recovery after a flood, notably by way of soft loans and grants or public-private insurance
mechanisms such as those developed in France and Spain (GAO 2005) and now being proposed in the UK
(ABI 2013).
A differentiation can be made between seeking to change the environment so as to cope with flood
flows and seeking to adapt the way in which we use a catchment so as to either reduce the risk of a flood
or to cope with it. In loose terms, this was the basis of the distinction between ‘structural’ and
‘nonstructural’ measures (Andjelkovic 2001) introduced by geographers, notably Gilbert White (1964) in
the late 1940s. ‘Structural’ approaches were taken to include dikes and the various forms of canalisation
of rivers that were adopted well into the 20th century: dredging, widening and straightening rivers and
reducing the frictional resistance of the channel by removing vegetation. Other factors, notably the
importance of navigation, played a major role in these modifications. Additionally, the need to enhance
agricultural production resulted in the drainage of flood plains and poldering low lying areas. These both
restricted the cross section of the river and reduced the area available for flood storage.
Sometimes, dams are included in the category of ‘structural’ measures and an essentially artificial
distinction is drawn between reservoirs and other forms of storage such as washlands, flood plain
forests, and wetlands. In hydrological and hydraulic terms all forms of storage fundamentally work in
the same way. It is not possible to make definitive statements about the role of wetlands in Flood Risk
Management (Acreman and Miller 2006; Williams et al. 2012) because there are many different types of
wetlands which develop in different locations (Cowardin et al. 1979). A wetland is defined as an area
where the soil is saturated during part of the growing season of plants and in consequence hydric soil
conditions and specialised plants develop (Mitsch and Gosselink 2000). So they do not necessarily occur
in those areas where storage would be most useful for FRM purposes, nor do they provide greater
storage capacity than the same area of land in another use (Acreman et al. 2003). Where storage is
provided with controls over inflows and outflows, storage can in principle remove the cap from a flood
of any magnitude and so reduce the consequences. Thus, storage can drastically reduce the extent of
flooding (Perry 1994).
Increasingly, rather than simply looking at the flood plain, and how that may be modified, either by dikes
or restoring the natural storage capacities of the flood plain, a shift is taking place to a catchment

14

17/02/2014

approach; looking at managing runoff. In urban areas, this has provided part of the emphasis on the
adoption of SuDS (Sustainable Drainage Systems) although that shift has been driven partly by the desire
to deliver sustainable urban water management (Howe and Mitchell 2011): seeing precipitation as a
potential resource and not a problem. The catchment approach has been notably adopted in Scotland
(Johnstonova 2009; WWF-Scotland 2007); encouraging farmers to either reduce runoff or provide onfarm storage (Blanc et al. 2012).
Adaptation to flood risks in the form of floating houses, raised buildings, flood resistant construction and
flood proofing also have a long history in many parts of the world. In modern times, attempts to control
building development on flood plains can be seen at least as early as 1896 when the metropolitan
council for London obtained powers to require the floor levels of all new housing to be constructed
above flood height (Humphreys 1930). More recent approaches to integrating water management and
spatial planning include the Plans de Prevention des Risques d’Inondation (PPR(I)) (Fiselier and
Oosterberg 2004) and the SAGE/SDAGE plans (Piegay et al 2002) in France, the Water Assessment
approach in the Netherlands (van Dijk 2006), and PSS25 in England (CLG 2006). The real challenge is
adapting existing settlements to the increased risk of flooding.
Recovery after a flood has traditionally been largely limited to compensation mechanisms either direct
payments or soft loans, including via different forms of public-private systems of insurance (GAO 2005).
What is important in all forms of intervention is the mode and consequence of failure either because it
fails on demand (e.g. raised buildings collapse when their foundations are undermined, a dike collapses,
or because the demand is greater than its capacity (e.g. a dike is overtopped, storage capacity is
inadequate). The different intervention strategies differ dramatically in both the modes and
consequences of failure; controlled storage in principle reduces the volume of flood flow in all events
whilst flood proofing a building ceases to have any effect when overtopped.
Underpinning all FRM are the processes of data collection, interpretation (e.g. flood plain mapping
(National Academy of Science 2009), decision making and communication between the cooperating
partners (e.g. Meyer et al. 2012; Porter and Demeritt 2012) and between the public and other
stakeholders. What is now increasingly argued is that the overall FRM strategy for a catchment should
be multi-layered (Green et al. 2000), rather than relying upon a single form of intervention (e.g. dikes or
flood warning), one which seeks to address all floods rather than just those up to some design standard
of protection. Hence, a yardstick for assessing the quality of the overall FRM strategy is whether or not it
is multi-layered, including a number of complementary intervention options. Notably, whether it
includes options which seek to reduce the risk before a flood occurs, to reduce the impact of each flood
as it occurs, and to promote recovery afterwards. Similarly, a multi-layered strategy is likely to include
measures to manage runoff as well as flows in rivers. A simple categorisation approach is introduced in
D4 but the test is whether the overall strategy is multi-layered.
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4 Concluding remarks
Out of the interplay of the nature of the problem and the form of governance emerges the actions that
can be taken to achieve the intended objectives. This report has looked at the nature of the flood
problem, the intended objectives, and the consequently appropriate courses of action, in order to
identify what the FRM governance system needs to be able to do. Specifically, each member state was
left to designate a ‘Competent Authority’ to deliver on the WFD and for the Floods Directive; an issue
discussed further in D1.1.3 (Bakker et al. 2013). The obvious question that arises is:


What kinds of competences are necessary to develop appropriate and resilient Flood Risk
Management Strategies?

This is to ask: do they have the necessary powers and resources to deliver the actions outlined in Section
3.2 on the basis of the principles developed in Section 3.1? These questions apply both in terms of a
strategy which is integrated and multi-layered but also for each individual intervention option. Does the
designated Competent Authority, for example, have the powers and resources to either construct SuDS
in urban areas or to induce others to adopt SuDS? Can it deliver an effective flood warning (as opposed
to a flood forecasting) system on its own? Can it deliver a multi-layered strategy in which the
appropriate mix of complementary mix of intervention options are deployed, or are there intervention
options it lacks to power to adopt?
What this report has emphasised is that the Floods Directive is only a daughter Directive of the WFD; it
simply sets the minimum requirements for coherent Flood Risk Management in transnational
catchments. From a water management perspective, it is the WFD that sets the overall framework of
integrated water resource management within which FRM must be considered. So, it may be asked
whether the designated Competent Authority recognises that flooding is simply part of the inherent
variability of the hydrological cycle, and flooding is only one of the exchanges that take place in a
catchment. That it is the dynamic nature of a catchment that presents the management challenge.
In particular, the shift towards a catchment management approach and the increased emphasis on
changing the way in which we use catchments, creates a shift from a ‘Competent Authority’ whose
capacities are centred on direct interventions to the capabilities of influencing the decisions and
behaviours of others. Hence, if they do not have the appropriate powers and resources themselves, do
they have the necessary skills to build partnerships with the other actors necessary to deliver the
objectives of the Directive? As is discussed in D1.1.2, FRM involves multi-scales and cross-scales, and
multiple actors. This requirement is increased by the shift to decision-making through stakeholder
engagement.
The skills to support cooperative working (Caplan 2013; SIC adapt! 2013) will be essential because
catchments nearly always cross administrative boundaries, most obviously in the case of transnational
rivers. Specifically, if the spatial planning authorities are not included as part of the designated
Competent Authority, then the skills to work with the spatial planning authority will be a key
requirement. As decisions in FRM are increasingly made through processes of stakeholder engagement,
rather than simply consulting with the stakeholders about decisions that have already been taken, the
skills of co-working will become increasingly central. Hence, a key skill is the ability to undertake
transdisciplinary science (Innocenti & Albrito 2011; Jacobs and Nienaber 2011; Lang et al. 2012; Lyall et
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al. 2011); there are an increasing number of examples in FRM (Lane et al. 2010; Landstrom et al. 2011;
McCall 2008). The emphasis is upon skills, notably social relationship skills, rather than on tools.
At the same time, the emphasis on learning, on innovation, and adaptive management requires that the
Competent Authorities have those internal features which promote these behaviours.
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